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Review on hepatic explant pathology of pediatric intestinal
transplant recipients: Is it time for an oil change?
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five of six infants had persistent or progressive hepatic
fibrosis, while only one infant had regression of fibrosis.
The study raises questions of whether there is a
window of opportunity for efficacy of this preparation;
also, an important question is if this omega-3 fatty
acid-rich preparation is superior to newer “blended
lipids” containing olive, coconut, soy, and fish oil.
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Core tip: Short bowel syndrome in infants frequently
leads to intestinal failure. The use of soybeanbased parenteral lipids allowed a major increase in
parenteral calories but its use has been associated with
development of severe liver disease. In the study by
Matsumoto et al , six infants with liver failure secondary
to parenteral nutrition experienced improvement and
resolution of hyperbilirubinemia in response to a fish
oil preparation, but when they came to liver/intestinal
transplantation, 5 had persistent or worsening hepatic
fibrosis. There may be other, better alternatives to
Omegaven™.
Imseis E, Rhoads JM. Review on hepatic explant pathology
of pediatric intestinal transplant recipients: Is it time for an
oil change? World J Gastroenterol 2015; 21(17): 5115-5118
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i17/5115.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i17.5115

Abstract
A recent study attempts to add to the body of evidence
that is emerging regarding the fish oil parenteral lipid
product Omegaven™. The authors have shown from
explant livers of children on chronic parenteral nutrition
with Omegaven™ that biochemical improvement in
cholestasis does not always reflect improvement in liver
histology. These findings support 2 small case series
that were previously published. Despite improvement
and resolution of hyperbilirubinemia in all six infants,
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INTRODUCTION
[1]

Matsumoto et al recently published their observations
on hepatic explant pathology of pediatric intestinal
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transplant recipients. The study group evaluated
explant livers at the time of intestinal transplantation
in 7 children who received intravenous omega-3 fatty
acids (O3FA) for a mean of 16 mo before transplant.
Median total bilirubin fell from approximately 7 mg/dL
(total) to 0 mg/dL at the time of transplant, a level
which was significantly better than the comparative
levels of a matched cohort of children on soybeanbased omega-6 fatty acid lipids. However, all 7 of the
O3FA-treated patients had advanced fibrosis (stage
3 or 4) on explant pathologic examination. Histologic
inflammatory scores were marginally lower in the
O3FA group with similar degrees of advanced fibrosis
as in the soybean oil control group. The authors
concluded that O3FA may have a limited role in
preventing hepatic fibrosis associated with chronic
parenteral nutrition.

fatty acids also promote hepatic inflammation and
injury. Recent evidence appears to implicate another
component of soybean oil emulsions: phytosterols,
which are plant-derived sterols similar in structure
to cholesterol. Phytosterols cause a reduction of bile
flow in animal models. Phytosterol levels are higher
in cholestatic children, although it is not clear if this
[6]
elevation is the cause or result of liver disease . A
key mechanism of injury has been established in
animal models, in which a major sterol in soybean oil
emulsion, stigmasterol, inhibits farnesoid X receptor
[7]
(FXR) target genes . FXR is the hepatocyte nuclear
receptor for bile acids and mediates cytoprotection
by suppressing bile acid uptake, decreasing bile acid
synthesis, and enhancing bile acid secretion via the
[7]
bile salt excretory protein .
[1]
The recent study by Matsumoto et al reignites
a controversial issue in management of pediatric
[8]
intestinal failure. In 2006, Gura et al first reported
a case series in which two infants with intestinal
failure-associated liver disease had resolution of their
cholestasis after their plant-based lipid emulsion was
replaced with an omega-3-rich fish oil emulsion. Since
then, a number of studies have revealed potential
benefits of Omegaven™, a fish-oil based parenteral
[9-11]
lipid formulation
. Several major centers have
promoted aggressive use of this fish oil lipid emulsion
despite limited and, arguably, controversial data. While
subsequent studies have revealed a clear improvement
of biochemical cholestasis with use of fish oil based
lipid emulsions, infants receiving soy based lipids
who were receiving higher doses of plant based lipids
were subsequently placed on lower, lipid-restricted
doses of Omegaven™ of 1 g/kg/d. Different dosing
strategies used for Omegaven™ made it difficult to
draw conclusions of Omegaven’s™ superiority over
conventional lipid emulsions based on the available
data.
A number of studies have attempted to address
this controversy by using lipid modification strategies.
[12]
Studies by Cober et al
demonstrated improvement
in biochemical evidence of cholestasis, with mini
mization of plant based lipid emulsions to doses similar
to those used in infants receiving Omegaven. Sanchez
[13]
et al
employed a strategy of prophylactic restriction
of soybean oil-based lipids in a group of surgical
infants requiring parenteral nutrition for at least two
weeks. When compared to a recent historical cohort,
infants receiving low dose lipid were 1.8-fold less likely
to develop cholestatic liver disease.
[1]
The Matsumoto et al study attempts to add
to the body of evidence that is emerging regarding
Omegaven™. The authors have again clearly shown
an important observation with Omegaven™ use,
that biochemical improvement in cholestasis does
not always reflect improvement in liver histology.
[14]
Soden et al
initially reported failure of resolution of
portal fibrosis in two infants receiving Omegaven™
[15]
despite improvement in cholestasis. Mercer et al

COMMENT
Short bowel syndrome is a relatively common,
sometimes lethal, and highly costly medical problem
in North America. Short bowel syndrome (SBS)
frequently leads to intestinal failure, defined as
inadequate intestinal absorption of nutrients, water
and/or electrolytes, resulting in the inability to support
health, growth and development and necessitating
parenteral nutrition.
Traditionally, about 30% of parenteral calories have
been provided by lipids. Wretlind developed the first
commercially available and relatively safe formulation
[2]
called Intralipid fifty years ago . This formulation was
composed of soybean oil emulsified in an egg yolkderived phospholipid layer to simulate enteral fat
absorption. After introduction of this lipid formulation,
numerous beneficial effects were noted, including
improvements in hyperglycemia, hepatic steatosis,
and essential fatty acid deficiency. Since then, other
formulations of parenteral lipid have been developed,
and most of these formulations are plant (soybean)derived emulsions.
While use of parenteral lipid allowed significant
improvement in morbidity and mortality in patients
with intestinal failure, its use has been associated
with development of severe and often life-threatening
liver disease. Lipid overload syndrome was reported
in infants receiving parenteral lipid at doses > 4
gm/kg.d, manifested by symptoms of elevated liver
enzymes, hepatosplenomegaly, coagulopathy, and
[3,4]
thrombocytopenia . A higher incidence of cholestasis
and liver fibrosis has subsequently been reported in
patients chronically receiving parenteral lipid doses of
[5]
> 2 gm/kg • d .
The etiology of the potential toxic effect of
parenteral lipids remains unclear. Some studies
implicate a role of the omega-6 fatty acids, the major
components of plant-derived lipid preparations, such
as Intralipid. Omega-6 fatty acids are generally proinflammatory, and experts speculate that these
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subsequently showed progression of hepatic fibrosis
despite use of Omegaven™ in a series of 6 infants in
whom serial liver biopsies were obtained. All but one
of these infants were placed on fish oil lipid emulsion
prior to three months of age. Despite improvement
and resolution of cholestasis in all six infants, five of six
infants had persistent or progressive hepatic fibrosis,
while only one infant had regression of fibrosis. Similar
findings of biochemical improvement without clinical
improvement have been noted in treatment of other
chronic cholestatic liver disorders, such as adult
primary sclerosing cholangitis. As the authors have
stated, further studies may be helpful including use of
histology, but concerns over the increased risk of the
biopsy in young, sick children as well as concerns of
sampling error, complicate this approach.
Based on results of Matsumoto’s study, one could
argue that use of Omegaven™ should occur early
in order to arrest the progression of liver disease,
given that the authors did note that two infants
who received Omegaven™ at an early age did not
require rescue liver transplant with their intestinal
transplant. Furthermore, the authors reported greater
inflammatory changes in the omega-6 cohort vs the
omega-3 cohort. While this may be true, there was no
mention of dosing of lipid that infants received prior to
Omegaven™ use. It is possible that lipid minimization
whether it be in association with fish oil emulsions
or plant-based emulsions may halt or reduce the
progression of liver fibrosis. Recently, an attempt was
made to address this controversy through a doubleblind randomized controlled trial examining infants less
than 3 mo of age receiving either 1 g/kg of either a
fish oil-based intravenous fat emulsion or soybean oil[16]
based fat emulsion . Eligibility required that baseline
bilirubin be lower than 1.0 mg/dL. After no differences
were noted in growth, coagulopathy, infectious
complications, hypertriglyceridemia, or adverse neuro
developmental outcomes, the study resulted in early
termination, because the incidence of cholestasis in
both treatment arms was lower than expected.
The European approach to this problem has been
to adopt an emulsion containing a mixture of soy oil
(30%), coconut oil (30%), olive oil (25%), and fish oil
(15%). This preparation is called SMOF-lipid (Fresnius
Kabi, Bad Homburg, Germany). This combination boasts
of combining oils rich in monosaturated fatty acids
(FA’s) (olive oil), oils rich in omega-6 FA’s (soybean
oil), those rich in omega-3 FA’s (fish oil), and those
rich in medium chain triglyceride (coconut oil).
The gamma-tocopherol in soybean oil has some
antioxidant characteristics, but less than the vitamin
E in Omegavyn™. The SMOF-lipid is said to deliver a
product that may not only prevent liver toxicity but
[17]
also may optimize growth . Again, no randomized
trials have compared SMOF-oil with Omegaven™, but
both appear to be associated with excellent results.
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CONCLUSION
There are 3 approaches to reducing the incidents
of parenteral nutrition-associated cholestasis: lipid
minimization, administering only omega-3-rich lipids,
and using a composite lipid preparation. A recent
position paper on lipid formulation by the American
Society of Enteral and Parenteral Nutrition stresses
the need to define the ideal mixture of parenteral
lipid and the role of fish oil in management of chronic
[18]
conditions such as intestinal failure . We agree that
long term studies may be helpful in addressing not
only the obvious concerns regarding liver toxicity but
additionally the potential long-term nutritional effects
of these lipid modification strategies.
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interest for detailed inspection/diagnosis, and therapy
delivery. This editorial presents current commerciallyavailable new designs, European projects and delivery
capsule and gives an overview of the progress required
and progress that will be achieved -according to the
opinion of the authors- in the next 5 year leading to
2020.
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Core tip: Currently, the major problem of all existing
commercial capsule devices is the lack of control of
movement. In the future, with an interface application,
the clinician will be able to stop and direct the device
into points of interest for detailed inspection/diagnosis,
and therapy delivery. This editorial presents current
commercially-available new designs, European projects
and delivery capsule and gives an overview of the
progress required and progress that will be achieved according to the opinion of the authors- in the next 5
year leading to 2020.
Koulaouzidis A, Iakovidis DK, Karargyris A, Rondonotti E.
Wireless endoscopy in 2020: Will it still be a capsule? World J
Gastroenterol 2015; 21(17): 5119-5130 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i17/5119.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i17.5119

CAPSULE ENDOSCOPY
The swallowable-capsule concept first appeared in 1957
[1]
in Jacobson and Mackay’s groundbreaking paper on
radiofrequency (RF) transmission of temperature and
[2]
pressure from within the human body . Nowadays,
capsule endoscopy (CE) is the prime mode of noninvasive and discomfort-free endoscopic exploration of

Abstract
Currently, the major problem of all existing commercial
capsule devices is the lack of control of movement. In
the future, with an interface application, the clinician
will be able to stop and direct the device into points of
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[3,4]

the small-bowel . It became available to clinicians
[5]
at the dawn of the millennium . The fact that its
realization was the brainchild of Garviel Iddan D.Sc.,
an Israeli electro-optical engineer - initially working
at the RAFAEL Armament Development Authority
on guided missile technology, is to an extent multisemantic. Parallelly, Professor Paul Swain, a British
gastroenterologist, led a research group in London and
published the first conceptual studies on a wireless
[6,7]
capsule in 1994 . Since then, a great number of
clinical and scientific papers have studied the clinical use
[8,9]
of this fascinating new technology
in the investigation
of small-bowel diseases. Nowadays, capsule platforms
are also available for the non-invasive exploration of the
[10,11]
oesophagus and the colon
. The full spectrum of the
commercial capsule models is available elsewhere and
[8,12]
remains beyond the scope of this editorial
.
Currently, the major problem of all existing
commercial capsule devices is the lack of control of
movement; the latter is achieved by the peristaltic
contractions of the small bowel. Therefore, as bowel
peristalsis is a complex event of five contractile patterns,
i.e., peristaltic waves, stationary contractions, clusters
of contractions (Phase Ⅲ), giant contractions and anti[13]
peristalsis waves , its impact on capsule locomotion
[14]
(speed, position and orientation) is unpredictable .
Consequently, the first significant step for a forward leap
in wireless technology is achieving sustainable, active
[4,15]
movement and control of the device’s locomotion
.
However, when extrapolating from the advancements
made in conventional (flexible) endoscopy since its
introduction -more than 60 years ago- in regular
clinical practice, the prospect for wireless devices
should be considered as anything but optimistic.
Manual push, perhaps the most primitive actuation
method, is still used as the mainstream advancement
[15]
option of conventional/flexible endoscopes . Hence,
embarrassment, discomfort and/or frank pain during
the advancement phase of a flexible endoscope is the
[15,16]
major drawback of this technique
.
Nevertheless, the absence of wire in capsulelike endoscopy systems requires drastic measures
and has pushed research forward in a more radical
[15]
manner. Sliker and Ciuti
argue that in the next
few years, an integrated, magnetically actuated,
automated locomotion system will be available for
regular clinical use. Furthermore, possibly with an
interface application, the clinician will be able to stop
and direct the device into points of interest for detailed
inspection/diagnosis, and therapy delivery. Hence,
passive locomotion will be replaced by externally
(magnetically) controlled actuation or a combination
of a miniaturization, new battery type or complete
[17]
battery elimination . Especially the battery-less and/
or miniaturization version will eliminate any concerns
about the chemicals in the batteries, can produce
potential hazards and contaminate the environment
[18,19]
when the capsules are improperly disposed of
.
One of the major problems of the capsule platform
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for digestive endoscopy, especially when there is no
locomotion control is the adoption of the single-pole
lens model; however, integrating multiple cameras
[20]
has still problems with size and power consumption .
Therefore, some ideas around this have led to few
experimental developmental platforms that, at this
point, should receive particular mention.

NORIKA AND SAYAKA
RF SYSTEM lab. (RF Co., Ltd., Nagano, Japan)
was established in 1993 in Nagano. The deep-sea
submarine-like capsule, named NORIKA 3 (Figure
1A), was developed in 1997 when RF Co. joined
[21]
the Japanese Experimental Module Project ; the
latter was a venture operated by the National Space
Development Agency of Japan to monitor the growth
[21]
of plants in a manned spacecraft . SAYAKA, the first
“battery-less capsule”, superseding the basic technology
of NORIKA 3, was announced to the international
market on December 2001; however, it remains still
[22]
under development (Figure 1B) . The dimension
of a capsule camera is 9 mm × 23 mm. A 0.6 mm
color lens and a 410000-pixel charge-coupled device
camera can obtain up to 30 frames per sec (fps), as
long as the patient is wearing a vest that transmits
[23]
microwaves to the capsule . Two tanks with valves
are positioned in the center and a there is a capacitor
to store electric power and a microwave video signal
[22,23]
transmitter
. Around the camera lens, four white
LEDs and magnetic coils for focus adjustment are
[23]
placed . More importantly, 40% of the volume is free
space, which can be used for surgical purposes such
as medication spray, laser treatment, pH sensing and
[24]
more . Mosaicing technology was developed for use
[25]
with the experimental model Norika 3 . Mosaicing is
a process by which the final image on the computer
display is made by combining multiple images taken
[23,25]
from various angles
. However, no human studies
have been conducted with this capsule, which has been
[12]
described on the web for almost a decade now .

SELF-STABILIZING CAPSULE
ENDOSCOPE
An innovative method of imaging of the GI tract by
using a self-stabilizing capsule endoscope (SsCE) was
[26]
first proposed in 2006 (Figure 2A) . SsCE allows the
use of a single-pole imager devise for visualizing the
wider diameter segments of the digestive tract such
as the colon without tumbling and with the ability to
[27,28]
passively distend colon walls
. The capsule coating
is designed to dissolve in the colon, which exposes a
semipermeable, expandable container attached to the
back of the capsule endoscope, while simultaneously
[27,28]
turning on the camera (Figure 2B)
. In a recent
experimental study with live canine models, 4 mongrel
dogs underwent laparotomy and the implantation of 5-8
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Figure 1 NORIKA and SAYAKA capsules. A: Sayaka capsule; B: Norika capsule, with permission.
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The average percentages of the marker detection
rate for unmodified capsule endoscopy, self-stabilizing
capsule endoscopy, and colonoscopy, respectively,
were 31.1%, 86%, and 100% (P < 0.01), with both
self-stabilizing capsule endoscopy and colonoscopy
performing significantly better than the unmodified
[28]
capsule endoscopy .

PGA mesh

Capsule body

ODOCAPSULE

Electronics + cap

Odocapsule, a capsule device to achieve accurate
localization of small-bowel lesions and endoscopic
video stabilization in capsule endoscopy was proposed
[29]
in 2010 (Figure 3A). It is equipped with 3 miniature
legs, each carrying a wheel. These legs are extendable
and retractable thanks to a micro-motor and three
[30,31]
custom-made torsion springs
. The wheels are
specifically designed to function as micro-odometers
by registering each rotation they perform. As the
Odocapsule traverses through the small bowel, the
wheels turn and their rotations are translated to
distance covered by the device from the point of
duodenal entry to each area/point of interest. As the
legs are expandable in a tripod formation, they allow
the device to stabilize itself without obstructing its
locomotion and thus offering smooth video capture
without missing any pathologies (Figure 3B).
This editorial does not aim to be exhaustive or
indeed cover areas presented in details in previous
[2,14,15,17,22]
excellent reviews
. Its main aim is to present

Gelatine capsule

B

Colon

Hoop
stress
Pper.
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Figure 2 Self-stabilising capsule endoscope. A: Components; B: Impression of
movement while in the colon, with permission.

suture markers to approximate colon lesions. Each dog
had both single-dome CE and ScCE in random order.
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- consisting a pressurized CO2 canister, a throughthe-scope delivery catheter, and a reservoir for the
21-g powder cartridge- is operated push button in
[32]
1- to 2-s bursts . A prototype coagulation capsule
(CoCap) has been built and tested which employs
an exothermic chemical reaction to generate heat
[34]
using the interaction of calcium oxide and water .
[35]
Professor Swain
pointed out that it is possible for
other thermal/therapeutic applications to be added in
the future. Recently, the feasibility of a novel method
of controlled colonic insufflation via an untethered
[36]
capsule in vivo was demonstrated (Figure 4) . It is
truly almost self-intuitive to combine the capabilities of
various capsule designs (powder carrier, insufflator and
imaging/controllability) in one CoCap for use in cases
of obscure GI bleeding. These authors believe that the
aforementioned ideas will be transformative on how
the deal with OGIB in 2020 and allow CE to claim,
once more, the role of “disruptive” technology in the
medical field. Indeed, there are few capsule products
nowadays that can serve as medication carriers to
sites in the small-bowel.
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Enterion

The Enterion capsule was developed by Phaeton
Research, Nottingham, United Kingdom (in asso
ciation with the Nottingham University spin-off
Pharmaceutical Profiles) for targeted delivery of a
wide range of different drug formulations into any
[37,38]
region of the gut
. It is a 32-mm long capsule
device that contains a drug reservoir with a volume
capacity of approximately 1 mL (Figure 5). Enterion
has the capability to deliver, through a 9-mm opening,
any type of drug formulation (including dry powder,
semisolid, suspension or solution formulations) when
the spring is released, forcing a piston to move along
the shaft of the capsule, thus, emptying the reservoir
[2,39]
to specific locations of the GI tract
. A radioactive
marker is placed inside a separate sealed tracer port
to allow real-time visualization of the capsule location
[37]
using gamma scintigraphy . The movement of the
piston also operates a switch, which transmits a weak
radio signal at a precise frequency. Detection of this
signal externally confirms that the capsule has opened
[37,38]
successfully
. The piston motion is stopped near
the end of the capsule, which maintains a seal and
prevents contact of the internal electronic components
with the GI fluids.

FFRICTION

Fax
Frad

FNORMAL

Figure 3 Odocapsule. A: Componets; B: Impression of movement inside the
bowel, with permission.

the authors’ views on interesting current projects in CE
and the vision for potential convergence/integration of
various diagnostic/therapeutic platforms.

DRUG DELIVERY CAPSULE PLATFORMS
Coagulation capsule

Various chitosan- and mineral-based haemostatic
granules or powders are used for the control of
compressible, external haemorrhage in combat
casualties and are incorporated in first-aid kits used
[32]
by the military . Hemospray (TC-325) is a novel
hemostatic agent (COOK Medical, Winston-Salem,
NC), CE-marked for use in the endoscopic treatment
of high-risk, non-variceal upper gastrointestinal (GI)
bleeding in Europe and Canada. It is a proprietary
inorganic mineral, absorbent powder that has no
known allergens and rapidly concentrates clotting
factors at the target site, thereby forming an adherent
[32,33]
coagulum
. Currently, its hand-held container
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InteliSite® capsule

The InteliSite capsule (Innovative Devices, LLC,
Raleigh, North Carolina, USA) is a 10 mm × 35 mm,
radiofrequency activated, non-disintegrating drug
[37]
delivery device . The use of radiomarkers (gamma
scintigraphy) allows determination of the capsule
[2,37]
location
. The capsule packaging consists of inner
and outer sleeves, which have portholes; when the
holes align under a magnetic field straighten shape-
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Figure 5 Enterion drug delivery capsule, with permission.
[2,37]

memory alloy wires, there is release of the drugs
.
To date, limited information is available in the literature
[2,37]
on the use of the capsule
.

micro-motor and occupying a total volume of just 200
3
mm . The holding mechanism is depicted in Figure 6A.
Perhaps adrenaline injection directly into a bleeding
small bowel angioectasia is not a bream after all.
Another micro-robot that could be used for drug
or other therapy delivery employs actuated legs with
compliant feet lined with micro-pillar adhesives inspired by gecko and beetle foot hairs - to be pressed
into the intestine wall to anchor the device at a fixed
[41]
location . The investigators envisage the use of this
capsule as second-line procedure, “after images of the
conventional capsule examination are analyzed by a
clinician to map areas of interest in the intestine and
identify any problematic regions that may require a
[41]
closer look” .

INTELLICAP SYSTEM
Philips Research in Eindhoven, Netherlands, has
[2,37,38]
developed a prototype called intelliCap
. IntelliCap
has a drug reservoir, a drug pump, a pH sensor,
a wireless transceiver, and a microcontroller. The
combination allows us to measure the local pH, report
the data in real time, and have full control over drug
delivery, based on a combination of data such as time,
[2,37,38]
pH, or operator intervention
.

MICROROBOT FOR TARGETED DRUG
DELIVERY

MAGNETICALLY ACTUATED SOFT
CAPSULE ENDOSCOPE

With a stabilizing/holding mechanism that resembles
daVinci-like drawings, the micro-robot platform
[40,41]
developed by Woods and Constandinou
, allows
targeted drug delivery in the next-generation wireless
CE. The micro-positioning mechanism allows a needle
to be positioned within a 22.5° segment of a cylindrical
capsule and be extendible by up to 1.5 mm outside the
capsule body (Figure 6B). This is controlled by a single
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A magnetically actuated soft capsule endoscope
[42]
(MASCE) has been developed by Yim and Sitti .
[43]
Yim and Sitti
design and rolling locomotion of a
magnetically actuated soft capsule endoscope, for
diagnostic and therapeutic medical applications in
the stomach. It has a characteristic ability to deform
both passively and actively. Passive deformation is
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(a)

(FP) during 2006-2010, worked on NEMO (Nano
based capsule-Endoscopy with Molecular Imaging and
[44]
Optical biopsy) project
with main aim to develop
an advance cancer screening method friendly enough
to significantly increase compliance, simplify the
diagnostic pathway and increase the sensitivity and
[35,45]
specificity of early detection
. The concept of the
NEMO approach was to combine capsule endoscopy
with nano-based molecular recognition that would
highlight cancerous and precancerous lesions in the
GI tract, thus considerably increasing the accuracy
[46]
and ease of diagnosis . The consortium aimed to
merge few technological platforms: nanotechnology
for targeting and marking possible lesion; capsule
endoscopy for detecting the marked disorder; capsule
manoeuvring technologies to move the autonomous
NEMO capsule backwards and forwards in the gas
trointestinal tract as well as miniaturization and low
[20]
power technologies .
A major task of the project was to develop nano
containers, labeled with targeting agents and filled
with dyeing material. The administered nanocontainers
will be tailored to react with the target and mark the
intestinal lesion. Another task was to develop a capsule
based on narrow band imaging, combining specific
optical filters with light emitting diodes (LEDs). The
overall clinical outcomes from the NEMO project are
[43]
summarized .

(b)

B
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Figure 6 The legged,anchoring capsule for Stabilization of positioning (A)
and Drug delivery, with permission (B).

Versatile Endoscopy Capsule for gastrointestinal TumOr
Recognitions and therapy

possible because its cover is made from elastomerbased compliant structures. This prevents any possible
tissue damage during swallowing and/or the peristaltic
movement. Active deformation is possible on the axial
direction by external magnetic actuation. This provides
an extra degree of freedom that enables various
advanced functions such as axial position control, drug
releasing, drug injection, or biopsy. For example in
the developed prototype the axial magnetic attraction
compresses a drug chamber between two internal
magnets so as to release a drug through holes at a
critical pressure.
Furthermore, the magnetic actuation enables the
soft capsule endoscope to roll on the surface of the
stomach. Advantages of the rolling ability include
smooth and continuous locomotion and stable steering
because the capsule is always anchored to the tissue
surface while moving, it allows improved tissue surface
diagnosis and tissue targeting capability for therapeutic
procedures, and it provides a more complete view
of the 3-D stomach tissue wall; thus reducing the
possibility of missing problematic tissue areas of the
stomach wall.

Versatile Endoscopy Capsule for gastrointestinal
[47]
TumOr Recognitions and therapy (VECTOR)
was
another project funded by EU FP6 during 2006-2010,
aiming to develop a miniaturized robotic wireless
endoscope for both diagnosis and therapy in the
human digestive tract, with particular focus on the
diagnosis and treatment of gastrointestinal cancer and
[48]
its precursors . VECTOR delivered different versions
of prototype capsule endoscopes, for different clinical
needs. An impressive prototype was a tele-operated
robotic capsule with eight legs, capable of walking
within the colon at a speed of about 3 cm per minute
[49]
against peristalsis . Main limitation of this capsule
was the difficulty to include a power source, because
most of the space within the capsule was covered by
the electro-mechanic components used for moving the
robotic legs. The fabrication of such a robotic spiderlike capsule is described in a meso-scale engineering
[50]
case study .
Another prototype included a submersible capsule
prototype equipped with four propellers for locomotion.
This capsule was intended mainly for stomach
inspection. Reliable locomotion and steering within
the stomach was possible after ingestion of clear
[51]
water . A wirelessly powered version of this prototype,
based on wireless energy harvesting techniques, was
later proposed for longer lasting operation. Another

EUROPEAN PROJECTS
Nemo

th

A consortium funded by EU 6 Framework Programme
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of the colon, this capsule is not for ingestion, but to
be administered as a suppository (Figure 7). The
endoscopic device will have the appearance of a small
(about 2 cm in diameter) spherical capsule (there
are in fact 2 layers, the inner sphere and the outer
sphere) with a compact external control system,
easily manageable by the medical operator in order to
[57]
support him in the diagnosis of colon rectal diseases .
The external device will be compact and adapted to
be transported and made suitable the room of the
majority of common outpatient settings, similarly to an
ultrasound scanner. So far, this new system has been
presented in international scientific meetings and there
is data on the effectiveness of the magnetic control
[57]
system with laboratory simulations as well as with a
[58]
phantom colon model . To the best of our knowledge,
no data on animal models are available yet.

A

B

OTHER CAPSULE ENDOSCOPE DESIGNS
Mermaid capsule

A magnetically propelled fish-inspired capsule
endoscope has been proposed as another navigable
[59]
solution . This capsule is called Mini Mermaid it has
a size of 12 mm × 45 mm and a flexible silicone fin
at its back with a small magnet attached at its end.
It can change velocity and direction by adjusting the
waveform of the electric current running in magnetic
coils controlling the motion of the fin. Its velocity can
reach dozens of cm per second, while its battery can
last for eight to 10 h. It has been applied safely for the
examination of the whole digestive tract of a human,
after providing him with doses of polyethylene glycol
and water.

Figure 7 SupCam with (A) and without (B) transparent shell,courtesy of
Dr A Tozzi.

alternative investigated for in-vivo capsule navigation
was based on externally applied magnetic fields. The
magnetic field was generated by a permanent magnet
[52]
attached to a robotic arm operated above the body .
In the context of VECTOR project magnetic control
was also applied in the context of therapeutic capsules,
designed to apply a customized haemostatic endoscopic
®
clip (OTSC clip, Ovesco Endoscopy AG, Germany) to
[53]
the bowel wall .

Multiple cameras endoscopy capsule

TROY

In order to maximize the diagnostic yield of CE, Gu et
[60]
al
proposed recently an ingenious spherical device called the MicroBall - with multiple (six) cameras (Figure
8). Although this platform allows no controllability of
the capsule movement, it promises a more accurate
revision of the GI tract and reduction of the false
negatives by multiple cameras with ‘‘smart’’ image
capture strategy, employing not only movements
sensitive control but camera selection as well.

Another project funded by EU FP6 during 2006-2009
was TROY (endoscope capsule using ultrasound
[54]
technology) . Its objective was to prove the concept
of a diagnostic system for prevention and early
warning of superficial cancer and pre-malignant
precursor lesions in gastrointestinal tract using
ultrasound technology. The outcome of the project
was a WCE platform that instead of a camera with an
optical imaging sensor, uses miniaturized ultrasound
probes to create 3D computer generated images.
The validation of this platform was performed with
a synthetic bowel simulator with realistic tissue
response.

SUPCAM

Robotic biopsy

The concept of a robotic biopsy device was certainly
influenced by the Crosby capsule. To date, the
proposed devices consist of modules for the complete
process of biopsy, which includes monitoring the
intestinal wall by a tissue monitoring module, aligning
onto a polyp by an anchor, and sampling of the polyp
tissue by a biopsy module. The latter is constructed
to remember the guillotine opening of the Crosby
capsule and its control/actuation -in the prototypes
and conceptual models- is left to the control of the
[14,15,35,61]
physician
.

[55]

The SUPCAM project
was funded by EU FP7
during 2012-2014 for the development of a spherical
endoscopic capsule which can be safely - and
accurately - guided along the colonic lumen from the
outside, through an electromagnet, in completely
[56]
wireless mode . Being designed for the evaluation
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22 mm

40 mm

Figure 8 Spherical capsule endoscopy with multiple cameras.

Figure 9 3D-Transit" by Motilis Medica SA, Lausanne, Switzerland; courtesy
of Mr Vincent Schlageter.

Figure 10 Lab-in-a-Pill, with permission.

Motility tracking system

[65,67]

colonic, and whole gut transit times
. The WMC
should be considered the transit study of choice for
individuals suspected of having altered transit in more
than one region of the gastrointestinal tract.

Motility Tracking System (MTS) is swallowable, small
3
magnetic pill (6 mm × 18 mm, density 1.8 g/cm )
[62]
coated with a plastic capsule . The small electronic
pill, when ingested by the patient, emits a signal during
its entire transit through the GI tract. Its movements
are tracked by a detector plate of 16 magnetic field
sensors (4 × 4) with a frequency of 10 Hz. Data from
each sensor with an iterative algorithm are used to
calculate the position and orientation of the magnetic
[62,63]
pill
. The first generation, radiation-free pill (MTS-1),
has been introduced for description of gastrointestinal
motility in adults. The current version, Motility Tracking
System-2 (MTS2), is also known as 3D-Transit (Figure
[63]
9) and is able to track multiple pills simultaneously .
This signal is recorded and subsequently downloaded
to a data management station.

Lab-in-a-pill

This capsule has resulted by a collaboration between
the Universities of Glasgow, Edinburgh and Strathclyde,
and the Institute for System Level Integration in
[2,37]
Scotland
. The capsule device, called Lab-on-a-Pill,
[37,68]
measures 16 mm × 55 mm and weighs 13.5 g
,
with temperature, pH, conductivity, and dissolved
oxygen sensors (Figure 10). The initial aim is to develop
new tools to help the Government in its objective for
screening colon cancers in all people aged over 50
years. The eventual device will allow wireless detection
of markers for bowel cancer, a disease that is common
in many countries. However, there have been no trials
carried out using this capsule with the exception of
[37]
artificial gut trials .

Wireless motility/pH capsule - SmartPill

The wireless motility/pH capsule (WMC or SmartPill) is
data recording device that enables the simultaneous
assessment of regional and whole gut transit. It
has been approved by the FDA for the evaluation of
patients with suspected gastroparesis and chronic
[64,65]
idiopathic constipation
. SmartPill measures the
temperature, pH, and pressure while traveling through
the GI until exiting the body through the anus.
Validated patterns in pH and temperature recordings
allow for accurate measurement of gastric emptying,
small bowel transit, colonic transit, and whole gut
[66]
transit times . Clinical trials showed it to be a suitable
alternative to scintigraphy and radiopaque marker
studies in measuring gastric emptying, small bowel,
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Tethered capsule endomicroscopy

[69,70]

The system developed by Gora et al
involves a
capsule containing optical frequency domain imaging
(OFDI) technology - a rapidly rotating laser tip emitting
a beam of near-infrared light - and sensors that record
light reflected back from the oesophageal mucosa.
The capsule is attached to a string-like tether that
connects to the imaging console and allows a physician
[71]
or other health professional to control the system .
Following ingestion, the capsule is carried down the
oesophagus by natural peristalsis. OFDI images are
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taken throughout the capsule’s transit down and up
the esophagus.

miniaturization.

Inchworm-like micro-robot

Check-Cap

A prototype miniaturized navigational capsule
endoscope capable of sliding like an inchworm was
[78]
developed by Kim et al , and validated in vitro.
The capsule is equipped with four actuators and
[79]
clampers that mimic insect claws . It clamps the
contact surface and the body moves forward during
the contraction of a rear linear actuator. The clamper
releases the contact surface and slides forward
as the front linear actuator is contracting. In this
spirit, another locomotion mechanism inspired by
earthworms, is based on repeated elongations and
[80]
retractions of a clamping device .

Check-Cap (Check-Cap, Mount Carmel, Israel) is a new
[72]
technology in development for colon imaging . It is
proposed that tiny X-ray Radar device (the exposure
to radiation is described as minimal, i.e., total dose
equivalent to a single plain abdominal radiograph)
[73]
creates a 3-D reconstructed image of the colon .
The major advantage of this platform is that no prior
colon cleansing is needed, although the patient is still
required to drink an oral contrast solution to label
[73,74]
faecal material
. Eventually, the capsule transmits
[72]
data to a wrist-worn recorder . It is understood that
the clinical performance of Check-Cap device is under
investigation.

NANOTECHNOLOGY

Sonopill

Microrobots are 10 μm - 1 mm scale robots offering
great new potential in medicine and nanotechnology
is defined as any process performed at nanoscale.
Electronics are constantly miniaturized and increase
performance. Inevitably capsule endoscopy devices will
follow the same trend as they did in the past leading to
integration of multiple sensors (i.e., temperature, pH,
iron detector, etc.) while maintaining power efficiency.
Furthermore, such miniature endoscopy devices could
attach to the intestinal mucosa while getting power
support from human body heat allowing them to
operate for long monitoring periods. Finally with the
advent of nanotechnology medicine in recent years
it will slowly be incorporated to capsule endoscopy
devices allowing them to deliver smart drugs (i.e.,
targeted drug therapies), diagnosis and treatment to
specific parts of the digestive tract.

A £5-million grant by the Engineering and Physical
Sciences Research Council went to Sonopill, an
ambitious Dundee University-led project aim to
incorporate diagnostic and therapeutic ultrasound
along with optical imaging, all deployed in capsule
[75]
format . It is aspired that this will complemented by
other sensors, e.g., for pH measurement and auto[76]
fluorescence imaging for multimodal diagnosis . In
the longer term, the investigators aim to produce a
family of diagnostic and therapeutic capsules, with
the patient pathway defined according to diagnostic
information assembled. Essentially, the Sonopill aims
to push that technology further by proving in practice
the complementary role of ultrasound and visual
imaging with studies of multimodal diagnosis and
therapy.

Endoscopic capsule robots using reconfigurable
modular assembly

CONCLUSION
In conclusion, several analogues could be drawn for the
field of medicine/gastroenterology and other sciences
as well. Therefore, we believe that the mainstream
small bowel endoscopy in the third decade of the new
millennium should be provided by an enhanced version
of the capsule-based based platform, such as the one
[81]
proposed by Iakovidis et al . Just like aeronautical
engineering - for more than a century now - has not
significantly moved away from the conceptual design/
idea of its most famous aviation pioneers, the Wright
brothers, these authors believe that the shell of the
capsule device - with some optimizations, e.g., spherical
capsules would go easier through stenotic parts - will
prevail over time. Furthermore, the speed (and control
of the device), the functional characteristics (definition,
3-D application and therapy) and the indications for
obtaining it will change over time.
Bio-mimetic/bio-inspired approaches, such as
[50,59]
the spider and fish -like capsules
, are promising
approaches not only with respect to navigation

In order to enhance the locomotion capabilities and
the functionalities of current capsule endoscopy
[77]
platforms, Yoo et al
proposed a modular system
of robotic capsules containing steerable locomotive
elements that are capable of assembling into a
larger and more complex robot via mutual docking.
Docking is based on permanent magnets for energy
efficiency purposes. Such robots could provide abilities
that are lacking from current capsule endoscopes.
A prototype was developed to demonstrate how a
camera-enabled wireless capsule endoscope can be
enhanced with navigation capabilities by docking on
it three capsules with angular and rotational servos
acting like legs. Such a modular robot can be used for
thorough inspection of regions of the GI tract. Issues
to be addressed before such a capsule is applicable
in clinical practice, include the use of biocompatible
polymer materials for enhanced friction in the slippery
environment of the GI tract, energy conservation, e.g.,
using wireless power transmission, water proofing, and
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within the digestive tract, but also for treatment, not
only with application of haemostatic clips or drug
[2,37,38,40,41]
delivery
, but also for small operations,
including biopsies or small dissections.
In conclusion, we should relish the challenges that
lie ahead; in an environment like the small-bowel,
the requirement is not to make micro-capsules;
instead the attention should focus on how to utilize the
existing carrier shape and size, but with miniaturized
components such as microscopic batteries, that
will leave internal space and provide enough power
for internal lens rotation (just like the deep sea
submarines), space for microscopic labs (lab-in-a-pill)
and other sensing capacities and -hopefully- deliver
powder medication for bleeding.
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EDITORIAL

Liver plays a central role in asymmetric dimethylargininemediated organ injury
Andrea Ferrigno, Laura G Di Pasqua, Clarissa Berardo, Plinio Richelmi, Mariapia Vairetti
in ADMA metabolism by DDAH-1 and, as has been
recently demonstrated, it is also responsible for ADMA
biliary excretion. A correlation has been demonstrated
between plasma ADMA levels and the degree of hepatic
dysfunction in patients suffering from liver diseases with
varying aetiologies: plasma ADMA levels are increased
in patients with liver cirrhosis, alcoholic hepatitis and
acute liver failure. The mechanism by which liver
dysfunction results in raised ADMA concentrations
is probably due to impaired activity of DDAH due
to severe inflammation, oxidative stress, and direct
damage to DDAH. High plasma ADMA levels are also
relevant as they are associated with the onset of multiorgan failure (MOF). Increased plasma concentration
of ADMA was identified as an independent risk factor
for MOF in critically-ill patients causing enhanced
Intensive Care Unit mortality: a significant reduction
in nitric oxide synthesis, leading to malperfusion in
various organs, eventually culminating in multi organs
dysfunction.

Andrea Ferrigno, Laura G Di Pasqua, Clarissa Berardo, Plinio
Richelmi, Mariapia Vairetti, Department of Internal Medicine
and Therapeutics, University of Pavia, 27100 Pavia, Italy
Author contributions: Ferrigno A and Vairetti M wrote the draft
and final versions; Di Pasqua LG and Berardo C contributed to
data acquisition; Richelmi P revised and edited the draft versions;
all authors approved the final version of the paper.
Supported by Fondazione Cariplo, Grant No. 2011-0439.
Conflict-of-interest: Authors declare no conflict of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Mariapia Vairetti, PhD, Department of
Internal Medicine and Therapeutics, University of Pavia, Via
Ferrata 9A, 27100 Pavia, Italy. mariapia.vairetti@unipv.it
Telephone: +39-382-986398
Fax: +39-382-986347
Received: January 27, 2015
Peer-review started: January 28, 2015
First decision: February 10, 2015
Revised: February 24, 2015
Accepted: March 31, 2015
Article in press: March 31, 2015
Published online: May 7, 2015

Key words: Liver; Asymmetric dimethylarginine; Nitric
oxide; Nitric oxide-synthase; Multiple organ failure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nitric oxide (NO) synthesis is blocked by
asymmetric dimethylarginine (ADMA) which competes
with L-arginine for NO-synthase. ADMA is metabolized
principally in the liver, by dimethylarginine dimethy
laminohydrolase. The kidney and the liver are involved
in ADMA excretion. A correlation exists between plasma
ADMA levels and degree of hepatic dysfunction in
patients suffering from liver cirrhosis, alcoholic hepatitis
and acute liver failure. High plasma ADMA levels
are relevant because they are associated with the
development of multi-organ failure (MOF): increased
plasma ADMA concentration was identified as a risk
factor for MOF in critically-ill patients causing enhanced
Intensive Care Unit mortality.

Abstract
Asymmetric-dimethylarginine (ADMA) competes with
L-arginine for each of the three isoforms of nitric oxide
synthase: endothelial; neuronal; inducible. ADMA is
synthesized by protein methyltransferases followed
by proteolytic degradation. ADMA is metabolized to
citrulline and dimethylamine, by dimethylarginine
dimethylaminohydrolase (DDAH) and enters cells
through cationic amino-acid transporters extensively
expressed in the liver. The liver plays a crucial role
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role in ADMA metabolism, with DDAH taking up a large
amount of this dimethylarginine from the circulatory
system.
The kidney plays an important role in ADMA
excretion from the body, since ADMA is found in human
[13]
urine . Recently, we demonstrated that the liver, too,
is responsible for the biliary excretion of ADMA (Figure
1): for the first time, this methylarginine was found in
bile and a time-dependent increase in biliary excretion
[14]
was shown to occur during I/R injury .
Understanding the mechanisms involved in ADMA
synthesis, metabolism and excretion increases the
possibility of understanding its modulation, which is
[15-17]
crucial in several pathological conditions
.

Ferrigno A, Di Pasqua LG, Berardo C, Richelmi P, Vairetti
M. Liver plays a central role in asymmetric dimethylargininemediated organ injury. World J Gastroenterol 2015; 21(17):
5131-5137 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5131.htm DOI: http://dx.doi.
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SYNTHESIS, METABOLISM AND
EXCRETION OF ADMA
In the early 1990s, Vallance and colleagues, showed
that nitric oxide (NO) synthesis could be inhibited by
the endogenous circulating amino-acid asymmetric
dimethylarginine (ADMA) by inhibition of NO-synthase
[1]
(NOS) . ADMA competes with L-arginine for each
of the three isoforms of NOS, endothelial (eNOS),
[2]
neuronal (nNOS) and inducible (iNOS) NOS . ADMA
is considered to be an important marker of endothelial
dysfunction because of its inhibiting role in NO
synthesis. In addition, ADMA is also able to inhibit NO
synthesis by competing with arginine and symmetric
dimethylarginine (SDMA) for cellular transport across
cationic amino-acid transporters (CATs). Interestingly,
the liver expresses CATs abundantly, especially CAT-2A
and CAT-2B, suggesting a higher uptake of ADMA
in this organ as compared with the heart, lungs and
[3]
kidneys . The CAT-2B are low-capacity transporters
that have a high affinity for cationic amino acids
[4]
and in particular present high affinity for ADMA . In
contrast, CAT-2A, an alternate splice variant of CAT-2B,
possesses low affinity but high transport capacity.
The first step in the synthesis of methylarginines,
is the methylation of protein arginine residues
by intracellular enzymes termed protein methyl
transferases (PRMTs). The second step relates to the
proteolytic degradation of the methylated protein
which produces free ADMA and SDMA, the latter not
[5]
biologically active . Protein synthesis and proteolysis
are anabolic and catabolic counterparts of protein
[6]
turnover, respectively .
Intracellular ADMA is metabolized to citrulline
and dimethylamine, a reaction catalyzed by dimethy
[7]
larginine dimethylaminohydrolase (DDAH) (Figure
1). The liver and kidneys represent the main sites
of ADMA metabolism: DDAH is widely distributed in
rats and human subjects, in particular, in the liver,
[8,9]
kidney and pancreas . This enzyme is very sensitive
to oxidative stress because its active site contains
a critical sulfhydryl group required for its catalytic
[10]
activity . Two isoforms of DDAH, Types 1 and 2, have
[11]
emerged as critical regulators of NO bioavailability .
Studies of gene silencing or deletion in rodents have
led to the conclusion that plasma levels of ADMA are
regulated by DDAH-1, whereas the significance of
[11]
DDAH-2 lies in preserving the endothelial function .
[12]
Nijveldt et al provide a detailed insight into the liver’s
handling of ADMA, demonstrating that it plays a crucial
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ADMA and liver diseases
Although ADMA has been shown to correlate with
[17]
cardiovascular risk factors , its plasma concentration
also increases in patients suffering from end[1]
[15]
stage kidney disease and hepatic dysfunction .
In particular, a significant correlation has been
demonstrated between plasma ADMA levels and the
degree of hepatic dysfunction in patients suffering
[18-20]
from liver diseases with varying aetiologies
.
Notably, plasma ADMA levels are increased in patients
[20]
[21]
with liver cirrhosis , alcoholic hepatitis
and acute
[15]
liver failure . Patients with decompensated cirrhosis
have higher ADMA levels compared to compensated
cirrhosis; these levels increase further with evolving
[21]
liver failure . An increase in ADMA plasma levels also
occurs in patients with alcoholic cirrhosis associated
with an increase in nitrate-nitrite concentrations. This
event was probably caused by impaired hepatic removal
and, in the cirrhotic liver, may be a prominent factor
determining high intrahepatic vascular resistance and
[20]
the progression of the disease .
The high portal pressures observed in alcoholic
hepatitis patients were associated with the increased
ADMA, which may result from both decreased
breakdown (decreased hepatic DDAH) and/or in
[21]
creased production . The mechanism by which liver
dysfunction results in raised ADMA concentrations
is probably due to impaired DDAH activity, which is
highly expressed in normal livers: local processes such
as severe inflammation, oxidative stress, and direct
damage to DDAH protein may underlie a significant
deterioration in DDAH activity in critically ill patients
with hepatic dysfunction leading to elevation of ADMA
[22]
concentrations . High ADMA plasma concentrations
may serve as important biological markers of adverse
[21]
outcomes in alcoholic hepatitis .
In support of a crucial role for the liver as an ADMA
eliminating organ, its concentration, elevated during
hepatic failure, undergoes significant decline on the
first postoperative day after liver transplantation,
suggesting that DDAH activity is preserved during the
[23]
transplantation procedure . The hepatic function
contributes to ADMA regulation as evidenced by an
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Figure 1 Metabolism and excretion of asymmetric dimethylarginine in the liver. Intracellular asymmetric dimethylarginine (ADMA) is metabolized to citrulline
and dimethylamine, a reaction catalyzed by dimethylarginine dimethylaminohydrolase (DDAH). The liver is responsible for the biliary excretion of ADMA. CAT: Cationic
amino-acid transporters.

initial small increase in ADMA during the anhepatic
phase of the transplant operation, consistent with
[15]
complete absence of hepatic DDAH activity .
Following restoration of portal and hepatic arterial
flow with a new graft placement, there is a significant
reduction in ADMA levels, in an environment with
[15]
reduced inflammatory drive . Notably, in the 85% of
patients who rejected the liver graft, a clear increase
in ADMA concentrations preceded the onset of the
[23]
first episode of rejection . Correlation between
methylarginine derivates and liver function and survival
[24]
after liver transplantation was also observed .
[15]
Furthermore, Mookerjee et al have reported that
patients with acute liver failure showed elevated ADMA
levels also related to the severity of inflammation
supporting the hypothesis that proinflammatory
cytokines may regulate ADMA metabolism. Recent
results have demonstrated that plasma ADMA
evaluation appears to be an early predictor for survival
in patients with sepsis associated to acute liver
[25]
failure .
The hepatic I/R injury induced changes on the
ADMA/DDAH pathway; consequently, this pathway
should be considered as a point of interest potentially
capable of reducing the effects of I/R. In particular, the
decrease in DDAH-1 activity observed after hepatic
I/R is associated with a reduction in mRNA and protein
expression and an increase in serum ADMA levels in
[14]
the early reperfusion period (1 h) . Recent data in
rat liver subjected to I/R has confirmed a decrease in
[26]
[27]
DDAH activity . Lanteri et al
observed an increase
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in DDAH-1 expression when the tissue DDAH-1 was
evaluated after three hours’ reperfusion.
The serum concentration of ADMA is negatively
[28]
associated with DDAH activity in the liver . In
addition, we observed a decrease in intracellular ADMA
levels during reperfusion, together with ADMA release
[14]
both in the circulation and bile .
Increases in serum ADMA levels were also detected
[29,30]
two weeks after experimental BDL
, while on the
contrary in a period close to BDL-induced damage,
no increase in serum ADMA levels was found, even
though a tissue increase in ADMA occurred in the
[31]
days immediately after BDL . In addition, ADMA
is significantly higher in the right and median lobes
as compared with the left lobe; this heterogeneity
is probably associated with a decrease in CAT-2
transporters, particularly evident in RL and ML
when compared with the respective sham-operated
[31]
group . In addition, a decrease in CAT-2 transporters
associated with an increase in tissue ADMA was also
[29]
described 2 wk after BDL .
The mechanism by which ADMA causes increased
risk of adverse outcome in critically ill patients is
probably by inhibition of endothelial nitric oxide
[1]
elaboration. High ADMA concentrations block NOS
and inhibit endothelium-dependent vasodilation in both
[32]
[33]
animals and human beings . The crucial role of the
liver can be explained by the high expression of the
ADMA-degrading enzyme DDAH, which makes the liver
[22]
a prime organ in the clearing of ADMA . Interestingly,
liver abundantly also express CATs, especially CAT-2A
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Figure 2 Role of arginine/asymmetric dimethylarginine ratio. Asymmetric dimethylarginine accumulation blocks nitric oxide synthase (NOS) and induces
consequent endothelial dysfunction in the vasculature. On the contrary, high arginine levels as substrate for NOS induces vasodilatation. ADMA: Asymmetric
dimethylarginine; iNOS: Inducible nitric oxide-synthase; eNOS: Endothelial nitric oxide-synthase; nNOS: Neuronal nitric oxide-synthase.
-

and CAT-2B, and the extensive hepatic expression
of CAT-2A mRNA suggests a higher uptake of ADMA
in this organ as compared with the heart, lungs
[3]
and kidneys . Accordingly, the occurrence of liver
dysfunction in critical illness places other organs at
risk, especially organs that are strongly dependent on
[22]
basal nitric oxide production .

to the peroxynitrite ONOO , whose production arises
-•[36]
from the interaction between NO and O2
. nNOS
is constitutively expressed in central and peripheral
neurons; its functions include central regulation
of blood pressure, smooth muscle relaxation and
[37]
vasodilatation via peripheral nitrergic nerves (Figure
2). eNOS, due to its localization, is a homeostatic
regulator of blood pressure and blood flow, vascular
smooth-muscle proliferation, platelet aggregation and
[38]
leukocyte adhesion .
As has been already clarified, ADMA inhibits NO
synthesis by competing with L-arginine for cellular
transport across CATs, and for binding with the three
[39]
isoforms of NOS. Already in 1995, Huang et al
had observed that the pharmacological blockade
of NO production with arginine analogues, could
simultaneously affect multiple isoforms of NOS; more
importantly, they showed that mutant mice lacking
the eNOS gene were hypertensive due to the absence
of endothelium-derived relaxing factor activity, a
mechanism independent of non-endothelial isoforms
of NOS. In another ex vivo experiment on isolated
rat hearts from endotoxin-treated animals, coronary
flow was elevated compared with control hearts; the
addition of an NO-synthesis inhibitor to the perfusion
medium decreased coronary flow, but local ischemic
events still occurred. This local ischemia was reverted
by the infusion of L-arginine, so increasing the
[40]
arginine/ADMA ratio .
These results suggest that, in critical illness,
the regulation of organ perfusion by NO is of vital
importance. Not surprisingly, worsening conditions in
critically ill patients are often associated with increased
[22]
serum ADMA. Nijveldt et al
showed that critically ill
patients are exposed to elevated ADMA plasma levels,
and, importantly, that plasma ADMA concentration
was independently related to the presence of hepatic
failure. Furthermore, plasma ADMA ranked as the
first and strongest predictor for outcome, with an
increased risk for patients who were in the highest
quartile for ADMA. Recently, it has been shown that
the arginine/ADMA ratio is a more powerful predictor

Multiple organ failure and ADMA
Multi organ failure (MOF) is the concurrent dys
function of several organs. It is considered the
most challenging problem in Intensive Care Unit
(ICU) patients: in patients with MOF, the mortality
becomes higher, ranging from 30%-80% depending
[34]
on the number of failed organs . Sepsis and
severe trauma are considered the main predisposing
factors for the development of MOF. A pivotal role is
traditionally attributed to the kidneys and liver in MOF
development; however a unifying mechanism has been
[18]
recently proposed by Nijveldt et al , currently known
as the ADMA-MOF hypothesis. The hypothesis came
into being after a Phase Ⅲ trial, when the unspecific
NOS inhibitor NG-monomethylarginine was shown
to increase mortality rates in patients with septic
[35]
shock . In this trial, the use of the NOS inhibitor was
mainly intended to reduce the production of excessive
amounts of NO: due to the physiopathological roles of
this molecule, NO was assumed to have a role in the
deterioration of septic patients, raising the suggestion
that NOS inhibitors may have a therapeutic potential.
The three known isoforms of NOS are iNOS,
nNOS and eNOS. iNOS expression can be induced
by bacterial lipopolysaccharide, cytokines, and other
agents. When induced in macrophages, iNOS produces
large amounts of NO, which represents these cells’
major weapon due to its cytostatic and cytotoxic
effects against parasitic micro-organisms and certain
[36]
tumours . The overproduction of NO in response
to septic shock may harm healthy cells when NO is
released in the wrong site. This is because cell and
tissue damage is attributable to the NO radical itself or
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[48]

of organ failure with respect to ADMA alone. The
arginine/ADMA ratio in ICU patients is associated with
circulatory failure, organ failure and mortality in septic
[41,42]
patients
.

brain and heart . The understanding of the role and
regulation of ADMA could have clinical implications to
treat not only cholestatic liver disease but also ADMArelated disorders.
Other studies suggest that, secondarily to the liver,
the kidney, too, plays a role in ADMA accumulation.
Patients suffering from renal failure exhibit impaired
urinary excretion, reduced arginine synthesis and
impaired DDAH activity, all factors leading to increased
[49]
serum ADMA concentrations . Increased serum
levels of ADMA predict the progression to dialysis
and death in patients with chronic kidney disease. A
randomized, double-blind, placebo-controlled study
on cardiovascular and renal outcomes in 2102 renal
transplant recipients found ADMA to be a significant
risk factor for graft failure, major cardiac events,
[50]
cerebrovascular events, and all-cause mortality .
Other factors contributing to an imbalance in the
arginine/ADMA ratio and potentially with a role in
MOF are: a higher amount of protein methylation and
[45]
an increased rate of protein turnover . In a recent
study, critically ill patients and healthy volunteers
were given isotopically labelled amino acids in order to
assess whole protein turnover. In this study, critically ill
patients’ whole body protein turnover was significantly
higher than that of healthy volunteers during par
[51]
enteral nutrition delivery . The mechanism by which
protein turnover increases in critically ill patients has
yet to be elucidated.

What might be the mechanism
behind raised ADMA levels in
critically ill patients?
Up-regulation of iNOS occurring in sepsis leads to
the release of huge amounts of oxidants. Kupffer
cells play a major role in this process as they can
release large amounts of inflammatory mediators;
the leukocytes activated by the Kupffer cells are an
important local source of free radicals, which cause
oxidative damage to DNA, membrane lipids and
proteins. DDAH, the enzyme responsible for ADMA
degradation, is a potential target of reactive species:
S-nitrosylation of DDAH-2 has been shown to reduce
this enzyme’s activity, leading to the accumulation
[43]
of ADMA . Many cardiovascular risk factors lead to
oxidative stress too, contributing to eNOS uncoupling,
ADMA accumulation with consequent endothelial
[37]
dysfunction in the vasculature . This local increase in
ADMA could be the initial cause of liver malperfusion,
leading to compromised liver function. Due to the
main role of liver in ADMA metabolization, a worsening
of the liver function causes a further increase in
ADMA in serum, further compromising the perfusion
flow of the liver and other organs. For this reason,
the liver is considered as playing a crucial role in
[44]
MOF . Alternatively, pre-existent liver failure or
a change causing reduced clearance capability for
serum ADMA, could be a decisive contributing factor
in MOF development. In septic patients with an acute
liver failure, plasma levels of ADMA were significantly
increased with respect to patients with an intact
[25]
hepatic function . Furthermore, it has been shown
that defective DDAH, along with the removal of liver
tissue and prolonged hepatic injury, influences the
liver’s capacity to eliminate ADMA, resulting in higher
systemic levels of ADMA and a lower arginine/ADMA
[45,46]
ratio
. In a prospective study, a positive correlation
between raised ADMA levels and severity of organ
failure, inflammation and presence of early shock
in severe sepsis was observed. Furthermore, higher
ADMA levels were associated to the occurrence of
a genetic polymorphism in the DDAH-2 gene, so a
correlation between a defective DDAH-2 gene and the
[47]
extent of MOF has been proposed by the authors .
These studies confirm the pivotal role of the liver, and
more specifically, of hepatic DDAH enzymatic activity,
in the insurgence of MOF.
The increased circulatory ADMA and MOF have
been recently reviewed in a model of cholestasis:
the ADMA and NO dysregulation were particularly
evaluated into extrahepatic organs such as kidney,
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CONCLUSION
MOF is the concurrent dysfunction of several organs.
Higher morbidity and mortality has been observed in
[22,41,42]
patients with higher serum ADMA
; currently
ADMA is considered to be not merely an asymptomatic
index but, additionally, a risk factor. The ADMAMOF hypothesis holds that the liver plays a pivotal
role. Liver is the main organ devoted to ADMA
clearance; this hepatic capability can be compromised
by various factors, such as: severe organ injury,
free radical release compromising DDAH activity,
[25,45-47]
genetic polymorphism for hepatic DDAH
.
These conditions, with the exception of congenital
polymorphism, occur especially in sepsis, but other
forms of trauma, as tumours or ischemic injury, can
also produce the same result. In all these cases,
the loss of liver function causes an imbalance in the
arginine/ADMA ratio and the subsequent inhibition
of eNOS, resulting in a significant reduction in NO
synthesis and leading to malperfusion in various
organs, eventually culminating in multi-organ failure.
It has been observed that the arginine/ADMA ratio is a
better predictor of morbidity and mortality than ADMA
alone, suggesting that the restoration of this ratio, for
example by means of the administration of L-arginine,
should be considered a suitable option when attempting
[45]
to improve a patient’s condition .
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EDITORIAL

Reversibility and heritability of liver fibrosis: Implications
for research and therapy
Hussein M Atta
methylation, histone posttranslational modifications and
noncoding RNA have emerged as major determinants
of gene expression during liver fibrogenesis and
carcinogenesis. Furthermore, epigenetic mechanisms
have been shown to be transmitted through mitosis
and meiosis to daughter cells and subsequent
generations. However, the exact epigenetic regulation
of complete liver fibrosis resolution and inheritance
has not been fully elucidated. This communication
will highlight the recent advances in the search for
delineating the mechanisms governing resolution of
liver fibrosis and the potential for multigenerational and
transgenerational transmission of fibrosis markers. The
fact that epigenetic changes, unlike genetic mutations,
are reversible and can be modulated pharmacologically
underscores the unique opportunity to develop
effective therapy to completely reverse liver fibrosis, to
prevent the development of malignancy and to regulate
heritability of fibrosis phenotype.
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Core tip: Liver fibrosis, if untreated, progresses to
cirrhosis and liver failure or malignancy. Liver fibrosis is
reversible and potentially heritable process. Heritability
and complete reversibility of liver fibrosis although
debatable are of profound importance for research
and therapy. Epigenetic mechanisms regulate both
processes and hold the key for deciphering their
regulatory mechanisms and providing new and much
needed therapeutic options.

Abstract
Liver fibrosis continues to be a major health
problem worldwide due to lack of effective therapy.
If the etiology cannot be eliminated, liver fibrosis
progresses to cirrhosis and eventually to liver failure or
malignancy; both are associated with a fatal outcome.
Liver transplantation, the only curative therapy, is still
mostly unavailable. Liver fibrosis was shown to be a
reversible process; however, complete reversibility
remains debatable. Recently, the molecular markers
of liver fibrosis were shown to be transmitted across
generations. Epigenetic mechanisms including DNA
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environmental cues and in cell-specific context. Most
importantly, many of these epigenetic modifications
are maintained not only during the life span of the
individual cell but have been shown to be transmitted
during cell division and between generations. The
important implication is that environmental cues not
only influence phenotypes but is also heritable to
[12]
subsequent generations .
Epigenetic mechanisms are comprised of 3
major mechanisms including DNA methylation, posttranslational modifications of the amino acid tails of
histones and non-coding RNAs of which microRNAs
(miRNA) and long noncoding RNAs (lncRNA) are the
[10,11]
best characterized (reviewed in refs
).

LIVER FIBROSIS: CONTINUED SAGA
Liver fibrosis and cirrhosis are major causes of
morbidity and mortality worldwide and result from
different etiologies of chronic liver injury. Liver
fibrosis is considered the first step in the progression
to cirrhosis and eventually to the development of
hepatocellular carcinoma. Although removal of the
underlying injurious agent as with antiviral treatment
in chronic viral hepatitis may reduce the progression
of liver fibrosis, however, patients who don’t respond
to treatment and those who had advanced fibrosis
before treatment starts will eventually need liver
transplantation as the only effective treatment
currently available. Nevertheless, the unavailability of
adequate donor pool and the associated morbidity and
mortality of the procedure underscores the need for
[1]
novel effective antifibrotic therapy .
Fibrosis is a dynamic process resulting from
a wound-healing response involving pathways of
[2]
fibrogenesis and inflammation . Activation of hepatic
stellate cells (HSCs) to myofibroblasts that synthesize
and secrete excessive amounts of collagen Ⅰ and Ⅲ
[3,4]
takes a central role in the fibrogenesis process .
Fibrosis accumulation reflects the imbalance between
matrix production and degradation and the major
determinant of progressive fibrosis is failure to
[5]
degrade the increased interstitial matrix . Failure
to remove the injurious agent (e.g., hepatitis B or C
virus infection in humans or repeated administration
of hepatotoxic agents in animals) results in advanced
[6]
fibrosis and cirrhosis . In cirrhosis, hepatocytes form
dysplastic nodules and finally hepatocellular carcinoma
[7]
(HCC) lesions .
Epigenetic mechanisms have recently emerged
as major determinants of gene expression during
[8]
HSC activation and deactivation and have also been
[7]
described in HCC development . A brief overview
of the general epigenetic regulatory mechanisms as
related to liver cirrhosis is essential because it highlights
common paradigms of controlling transcription activity
during fibrosis progression and resolution and will help
to identify the main cellular and molecular mechanisms
that mediate fibrosis resolution and heritability.

DNA METHYLATION AND LIVER
FIBROSIS
DNA methylation in eukaryotes involves addition
of a methyl group to the carbon 5 position of the
cytosine ring in the context of the sequence 5′-CG-3′,
which is also referred to as a CpG dinucleotide. CpG
dinucleotides are unevenly distributed throughout the
genome, usually found in dense (> 55%) stretches
of approximately 500-2000 bp which are called CpG
islands. CpG islands are often but not always found
in promoter regions. The rest of the genome, such as
the intergenic and the intronic regions, is considered
to be CpG poor. In healthy cells, CpG poor regions are
usually methylated whereas CpG islands are generally
hypomethylated, with a few exceptions including the
[13]
inactive X chromosome . As a broad rule, methylation
of cytosine in CpG islands leads to silencing of the
gene, whereas unmethylated CpG tend to be found in
housekeeping/expressed genes (Figure 1).
Methylation of cytosines represents a stable,
heritable and reversible mark that is generally
associated with transcriptional repression by one of
two mechanisms. First, the methyl group on cytosine
can physically prevent transcription factor binding thus
repressing gene transcription. Second, methylated
DNA recruits methyl CpG binding proteins (MeCPs
[14,15]
and MBDs) together with co-repressor molecules
.
For example, one of the MBDs proteins, methyl
CpG binding protein 2 (MeCP2), has been shown to
be involved in silencing of peroxisome proliferatoractivated receptor gamma (PPARγ) gene expression
[16,17]
in liver fibrosis
. When found within promoters,
DNA methylation prevents the reactivation of silent
genes, even when the repressive histone marks are
reversed. This allows the daughter cells to retain the
same expression pattern as the precursor cells and
is important for many cellular processes including
the silencing of repetitive elements, X-inactivation,
[12,18,19]
imprinting, and development
. During the
development of cancer, many CpG islands, such as
those in the promoter of tumor suppressor genes
undergo hypermethylation while those CpG poor

EPIGENETIC REGULATION OF LIVER
FIBROSIS
Epigenetics are the regulatory mechanisms responsible
for alteration in gene expression without a change
in nucleotide sequence. It is agreed that epigenetic
[9-11]
changes are reversible and are heritable
. Epigenetic
mechanisms regulate gene expression in response to

WJG|www.wjgnet.com

5139

May 7, 2015|Volume 21|Issue 17|

Atta HM. Reversibility and heritability of liver fibrosis
Transcription
repression
PPARg
p15, p16
RASAL1
E-cadherin
RASSF1A
HIC1

DNA
methylation

Me

Me

Me

CG

CG

CG

H3
Histone
modifications

Me
K
4

Me

Me
K

K

9

27

Transcription
activation

Transcription
repression

Col1a1
aSMA
TGFb1
TIMP1

PPARg

Figure 1 Summary of DNA methylation and histone post translational modifications of liver fibrosis-related genes.

promoters of oncogenes or intergenic regions and
repetitive elements become hypomethylated. This
alteration in DNA methylation pattern leads to changes
in chromatin structure causing the silencing of tumor
suppressor genes, activation of oncogenes and
[20]
instability of the genome, respectively .
DNA methylation is catalyzed by three different
DNA methyltransferases (DNMTs) encoded by different
genes on distinct chromosomes: DNMT1, DNMT3a, and
DNMT3b. This covalent modification uses S-adenosyl[8]
methionine as the methyl donor . DNMT3a and
DNMT3b function act as “de novo methyltransferases”
that establish DNA methylation patterns during
embryonic development and during carcinogenesis.
DNMT1, the “maintenance” methyltransferase conducts
maintenance methylation. However, because of the
inefficiency of DNMT1 in maintaining the methylation
of many CpG dense regions, the de novo activities of
DNMT3a and DNMT3b are also necessary in somatic
cells in order to reestablish the methylation patterns so
that they are not lost due to the inefficient activity of
[21,22]
DNMT1 (For detailed reviews
). DNA demethylation
occurs through a series of chemical reactions as there
is no known mechanism in mammalian cells that can
cleave the strong covalent carbon-to-carbon bond that
[18]
connects cytosine to a methyl group (reviewed in ).
Few studies have evaluated the status of DNA
methylation in experimental liver fibrosis and in
[12,17,23-25]
human cirrhosis (Figure 1)
. The main findings
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in these studies are that progression of liver fibrosis
is associated with increased DNA methyltransferase
DNMT3a enzyme and hypermethylation of the cell
cycle genes (p15 and p16), tumor suppressor genes
[RASSF1A, E-cadherin and hypermethylated-in-cancer
[25]
[12,24]
1 (HIC-1)]
and the antifibrotic gene PPARγ
.
There is also promoter hypomethylation of the
inflammatory cytokine secreted phosphoprotein 1
[23,26-28]
(Spp1, Osteopontin)
. DNA methylation inhibitor,
5-aza-2′-deoxycytidine (5-azadC), was shown to
inhibit HSC proliferation and transdifferentiation, to
[17]
block the decreased expressions of RASAL1
and to
[24]
prevent loss of the antifibrogenic PPARγ expression .
Table 1 summarizes the main findings of these studies.

HISTONE POSTTRANSLATIONAL
MODIFICATIONS AND LIVER FIBROSIS
In the nucleus, DNA is packaged into chromatin as
repeating units of nucleosomes. Nucleosomes are
composed of 146 base pair of DNA wrapped around
histone octamers (composed of two copies of histone
H2A, H2B, H3, and H4). Histone proteins contain a
globular domain and an amino-terminal tail which
possess large number and type of modified residues.
There are at least eight types of modifications
found on histone including acetylation, methylation,
phosphorylation, ubiquitylation, sumoylation, ADP
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Table 1 Summary of studies evaluating DNA methylation in liver fibrosis
Ref.

Model

Komatsu et al[23]
Tao et al[17]
Mann et al[24]
Zeybel et al[12]
Oh et al[25]

Findings

Mouse, early fibrosis (2 wk CCl4)
global and Spp1 promoter hypomethylation
Rat (12 wk CCl4) and HSC-T6 cell line 5-aza-2’-deoxycytidine inhibited HSC proliferation and blocked the decreased expressions of
RASAL1
Rat (5 wk CCl4) HSC and human HSC 5-aza-2’-deoxycytidine blocked HSC transdifferentiation and prevented loss of PPARγ
line
expression
Human NAFLD
PPARγ promoter hypermethylation in severe more than mild fibrosis
Human cirrhotic and HCC tissues
Increased DNMT3a mRNA and hypermeyhylated cell cycle and tumor suppressor genes in
cirrhotic but less than in HCC tissues

NAFLD: Non-alcoholic fatty-liver disease; HCC: Hepatocellular carcinoma.

Table 2 Summary of studies evaluating lysine methylation in liver fibrosis
Histone mark
H3K9me3
H3K27me3
H3K9me2
H3K4
H3K4
H3K27

Function

Ref.

MeCP2 binds to the 5' end of PPARg and promotes methylation of H3K9. MeCP2 stimulates expression of EZH2
and methylation of H3K27 to form a repressive chromatin structure in the 3' exons of PPARg
Repression of IkBα promoter. 5-azadC treatment of aHSCs increased expression of IkBα and protein
ASH1 (H3K4 methyltransferase) binds to promoters and 5' end of αSMA, collagen I, TIMP-1 and TGFβ-1 in aHSCs
resulting in transcriptional activation of gene expression
ASH1 and EZH2 lysin methyltransferases that regualte H3K4 and H3K27 methylation, respectively were
upregulated during liver fibrosis progression and downregulated during fibrosis resolution

ribosylation, deamination and proline isomerization
and more than 60 modifications have been described
[10]
(reviewed in ). It is the combination of site and type
of modifications that gives rise to the “histone code”
(Figure 1). Many of these modifications function either
by disrupting chromatin contacts or by affecting the
recruitment of nonhistone proteins to chromatin and
in this way regulate important biological functions
including transcription, repair and replication of
[8,10,29]
DNA
.
Histone acetylation is associated with transcription
activation and is dynamically regulated by the competing
enzymatic activities of histone acetyltransferases (HATs)
and histone deacetylases (HDACs), which mediate its
addition and removal, respectively. Histone acetylation
is believed to enhance transcription by neutralizing
the basic charges of lysine residues and recruiting
bromodomain-containing proteins, including other
HATs and chromatin remodeling enzymes, that prevent
[10,30]
chromatin compaction
.
Histones can become methylated and this process
is mediated by histone methyltransferases (HMTs).
Methylation of histone proteins can also be reversed
[10]
by histone demethylases (reviewed in ). In contrast
to histone acetylation, the impact of histone lysine
methylation on gene expression is dependent on the
specific lysine residue. For example, histone 3 lysine
4 (H3K4) and H3K36 methylation are associated with
transcriptionally permissive chromatin, whereas H3K9
and H3K27 methylation are markers of transcriptionally
silent chromatin. In addition, single lysine residues are
variably methylated to mono-, di-, and trimethylated
states. This can be contrasted with addition of a single
acetyl group. Some lysine residues can be modified
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Mann et al[16]
Mann et al[24]
Perugorria et al[33]
Atta et al[32]

by either methylation or acetylation, but never both
together. The different histone methylation states are
functionally relevant. Active promoters are enriched
in trimethylated H3K4, while enhancer elements are
[31]
enriched in monomethylated H3K4 .
Lysine methylation, in particular, is the most
extensively studied post-translational modifications
in the context of HSC activation (Table 2). Lysine
methylation was shown to regulate liver fibrosis in
[16,32,33]
several studies
(Figure 1). For example, ASH1
(H3K4 methyltransferase) was found to be upregulated
[32]
during progression of fibrosis
and to bind to
promoters and 5′ end of αSMA, collagen Ⅰ, TIMP-1
and TGFβ-1 in activated HSCs (aHSCs) resulting in
[33]
transcriptional activation of gene expression . EZH2,
the enzyme responsible for H3K27 methylation, is
[32]
also upregulated during progression of fibrosis
[16]
and it methylates and represses PPARγ . H3K9
dimethylation is involved in repression of the inhibitory
protein IκBα that sequester NFκB in an inactive state
[24]
in the cytoplasm in activated HSCs . Upregulation
of the transcription factor NFκB has important role in
[34,35]
development of liver fibrosis
.

NON-CODING RNA AND LIVER FIBROSIS
Non-coding RNAs are grouped into two major
classes based on the transcript size; small ncRNAs
and long ncRNAs. Of the several types of small noncoding RNAs, micro ribonucleic acids (miRNA) are the
best characterized and shown to be involved in the
[36]
regulation of liver fibrosis . MicroRNAs (miRNAs) are
single stranded noncoding RNA molecules of about
22 nucleotides. MicroRNAs modulate gene expression
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through imperfect base pairing with the 3’-untranslated
region (3’-UTR) of target mRNA, resulting in the
inhibition of translation (repression) or the promotion of
mRNA degradation. Each miRNA might bind to a number
of mRNAs transcripts and in turn one mRNA could
be targeted by more than one miRNA, which creates
substantial complexity in their capacity to modulated
[36-40]
fundamental biological processes (reviewed in
).
Furthermore, it is now well established that
miRNAs genes are regulated by and can regulate
other epigenetic modifications. Several studies have
documented that an aberrant pattern of methylation
of CpG islands near or within miRNA genes or aberrant
chromatin modifications result in dysregulated
expression of miRNAs and in pathogenic alterations
including tumorogenesis. Additionally, epigenetic
drugs including DNA methyltransferase and histone
deacetylase inhibitors have both been used to control
miRNA expression. Similarly, miRNA can regulate
epigenetic modifications by directly targeting the posttranscriptional regulation of DNA and histone modifying
[14]
enzymes .
Since miRNAs are essentially involved in the
regulation of most cellular processes both in health and in
disease and that one miRNA can regulate a large number
of mRNA transcripts, it is not surprising that several
miRNAs have been shown to be involved in liver fibrosis
and in activation of HSCs. Specifically, a large body of
evidence has demonstrated that many different types
of miRNAs play an important role in the progression of
liver fibrosis through the regulation of proliferation and
[39,41,42]
apoptosis of HSCs (reviewed in refs
).
Mechanistically, these studies documented that
several miRNAs targets the mRNA 3’-UTR of several key
[43]
factors of fibrogenesis such as Col1α1 , transforming
[44]
growth factor beta receptor Ⅱ (TGF-βRⅡ) , SPRY2
(sprouty2, potent inhibitor of the MAPK pathway),
[45]
hepatocyte nuclear factor 4 alpha (HNF4α) , Retinoid
[46]
[16]
X receptor α (RXRα)
and long MeCP2 transcripts .
For example, several studies have shown that miR-29b
is downregulated during HSC activation, its expression
is negatively correlated with degree of liver fibrosis in
humans and overexpression of miR-29b attenuated the
increased expression of Col1α1 and Col1α2, α-SMA,
discoidin domain receptor (DDR2), fibronectin-1 (FN1),
integrin β1 (ITGB1), and platelet-derived growth factor
receptor-β (PDGFR-β) mRNAs, suppressed c-fos mRNA
[43,47,48]
and inhibited HSC activation
.
Moreover, recent investigations have documented
that miRNAs (such as miR-155) not only target
multiple cellular pathways during hepatic fibrogenesis
but can also be used to treat hepatitis C virus
infection, an important underlying etiologic factor
[49,50]
for liver fibrosis, as in case of miR-122
. Studies
showed that miR-155, which is down-regulated in
activated HSC, directly bind to the 3’UTR of mRNAs
of T cell factor 4 (TCF4) and angiotensin Ⅱ receptor
type 1 (AGTR1). TCF4 is transcriptional factor that
promotes epithelial-mesenchymal transition (EMT),
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an important process that contributes to liver fibrosis.
AGTR1 contributes to fibroblast activation through
enhancement of ERK1 signaling pathway in hepatic
[50]
fibrosis . Serum miR-122 has been shown to serve
as a biomarker of liver injury in chronic viral hepatitis,
non-alcoholic fatty-liver disease, drug-induced liver
[49,51]
disease
and in carbon tetrachloride-induced
[52]
mouse model of liver fibrosis . Because miR-122 has
been shown to be an essential host factor for hepatitis
C virus (HCV) infection, an antisense oligonucleotide
that sequesters mature miR-122 was developed to
[49,53]
inhibit its function
. Indeed, a miR-122 inhibitor
(miravirsen) was among the first miRNA-based
molecules to enter phase 2 clinical trial for the
[53]
treatment of chronic HCV infection . This extensive
role of miRNAs constitutes novel targets for diagnostic
[38]
biomarkers and molecular therapy . Comprehensive
analysis of all reported miRNAs is beyond the scope of
this editorial; however, a summary of most recently
reported miRNAs involved in liver fibrosis is shown in
Table 3.
In contrast to miRNAs, lncRNAs are mRNA-like
transcripts ranging in length from 200 nucleotides to
about 100 kilobases and act directly on genes. The
primary function of lncRNAs is regulation of proteincoding gene expression of fundamental biological
processes through diverse mechanisms. They
have been associated with a spectrum of biological
processes including epigenetics, alternative splicing,
alternation of protein localization, precursors of small
[40,54]
RNAs and miRNAs silencing (reviewed in refs
).
Because the regulatory mechanisms of the lncRNAs
are still being explored, their role in liver fibrosis is
[55]
just being unfolded. Only recently, He et al
showed
that the levels of a lncRNA encoded by maternally
expressed gene 3 (MEG3) were remarkably decreased
in CCl4-induced mouse liver fibrosis and human fibrotic
livers. It has been shown previously that MEG3 was
downregulated in liver cancer. The authors also showed
that the expression of MEG3 was downregulated
in human hepatic stellate cell lines (LX-2 cells) in
response to TGF-β1 stimulation in dose and timedependent manner. Importantly, hypermethylation of
MEG3 promoter was identified by methylation-specific
PCR and MEG3 expression was robustly increased by
the inhibition of methylation with either 5-azadC, or
siRNA to DNA methyltransferase 1 (DNMT1) in TGFβ1-induced HSC lines. Importantly, overexpression of
MEG3 resulted in caspase-3-dependent apoptosis in
TGF-β1-treated LX-2 cells. These results suggest that
lncRNA may play important role in the pathogenesis of
liver fibrosis.

REVERSIBILITY OF LIVER FIBROSIS
It has been held for long time that liver fibrosis/
cirrhosis is an irreversible process. This concept has
been challenged with evidence that both advanced
fibrosis/cirrhosis undergo at least partial resolution
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Table 3 Summary of recent studies evaluating role of miRNA in liver fibrosis
miRNA

Function

miR-15b/16

Ref.

Downregulated in aHSCs. Restoring miR-16 and miR-15b reduced Bcl-2, and increased expression of caspases 3, 8,
and 9 and aHSC apoptosis
miR-19b
Downregulated in aHSCs and in human fibrotic liver. miR-19b binds to the 3'-UTR of TGF-βRII. miR-19b mimic
decreases expression of TGF-βRII, collagen and α-SMA and increases quiescent characteristics
miR-21
Upregulated in PDGF-BB-aHSCs through PTEN/Akt pathway
miR-21
Upregulated in cirrhotic patients and rats. Targets the 3'-UTR of SPRY2 and HNF4α mRNAs in human and rat.
Downregulating miR-21 suppressed ERK1 signaling, inhibited HSC activation, and blocked EMT in TGFβ1treated hepatocytes
miR-27a/b
Upregulated in cultured-aHSCs. Downregulation of miR-27a/b induced quiesent HSC phenotype. Target
Retinoid X receptor α (RXRα)
miR-29a/b/c
Decreased expression in murine and human fibrotic livers. Serum expression negatively correlated with degree
of liver fibrosis in humans
miR-29b
miR-29b overexpression suppressed Col1α1 mRNA and protein
miR-29b
Downregulated during HSC activation in primary culture. miR-29 overexpression attenuated the increased
expression of Col1α1 and Col1α2, α-SMA, DDR2, FN1, ITGB1, and PDGFR-β mRNAs, inhibited HSC activation
and supressed c-fos mRNA
miR-122
Downregulated in HCV-induced liver fibrosis. Expression inversly correlated with fibrosis stage
miR-132
Downregulated in aHSCs. In quiescent HSCs miR-132 binds and represses MeCP2 transcripts that carry an
extended 3'-UTR that includes the miR132 recognition motif. MeCP promotes methylation of H3K27 of PPARg
through stimulation of EZH2
miR-150, miR-194 Both are reduced in aHScs. miR-150 targets c-myb and miR-194 targets rac-1. Both inhibit HSC activation and
ECM production via inhibition of c-myb and rac-1
miR-155
Decreased expression in aHSCs, sera and liver tissues of cirrhotic patients. MiR-155 interacts with 3'-UTR of
TCF4 and AGTR1 mRNAs involved in EMT and ERK1 pathway, repectively
miR-199/200
Expression correlated to progression of liver fibrosis
miR-214-5p
Upregulated in human and mouse fibrotic liver
miR-221/222
Upregulated in human liver in a fibrosis progression-dependent manner
miR-335
Downregulated during HSC activation. Restoring expression of miR-335 inhibited HSC migration and reduced
α-SMA and collagen type Ⅰ

Guo et al[87]
Lakner et al[44]
Wei et al[88]
Zhao et al[45]

Ji et al[46]
Roderburg et al[48]
Ogawa et al[43]
Sekiya et al[47]

Morita et al[89]
Mann et al[16]

Venugopal et al[90]
Dai et al[50]
Murakami et al[91]
Iizuka et al[92]
Ogawa et al[93]
Chen et al[94]

HSC: Hepatic stellate cell; 3'-UTR: 3'-Untranslated region.
[56]

following withdrawal of the injurious stimulus .
Extensive experimental studies using murine model of
[32,57-60]
liver cirrhosis
and clinical data from advanced
[61-63]
human cirrhosis
showed that withdrawal of the
etiological source of the chronic injury results in
decrease of pro-inflammatory and fibrogenic cytokines,
increased collagenase activity, decreased ECM
[64-67]
production, and the apoptosis of aHSCs
. Multiple
epigenetic mechanisms have been shown to regulate
the process of fibrosis progression and resolution as
[32]
discussed above .
Although partial resolution of liver fibrosis has been
well documented, reversion to a complete normal liver
[68]
architecture remains controversial . Since HSCs are
the critical cells involved in liver fibrosis, researchers
have investigated the fate of aHSCs that do not undergo
apoptosis or become senescent after removal of liver
[69]
[69]
injury . Troeger et al
showed that gene expression
of fibrosis markers, Col1α1 and TIMP-1 gradually
decrease in a large proportion of HSCs during recovery
from CCl4-induced fibrosis, suggesting that HSCs in
the recovering liver are undergoing deactivation. In
order to determine whether deactivated HSCs have
the same phenotypic biology as naïve HSCs that never
been activated before, the authors compared fibrogenic
responses between treatment-naïve quiescent HSCs
and HSCs that had been isolated 45 d after the last
CCl4 treatment and undergone reversion to a quiescent
phenotype. Both types of HSCs were exposed to
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different but well-established fibrogenic stimuli including
TGFβ, PDGF, and 10% FBS for 48 h in order to exclude
adaptations to previous CCl4 repeated injury. They
demonstrated that reverted HSC demonstrated a higher
level of activation and profibrotic gene expression
(Col1α1, αSMA) compared to treatment naïve,
quiescent HSCs. This suggests that deactivated HSCs
remain in a primed state of readiness and are able to
respond more vigorously than quiescent stellate cells to
further episodes of liver injury. This is consistent with an
[70]
incomplete return of reverted HSCs to quiescence .
In a similar study, investigators demonstrate
that half of the genetically labeled aHSCs in CCl4induced liver fibrosis in mice escape apoptosis during
regression of liver fibrosis, down-regulate fibrogenic
genes, and acquire a phenotype similar to, but distinct
from, quiescent HSCs in their ability to more rapidly
reactivate into myofibroblasts in response to fibrogenic
stimuli and strongly contribute to liver fibrosis.
Inactivation of HSCs was shown to be associated with
up-regulation of the anti-apoptotic genes Hspa1a/b,
which participate in the survival of HSCs in culture and
[71]
in vivo .
These studies clearly demonstrate that there are
existing mechanisms that are responsible for keeping
reverted HSCs in incomplete quiescent state and
are in a ready state for reactivation. Consequently
several questions arise. What is the significance of
incomplete resolution of liver fibrosis? Does incomplete
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resolution of liver cirrhosis pose a specific risk for
future activation or predisposition for tumorogenesis?
Can pharmacologic intervention, including epigenetic
modulation, enhance complete resolution of liver
cirrhosis? Further research is required to understand
the molecular mechanisms underlying incomplete
reversibility of deactivated HSCs.

hand, transgenerational means that transmission
between generations, but not involving direct exposure.
Thus for the unequivocal transgenerational transmission
of an adult onset disease phenotype through the germline requires assessment of the F3 generation for
embryonic exposure, and F2 generation for postnatal
[80]
exposure (reviewed in ).
DNA methylation is the primary epigenetic me
chanism involved in transgenerational transmission
of epimutations. The evidence for the heritability of
DNA methylation patterns is now well established
because there is a well-defined molecular mechanism
by which DNA methylation patterns are transmitted
through DNA replication during either mitosis or
[73,81]
meiosis
. It has been shown that DNA methylation
patterns are propagated through cell division via
the semiconservative copying of the parental-strand
methylation pattern onto the progeny DNA strand.
This provides a way of passing epigenetic information
[21,82]
between cell generations
.
In other epigenetic mechanisms such as patterns
of histone modifications and ncRNA, there is anecdotal
evidence that these marks are heritable through
mitosis or meiosis, however no well-defined molecular
mechanism has been delineated to explain the manner
in which patterns of any of these epigenetic marks may
[31,83,84]
be faithfully propagated through DNA replication
[72,73]
(reviewed in
).
More recently, it has been proposed that ncRNAs
should have multiple molecular mechanisms to parti
cipate in environmental epigenetic transgenerational
[75]
inheritance . The first mechanism by which ncRNAs
can be regulated epigenetically is through methylation
of gene from which ncRNA may originate causing
repression of ncRNA expression. The second mechanism
is by methylation-induced masking or disruption of
the ncRNA recognition motif in target genes causing
failure of binding of ncRNA to its target gene or mRNA.
Alternatively, ncRNAs can indirectly regulate epigenetic
states by affecting transcriptional or translational activity,
or by affecting the stability of mRNAs encoding epigenetic
factors. Additionally, single nucleotide polymorphisms in
genes that encode miRNAs can affect their processing
and target binding, along with cancer risk, response to
[75]
treatment, and disease progression .

HERITABILITY OF EPIGENETIC
PHENOTYPE
There is a growing body of literature suggesting that
[9]
epigenetic disruptions (AKA epimutations) developed
in response to environmental stimuli (e.g., drugs,
infections, etc.) can be passed on through cell divisions
[72]
and generations . This process is termed “epigenetic
inheritance” and has been defined as the inheritance
of a phenotype in a manner that is independent of
the DNA sequence and that remains self-perpetuating
in the absence of the initial stimulus that caused the
phenotype in the parental cell or organism. However,
the detailed mechanisms by which this epigenetic
[72]
information is transferred remain to be elucidated .
Epimutations that occur in somatic cells can
propagate to all daughter cells via mitosis, but they
would be very unlikely to be transmitted to subsequent
generations. However, if epimutations are sustained
in cells of the germ line, the potential exists for these
defects to be transmitted to subsequent generations,
although it requires that such epimutations survive
through the process of developmental reprogramming
aimed at erasing (and hence correcting) the epigenetic
[72,73]
memory of their parent-of-origin
.
More recently however, studies have indicated that
DNA methylation associated with certain regions of the
genome avoids the otherwise global reprogramming
[74,75]
events
. It has been known that sperm chromatin
is protamine-dominant, and only a small amount of
histones are retained. However, recent data, suggest
that a small proportion of the sperm genome remains
complexed with histones in a non-random manner
such that certain genes and/or regions of the genome
(e.g., imprinted gene clusters and non-coding RNA
clusters) are consistently associated with histones in all
sperm cells. In addition, sperm-borne RNAs, including
RNAs that are associated with the sperm plasma
membrane and sperm chromatin, also represent an
integral part of the sperm epigenome because these
RNA molecules can be delivered into the oocyte during
[74-76]
fertilization
. Therefore, it is conceptually possible
that environmentally-induced epimutations may be
retained throughout development of the germ line and
could therefore form the basis of transgenerational
[73,77-79]
epigenetic inheritance
.
Epigenetic inheritance has been subdivided into
multigenerational and transgenerational inheritance.
While multigenerational means that an exposure that
directly influences multiple generations, on the other
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HERITABILITY OF EPIGENETIC CHANGES
IN LIVER FIBROSIS
Published reports on the inheritance, whether mul
tigenerational or transgenerational, of epigenetic
changes in liver fibrosis are rare. An important study
investigating heritable multigenerational influence of
liver injury on epigenetic pattern of liver fibrogenesis[12]
related genes was reported recently . The authors
induced transient liver injury in four groups of male
rats whose fathers and grandfathers both, one of
them, or neither had received the same liver injury,
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thus creating four different ancestral exposures to liver
injury. They showed that male rats whose father and
grandfather both had liver injury had the least fibrosis,
whereas those whose ancestors had no injury had the
greatest fibrosis. The groups that only one of their
ancestors had liver injury had intermediate grades
of liver fibrosis. These differences were attributed to
reduced PPARγ promoter methylation but increased
TGF-β1 promoter methylation in the group with
paternal history of fibrosis compared with the group
that have no history of injury. They were also able
to demonstrate that PPARγ promoter methylation
was reproduced in the sperm of untreated recipient
rats when serum from injured rats was adoptively
transferred into naive rats. However, attenuation from
fibrosis was restricted to the liver, as the male offspring
of treated rats had no difference in the amount of
fibrosis in a kidney model of injury in contrast to what
was observed in the liver damage model. Moreover,
there were no differences in methylation of the PPARγ
[12,85]
promoter in the spleen, only in the liver
. Given
the fact that most DNA methylation is globally erased
during spermatogenesis and again during embryonic
development and thus these methylation marks
may not be responsible for the fibrosis attenuation
effect. The investigators reasoned that chromatin
modifications that affect DNA methylation in the sperm
may be implicated. They found that histone variant
H2A.Z and H3K27 are incorporated into chromatin at
the PPAR-γ promoter at increased levels from sperm
of rats recovering from fibrosis relative to controls.
Interestingly, they found the same effect when they
subjected sperm from uninjured rats to repeated
serum transfers from rats that had liver injury with
CCL4 for 4 wk. It has been reported that histone
[86]
variant H2A.Z protects genes from DNA methylation .
Nevertheless, the mechanistic association of these
chromatin modifications with the adaptive phenotype
in offspring and the nature of the serum soluble factor
that influences the sperm epigenome remain to be
[12]
determined .

producing cell type in the liver, does not completely
reach the quiescent status of the naive HSCs. This
subset of incompletely reverted HSCs was found to
readily be activated in response to recurring fibrogenic
stimuli. The clinical implications of this finding have not
yet been fully delineated. Does incomplete resolution of
liver fibrosis predisposes the patient to an accelerated
course of fibrogenesis once exposed to future liver
injury? Or does incomplete resolution predisposes for
the development of liver malignancy whether exposed
to a new injurious agent or not?
The potential impact of multigenerational/tran
sgenerational transmission of epimutations is very
significant. A single exposure to a disruptive envi
ronmental influence has the potential to impact the
function of cells, tissues and organs in descendants
for multiple generations thereafter. It is therefore
critical that an understanding of the manner in which
multigenerational/transgenerational epimutations are
incurred and subsequently transmitted is achieved in
order to develop strategies to avoid or preclude their
[73]
incurrence or transmission in the future . Moreover,
there are key experimental gaps in our knowledge of the
epigenetic mechanisms that regulate multigenerational
transmission of fibrogenic signals such as the durability
of epigenetic changes in the affected animal or across
generations and the effect of gender on transmission.
These and other unresolved questions require further
investigations.
The challenge to decipher the epigenetic mecha
nisms that underlie both reversibility and heritability of
liver fibrosis cannot be overemphasized. Fortunately,
unlike genetic mutations, epigenetic mechanisms are
reversible and can be modulated pharmacologically.
Thus, researcher should seize this opportunity to
develop effective therapies that not only completely
reverse liver fibrosis but that also prevent the risk
of future development of liver malignancy and that
regulate heritability of fibrosis phenotype.
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TOPIC HIGHLIGHT
2015 Advances in Colorectal Cancer

Non-polypoid colorectal neoplasms: Classification, therapy
and follow-up
Antonio Facciorusso, Matteo Antonino, Marianna Di Maso, Michele Barone, Nicola Muscatiello
in particular on large flat neoplastic lesions beyond
10 mm tending to grow laterally, called laterally
spreading tumors (LST). LSTs and large sessile polyps
have a greater frequency of high-grade dysplasia
and local invasiveness as compared to pedunculated
lesions of the same size and usually represent a
technical challenge for the endoscopist in terms
of either diagnosis and resection. According to the
Paris classification, NPTs are distinguished in slightly
elevated (0- Ⅱ a, less than 2.5 mm), flat (0- Ⅱ b) or
slightly depressed (0- Ⅱ c). NPTs are usually flat or
slightly elevated and tend to spread laterally while in
case of depressed lesions, cell proliferation growth
progresses in depth in the colonic wall, thus leading to
an increased risk of submucosal invasion (SMI) even
for smaller neoplasms. NPTs may be frequently missed
by inexperienced endoscopists, thus a careful training
and precise assessment of all suspected mucosal
areas should be performed. Chromoendoscopy or, if
possible, narrow-band imaging technique should be
considered for the estimation of SMI risk of NPTs,
and the characterization of pit pattern and vascular
pattern may be useful to predict the risk of SMI and,
therefore, to guide the therapeutic decision. Lesions
suitable to endoscopic resection are those confined
to the mucosa (or superficial layer of submucosa
in selected cases) whereas deeper invasion makes
endoscopic therapy infeasible. Endoscopic mucosal
resection (EMR, piecemeal for LSTs > 20 mm, en bloc
for smaller neoplasms) remains the first-line therapy
for NPTs, whereas endoscopic submucosal dissection in
high-volume centers or surgery should be considered
for large LSTs for which en bloc resection is mandatory
and cannot be achieved by means of EMR. After
piecemeal EMR, follow-up colonoscopy should be
performed at 3 mo to assess resection completeness.
In case of en bloc resection, surveillance colonoscopy
should be scheduled at 3 years for adenomatous
lesions ≥ 1 cm, or in presence of villous features or
high-grade dysplasia patients (regardless of the size),
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Abstract
In the last years, an increasing interest has been
raised on non-polypoid colorectal tumors (NPT) and
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while less intensive surveillance (colonoscopy at 5-10
years) is needed in case of single (or two) NPT < 1 cm
presenting tubular features or low-grade dysplasia at
histology.

Table 1 Paris classification of superficial colorectal lesions
Polypoid type1

Non-polypoid type

Key words: Non-polypoid lesion; Non polypoid tumors;
laterally spreading tumors; Endoscopic mucosal
resection; endoscopic submucosal dissection; colorectal
cancer; injection

Mixed types

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

1

Elevated more than 2.5 mm above the mucosal layer.

Core tip: Non polypoid tumors (NPTs) are distinguished
in slightly elevated (0-Ⅱa, less than 2.5 mm), flat (0Ⅱb) or slightly depressed (0- Ⅱc). NPTs are usually
flat or slightly elevated while depressed lesions show
an increased risk of submucosal invasion (SMI).
Chromoendoscopy or, if possible, narrow-band imaging
technique should be considered for the estimation of
SMI risk of NPTs, and the characterization of pit and
vascular pattern may be useful to predict the risk of
SMI. Endoscopic mucosal resection remains the firstline therapy for NPTs, whereas endoscopic submucosal
dissection or surgery should be considered for larger
neoplasms presenting SMI.

represent a technical challenge for the endoscopist
either in terms of diagnosis and of resection. That is
why the term “advanced mucosal neoplasia” (AMN)
has been recently proposed for these two classes of
[11]
lesions .

MORPHOLOGY AND CLASSIFICATION
The morphology of colonic lesions depends on the
direction of proliferation growth.
Following this, two main macroscopic types may be
recognized: superficial lesions (type 0) and advanced
[12]
cancers (type 1-5) .
According to the Paris classification (Table 1),
lesions with superficial appearance (category 0) are
distinguished in: polypoid type [elevated more than 2.5
mm above the mucosal layer: pedunculated (0-1p),
sessile (0-1s) or mixed (0-1sp)], non-polypoid [slightly
elevated less than 2.5 mm (0-Ⅱ a), flat (0-Ⅱ b) or
slightly depressed (0-Ⅱc)] and mixed types.
The threshold of 2.5 mm, which corresponds to the
height of a closed biopsy forcep, is quite arbitrary and
not really reliable because many flat lesions are not
homogeneous in their whole surface.
Non-polypoid lesions are usually flat or slightly
elevated and tend to spread laterally while in case
of depressed lesions, cell proliferation growth
progresses in depth in the colonic wall, thus leading
to an increased risk of submucosal invasion (SMI)
even for smaller lesions. In the colon and rectum,
slightly elevated and flat NPTs are commonly classified
together since they are not so easily distinguishable
and because true flat masses (0-Ⅱb) are rarely found
in this intestinal tract. Among non-polypoid tumors,
type 0-Ⅱ a (slightly elevated) is by far the most
[12]
frequent .
NPTs (flat or depressed) may be found throughout
the colon unlike polypoid cancers which are more
[13,14]
frequent in the left part
.
The distinction among the different subtypes is not
always easy to capture, hence the local endoscopist
and pathologist expertise plays a pivotal role in the
[15,16]
diagnostic algorithm
.
As aforementioned, flat colorectal neoplasms equal
to or larger than 10 mm are called LSTs.

Facciorusso A, Antonino M, Di Maso M, Barone M, Muscatiello
N. Non-polypoid colorectal neoplasms: classification, therapy
and follow-up. World J Gastroenterol 2015; 21(17): 5149-5157
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i17/5149.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i17.5149

INTRODUCTION
Colorectal cancer is a major health problem re
presenting the second most commonly diagnosed
[1]
cancer in women and the third in men . Nowadays,
colonoscopy is the most used tool for the early
detection of colorectal cancer and the resection of
pre-neoplastic lesions in order to prevent advanced
and late stage neoplasms. In fact, it’s well known
that more than 95% of colorectal cancers arise from
adenomas (tumors of benign neoplastic epithelium
with variable potential for malignancy) and the aim
of colonoscopy surveillance is to timely interrupt the
[2-5]
“adenoma-carcinoma sequence” .
In the last years, an increasing interest has been
raised on non-polypoid colorectal tumor (NPT) and in
particular on laterally spreading tumor (LST). LST is
a large flat neoplastic lesion tending to grow laterally
[6,7]
along the surface of the bowel . By definition, LSTs
[8-10]
show a diameter beyond 10 mm
. LSTs and large
sessile polyps have a greater frequency of high-grade
dysplasia (HGD) and local invasiveness as compared
to pedunculated lesions of the same size and usually
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Pedunculated (0-1p)
Sessile (0-1s)
Mixed (0-1sp)
Slightly elevated (0-Ⅱa)
Flat (0-Ⅱb)
Slightly depressed (0-Ⅱc)
Elevated and depressed (0-Ⅱa + Ⅱc)
Depressed and elevated (0-Ⅱc + Ⅱa)
Sessile and depressed (0-1s + Ⅱc)
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Ⅱa
Non granular
Elevated Ⅱa

Ⅱc + Ⅱa

Ⅱa

Flat Ⅱb

Granular
Depressed Ⅱc

Ⅱa + Ⅰs

Figure 1 Subtypes of non polypoid tumors according to Paris classification (see the text for the details). Flat non polypoid tumors (NPTs) ≥ 1 cm are called
laterally spreading tumors (LSTs). The morphological subclassification of LSTs is represented on the left.

ENDOSCOPIC DIAGNOSIS

Table 2 Categories of pit pattern at the surface of the colonic
mucosa
Non neoplastic
Neoplastic, adenomatous

Neoplastic, cancer

The detection of a superficial lesion in asymptomatic
patients undergoing complete colonoscopy is a
[12,20-22]
frequent event ranging from 10% to 60%
.
In a Japanese series, the rate of NPTs was 42%
(10.948 out of 25.862 superficial neoplastic lesions
[23]
identified) . The proportion was lower, although
still significant, in another Japanese series (27%:
[24]
2711/12811) . In the United States and Western
countries, the proportion of NPTs is highly variable
[25,26]
ranging from 9.35% to 31.4%
.
NPTs may be frequently missed by inexperienced
endoscopists, thus a careful training and precise as
sessment of all suspected mucosal areas should be
performed.
Chromoendoscopy or, if possible, narrow-band
imaging (NBI) technique should be considered for
the estimation of SMI risk of NPTs. NBI, by using light
filters to narrow the bandwidth of the endoscope’s light
aimed at selective evaluation of the area of interest, is
able to recognize and better define the vascular and
[27,28]
pit-pattern, both indicators of malignancy
. For
instance, irregular and sparse vascularization and loss
[29]
of epithelial crests are related to evolved lesions .
The microarchitecture of pits, epithelial crests, or
ridges (so called “pit pattern”) has been extensively
[29]
described by Kudo et al : three main categories of
pit patterns are described: (1) nonneoplastic (Ⅰ and
Ⅱ); (2) neoplastic adenomatous (Ⅲ and Ⅳ); or (3)
[29,30]
neoplastic cancer (Ⅴ)
(Table 2). Type Ⅳ is the
most common among AMNs and is usually related to
large NPT-Gs and implies tubule-villous histology.
With regard to vascularization, irregular multibranched microvessels alternated to avascular areas
[31]
are predictor of higher risk of SMI . A more detailed
description of vascular patterns detectable at the
surface of colonic mucosa is summarized in Table 3.

Ⅰ: Normal mucosa
Ⅱ: Enlarged regular stellar crypts
ⅢL: Elongated, sinuous crests
ⅢS: Narrowed round and irregular pits
Ⅳ: Branched or gyrus-like crests
Ⅴi: Irregular surface
ⅤN: Amorphous surface

The categories are classified in reference to prediction of histology and
treatment decision.

LSTs are divided into the granular (LST-G) and
non-granular type (LST-NG) based on their detailed
endoscopic appearance during chromoendoscopy with
[13,17]
indigo carmine dye spraying
. The LST-G type is
composed of conglomerates of nodules forming a flat
broad-based mass (thus the term “granular”) while
this characteristic is lacking in the latter group (LST[13,18]
NG)
.
NPTs have a higher risk of local invasiveness than
[13,14]
polypoid tumors, regardless the size
. While the
larger is the polypoid lesion the higher is the risk of SMI,
not all the NPTs show a so strict correlation between
size and local invasiveness.
LST-Gs with homogeneous surface have a low risk
(< 2%) of SMI no matter their size is, whereas LSTGs with mixed-size nodules have a higher risk of SMI
(7.1% for lesions < 20 mm and 38% for those > 30
[19]
mm) . Even higher is the risk of SMI for LST-NGs,
particularly in those presenting a thinner center (LSTNGs with pseudo-depression): 12.5% in case of size <
[13]
20 mm and 83.3% for diameters > 30 mm .
Depressed lesions are rare (1%-6% of all NPTs) but
[13]
present the highest overall risk of SMI: 27%-35.9% .
Figure 1 graphically describes the three main types of
NPTs and the subclassification of LSTs.
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Table 3 Categories of vascular pattern at the surface of colonic mucosa
Non neoplastic
Neoplastic, adenomatous
Neoplastic, cancer

Normal: Well-delineated capillaries surrounding pits opening
Faint: Poor visibility of capillaries around enlarged pits
Network: Vessels organized in a large and regular mesh
Dense: Enlarged vessels of regular size at top of elongated crests
Irregular: Enlarged vessels of irregular diameter and diverging directions
Sparse: Poor distribution of irregular vessels with diverging directions

The categories are classified in reference to prediction of histology and treatment decision.

Even if no single feature is absolutely specific
for SMI, the presence of more than 1 high-risk
[32]
characteristic correlates to more invasive lesions .
LST-Gs account for 60%-80% of the cases vs
20%-40% of LST-NGs, whereas depressed NPTs (those
at higher risk of SMI) represent 1% to 6% of the total
[7,14,33,34]
number of superficial colorectal lesions
. Most
studies reported the majority of NPTs in the proximal
[33,34]
colon (55.7%-80%)
, which differs from two
Chinese series wherein 65%-75% of non polypoid
[7,35]
lesions were located in the distal colon
.

pedunculated polyps and should be promptly and
radically treated by means of endoscopic resection
(contextually biopsies should be taken from the
normal-looking mucosa surrounding the polypectomy
margins in order to detect further areas of dysplasia).
If a timely and appropriate endoscopic therapy is
performed, the overall rate of progression to cancer
of adenoma-like DALMs is very low (only 2.4% in a
[50]
recent review) .
If the radical resection of the lesion is not feasible,
or if dysplastic foci in the adjacent mucosa are
[51,52]
detected, then colectomy is mandatory
.
Although the polypoid aspect is predominant,
however, as well as in the general population, some
lesions are minimally elevated (less than 2.5 mm
in height), completely flat or even depressed in
morphology.
Non-polypoid lesions can be more difficult to detect
and distinguish from the surrounding inflamed mucosa
and a particularly careful endoscopic assessment is
required.
Once a NPT is detected, the therapeutic approach
is the same as that previously described for DALMs
but en bloc resection is mandatory (when infeasible,
[53-58]
surgery remains the sole option)
.

IMPORTANCE OF NPTS DETECTION
IN PATIENTS WITH INFLAMMATORY
BOWEL DISEASES
It’s well known that patients with long-lasting
inflammatory bowel disease (IBD) colitis have a higher
risk of developing colorectal cancer than the general
[36-39]
population
.
Even if the vast majority of colitic dysplasia is
endoscopically visible, colonoscopic surveillance
remains challenging as the dysplasia can have a varied
endoscopic appearance ranging from lesions appearing
identical to sporadic adenomas to plaques, nodular
mucosa, puckering of the mucosa, villiform mucosa,
strictures, and broad-based masses with indistinct
lateral margins. Dysplastic areas detected within
inflamed or previously inflamed mucosa show a more
aggressive behavior and tend to progress more rapidly
[40-42]
than sporadic adenomas in non-inflamed mucosa
.
Thus, all lesions suspected to be dysplastic should be
removed promptly.
Random sampling is ineffective in detecting
dysplastic areas, especially in the case of NPTs. Chro
moendoscopy with targeted biopsy significantly
improves surveillance efficacy (the increase was about
[43]
7% in a recent meta-analysis) , while NBI failed to
show a clear superiority over high-definition white
light colonoscopy in the detection of dysplasia in IBD
[44-48]
patients
.
Raised dysplastic lesions within an area of current
or previous inflammation have been termed dysplasiaassociated lesions/masses (DALMs). Until recently
these have been considered an indication for colectomy
[49]
because of their reported higher risk of cancer .
DALMs appear as well-circumscribed, sessile or
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ENDOSCOPIC THERAPY
According to the aforementioned characteristics
(superficial aspect, pit and vascular pattern) and the
predicted risk of SMI, the proper therapeutic indication
should be considered.
Lesions suitable to endoscopic resection are
those confined to the mucosa (or superficial layer of
submucosa in selected cases) whereas deeper invasion
[59]
makes endoscopic therapy infeasible .
In the last years, a number of resection techniques
for the management of AMNs have been described;
among them, inject-and-cut endoscopic mucosal
[59,60]
resection (EMR) is the most common
. More
recently, endoscopic submucosal dissection (ESD) has
been developed to improve the “en bloc” resection rate
of AMNs.
Saline is the most commonly used injection solution
[59]
worldwide . Submucosal epinephrine-saline solution
injection has been shown to be an effective method
for the complete endoscopic polypectomy, especially
in flat or sessile lesions and is widely used because of

5152

May 7, 2015|Volume 21|Issue 17|

Facciorusso A et al . Colorectal NPTs
[61]

its simplicity, low cost, and wide availability . On the
other hand, a number of studies have raised concerns
about its efficacy in preventing post-procedural
haemorrhage due to the short-lasting period of
[62]
mucosal elevation following epinephrine injection .
Consequently, other substances (such as sodium
hyaluronate, hydroxypropyl methylcellulose and
glycerol), have been tested because of their ability
to create a longer lasting submucosal cushion as
a result of their viscous properties. In doing so,
such substances enable lengthier procedures and
increase the rate of en bloc resection, even for large
lesions; however, despite the promising results of the
aforementioned reports, their efficacy in preventing
post-polypectomy bleeding (PPB) is still matter of
[63,64]
debate
.
An ideal submucosal injection solution should
be inexpensive, readily available, non-toxic, easy to
prepare and inject and should provide a long-lasting
submucosal cushion.
Succinylated gelatin seems to fulfil these criteria
but a recent randomized control trial, while showing a
significant improvement of efficacy outcomes, failed
to find a decreased PPB and perforation rate after
[65]
gelatin submucosal injection as compared to saline .
Our group has recently published a retrospective
propensity-score comparison of 306 patients treated
with submucosal epinephrine injection and 306 with
polidocanol injection for the endoscopic resection
of LSTs or sessile lesions ≥ 20 mm, reporting a
[66]
significantly lower PPB rate in the polidocanol group .
However, further confirms provided by randomized
trials are warranted to identify the ideal injection
solution.
The inject-and-cut EMR consists in simple pre
defined steps: at first, the solution is injected into
the submucosa at one edge of the lesion with a
disposable injection needle to create a submucosal
cushion for safety purposes and better resection. While
the assistant injects the solution, the endoscopist
tangentially stabs the colonic wall. After the submucosal
injection, a disposable electrosurgical snare is placed
over the elevated tissue and gently pressed against
the mucosa, while closing until resistance was felt. The
lesion is then cut using an electrosurgical unit providing
[9,67-70]
blended current
.
Lesions larger than 20 mm are not usually amenable
of en bloc resection, thus piecemeal resection is
[15]
required . In case of suspected residual tissue after
resection, application of argon plasma coagulation (APC)
may burn residual areas thus decreasing the risk of
[71]
recurrence .
There is no unequivocal consensus on the pro
phylactic application of clips on the resection site after
removal of AMNs: in fact, the promising efficacy in
preventing PPB of this technique reported in a recent
[72]
retrospective study still needs confirmation .
Recent refinement of ESD instruments and skills
has lead to its application in the treatment of large
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colorectal lesions as an alternative to EMR. While in
other fields of gastrointestinal endoscopy ESD has
[73]
been proven superior to EMR , the indications for
colorectal ESD, however, are relatively few even
at experienced centers because most colorectal
neoplasms are benign and can be resected using
[74]
piecemeal EMR with minimal risk of recurrence .
During ESD, after submucosal injection, a marginal
resection is performed to isolate the lesion with 3 or
4 mm surrounding normal mucosa. The submucosa
under the lesion is injected further and then the ESD
knife dissects through the submucosal layer to resect
[74-80]
the lesion en bloc
.
In conclusion, EMR (piecemeal for LSTs > 20 mm,
en bloc for smaller neoplasms) remains the firstline therapy for NPTs. ESD in high-volume Centers or
surgery should be considered for large LSTs for which
en bloc resection is mandatory and cannot be achieved
by means of EMR: namely, LST-G whole nodular type,
LST-NG pseudo-depressed or other types with type
V pit pattern areas which cannot be resected en bloc
[81,82]
with a snare
.
If the pathologic analysis of the specimen reveals
the presence of adenocarcinoma and the lesion is
limited to the mucosa (so called “carcinoma in situ”),
there is no indication to surgery provided that the
endoscopic resection has been radical. In contrast,
adenocarcinomas with invasion into the submucosa
[83,84]
show a 6% to 12% risk of lymph node metastasis
,
hence in Western countries they are commonly
referred to surgery. As further studies have shown that
well-differentiated adenocarcinomas with submucosal
invasion within 10 mm without lymphatic or vascular
involvement have small, if not nil, risk of lymph node
[85]
metastasis , in Japan, NPTs with these features are
treated by means of endoscopic resection.
Bleeding, abdominal pain and perforation are the
most frequent and serious complications, in particular
[82]
after endoscopic removal of AMNs . All these adverse
events are more frequently reported after ESD, hence
this technique should be considered only in highlyexperienced Centers.

FOLLOW-UP
Follow-up recommendations for NPTs are exactly
the same as those proposed with regard to polypoid
[86-89]
lesions
.
After piecemeal EMR, follow-up colonoscopy
should be performed at 3 mo to assess resection
completeness and remove any residual or recurrent
[89]
lesion . If a residual or recurrent lesion is recognized,
it should be treated accordingly. Once complete
removal has been established, subsequent surveillance
needs to be individualized based on the endoscopist’s
[89,90]
judgment
.
In case of en bloc resection, surveillance colonoscopy
should be scheduled at 3 years for adenomatous lesions
≥ 1 cm, or in presence of villous features or high-grade
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[90]

10

dysplasia patients (regardless of the size) .
Usually, less intensive surveillance (colonoscopy
at 5-10 years) is needed in case of single (or two)
NPT < 1 cm presenting tubular features or low-grade
[90]
dysplasia at histology .
However, in the real life, under certain circumstances
(such as dubious radicality, need to treat margins with
argon after resection, excised margin defined as not
assessable by the pathologist), follow-up may be even
[90]
stricter .

11

12

13

CONCLUSION
NPTs are commonly found during screening colonoscopy
and usually represent a diagnostic and therapeutic
challenge for the endoscopist, which should provide
a careful characterization and classification of all
[50,91-94]
diagnosed NPTs
. Chromoendoscopy and NBI are
useful tools for the detection of non-polypoid lesions
and should be routinely applied in the clinical practice.
Pit pattern and vascular pattern features may accurately
[95-99]
predict and assess the risk of SMI
. EMR represents
the first line therapy in case of lesions confined into the
mucosa, whereas patients with superficial SMI should
be offered ESD (in highly-experienced Centers) or
surgery.
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Chemotherapy for colorectal cancer in the elderly
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5-fluorouracil/leucovorin or capecitabine as younger
patients, without a substantial increase in toxicity. With
conflicting results of retrospective studies and a lack
of data available from randomized studies, combined
modality treatment should be used with great caution
in elderly patients with locally advanced rectal cancer.
Combination chemotherapy can be considered for older
patients with metastatic CRC. For elderly patients who
are frail or vulnerable, however, monotherapy or a stopand-go strategy may be desirable. The use of targeted
therapies in older patients with metastatic CRC appears
to be promising in view of their better efficacy and
toxicity. Treatment should be individualized based on
the nature of the disease, the physiologic or functional
status, and the patient’s preference.
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Core tip: Colorectal cancer (CRC) is one of the leading
causes of cancer-related death in the elderly. However,
elderly patients with CRC tend to be under-presented
in clinical trials and undertreated in clinical practice. In
older patients with CRC, advanced age alone should not
be the only criteria to preclude adjuvant or palliative
chemotherapy that is effective in younger patients. This
review provides readers with a better understanding of
the potential benefit of chemotherapy in older patients
with CRC.

Abstract
Colorectal cancer (CRC) is one of the leading causes
of cancer-related death in the elderly. However,
elderly patients with CRC tend to be under-presented
in clinical trials and undertreated in clinical practice.
Advanced age alone should not be the only criteria to
preclude effective therapy in elderly patients with CRC.
The best guide about optimal cancer treatment can
be provided by comprehensive geriatric assessment.
Elderly patients with stage Ⅲ colon cancer can enjoy
the same benefit from adjuvant chemotherapy with
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
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malignancies, accounting for approximately 1.36
million new cases worldwide every year. It is the third
most common cancer behind lung and prostate cancer
in men and the second most common after breast
[1]
cancer in women . CRC is a disease of aging and
[2]
largely affects the elderly population . As estimated by
the Surveillance, Epidemiology, and End Results (SEER)
database (http://seer.cancer.gov/csr/1975_2011),
approximately 70% of cases in total develop over the
age of 65 years, and about 40% of patients are over
75 years. Despite a substantial survival improvement
in patients with CRC, probably due to improved
[3]
detection and treatment , the overall survival rate of
[4]
older patients still remains low .
The poor outcomes in the elderly population can be
attributed to a variety of factors, such as low economic
status, limited access to healthcare systems, and comorbid conditions. Undertreatment may also be one
of the major factors that lead to the lower survival rate
[5-8]
in the elderly with CRC . Undertreatment includes
less aggressive diagnostic evaluation, less aggressive
surgery, and less intensive chemotherapy, such as ad
hoc anticipatory dose reduction or schedule alterations
of regimens with established efficacy. Elderly patients
with CRC tend to more often be inadequately staged
[5]
and receive fewer elective operations . They are
also less likely to receive adjuvant or palliative
[6-8]
chemotherapy and/or radiotherapy
. In a retro
spective European cohort study of 110 CRC patients
[9]
over 75 years of age , 96 were surgically treated,
but only 6/23 with stage Ⅲ disease received adjuvant
chemotherapy and 4/14 with rectal cancer were
treated with adjuvant radiotherapy. Out of 18 patients
with stage Ⅳ disease, only 3 received palliative
chemotherapy.
A recent study conducted in the Netherlands shows
that the long-term prognosis of older patients (aged
60-89 years) with CRC who survived the first year
[10]
approaches that of middle-aged patients . These
results indicate that elderly patients with a good health
status can benefit from intensive therapy, including
surgery, adjuvant chemotherapy and/or radiotherapy,
or palliative chemotherapy. While the care of frail
patients should focus on palliation, chronologic age
should not determine the candidacy for adjuvant or
palliative chemotherapy in elderly patients with CRC.
The lack of clear guidelines to guide treatment
decisions for elderly patients may be an important
reason for their undertreatment. Older patients
[11-13]
are generally excluded from clinical trials
. In a
systemic review of 109 phase Ⅲ or Ⅳ randomized
[13]
controlled trials published in 2007 , 22 (20.2%) trials
used an upper age limit exclusion criterion, and only
42 (38.5%) trials performed age-specific subgroup
analyses. Due to the frequent exclusion of older
patients from clinical trials, the evidence-based data
for optimal treatment are lacking in spite of higher
burden of CRC and worse prognosis in this age group.
Clinicians often rely on evidence from clinical trials of
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the general population to make treatment decision
for older patients. However, extrapolating results
from middle-aged adults to older patients who suffer
complex comorbidities or cognitive impairment can be
hazardous.
The major challenge of treating older patients
with CRC is to assess whether the expected benefits
of treatment are superior to the risk of morbidity or
mortality. This review aims to provide readers with
a better understanding of the potential benefit of
systemic chemotherapy in older patients with CRC.

COMPREHENSIVE GERIATRIC
ASSESSMENT
Advanced age is associated with an increase in other
age-related health problems as well as increased
incidence of cancer. Treatment in older patients with
cancer is inevitably influenced by other conditions
such as comorbidities, disabilities, and functional or
cognitive status, along with tumor stage. Therefore,
proper selection of patients is the key to delivering
cancer treatments that are both effective and safe.
Geriatric conditions should be identified by com
prehensive geriatric assessment (CGA) to guide optimal
treatment. CGA is a multidisciplinary, in-depth evaluation
to assess risk of morbidity, mortality, and life expectancy
[14,15]
in older persons
. CGA provides the tools to predict
the functional age of the elderly with cancer based on
comorbidities, nutritional status, cognitive function,
socioeconomic status, polypharmacy, and geriatric
syndromes.
CGA is helpful for clinicians to develop coordinated
plans for optimal treatment in the elderly with
cancer. However, it can be time-consuming in clinical
practice and may not be practical for all patients.
Some investigators have developed a brief CGA that
is specific for older cancer patients, Cancer-Specific
[16]
Geriatric Assessment (CSGA) . It assesses older
cancer patients using validated measures with seven
domains including functional status, comorbidity,
polypharmacy, cognitive function, psychologic status,
social functioning and support, and nutritional status.
Results from the CALGB 360401 study demonstrated
the feasibility of implementing CSGA in cooperative
[17]
group clinical cancer trials . A prospective multicenter trial with 500 older cancer patients showed that
CSGA is useful for predicting chemotherapy-related
[18]
toxicity in older adults with cancer .

ADJUVANT THERAPY
Colon cancer

Adjuvant chemotherapy has a role in patients with
stage Ⅲ and probably high-risk stage Ⅱ colon
[19-21]
cancer
. In clinical practice, older patients are
less likely to receive postoperative chemotherapy
than younger patients because of the concern for

5159

May 7, 2015|Volume 21|Issue 17|

Kim JH. Chemotherapy for CRC in the elderly
[8,22]

toxicity
. In a retrospective cohort study utilizing
the SEER/Medicare-linked database, 6262 patients
aged 65 years and older with resected stage Ⅲ colon
[8]
cancer were identified from 1991 to 1996 . Only 55%
of elderly patients received adjuvant chemotherapy
within three months after curative surgery. The
likelihood of receiving adjuvant treatment declined
dramatically with increasing age: 78% of patients aged
65-69 years, 74% of those aged 70-74 years, 58%
of those aged 75-79 years, 34% of those aged 80-84
years, and 11% of those aged 85-89 years. Similar
results were noted in another study of 85934 patients
[22]
with stage Ⅲ disease between 1990 and 2002 .
During 1990-2004, postoperative chemotherapy
with leucovorin (LV)-modulated 5-fluorouracil
(5-FU/LV) was the standard of care for stage Ⅲ
colon cancer, based on a 26% relative reduction in
[19]
mortality compared with surgery alone . 5-FU/LV
adjuvant chemotherapy seems to be as beneficial in
older patients as it is in younger patients in terms of
progression-free survival (PFS), disease-free survival
[23,24]
(DFS), and overall survival (OS)
. In a populationbased cohort study of 3357 patients over 67 years of
age with stage Ⅲ colon cancer, the survival benefit
of adjuvant chemotherapy with 5-FU/LV did not
[23]
diminish with chronologic age . However, adjuvant
therapy may be more toxic for elderly patients. In a
[21]
SEER/Medicare-derived cohort study , hospitalization
for various chemotherapy-related toxicities increased
steadily with increasing age. In a pooled analysis of
3351 patients with resected colon cancer, however,
the relative benefit on both OS and time to tumor
recurrence from adjuvant chemotherapy was similar
across all age groups, with no increased incidence of
toxicities among patients 70 years or older, except for
[24]
leucopenia in one study . The oral fluoropyrimidine
capecitabine can be an effective alternative to 5-FU/LV
in the adjuvant setting. In a randomized phase Ⅲ
study of capecitabine vs bolus 5-FU/LV (Mayo Clinic
regimen), capecitabine showed an equivalent DFS to
5-FU/LV and was associated with significantly fewer
[25]
adverse events . Therefore, the selected elderly
patients with stage Ⅲ colon cancer can obtain the
same benefit from adjuvant chemotherapy with
5-FU/LV or capecitabine as their younger counterparts,
without a significant increase in toxicity.
In 2004, the Multicenter International Study of
Oxaliplatin/5-FU/LV in the Adjuvant Treatment of
Colon Cancer (MOSAIC) trial demonstrated that the
addition of oxaliplatin to 5-FU/LV improved both DFS
[20]
and OS in patients with stage Ⅲ colon cancer . In
an adjuvant setting, however, the benefit of adding
oxaliplatin to 5-FU/LV (FOLFOX) for elderly patients is
[26,27]
controversial
. In a recent retrospective analysis,
oxaliplatin-containing regimens showed only a small
incremental survival benefit over non-oxaliplatin
regimens for patients 75 years or older with stage
[26]
Ⅲ colon cancer . A pooled analysis of data from
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adjuvant trials containing oxaliplatin showed no
significant benefit in terms of DFS or OS compared to
[27]
5-FU/LV in patients older than 70 years . Subgroup
analyses of major adjuvant trials also showed no
benefit of adding oxaliplatin for older patients. The
subset analyses of the NSABP C-07 trial found that the
addition of oxaliplatin to 5-FU/LV yielded no survival
benefit in patients older than 70 years with stage Ⅱ
or Ⅲ colon cancer, with a trend towards decreased
survival (hazard ratio = 1.18, 95% confidence interval:
[28]
0.86-1.62) . In the subset analyses of the MOSAIC
trail, patients aged 70-75 years with stage Ⅱ or Ⅲ
colon cancer showed a lack of survival benefit from the
[29]
addition of oxaliplatin .
Overall, the benefit and toxicities of 5-FU/LV or
capecitabine as adjuvant chemotherapy appear to
be similar in older and younger patients. With no
data from prospective randomized studies, however,
adjuvant chemotherapy with oxaliplatin-containing
regimens needs to be considered on an individual basis
for elderly patients 70 years or older (Table 1).

Rectal cancer

Combined modality therapy of total mesorectal
excision surgery, radiation, and chemotherapy is the
standard of treatment for younger patients with locally
advanced rectal cancer. Because of the concern that
treatment-related complications may outweigh the
[30,31]
benefits of combined treatment
, however, this
approach is not frequently used in elderly patients with
rectal cancer. In a population-based study of 1807
patients 65 years or older who underwent surgical
resection for stage Ⅱ or Ⅲ rectal cancer between
1992 and 1996, only 37% received both adjuvant 5-FU
[32]
and radiation therapy .
A systematic overview of 8507 patients with rectal
cancer from 22 randomized trials demonstrated that
perioperative radiotherapy could reduce the risk of
[33]
local recurrence and death from rectal cancer . The
Stockholm Ⅱ trial, a population-based prospective
randomized study, also observed similar benefits from
[34]
preoperative radiotherapy of rectal carcinoma .
However, the risk of non-cancer-related death was
higher in both trials, especially in older patients treated
[33,34]
with radiation
. Cardiovascular disease was the
major cause of intercurrent death following radiation.
In addition, radiation therapy tends to be more toxic
[35,36]
in older patients
. Elderly patients appear to be at
increased risk for radiation enteritis, probably due to
pre-existing conditions such as hypertension, diabetes,
and vascular diseases.
To the best of our knowledge, there are no data
available from randomized studies of perioperative
chemoradiation in older patients with rectal cancer.
Several retrospective studies have reported that
preoperative (neoadjuvant) chemoradiation therapy
with 5-FU or capecitabine also increases the feasibility
of anal sphincter-preserving surgery with an
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Table 1 Major studies regarding adjuvant chemotherapy in elderly patients with colon cancer
Ref.

Type of study

Iwashyna et al[23]

No. of total
No. of older
patients
patients/age (yr)

Population-based cohort study
(SEER-Medicare)
Pooled analysis of 7 randomized
phase Ⅲ trials

3357

Sanoff et al[26]

Retrospective, database analysis
(SEER-Medicare, NSYSCR,
CanCONS, NCCN)

5489

McCleary et al[27]

ACCENT group analysis in stage
Ⅱ/Ⅲ

14528

Yothers et al[28]

Exploratory subset analysis of
updated results of NSABP C-07
trial

2409

Tournigand et al[29]

Subgroup analysis of MOSAIC
trial for stage Ⅱ disease and
elderly patients

2246

Sargent et al[24]

3351

Endpoint

Outcome [HR (95%CI)]

5-FU vs observation:
OS: 0.73 (0.65-0.82)
OS
506 (15%)/≥ 70
5-FU/LV vs observation:
(1) TTR: 0.68 (0.60-0.76; P < 0.01)
(1) TTR
(2) OS: 0.76 (0.68-0.85; P < 0.01)
(2) OS
5489 (100%)/≥ 75
OS in stage Ⅲ:
(1) 0.60 (0.53-0.68)
(1) CTx vs no CTx
(2) SEER-Medicare: 0.84 (0.69-1.04)
(2) Oxaliplatin-based vs nonNYSCR: 0.82 (0.51-1.33)
oxaliplatin regimens
2575 (22%)/≥ 70
5-FU/LV or oral 5-FU vs
(1) DFS: 1.05 (0.94-1.19; P = 0.09)
OS: 1.08 (0.95-1.23; P = 0.05)
combination regimens:
TTR: 1.06 (0.93-1.22; P = 0.36)
DFS, OS, TTR in (1) older
(2) DFS: 0.89 (0.80-0.99; P < 0.01)
and (2) younger patients
TTR: 0.88 (0.79-0.98; P = 0.02)
OS: 1.08 (0.95-1.23; P = 0.04)1
396 (16%)/≥ 70 5-FU/LV vs oxaliplatin plus
5-FU/LV:
(1) DFS
(1) DFS: 1.03 (0.77-1.36; P = 0.87)
(2) OS
(2) OS: 1.18 (0.86-1.62; P = 0.30)
315 (14%)/70-75
5-FU/LV vs FOLFOX4:
(1) DFS
(1) DFS: 0.93 (0.64-1.35; P = 0.73)
(2) OS
(2) OS: 1.10 (0.73-1.65; P = 0.66)
3357 (100%)/≥ 70

1

The benefit of adding oxaliplatin was restricted to patients younger than 70 years for OS. CTx: Chemotherapy; DFS: Disease-free survival; 5-FU/LV:
5-Fluorouracil/leucovorin; OS: Overall survival; TTR: Time to recurrence.

capecitabine, irinotecan, oxaliplatin, cetuximab,
bevacizumab, panitumumab, ziv-aflibercept, and
regorafenib, either in combination or as single agents.

excellent downstaging in patients 70 years or older
[37,38]
with locally advanced rectal cancer
. Concerning
the tolerance of this combined approach, however,
[39,40]
there are conflicting results
. A retrospective
study of 36 patients over 70 years of age with rectal
cancer reported that “vulnerable” elderly patients
could receive the same neoadjuvant 5-FU-based
chemoradiotherapy and undergo surgery as well as “fit”
elderly patients, with similar tolerability and response
[39]
rate . In another series of patients 75 years or older
with rectal cancer, the majority of elderly patients
required early termination of treatment, treatment
[40]
interruptions, or dose reductions . These data
suggest that combined modality therapy should be
performed with more caution in elderly patients with
rectal cancer.
Older patients should not be excluded only based
on chronologic age from the curative treatment
modality of rectal cancer. With a lack of data available
from randomized studies, however, multidisciplinary
evaluation and individualized treatment are recom
mended for older patients with rectal cancer. Medically
fit older patients should be considered for the combined
modality treatment that is useful for younger patients.

Cytotoxic chemotherapy

Cytotoxic chemotherapy still remains the mainstay
of treatment for patients with metastatic CRC. For
many years, 5-FU/LV was the only active treatment
for advanced CRC. Multiple studies demonstrated that
this combination was effective and well tolerated in
the elderly population, with similar benefits compared
[41-43]
with younger cohorts
. In a pooled analysis with
629 patients older than 70 years from 22 clinical trials,
5-FU-based palliative chemotherapy showed an equal
OS (10.8 mo vs 11.3 mo, P = 0.31) and PFS (5.5 mo
[43]
vs 5.3 mo, P = 0.01) in older and younger patients .
In addition, no significant differences in severe
toxicities were observed between older and younger
[41-43]
patients
.
Capecitabine, an oral 5-FU, can be an alternative
option for elderly patients with advanced CRC who are
considered ineligible for combination chemotherapy. In
a phase Ⅱ trial of 51 patients older than 70 years with
advanced CRC, capecitabine was effective and well
tolerated: overall response rate (ORR) was 24%, with
7 mo of PFS and 11 mo of OS, and grade 3/4 adverse
[44]
events were observed in 12% .
Irinotecan, a topoisomerase Ⅰ inhibitor, is also
an active drug in metastatic CRC. For patients with
metastatic CRC, irinotecan may be given as a single
agent weekly or every three weeks. In a Phase
Ⅲ comparison of two irinotecan-dosing regimens

PALLIATIVE CHEMOTHERPAY
During the last decade, the management of metastatic
CRC has been rapidly evolving with the use of biologictargeted agents and the development of surgical
techniques. The current chemotherapy of metastatic
CRC involves various active drugs such as 5-FU/LV,
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as second-line therapy of metastatic CRC, more
than one third of 291 patients were older than 70
[45]
years . Chronologic age did not affect OS or PFS,
but patients 70 years or older were at increased risk
of grade 3/4 neutropenia and diarrhea compared
with younger patients, suggesting that irinotecan
should be administered with greater caution to elderly
patients. A variety of combinations of irinotecan with
5-FU/LV or capecitabine are currently used in patients
[46-48]
with metastatic CRC
. In a combined analysis
of 2691 patients from randomized controlled trials,
the ORR and PFS were improved with irinotecanbased combination therapy compared with 5-FU/LV
in both younger and older patients (older than 70
[49]
years) . In terms of toxicity, there were no significant
differences between younger and older patients. In
the BICC-C trial comparing safety and efficacy of firstline irinotecan/fluoropyrimidine (bolus, infusional,
or capecitabine) combinations in elderly (older than
70 years) vs younger patients with metastatic CRC,
these combination regimens were well tolerated in the
elderly population, with similar efficacy to that found in
[50]
younger patients .
Oxaliplatin-containing regimens, such as FOLFOX,
capecitabine plus oxaliplatin (XELOX), or irinotecan
plus oxaliplatin, are also effectively used in patients
with metastatic CRC. An open-label randomized
factorial trial (MRC FOCUS2) investigated reduceddose chemotherapy options in older and frail patients
with metastatic CRC who would otherwise have
[51]
been excluded from clinical trials . The study
included 43% patients above 75 years and 13%
older than 80 years, and patients were randomized
in four arms (infusional 5-FU/LV, FOLFOX, XELOX, or
capecitabine monotherapy). The addition of reduceddose oxaliplatin to 5-FU/LV was not associated with
a significant improvement of PFS (5.8 mo vs 4.5 mo,
P = 0.07). Although the risk of grade 3/4 toxicities
was not significantly increased with oxaliplatin, the
replacement of 5-FU/LV with capecitabine resulted in
a higher rate of severe toxicities with no improvement
of quality of life. To minimize toxicities in older
patients with metastatic CRC, stop-and-go strategies
or maintenance 5-FU/LV-based chemotherapy may
be a desirable option. The OPTIMOX1 study showed
that FOLFOX-base chemotherapy stop-and-go
strategy (6 cycles of FOLFOX7, 5-FU/LV maintenance
without oxaliplatin for 12 cycles, and reintroduction
of FOLFOX7) had similar efficacy and tolerability
compared with FOLFOX4 until progression for patients
[52]
aged between 76 and 80 years .
Overall, most trials uniformly revealed that
palliative cytotoxic chemotherapy in elderly patients
with metastatic CRC showed similar efficacy and
toxicity to what was observed in younger patients (Table
2). Combination chemotherapy should be considered
for older patients with good performance status. For
elderly patients who are frail or vulnerable, however,
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monotherapy (5-FU/LV, capecitabine, or irinotecan)
or stop-and-go strategy may be desirable to minimize
toxicities.

Target therapy

The development of targeted therapies has substantially
improved outcomes in various malignancies. Vascular
[53-55]
endothelial growth factor inhibitor (bevacizumab)
and anti-epidermal growth factor receptor antibodies
(cetuximab and panitumumab) have been evaluated
for older patients with metastatic CRC. In a pooled
analysis of four randomized studies, the addition
of bevacizumab to conventional chemotherapy
significantly improved PFS and OS in patients older than
[53]
65 years with metastatic CRC . However, increases in
arterial thromboembolic events (ATEs) were observed
in patients 65 years or older in the bevacizumab group.
In the BRiTE observational cohort study which assessed
the safety and effectiveness of bevacizumab-based
first-line therapy for metastatic CRC among a large
cohort of elderly patients (896/1953 patients ≥ 65
years), the median PFS was similar across age cohorts
(< 65 years, 9.8 mo; 65-75 years, 9.6 mo; 75-80
years, 10.0 mo; ≥ 80 years, 8.6 mo), but median
OS decreased with age (< 65 years, 26.0 mo; 65-75
years, 21.1 mo; 75-80 years, 20.3 mo; ≥ 80 years,
[54]
16.2 mo) . There was no increased toxicity among
elderly patients, except for the risk of ATEs. Recently,
the AVEX trial, a multicenter phase Ⅲ trial, investigated
the efficacy and safety of adding bevacizumab to
[55]
capecitabine in an older population . Patients older
than 70 years with previously untreated metastatic CRC
were recruited. Interestingly, all 280 patients were not
deemed to be candidates for oxaliplatin- or irinotecanbased chemotherapy regimens. Although median OS
did not differ significantly between the two groups, the
addition of bevacizumab to capecitabine significantly
improved ORR (19% vs 10%; P = 0.04) and PFS (9.1
mo vs 5.1 mo; P < 0.01). As expected, adverse effects,
such as hemorrhage, hypertension, thromboembolic
events, and proteinuria, were higher in the combination
group. However, grade 3/4 toxicities were similar in
the two groups, except for hand-foot syndrome and
ATEs. These results suggest that the combination of
bevacizumab and capecitabine is an effective and welltolerated regimen for elderly patients with metastatic
CRC.
Although cetuximab or panitumumab is less
studied as first-line treatments in older patients with
metastatic CRC, they can be an alternative choice
for older patients with wild-type KRAS mutation.
Two retrospective studies showed that cetuximab
as a single agent or in combination with irinotecan
had a favorable toxicity profile in elderly patients (70
years or older) with heavily pretreated metastatic
CRC, and the efficacy was similar to that observed
[56,57]
in younger patients
. In a phase Ⅱ study of a
Spanish digestive tumor therapy group, cetuximab
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Table 2 Major studies regarding palliative therapy in elderly patients with advanced/metastatic colorectal cancer
Ref.

Type of study

Folprecht et al[43]

No. of total
No. of older
patients
patients/age (yr)

Retrospective
analysis of
data from 22
European trials

3825

Pooled analysis
of data from
four randomized
phase Ⅲ trials

2691

Jackson et al[50]
(BICC-C trial)

Randomized
phase Ⅲ in a
3-by-2 design

430

Seymour et al[51]
(MRC FOCUS2)

Open-label,
multi-center,
randomized
phase Ⅲ

438

Figer et al[52]
(OPTIMOX1
study)

Exploratory
cohort

620

Cassidy et al[53]

Retrospective
pooled analysis
(AVF2107g,
AVF219g,
NO16966, E3200
trials)

3007

Cunningham
et al[55]
(AVEX trial)

Open-label,
multi-center,
randomized
phase Ⅲ

280

Sastre et al[59]
(Spanish TTD
Group Study)

Phase Ⅱ

66

Folprecht et al[49]

629 (16%)/≥ 70

Endpoint

Outcome

5-FU-based CTx in older vs younger
patients
(1) ORR
(2) PFS
(3) OS
Irinotecan/5-FU vs 5FU as first-line
CTx in younger and older patients:
(1) ORR
(2) PFS
(3) OS

(1) ORR: 23.9% vs 21.1%; P = 0.14
(2) PFS: 5.5 mo vs 5.3 mo; P = 0.01
(3) OS: 10.8 mo vs 11.3 mo; P = 0.31
559 (22%)/≥ 70
Improved with irinotecan-based CTx:
(1) ORR:
younger, 46.6% vs 29.0%; P < 0.01
elderly, 50.5% vs 30.3%; P < 0.01
(2) PFS:
younger, HR = 0.77 (95%CI: 0.70-0.85; P < 0.01)
elderly, HR = 0.75 (95%CI: 0.61-0.90; P < 0.01)
(3) OS:
younger, HR = 0.83 (95%CI: 0.75-0.92; P < 0.01)
elderly, HR = 0.87 (95%CI: 0.72-1.05; P = 0.15)
117 (21%)/> 70
Irinotecan + fluoropyrimidine at
Period 1:
period 1 and irinotecan + 5-FU/LV + (1) PFS: 7.5 mo vs 6.6 mo, HR = 0.98 (95%CI:
0.74-1.29)
bevacizumab at period 2 in the older
(2) OS: 21.2 mo vs 19.0 mo
vs younger
(1) PFS
Period 2:
(2) OS
(1) PFS: 10.6 mo vs 7.6 mo; P = 0.14
(2) OS: 19.4 mo vs 25.1 mo
199 (43%)/≥ 75
a. IV infusion 5-FU/LV
(1) PFS (addition of oxaliplatin vs no
addition): 5.8 mo vs 4.5 mo, HR = 0.84
(95%CI: 0.69-1.01; P = 0.07)
b. Oxaliplatin + 5-FU
(2) Capecitabine did not improve QoL
c. Oxaliplatin + capecitabine
d. Capecitabine
(1) PFS (a vs b and c vs d)
(2) QoL with capecitabine instead of
5-FU
37 (6%)/76-80
FOLFOX4 until PD or FOLFOX7
(1) PFS: 9.0 mo vs 9.0 mo; P = 0.63
(2) OS: 20.7 mo vs 20.2 mo; P = 0.57
for 6 cycles, maintenance without
(3) AEs ≥ grade 3: neutropenia, 41% vs 24%;
oxaliplatin for 12 cycles, and
P = 0.03, neurotoxicity, 22% vs 11%; P = 0.06
reintroduction of FOLFOX7
(1) PFS and (2) OS in the older vs
younger
1142 (38%)/≥ 65 5-FU/LV-based CTx ± bevacizumab (1) ≥ 65 yr: 9.3 mo (+ bevacizumab) vs 6.9 mo,
HR = 0.58 (95%CI: 0.49-0.68; P < 0.01)
≥ 70 yr: 9.2 mo (+ bevacizumab) vs 6.4 mo,
(1) PFS
HR = 0.54 (95%CI: 0.44-0.66; P < 0.01)
(2) OS
(2) ≥ 65 yr: 17.9 mo (+ bevacizumab) vs 15
mo, HR = 0.85 (95%CI: 0.74-0.97; P = 0.02)
≥ 70 yr: 17.4 mo (+ bevacizumab) vs 14.1 mo,
HR = 0.7 (95%CI: 0.66-0.93; P < 0.01)
280 (100%)/≥ 70
(1) PFS
(1) PFS: 9.1 mo (+ bevacizumab) vs 5.1 mo,
HR = 0.53 (95%CI: 0.41-0.61; P < 0.01)
a. Capecitabine (n = 140)
(2) AEs ≥ grade 3: 40% (+ bevacizumab) vs
b. Capecitabine + bevacizumab
22%
(n = 140)
(2) Assessment of treatment-related
AEs
66 (100%)/≥ 70 Cetuximab + capecitabine as first-line (1) ORR: 31.8% (48.3% in w-KRAS vs 20.7% in
therapy
m-KRAS; P = 0.027)
(1) ORR
(2) PFS: 7.1 mo, OS: 16.1 mo
(2) PFS, OS
(3) AEs ≥ grade 3: paronychia (29.6%), rash
(3) Safety
(29.6%)

AEs: Adverse events; CTx: Chemotherapy; 5-FU: 5-Fluorouracil; IV: Intravenous; m-KRAS: Mutant-type KRAS; ORR: Overall response rate; OS: Overall
survival; PD: Progression of disease; PFS: Progression-free survival; QoL: Quality of life; w-KRAS: Wild-type KRAS.

as a first-line single agent was safe, but moderately
active, with an ORR of 14.6% in patients aged 70 or
[58]
older . However, another study of this same group
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showed cetuximab plus capecitabine (at a dose of
2
1000 mg/m every 12 h) was a safe and efficient
regimen with an ORR of 48.3% in elderly patients with
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[59]

advanced wild-type KRAS CRC . In an open-label
phase Ⅲ trial of panitumumab plus best supportive
care compared with best supportive care alone in
patients with chemotherapy-refractory metastatic
CRC, panitumumab significantly improved PFS with
manageable toxicity regardless of age, with the PFS,
[60]
OS, and ORR similar in older and younger patients .
Available data indicate that the absence of KRAS
mutations is associated with higher response rates
and PFS in patients with metastatic CRC treated with
[59,61]
cetuximab or panitumumab
. Therefore, KRAS
mutation tests should be performed for the appropriate
selection of patients who would benefit from cetuximab
or panitumumab.
The use of targeted therapies in older patients
with metastatic CRC appears to be promising in view
of their better efficacy and toxicity than conventional
cytotoxic chemotherapeutic agents (Table 2). However,
because targeted agents can be associated with some
unique or severe toxicities, these drugs should be
administered with more caution under constant and
careful monitoring for early detection of toxicities.

2
3

4

5
6

7

CONCLUSION
8

Although CRC is one of the leading causes of cancerrelated death in the elderly, older patients tend to be
under-presented in clinical trials, understaged, and
undertreated. Advanced age alone should not be the
only criteria to preclude effective adjuvant or palliative
therapy in elderly patients with CRC. The best guide
regarding optimal cancer treatment can be provided
by careful CGA of the patient. All patients should
be managed in the context of a multidisciplinary
approach, and treatment should be individualized
based on the nature of the disease, the physiologic
or functional status of each patient, and the patient’s
preferences.
Elderly patients with stage Ⅲ colon cancer can
enjoy the same benefit from adjuvant chemotherapy
with 5-FU/LV or capecitabine as younger patients,
without a significant increase in toxicities. With
conflicting results of retrospective studies and a lack
of data available from randomized studies, combined
modality therapy should be used with more caution
in elderly patients with locally advanced rectal cancer.
Combination chemotherapy can be considered for
older patients with metastatic CRC. For elderly patients
who are frail or vulnerable, however, monotherapy or
stop-and-go strategy may be desirable. The use of
targeted therapies in older patients with metastatic
CRC appears to be promising in view of their better
efficacy and toxicity. Finally, prospective studies are
needed to develop evidence-based guidelines for older
patients with CRC.
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Colorectal cancer is one of the most common causes of
cancer morbidity both in men and in women. However,
females over 65 years old show higher mortality and
lower 5-year survival rate of colorectal cancer compared
to their age-matched male counterparts. The objective
of this review is to suggest gender-based innovations
to improve colorectal cancer outcomes in females.
Women have a higher risk of developing right-sided
(proximal) colon cancer than men, which is associated
with more aggressive form of neoplasia compared to
left-sided (distal) colon cancer. Despite differences
in tumor location between women and men, most of
scientific researchers do not consider sex specificity
for study design and interpretation. Also, colorectal
cancer screening guidelines do not distinguish females
from male, which may explain the higher frequency
of more advanced neoplasia when tumors are first
detected and false negative results in colonoscopy
in females. Moreover, socio-cultural barriers within
females are present to delay screening and diagnosis.
Few studies, among studies that included both men
and women, have reported sex-specific estimates
of dietary risk factors which are crucial to establish
cancer prevention guidelines despite sex- and genderassociated differences in nutrient metabolism and
dietary practices. Furthermore, anti-cancer drug use
for colorectal cancer treatment can cause toxicity
to the reproductive system, and gender-specific
recurrence and survival rates are reported. Therefore,
by understanding sex- and gender-related biological
and socio-cultural differences in colorectal cancer risk,
gender-specific strategies for screening, treatment and
prevention protocols can be established to reduce the
mortality and improve the quality of life.
Key words: Colorectal cancer; Sex; Gender; Screening;
Treatment; Prevention
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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therefore may explain a higher mortality and shorter
5-year survival rate of women in many regions of the
world.
Another crucial point that requires gender-specificity
is dietary recommendations for cancer prevention.
Dietary factors have been suggested to account for
30% of cancer deaths, indicating that dietary guidelines
for cancer prevention represent an essential strategy
[9]
to lower the burden of cancer . Dietary guidelines
for cancer prevention are mostly derived from the
summary findings of prospective cohort studies, which
are less prone to selection or recall bias than casecontrol studies. Despite gender-specific differences
in dietary risk factors associated with cancer risk, the
evidences to generate sex-specific summary estimates
are limited.
Also, cancer treatment plan needs to consider sexspecific responses towards anti-cancer drugs based
on their biological and genetic characteristics. Possible
association between socioeconomic circumstances of
women and cancer treatment also requires attention.
Therefore, in this paper, we present the biological and
socio-cultural differences between genders to provide
strategies for gender-targeted colorectal cancer
screening, treatment, and prevention.

Core tip: The objective of this review is to suggest
gendered innovations to improve colorectal cancer
outcomes. Women are more prone to right-sided
colon cancer than men, which is associated with more
aggressive form of neoplasia compared to left-sided
colon cancer. Genetic and epigenetic factors as well
as dietary habits play roles in sex-specific differences
in colorectal cancer risk. We also suggest that sociocultural environments partly explain gender-specific
differences in colorectal cancer risk. Therefore, sex- and
gender-specific strategies for research methods as well
as protocols for screening, treatment, and prevention
should be established to reduce the morbidity and
mortality of colorectal cancer in women.
Kim SE, Paik HY, Yoon H, Lee JE, Kim N, Sung MK. Sexand gender-specific disparities in colorectal cancer risk. World J
Gastroenterol 2015; 21(17): 5167-5175 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i17/5167.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i17.5167

INTRODUCTION
The Global Health Observatory of the World Health
Organization reported that 13% of all deaths originate
from cancer. Colorectal cancer is the third most
common cancer in the world and is one of the most
common causes of female cancer mortality followed by
[1]
lung and/or breast cancer . Statistics from Korea and
Japan indicated that colorectal cancer ranks number
one cause of cancer morbidity in women aged more
[2,3]
than 65 years old . Also, the incidence and mortality
of colorectal cancer in populations over 65 years old
are higher in women than those in men implying that
colorectal cancer is a major health threat among older
[1]
women . Considering the longer life expectancy of
women compared to that of men, gender-targeted
strategies to prevent and treat colorectal cancer should
be properly delivered to improve the quality of life
especially in older women.
Colorectal cancer screening guideline in general
does not apply gender-specific recommendations.
However, scientists have suggested that right-sided
(proximal) colon cancer is more aggressive type
[4]
tumor compared to left-sided (distal) colon cancer ,
and patients with proximal colon cancer are more
[5]
often females than males . In advanced colonic
neoplasia, proximal colonic tumors are more often flat,
while distal colonic tumors are polypoid-type which
[6]
is more distinguishable by colonoscopy implying
an alternative screening suggestion needs to be
discussed. Also, women possess a longer transverse
colon compared to men posing lower detection rate
[7]
in colonoscopy . The sensitivity of fecal occult blood
test (iFOBT), a most commonly used colorectal
[8]
cancer screening test, is found to differ by sex .
The decreased gender-specificity of screening tools
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SEX-RELATED BIOLOGICAL
DIFFERENCES IN COLORECTAL CANCER
RISK
The estimates of colorectal cancer morbidity greatly
increase with older ages. The incidence and mortality
of colorectal cancer in populations over 65 years
[1]
old are higher in women than those in men . Also,
the 5-year survival rate of colorectal cancer among
women is lower than among men, which is particularly
[10]
noteworthy in women over 70 years old . These
evidences imply that colorectal cancer is a major
health threat among older women. However, the need
for scientific researches on sex- and gender-associated
differences in colorectal cancer development has not
been properly emphasized.
A recent systemic review reported that a higher
proportion of women presents with right-sided colon
[4]
cancer than men . Right-sided colon cancer is often
[4]
at a more advanced stage at diagnosis . Therefore,
the lower 5-year survival rate in women may be due
to their increased incidence of right-sided cancer. A
major cohort study involving 17641 patients compared
left-sided colon cancer to right-sided colon cancer for
clinical and histological characteristics, progress after
[11]
the operation, and survival . The results revealed
a higher incidence of right-sided colon cancer in
women and in older subjects. Also, the effect of
[11]
age was more significant in women . In the same
study, patients with right-sided colon cancer exhibited
vague symptoms and suffered from more associated
diseases. Right-sided colon cancer was more advanced
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Right-sided (proximal)
colon cancer

Left-sided (distal)
colon cancer

Common in women
Microsatellite instability
Derived from midgut
+
CIMP , BRAF mutation
MAPK signaling, serrated pathway
Mutagenic CYP450 metabolites
HNPCC

Common in men
Chromosomal instability
Derived from hindgut
APC, K-ras, DCC, p53 mutations
EGFR signaling, Wnt signaling
HER1, HER2 amplification
FAP

Figure 1 Common clinical and molecular characteristics of right- and left-sided colon tumors. APC: Adenomatous polyposis coli; CIMP: CpG island methylator
phenotype; DCC: Deleted in colorectal cancer; FAP: Familial adenomatous polyposis; HNPCC: Hereditary non-polyposis colorectal cancer; K-ras: Kirsten-ras.

and less differentiated compared to left-sided colon
[11]
cancer . A recent cohort study has also indicated
that the risk of proximal large polyps increased with
[12]
age, female sex, and black race . Although the
effect of tumor location on survival remains uncertain,
more information on pathophysiological differences
in relation to gender is needed to plan strategies for
screening and treatment of colorectal cancer.
Colorectal cancer exhibits different molecular
and pathological characteristics depending on tumor
location. Differences between right- and left-sided
colon cancers are possibly due to differences in genetic
makeup, life style, and/or dietary habits (Figure
1). Chromosomal instability, which is associated
with 60%-70% of colorectal cancer, is more often
observed in left-sided colon cancer, and defective
genes include adenomatous polyposis coli, Kirsten[13-15]
ras, deleted in colorectal cancer, and p53
. On
the other hand, microsatellite instability (MSI)-high,
CpG island methylator phenotype (CIMP)-high, and
BRAF mutation are often observed in right-sided colon
[14,15]
cancer
. Hereditary non-polyposis colorectal cancer
is more likely to develop tumors on the right side of
the colon, whereas familial adenomatous polyposis
[16,17]
is associated with left-sided colon cancer
. The
common clinical and molecular features of right- and
left-sided colon cancers are presented in Figure 1.
Hormonal factors may explain a large percentage of
right-sided colorectal cancer in females. A populationbased case-control study examining sex, reproductive
factors, and hormone exposure related with MSI in
colon cancer (n = 4246) suggested that estrogen
exposure is a protective factor against MSI, while
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the lack of estrogen in older women increased the
[18]
risk of MSI-high colon cancer . In the same study,
hormone replacement therapy (HRT) was associated
[18]
with the reduced risk of unstable tumors . The
Women’s Health Initiative Clinical Trial reported that
postmenopausal women undergoing HRT showed
a 40% reduction in colorectal cancer risk, whereas
women undergoing HRT whilst diagnosed with
colorectal cancer exhibited a higher grade/stage of
[19]
colorectal cancer . These results indicate that HRT
could have a detrimental effect on colorectal cancer
risk after tumor has developed. Taken together,
previous and current HRT is likely associated with
the decreased risk of colorectal cancer, while chronic
endogenous estrogen exposure may be linked to the
increased risk of colorectal cancer in postmenopausal
[20,21]
women
.
It has been reported that certain genetic and
epigenetic differences between sexes may determine
colorectal cancer risk. CIMP-high was increased from
the rectum to the cecum, with a higher percentage
[22]
of females developing tumors in the cecum . An
earlier study reported that a methylated CpG island
1NK4a
in the 5’ region of the p16
tumor suppressor was
[23]
positively associated with female gender . Another
study found that the vascular endothelial growth factor
936 polymorphism increased the risk of colon cancer
[24]
in women only . In addition, the PIK3CA mutation
occurs more frequently in females and in proximal colon
[25]
cancer, which is associated with poorer survival .
However, limited number of preclinical studies
used animals of both sexes to investigate the
molecular mechanisms of colon cancer development,
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A

B

Figure 2 Different endoscopic appearances between right- (A) and left-sided (B) colon cancers.
[28]

the responses to environmental stresses, and the
responses to treatment. In many cases, male animals
were preferably used to eliminate possible interactions
between estrogen and tumor formation. Given that
right-sided colon cancer, which is associated with poor
prognosis, is more common in women than men, it is
important to understand sex-related biological factors
which affect segment-specific colon tumor formation.
To study sex differences, preclinical researches need to
use animals from both sexes. Epidemiological studies
need to consider biological variables in determining
the incidence, mortality, and survival rate of colorectal
cancer to produce better screening and treatment
protocols.

when undergoing thinner flexible sigmoidoscopy ,
suggesting there are needs to consider sex differences
in the sensitivity and feasibility towards colorectal
cancer screening tools.
It is interesting to note that cumulative 10 year
incidence and mortality of colorectal cancer in women
at ages 55, 60, and 65 years follow almost identical
rates of incidence and mortality of colorectal cancer
[29]
in men at ages 50, 55, and 60 , suggesting women
exhibit delayed colorectal cancer development. Despite
the seriousness of colon cancer in older women, sexspecific anatomical and physiological characteristics
in women have made it difficult to detect tumors
during screening processes. Women have the longer
transverse colon and increased redundancy compare
[7]
to men causing incomplete colonoscopy in women .
Preclinical studies suggested that dietary fiber
[30,31]
consumption increases the length of the colon
.
Therefore, higher dietary fiber consumption in
women might be related to the longer colon length in
[32,33]
women
. A large cross-sectional study (n = 4910)
reported that a larger proportion of women exhibited
flat- and depressed-type colorectal neoplasia while
a higher percentage of men showed polypoid-type
[6]
neoplasia which is more easily detectable . Endoscopic
observations clearly revealed morphological difference
between right-sided colon cancer vs left-sided colon
cancer (Figure 2).
In addition, among other screening tools, the
sensitivity of iFOBT and guaiac FOBT was substantially
[8]
higher among men than among women . A previous

GENDER-SPECIFIC SCREENING TOOLS
AND GUIDELINES FOR COLORECTAL
CANCER
Colorectal cancer screening provides effective
opportunity to prevent the disease. However, there
are no gender-specific screening tools or guidelines.
A previous study showed that both black race and
females tend to exhibit polyps greater than 9 mm
while other races and males exhibit smaller polyps
[26]
upon colonoscopy , suggesting possible sex- and
race-specific delays in diagnosis. It has been also
reported that screening via flexible sigmoidoscopy can
detect polyps or tumors twice as frequently in men
[27]
than in women . Women felt less pain and discomfort
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Figure 3 Proportion of sex-specific estimates reported in prospective studies that included both women and men.

study showed that women who experienced cancer
in their reproductive tract tend to develop colorectal
[34]
cancer more frequently . Lastly, health care
disparities between gender and ethnic groups have
[35]
been presented . Among 1071 surgical colon cancer
patients, women (n = 521, 48.6%) had less screening
diagnosis (overall: 17.8% vs 22.6%, P = 0.049) with
subsequently higher rates of metastatic disease on
pathology. These evidences suggest that colorectal
cancer screening in women needs more attention in
terms of their sensitivity, and gender-specific screening
guidelines for colorectal cancer need to be deliberated.
Despite distinctive sexual differences in anatomy
and physiology of the colon, gender-specific screening
guidelines have not been emphasized. The longer
average total and transverse colon length, more
frequent occurrence of flat-type right-sided colon
cancer and narrower colon diameter of women
compared to those of men may cause technical
limitation in endoscopic examinations. Therefore, it is
necessary to customize endoscopic devices for women.
There is no guideline regarding the age to stop
colorectal cancer screening in many parts of the world.
Asia-Pacific guideline stated that colorectal cancer
screening should be continued until 75 years old for
[36]
both men and women . Due to longer life expectancy
in women, colorectal cancer screening in older women
needs to be emphasized.

between diet and cancer based on the analysis of over
7000 scientific studies. As a continuation, the World
Cancer Research Fund (WCRF) also launched the
Continuous Update Project to rigorously compile the
[38]
most up-to-date evidence available . We reviewed all
of the prospective cohort studies that analyzed cancers
of the colorectum, colon or rectum as the major
endpoints included in the Continuous Update Project of
[38]
the WCRF
and examined whether the associations
between dietary factors and colorectal cancer risk were
reported according to gender. When we calculated the
proportion of sex-specific estimates among studies
that included both women and men, an average of
51.02% of the studies reviewed in this report reported
sex-specific estimates, ranging from 33.96% (red/
processed, red, or processed meat) to 64.71% (total,
dietary and serum/plasma folate) (Figure 3). For
alcoholic beverages, 40.00% of the studies reported
sex-specific estimates among studies which included
both women and men. Given that sociological and
cultural aspects of alcohol drinking vary by sex and
that the toxic threshold of ethanol may differ by sex,
it may be important to provide specific summaries for
women and men.
Since the 1980s, many female-specific prospective
cohort studies (e.g., the Nurses’ Health Study, the
Iowa Women’s Health Study, the Black Women’s Health
Study, the Breast Cancer Detection Demonstration
Project Follow-up Cohort, the California Teachers
Study, the New York University Women’s Health Study,
the Shanghai Women’s Health Study, and the Sweden
Mammography Cohort) have published their findings
on diet and cancer prevention. These results have
contributed to the accumulation of evidence regarding
cancer prevention for women, particularly for cancers
that occur primarily in women. However, large studies
that included both women and men often did not

GENDER-SPECIFIC ASSOCIATIONS
BETWEEN DIETARY FACTORS AND
COLORECTAL CANCER
The Expert Report, “Food, Nutrition, Physical Activity,
[37]
and the Prevention of Cancer: a global perspective” is
the most comprehensive summary of the relationships
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report the sex-specific estimates. This lack of reported
sex-specific estimates precludes meta-analyses of sexspecific estimates, which would have a greater statistic
power and provide evidences for dietary guidelines for
cancer prevention.
Studies have reported that dietary factors are
associated differently with colorectal cancer depending
on the location of tumors. High carbohydrate intake
increased right-sided colon cancer in women, but
[39]
increased rectal cancer in men . High fat and protein
intakes increased risks of right- and left-sided colon
[40,41]
cancers, respectively
. Recent evidence from a
large Canadian population-based case-control study
suggested that high intake of polyunsaturated fat,
trans-fat, cholesterol, sucrose, and lactose was
associated with the increased risk of right-sided colon
[42]
cancer . In addition, meat consumption increased
the risk of left-sided colon cancer compared to right[43-45]
sided colon cancer
, whereas total iron and iron
from supplements were inversely associated with
[45]
[46-48]
distal colon cancer . Also, high calcium intake
[49]
and serum/plasma 25-hydroxyvitamin D level
were
inversely associated with distal colon cancer.
Consumption of soy products containing phyto
estrogens has been shown to be inversely associated
[50-53]
with the risk of colorectal cancer
. A recent metaanalysis found that soy consumption was associated
with an approximately 21% reduction in colorectal
cancer risk only in women, presumably due to the
structural and metabolic similarities of soy isoflavones
[50]
to estrogen . This result supports a previous report
suggesting soy consumption differentially affects
estrogen metabolism depending on the endogenous
[54]
estrogen level . Indeed, an experimental study
reported that high phytoestrogens intake increases
ER-α expression, decreases apoptosis, and induces
inflammation markers in colonic mucosa of female mice
[55]
possibly due to the high estrogenic background .
The International Agency for Research on Cancer
(IARC), based on the IARC online database GLOBOCAN
2012, estimated a substantial increase to 19.3
[1]
million new cancer cases per year by 2025 . Given
the biological and socio-cultural differences between
genders, gender-specific analyses should be conducted
to provide optimal cancer prevention strategies and to
reduce the number of new colorectal cancer cases both
in men and women. Large population-based cohort
studies need to report sex-specific estimates of dietary
risk factors to provide better guidelines for cancer
preventive dietary intake.

attention due to its possible effects on female
fertility. A retrospective study reported that 41% of
women receiving adjuvant 5-fluorouracil, leucovorin,
oxaliplatin (FOLFOX) chemotherapy experienced
amenorrhea during chemotherapy, and 16% exhibited
persistent amenorrhea 1 year after the completion
of chemotherapy, which may affect early menopause
[56]
and fertility . In addition to chemotherapy, surgical
and radiation therapies also need to be considered for
[57]
female fertility preservation .
Furthermore, gender-specific recurrence and
survival rates were detected. The genotype of the
TP53 tumor suppressor gene was predictive of survival
following adjuvant chemotherapy in women with
[58]
stage Ⅲ colon cancer . In stage Ⅱ and Ⅲ colorectal
cancer patients, polymorphisms in PLS3 and LCP1
were associated with tumor recurrence in women with
[59]
proximal colorectal cancer . Therefore, it is necessary
to use a distinct evaluation protocol for the response of
women to colorectal cancer treatment.
Taken together, research efforts towards the
development of anti-cancer drugs displaying less
toxicity to the reproductive system are required.
Treatment protocols specifically recommended for
women of child-bearing age should be suggested based
on sound scientific evidence. A sex-specific decrease
in the survival rate of women subjected to a specific
anti-cancer drug may be associated with the genetic
background. Thus, a long-term follow-up study of
cancer survivors needs to be considered to ensure the
safety of specific anti-cancer drug use with respect to
not only reproductive function but also possible genetic
effects on subsequent generations. Also, possible
gender-specific barriers to cancer treatment need to be
studied. This is specifically important because optimal
anti-cancer drug regimen for colorectal cancer should be
required based on the effect of sex on drug efficacy and
toxicity. Among 1785 colon cancer patients aged more
than 65 years old, women were less likely to receive
5-fluorouracil treatment and showed a shorter duration
of treatment compared to men, which were possibly
associated with the observation that women were more
[60]
prone to dehydration than men . Indeed, women
experienced more severe toxicity including stomatitis,
leukopenia, alopecia, and diarrhea compared to men
[61]
when receiving 5-fluorouracil-based treatment .
It is recommended to complete all planned
chemotherapy cycles to improve disease-free survival.
However, recent studies reported that stage Ⅲ
female colon cancer patients tend to omit adjunctive
chemotherapy sessions compared to male counter
[62-64]
parts
. Also, a greater percentage of elderly female
patients and female patients with a prolonged hospital
[62]
stay exhibited a higher rate of discontinuation .
Therefore, further researches are needed to provide
evidence on gender-specific barriers to colorectal
cancer treatment and establish optimal anti-cancer
drug regimen by gender.

SEX- AND GENDER-SPECIFIC
DIFFERENCES IN COLORECTAL CANCER
TREATMENT
Clinical studies have suggested that colorectal
cancer treatment in premenopausal women needs
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CONCLUSION
Clinical and preclinical studies have indicated that
there are sex- and gender-associated differences
in colorectal cancer development. Both genetic and
environmental factors are believed to play roles in sex
and gender differences in right- vs left-sided colon
cancers. Therefore, biological and pathophysiological
differences in colorectal cancer development between
men and women need to be clearly addressed.
Despite higher incidence of right-sided colon cancer in
women, a substantially higher number of preclinical
studies use only male animals in colorectal cancer
research. Researchers should be aware of sex-specific
pathophysiological differences in colorectal cancer
development and use both male and female animals
for their research. In addition, there is a great deal
of needs for developing gender-specific endoscopy
devices with higher sensitivity due to sex-specific
differences in biological and anatomic characteristics of
the colon. Colorectal cancer screening guidelines may
need to emphasize gender-specific points for colorectal
cancer screening.
Diet is one of the most closely associated environ
mental factors in colorectal cancer development.
Dietary factors to increase or decrease the risk of
developing colorectal cancer are continuously updated
based on large scale cohort studies. However, only
a half of studies reported sex-specific risk estimates
despite potential sex-associated differences between
dietary factors and colorectal cancer risk. Given that
there are sex- and gender-specific differences in
the biological responses to dietary components, it
is necessary to analyze and report gender-specific
risk estimates to provide better guidelines for cancer
prevention strategies. Furthermore, researches
addressing sex-specific differences in responses to
anti-cancer drugs for colorectal cancer are required
to reduce side-effects on reproductive system and
to investigate genetic effects on drug efficacy. By
understanding sex- and gender-related biological and
socio-cultural differences in colorectal cancer risk,
gender-specific strategies for screening, treatment,
and prevention protocols for colorectal cancer can be
established to reduce the mortality and increase the
quality of life.

4
5
6

7
8
9
10

11

12

13
14
15

16
17

REFERENCES
1

2

3

18

Ferlay J SI, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M,
Parkin DM, Forman D, Bray, F. GLOBOCAN 2012 v1.0, Cancer
Incidence and Mortality Worldwide: IARC CancerBase No. 11
[Internet]. Lyon, France: International Agency for Research on
Cancer, 2013
Jung KW, Park S, Kong HJ, Won YJ, Lee JY, Seo HG, Lee JS.
Cancer statistics in Korea: incidence, mortality, survival, and
prevalence in 2009. Cancer Res Treat 2012; 44: 11-24 [PMID:
22500156 DOI: 10.4143/crt.2012.44.1.11]
Matsuda A, Matsuda T, Shibata A, Katanoda K, Sobue T,
Nishimoto H. Cancer incidence and incidence rates in Japan in
2008: a study of 25 population-based cancer registries for the

WJG|www.wjgnet.com

19

20

5173

Monitoring of Cancer Incidence in Japan (MCIJ) project. Jpn J
Clin Oncol 2014; 44: 388-396 [PMID: 24503029 DOI: 10.1093/
jjco/hyu003]
Hansen IO, Jess P. Possible better long-term survival in left versus
right-sided colon cancer - a systematic review. Dan Med J 2012;
59: A4444 [PMID: 22677242]
Pal SK, Hurria A. Impact of age, sex, and comorbidity on cancer
therapy and disease progression. J Clin Oncol 2010; 28: 4086-4093
[PMID: 20644100 DOI: 10.1200/jco.2009.27.0579]
Kaku E, Oda Y, Murakami Y, Goto H, Tanaka T, Hasuda K,
Yasunaga M, Ito K, Sakurai K, Fujimori T, Hattori M, Sasaki Y.
Proportion of flat- and depressed-type and laterally spreading
tumor among advanced colorectal neoplasia. Clin Gastroenterol
Hepatol 2011; 9: 503-508 [PMID: 21440090 DOI: 10.1016/
j.cgh.2011.03.018]
Saunders BP, Fukumoto M, Halligan S, Jobling C, Moussa ME,
Bartram CI, Williams CB. Why is colonoscopy more difficult in
women? Gastrointest Endosc 1996; 43: 124-126 [PMID: 8635705]
Brenner H, Haug U, Hundt S. Sex differences in performance
of fecal occult blood testing. Am J Gastroenterol 2010; 105:
2457-2464 [PMID: 20700114 DOI: 10.1038/ajg.2010.301]
Doll R, Peto R. The causes of cancer: quantitative estimates of
avoidable risks of cancer in the United States today. J Natl Cancer
Inst 1981; 66: 1191-1308 [PMID: 7017215]
Park HC, Shin A, Kim BW, Jung KW, Won YJ, Oh JH, Jeong
SY, Yu CS, Lee BH. Data on the characteristics and the survival
of korean patients with colorectal cancer from the Korea central
cancer registry. Ann Coloproctol 2013; 29: 144-149 [PMID:
24032114 DOI: 10.3393/ac.2013.29.4.144]
Benedix F, Kube R, Meyer F, Schmidt U, Gastinger I, Lippert
H. Comparison of 17,641 patients with right- and left-sided
colon cancer: differences in epidemiology, perioperative course,
histology, and survival. Dis Colon Rectum 2010; 53: 57-64 [PMID:
20010352 DOI: 10.1007/DCR.0b013e3181c703a4]
Lieberman DA, Williams JL, Holub JL, Morris CD, Logan JR,
Eisen GM, Carney P. Race, ethnicity, and sex affect risk for polyps
& gt; 9 mm in average-risk individuals. Gastroenterology 2014;
147: 351-358; quiz e14-15 [PMID: 24786894 DOI: 10.1053/
j.gastro.2014.04.037]
Markowitz SD, Bertagnolli MM. Molecular origins of cancer:
Molecular basis of colorectal cancer. N Engl J Med 2009; 361:
2449-2460 [PMID: 20018966 DOI: 10.1056/NEJMra0804588]
Jacobs ET, Thompson PA, Martínez ME. Diet, gender, and
colorectal neoplasia. J Clin Gastroenterol 2007; 41: 731-746
[PMID: 17700421 DOI: 10.1097/MCG.0b013e3180338e56]
Missiaglia E, Jacobs B, D’Ario G, Di Narzo AF, Soneson C,
Budinska E, Popovici V, Vecchione L, Gerster S, Yan P, Roth
AD, Klingbiel D, Bosman FT, Delorenzi M, Tejpar S. Distal and
proximal colon cancers differ in terms of molecular, pathological,
and clinical features. Ann Oncol 2014; 25: 1995-2001 [PMID:
25057166 DOI: 10.1093/annonc/mdu275]
Iacopetta B. Are there two sides to colorectal cancer? Int J Cancer
2002; 101: 403-408 [PMID: 12216066 DOI: 10.1002/ijc.10635]
Lynch HT, Watson P, Lanspa SJ, Marcus J, Smyrk T, Fitzgibbons
RJ, Kriegler M, Lynch JF. Natural history of colorectal cancer in
hereditary nonpolyposis colorectal cancer (Lynch syndromes I and
II). Dis Colon Rectum 1988; 31: 439-444 [PMID: 3378468]
Slattery ML, Potter JD, Curtin K, Edwards S, Ma KN, Anderson
K, Schaffer D, Samowitz WS. Estrogens reduce and withdrawal of
estrogens increase risk of microsatellite instability-positive colon
cancer. Cancer Res 2001; 61: 126-130 [PMID: 11196149]
Ritenbaugh C, Stanford JL, Wu L, Shikany JM, Schoen RE,
Stefanick ML, Taylor V, Garland C, Frank G, Lane D, Mason E,
McNeeley SG, Ascensao J, Chlebowski RT. Conjugated equine
estrogens and colorectal cancer incidence and survival: the Women’
s Health Initiative randomized clinical trial. Cancer Epidemiol
Biomarkers Prev 2008; 17: 2609-2618 [PMID: 18829444 DOI:
10.1158/1055-9965.epi-08-0385]
Foster PA. Oestrogen and colorectal cancer: mechanisms and
controversies. Int J Colorectal Dis 2013; 28: 737-749 [PMID:

May 7, 2015|Volume 21|Issue 17|

Kim SE et al . Sex, gender and colorectal cancer risk

21

22

23

24

25

26

27

28

29

30

31
32

33
34
35

36

37

38

23319136 DOI: 10.1007/s00384-012-1628-y]
Lin KJ, Cheung WY, Lai JY, Giovannucci EL. The effect of
estrogen vs. combined estrogen-progestogen therapy on the risk
of colorectal cancer. Int J Cancer 2012; 130: 419-430 [PMID:
21365647 DOI: 10.1002/ijc.26026]
Bae JM, Kim JH, Cho NY, Kim TY, Kang GH. Prognostic
implication of the CpG island methylator phenotype in colorectal
cancers depends on tumour location. Br J Cancer 2013; 109:
1004-1012 [PMID: 23900220 DOI: 10.1038/bjc.2013.430]
Wiencke JK, Zheng S, Lafuente A, Lafuente MJ, Grudzen C,
Wrensch MR, Miike R, Ballesta A, Trias M. Aberrant methylation
of p16INK4a in anatomic and gender-specific subtypes of sporadic
colorectal cancer. Cancer Epidemiol Biomarkers Prev 1999; 8:
501-506 [PMID: 10385139]
Bae SJ, Kim JW, Kang H, Hwang SG, Oh D, Kim NK. Genderspecific association between polymorphism of vascular endothelial
growth factor (VEGF 936 C>T) gene and colon cancer in Korea.
Anticancer Res 2008; 28: 1271-1276 [PMID: 18505065]
Phipps AI, Makar KW, Newcomb PA. Descriptive profile of
PIK3CA-mutated colorectal cancer in postmenopausal women.
Int J Colorectal Dis 2013; 28: 1637-1642 [PMID: 23728594 DOI:
10.1007/s00384-013-1715-8]
Lieberman DA, Holub J, Eisen G, Kraemer D, Morris CD.
Prevalence of polyps greater than 9 mm in a consortium of diverse
clinical practice settings in the United States. Clin Gastroenterol
Hepatol 2005; 3: 798-805 [PMID: 16234009]
Eloubeidi MA, Wallace MB, Desmond R, Farraye FA. Female
gender and other factors predictive of a limited screening
flexible sigmoidoscopy examination for colorectal cancer. Am
J Gastroenterol 2003; 98: 1634-1639 [PMID: 12873591 DOI:
10.1111/j.1572-0241.2003.07480.x]
Farraye FA, Horton K, Hersey H, Trnka Y, Heeren T, Provenzale
D. Screening flexible sigmoidoscopy using an upper endoscope is
better tolerated by women. Am J Gastroenterol 2004; 99: 1074-1080
[PMID: 15180728 DOI: 10.1111/j.1572-0241.2004.30215.x]
Brenner H, Hoffmeister M, Arndt V, Haug U. Gender differences
in colorectal cancer: implications for age at initiation of screening.
Br J Cancer 2007; 96: 828-831 [PMID: 17311019 DOI: 10.1038/
sj.bjc.6603628]
McCullogh JS, Ratcliffe B, Mandir N, Carr KE, Goodlad RA.
Dietary fibre and intestinal microflora: effects on intestinal
morphometry and crypt branching. Gut 1998; 42: 799-806 [PMID:
9691918]
Stark A, Nyska A, Madar Z. Metabolic and morphometric changes
in small and large intestine in rats fed high-fiber diets. Toxicol
Pathol 1996; 24: 166-171 [PMID: 8992606]
Wardle J, Haase AM, Steptoe A, Nillapun M, Jonwutiwes K,
Bellisle F. Gender differences in food choice: the contribution
of health beliefs and dieting. Ann Behav Med 2004; 27: 107-116
[PMID: 15053018]
Westenhoefer J. Age and gender dependent profile of food choice.
Forum Nutr 2005; (57): 44-51 [PMID: 15702587]
Weinberg DS, Newschaffer CJ, Topham A. Risk for colorectal
cancer after gynecologic cancer. Ann Intern Med 1999; 131:
189-193 [PMID: 10428735]
Amri R, Stronks K, Bordeianou LG, Sylla P, Berger DL. Gender
and ethnic disparities in colon cancer presentation and outcomes
in a US universal health care setting. J Surg Oncol 2014; 109:
645-651 [PMID: 24474677 DOI: 10.1002/jso.23567]
Sung JJ, Ng SC, Chan FK, Chiu HM, Kim HS, Matsuda T, Ng
SS, Lau JY, Zheng S, Adler S, Reddy N, Yeoh KG, Tsoi KK, Ching
JY, Kuipers EJ, Rabeneck L, Young GP, Steele RJ, Lieberman D,
Goh KL. An updated Asia Pacific Consensus Recommendations
on colorectal cancer screening. Gut 2015; 64: 121-132 [PMID:
24647008 DOI: 10.1136/gutjnl-2013-306503]
World Cancer Research Fund, American Institute for Cancer
Research. Food, Nutrition, Physical Activity, and the Prevention of
Cancer: a Global Perspective. Washington, DC: American Institute
for Cancer Research, 2007
World Cancer Research Fund, American Institute for Cancer

WJG|www.wjgnet.com

39

40
41

42
43

44

45

46
47
48

49

50

51

52

53

54

55

5174

Research. Continuous Update Project Report. Food, Nutrition,
Physical Activity, and the Prevention of Colorectal Cancer.
Washington, DC: American Institute for Cancer Research, 2011
Borugian MJ, Sheps SB, Whittemore AS, Wu AH, Potter JD,
Gallagher RP. Carbohydrates and colorectal cancer risk among
Chinese in North America. Cancer Epidemiol Biomarkers Prev
2002; 11: 187-193 [PMID: 11867506]
McMichael AJ, Potter JD. Diet and colon cancer: integration of
the descriptive, analytic, and metabolic epidemiology. Natl Cancer
Inst Monogr 1985; 69: 223-228 [PMID: 3834337]
West DW, Slattery ML, Robison LM, Schuman KL, Ford
MH, Mahoney AW, Lyon JL, Sorensen AW. Dietary intake and
colon cancer: sex- and anatomic site-specific associations. Am J
Epidemiol 1989; 130: 883-894 [PMID: 2554725]
Hu J, La Vecchia C, Negri E, Mery L. Nutrients and risk of colon
cancer. Cancers (Basel) 2010; 2: 51-67 [PMID: 24281033 DOI:
10.3390/cancers2010051]
Hjartåker A, Aagnes B, Robsahm TE, Langseth H, Bray F, Larsen
IK. Subsite-specific dietary risk factors for colorectal cancer: a
review of cohort studies. J Oncol 2013; 2013: 703854 [PMID:
23577027 DOI: 10.1155/2013/703854]
Larsson SC, Rafter J, Holmberg L, Bergkvist L, Wolk A. Red meat
consumption and risk of cancers of the proximal colon, distal colon
and rectum: the Swedish Mammography Cohort. Int J Cancer
2005; 113: 829-834 [PMID: 15499619 DOI: 10.1002/ijc.20658]
Ferrucci LM, Sinha R, Huang WY, Berndt SI, Katki HA, Schoen
RE, Hayes RB, Cross AJ. Meat consumption and the risk of
incident distal colon and rectal adenoma. Br J Cancer 2012; 106:
608-616 [PMID: 22166801 DOI: 10.1038/bjc.2011.549]
Stemmermann GN, Nomura A, Chyou PH. The influence of
dairy and nondairy calcium on subsite large-bowel cancer risk. Dis
Colon Rectum 1990; 33: 190-194 [PMID: 2311461]
Wu K, Willett WC, Fuchs CS, Colditz GA, Giovannucci EL.
Calcium intake and risk of colon cancer in women and men. J Natl
Cancer Inst 2002; 94: 437-446 [PMID: 11904316]
Oh K, Willett WC, Wu K, Fuchs CS, Giovannucci EL. Calcium
and vitamin D intakes in relation to risk of distal colorectal
adenoma in women. Am J Epidemiol 2007; 165: 1178-1186 [PMID:
17379616 DOI: 10.1093/aje/kwm026]
Touvier M, Chan DS, Lau R, Aune D, Vieira R, Greenwood DC,
Kampman E, Riboli E, Hercberg S, Norat T. Meta-analyses of
vitamin D intake, 25-hydroxyvitamin D status, vitamin D receptor
polymorphisms, and colorectal cancer risk. Cancer Epidemiol
Biomarkers Prev 2011; 20: 1003-1016 [PMID: 21378269 DOI:
10.1158/1055-9965.epi-10-1141]
Yan L, Spitznagel EL, Bosland MC. Soy consumption and
colorectal cancer risk in humans: a meta-analysis. Cancer
Epidemiol Biomarkers Prev 2010; 19: 148-158 [PMID: 20056634
DOI: 10.1158/1055-9965.epi-09-0856]
Yang G, Shu XO, Li H, Chow WH, Cai H, Zhang X, Gao
YT, Zheng W. Prospective cohort study of soy food intake and
colorectal cancer risk in women. Am J Clin Nutr 2009; 89: 577-583
[PMID: 19073792 DOI: 10.3945/ajcn.2008.26742]
Cotterchio M, Boucher BA, Manno M, Gallinger S, Okey A,
Harper P. Dietary phytoestrogen intake is associated with reduced
colorectal cancer risk. J Nutr 2006; 136: 3046-3053 [PMID:
17116718]
Budhathoki S, Joshi AM, Ohnaka K, Yin G, Toyomura K, Kono
S, Mibu R, Tanaka M, Kakeji Y, Maehara Y, Okamura T, Ikejiri
K, Futami K, Maekawa T, Yasunami Y, Takenaka K, Ichimiya H,
Terasaka R. Soy food and isoflavone intake and colorectal cancer
risk: the Fukuoka Colorectal Cancer Study. Scand J Gastroenterol
2011; 46: 165-172 [PMID: 20969489 DOI: 10.3109/00365521.201
0.522720]
Xu X, Duncan AM, Wangen KE, Kurzer MS. Soy consumption
alters endogenous estrogen metabolism in postmenopausal women.
Cancer Epidemiol Biomarkers Prev 2000; 9: 781-786 [PMID:
10952094]
Bises G, Bajna E, Manhardt T, Gerdenitsch W, Kallay E, Cross
HS. Gender-specific modulation of markers for premalignancy by

May 7, 2015|Volume 21|Issue 17|

Kim SE et al . Sex, gender and colorectal cancer risk

56

57

58

59

nutritional soy and calcium in the mouse colon. J Nutr 2007; 137:
211S-215S [PMID: 17182828]
Cercek A, Siegel CL, Capanu M, Reidy-Lagunes D, Saltz LB.
Incidence of chemotherapy-induced amenorrhea in premenopausal
women treated with adjuvant FOLFOX for colorectal cancer. Clin
Colorectal Cancer 2013; 12: 163-167 [PMID: 23871161 DOI:
10.1016/j.clcc.2013.04.007]
O'Neill MT, Ni Dhonnchu T, Brannigan AE. Topic update: effects of
colorectal cancer treatments on female fertility and potential methods
for fertility preservation. Dis Colon Rectum 2011; 54: 363-369 [PMID:
21304311 DOI: 10.1007/DCR.0b013e31820240b3]
Warren RS, Atreya CE, Niedzwiecki D, Weinberg VK, Donner DB,
Mayer RJ, Goldberg RM, Compton CC, Zuraek MB, Ye C, Saltz LB,
Bertagnolli MM. Association of TP53 mutational status and gender
with survival after adjuvant treatment for stage III colon cancer:
results of CALGB 89803. Clin Cancer Res 2013; 19: 5777-5787
[PMID: 23983256 DOI: 10.1158/1078-0432.ccr-13-0351]
Ning Y, Gerger A, Zhang W, Hanna DL, Yang D, Winder T,
Wakatsuki T, Labonte MJ, Stintzing S, Volz N, Sunakawa Y,
Stremitzer S, El-Khoueiry R, Lenz HJ. Plastin polymorphisms
predict gender- and stage-specific colon cancer recurrence after
adjuvant chemotherapy. Mol Cancer Ther 2014; 13: 528-539

60
61

62

63

64

[PMID: 24170770 DOI: 10.1158/1535-7163.mct-13-0646]
Oliver JS, Martin MY, Richardson L, Kim Y, Pisu M. Gender
differences in colon cancer treatment. J Womens Health (Larchmt)
2013; 22: 344-351 [PMID: 23531098 DOI: 10.1089/jwh.2012.3988]
Sloan JA, Goldberg RM, Sargent DJ, Vargas-Chanes D, Nair
S, Cha SS, Novotny PJ, Poon MA, O’Connell MJ, Loprinzi
CL. Women experience greater toxicity with fluorouracil-based
chemotherapy for colorectal cancer. J Clin Oncol 2002; 20:
1491-1498 [PMID: 11896096]
van der Geest LG, Portielje JE, Wouters MW, Weijl NI, Tanis BC,
Tollenaar RA, Struikmans H, Nortier JW. Complicated postoperative
recovery increases omission, delay and discontinuation of adjuvant
chemotherapy in patients with Stage III colon cancer. Colorectal Dis
2013; 15: e582-e591 [PMID: 23679338 DOI: 10.1111/codi.12288]
Paulson EC, Wirtalla C, Armstrong K, Mahmoud NN. Gender
influences treatment and survival in colorectal cancer surgery.
Dis Colon Rectum 2009; 52: 1982-1991 [PMID: 19959975 DOI:
10.1007/DCR.0b013e3181beb42a]
Dobie SA, Baldwin LM, Dominitz JA, Matthews B, Billingsley K,
Barlow W. Completion of therapy by Medicare patients with stage
III colon cancer. J Natl Cancer Inst 2006; 98: 610-619 [PMID:
16670386 DOI: 10.1093/jnci/djj159]
P- Reviewer: Chiacchiera F, Divella R, Syed V S- Editor: Qi Y
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

5175

May 7, 2015|Volume 21|Issue 17|

World J Gastroenterol 2015 May 7; 21(17): 5176-5182
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i17.5176

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2015 Advances in Gastrointestinal Endoscopy

Learning models for endoscopic ultrasonography in
gastrointestinal endoscopy
Gwang Ha Kim, Sung Jo Bang, Joo Ha Hwang
diagnostic and therapeutic modality in gastrointestinal
endoscopy. However, EUS requires additional training
since it requires simultaneous endoscopic manipulation
and ultrasonographic interpretation. Obtaining adequate
EUS training can be challenging since EUS is highly
operator-dependent and training on actual patients can
be associated with an increased risk of complications
including inaccurate diagnosis. Therefore, several models
have been developed to help facilitate training of EUS.
The models currently available for EUS training include
computer-based simulators, phantoms, ex vivo models,
and live animal models. Although each model has its
own merits and limitations, the value of these different
models is rather complementary than competitive.
However, there is a lack of objective data regarding the
efficacy of each model with recommendations on the
use of various training models based on expert opinion
only. Therefore, objective studies evaluating the efficacy
of various EUS training models on technical and clinical
outcomes are still needed.
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Core tip: The present review offers a summary of
learning models for endoscopic ultrasonography (EUS).
The models currently available for EUS training include
computer-based simulators, phantoms, ex vivo models,
and live animal models. Although each model has its
own merits and limitations, the value of these different
models is complementary than competitive. However,
there is a lack of objective data regarding the efficacy
of each model with recommendations on the use of
various training models based on expert opinion only.
Therefore, objective studies evaluating the efficacy of
various EUS training models on technical and clinical
outcomes is needed.

Abstract
Endoscopic ultrasonography (EUS) has become a useful
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INTRODUCTION
Endoscopic ultrasonography (EUS) has evolved from
a diagnostic tool to one that provides a wide range of
[1,2]
therapeutic capabilities . EUS is often used as the initial
tool for diagnosis and staging in the multidisciplinary
approach to gastrointestinal cancers, and the advent of
EUS-guided fine-needle aspiration (EUS-FNA) provides
an alternative approach to traditional percutaneous
computerized tomography-guided or ultrasonographyguided biopsies. Furthermore, EUS has been employed
in the treatment of pancreatic cancer with EUS[3]
guided injection of anti-tumor agents as well as
EUS-guided drainage of pancreatic pseudocyst and
[4,5]
obstructed bile duct . The main characteristic of EUS,
the combination of endoscopy and ultrasonography,
has enabled its application to extend to oncology as
well as treatment of various benign conditions such
as pseudocyst drainage. EUS requires a cognitive and
technical skill set combining endoscopic manipulation
and ultrasonographic interpretation, which makes
[6,7]
this a highly operator-dependent procedure . The
complexity of instrument handling to generate adequate
ultrasound imaging has resulted in the use of EUS only
in limited facilities unlike esophagogastroduodenoscopy
and colonoscopy. Although the number of EUS exami
nations including interventional EUS has increased,
centers that have adequate volumes of cases to train
endoscopists to perform EUS remains limited.
To achieve a certain level of competency for EUS,
additional training is required with numerous studies
demonstrating the importance of the learning curve in
[8]
improving EUS accuracy . Generally it is recommended
that luminal gastrointestinal EUS (staging of luminal
cancers and evaluation of subepithelial masses)
requires at least 3-6 mo of intensive training to es
tablish competency (150 supervised cases), whereas
pancreatobiliary EUS may require training for up to 1
[9-11]
year (a minimum of 75 cases)
. For EUS-FNA, at
least 120-150 supervised examinations and 25-75
FNA procedures are considered to be the requirement
[11-15]
to reach competence
. However, learning EUS,
especially interventional EUS on actual patients, is
associated with an increased risk of complications and
posed ethical concerns. Therefore, effective EUS training
models have the potential to improve training outside
of the patient and decrease the number of supervised
examinations in actual patients needed to achieve
competence in performing EUS. The aim of this review
is to evaluate the current EUS training models.
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Figure 1 GI-Mentor system.

COMPUTER-BASED SIMULATORS
Simulation means the imitation or modeling of a real-life
situation for training or instruction. Several computerbased endoscopic simulators for gastrointestinal
endoscopy have been developed. The GI-Mentor
(Simbionix, Tel Hashomer, Israel), is the first reported
[16]
simulator , which is based on flight simulator
technology. It consists of a plastic mannequin on a
wheeled trolley (Figure 1). On the mannequin, are
a mouth for upper endoscopy and an anus for lower
endoscopy. Sensors that enable haptic feedback to the
user are included in interior of the mannequin. A LCD
touch screen for image display and system operation
is attached to the trolley base on a movable arm. This
simulator comes with several modified endoscopes
according to the object of examination. The simulator
endoscope tip has a sensor which allows the computer
to generate a dynamic real-time endoscopic view
according to the user’s movements. The master tool
handle portion is designed to be similar to that of
standard endoscopic devices, but contains sensors on
the handle to simulate the procedure being performed.
[17]
This simulator has the following characteristics ; force
feedback with an air pumping system, alert functions
when the pressure against the gut wall is too high or if
too much air has been insufflated, virtual skill tests, and
an automatic back-up log system for each user.
A module for EUS (EUS Mentor) is available on the
[18]
GI-Mentor . EUS Mentor represents an addition to a
computer-based endoscopic simulator platform and was
[16]
developed for radial and linear-array EUS . It provides
a realistic linear or radial real-time ultrasound display
based on human anatomy. The trainee gains experience
in correct scope maneuvering, interpretation of EUS
images and landmark identification, and receives
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B Inner Holder ↓

→

Figure 2 Radial endoscopic ultrasonography image and anatomical
3-dimensional view of pancreas on endoscopic ultrasonography Mentor.

(4) SM origin SET

(2) MP

↓

infiltration ↓
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Dummy gut wall w/tumor
Water valve

Entry points

(5) MP origin SET ↓
↑
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Tray

Fixing clip
Water valve adjuster

Figure 4 Models of endoscopic ultrasonography phantom. A: A model for
pancreatobiliary system; B: A model for gut wall.

with a hole in the center to simulate the esophagus
and different types and sizes of silicon block to simulate
lymph nodes or cystic lesions (Figure 4). These
phantoms have been usually used in hands-on-courses
for EUS. The advantage of this model is that it is simple,
easy to use and transport, and has various models such
as subepithelial tumors, various cancer invasion depths,
radial and linear EUS models for the pancreatobiliary
system, and EUS-FNA (Figure 5). Another type of
phantom using commonly available materials such
as bags filled with barium, plastic tubes, or standard
[20]
agar has also been reported . This phantom is low
cost, reusable, and designed for learning EUS-FNA.
Both phantoms can aid in learning the basic techniques
of EUS and EUS-FNA - especially manipulation and
positioning of the echoendoscope and needle relative
to the target lesion. However, these phantoms do
not adequately simulate actual in vivo anatomy or
conditions (e.g., blood flow, respiratory motion, etc.).

Figure 3 Atlas image of right abdomen on endoscopic ultrasonography
Meets VOXEL-MAN (permitted by Dr. Eike Burmester).

immediate objective feedback on performance. Onscreen visual assistance with side-by-side, split-screen
EUS/3-dimensional (3D) mapping is also provided
(Figure 2). There are more than 30 individual EUS tasks
incorporated in the radial and linear EUS simulator,
and post-procedural review of saved images, indication
of anatomy and land-marks not properly identified
is possible. However, natural resistance for the tools
through the working channels is not currently available.
This function is needed for effective simulation of
interventional EUS such as EUS-FNA.
EUS Meets VOXEL-MAN is an interactive 3D ana
tomic simulation program that has been developed
for linear-array EUS training using the real anatomy
[19]
nd
of cadavers , and has been recently revised (2
version). This interactive simulation system allows
basic anatomic structures to be learned for linear EUS
even on a standard personal computer (Figure 3). In
nd
the 2 version, it is possible to choose the orientation
of EUS images. However, there is no function for scope
or needle manipulation.

EX VIVO ANIMAL MODELS
Ex vivo animal models are made from a combination
of explanted animal organs and plastic parts to
overcome some limitations of live animal models.
The most well-known ex vivo model for endoscopy
is the Erlangen Active Simulator for Interventional
Endoscopy (EASIE) (ECETraining GmbH, Erlangen,
[21,22]
Germany)
. This was the first model to simulate
spurting blood in a realistic manner and was developed

PHANTOMS
Olympus (Tokyo, Japan) has developed EUS and EUSFNA phantoms, which consist of a longitudinal body
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A

B

SM infiltration (T1sm)

Figure 6 EUS RK model (permitted by Dr. Koji Matsuda).

providing extraluminal structures made from silicon,
gelatin, tubing, and/or other materials for ultrasound
[17,24]
imaging is needed
. Constructing this model
takes approximately 6 h in addition to preparation of
the swine organs, and can last 2-3 d if refrigerated.
[17]
The merits of this model are as follows ; (1) it can
simulate EUS as well as EUS-FNA; (2) normal EUS
equipment can be used; and (3) modification of this
model, especially for therapeutic EUS applications,
is possible. Because the EUS RK model is the most
realistic simulator of EUS-FNA besides the live swine
model and real-time EUS imaging of tissue is possible,
this model has been used in the learning center at
many EUS symposiums and hands-on training courses
in Asia, United States and Europe.
Development in 3D technology has enabled
bioprinting of numerous human body parts for a wide
range of medical conditions. Recently, a 3D printing
bile duct prototype model, which was incorporated
into pig/goat liver, was developed for training in EUS[26]
guided biliary drainage . Studies with a large number
of trainees are required to determine the usefulness
of a 3D printing bile duct prototype model; however,
further development in EUS training models using 3D
printing technology could be used in the near future

M
SM
MP
Tumor

SET originated in SM

Tumor

Figure 5 Endoscopic ultrasonography images using endoscopic ultraso
nography phantom. A: Linear endoscopic ultrasonography (EUS) image of
pancreas; B: Radial EUS image of submucosal cancer and subepithelial tumor
(permitted by Dr. Mitsuhiro Kida).
[23]

for training of therapeutic endoscopy in 1997 . The
EASIE model is a human-shaped mannequin consisting
of anatomical torso, a pivotal suspension frame with
an external perfusion system. This mannequin is
adapted to connection devices and fixation elements
for topographically implanting the prepared special
swine organs. Advantages of these ex vivo models
are a more realistic feeling, the opportunity to
practice therapeutic endoscopy in a controlled setting,
and lower cost compared with computer-based
[18]
simulators . Disadvantages are lengthy preparation
time, disposal of tissue, and unfavorable tissue
characteristics compared with vital tissue.
This model can be also modified for use in training
[17,24,25]
EUS (EUS RK model) (Figure 6)
. For using this
model for EUS training, additional preparation for

WJG|www.wjgnet.com

LIVE ANIMAL MODELS
Live animal models are the most realistic endoscopy
simulators. Although the orientation and thickness of
various organs are different, the haptic feedback is
nearly identical to human tissue. The swine has been
used most commonly as a live model for teaching
EUS (Figure 7). Its anatomy is similar to that of
[27-29]
the human in the following points
: (1) the five
layers of the gut wall can be displayed; (2) the liver
presents a similar echostructure; (3) the pancreas,
left kidney and celiac axis are easily identifiable; and
(4) it provides the possibility of identifying vascular
structures by Doppler. In addition, these models are
reported to be useful in identifying subepithelial lesions
after injection of substances to simulate lesions, and
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animal models in training courses are as follows. On a
study based on questionnaires completed by students
who attended EUS training courses sponsored by
the American Society of Gastrointestinal Endoscopy
(1997 and 2000) using live swine models, 95% of
attendees in 1997 found the course to be useful and
85% particularly valued the live-animal, hands-on
[29]
aspect of the course . More than 90% of respondents
in 2000 stated that participation in the course had
improved their skills and 88% thought that they would
be likely to perform EUS in the future. A designed
study evaluating a 17-d training course for EUS-FNA
using hilar lymph nodes in live swine models showed
that procedural times were significantly reduced and
[30]
accuracy was increased after the training course .
Another study using live animal models for training
EUS-FNA also showed improved performance and
student confidence when performing the procedure
[32]
in real patients . Recently many emerging EUS[33,34]
guided procedures such as portal vein access
,
[35-37]
intratumoral injection of anti-neoplastic agents
,
[38,39]
radiofrequency ablation
, and photodynamic
[40,41]
therapy
are still under investigation and have
been performed only in animal models. Models play a
critical role in the development and evaluation of new
EUS-based procedures and techniques prior to clinical
[2,42]
implementation
.

Figure 7 Hands-on-course of endoscopic ultrasonography using a live
swine.

in the training of some therapeutic techniques such as
FNA, pancreatic pseudocyst drainage, or neurolysis of
[2,28,30]
the celiac plexus
. However, live animal models
can be difficult to acquire and are expensive. In
addition, live animal experimentation should be carried
out according to the ethical principles and laws of the
[31]
country where the work is conducted , which often
limits their availability.
The efficacy of the swine model has been reported
[27]
not only for teaching diagnostic EUS , but also for
teaching interventional EUS by making pseudo-lesions
[28]
with the injection of saline . This model is helpful for
understanding manipulation of the scope and needle.
If well-controlled facilities for animal laboratories
are available, this model is an excellent modality for
teaching EUS to beginners. However, there are some
limitations such as cost for routine use and the need
for a relatively large investment in equipment and the
need for specialized laboratory space.

WHICH MODEL IS MORE APPROPRIATE?
As stated above, there are several options available to
help trainees approach the systematic learning of EUS.
The advantages and disadvantages of each model are
[17,43]
summarized in Table 1
. Phantoms are easy to use
and require minimal preparation, but lack realism. Ex
vivo animal models are easy to use but require more
extensive preparation and disposal after use. Live
animal models are the most realistic but much more
expensive than ex vivo animal models. In addition, use
of live animals requires special facilities and equipment.
Computer-based simulators have the advantage of
prolonged use at minimal additional expense after a
one-time startup cost. However, the startup cost is
often too expensive, and these simulators also lack
realism. In a survey to assess the impact of 4 models
[43]
as a learning tool by 8 EUS experts , the EUS Mentor
was recommended highest when “doing EUS without
FNA”, followed by ”before starting EUS fellowship”,
whereas the EUS RK model and phantom was
recommended most in “just before starting EUS-FNA”.
The animal model was recommended throughout the
training process.
Generally, the following sequence is recommended
for learning EUS: (1) acquisition of EUS knowledge
via books, videos, lectures and other media such as
on-line content; (2) computer-based simulation; (3)
use of phantoms; and (4) use of ex vivo and/or live
animal models. The values of the different models

EFFICACY OF EACH MODEL
For evaluating the efficacy of each model, 2 types
of studies are needed: validation studies and clinical
[18]
trials . Validation studies assess whether a model can
distinguish between beginners and experts as measured
by various parameters such as procedure time, extent
of procedure achieved, and recognition of pathology.
For initial evaluation of each model, validation studies
are important. Later, clinical trials including the outcome
of EUS are needed to determine whether use of the
model decreases the number of supervised cases
needed to achieve competence in performing clinical
EUS. However, there have been few validation studies
or clinical trials for evaluation of EUS training models
to date. Furthermore, cost-effectiveness studies may
be added to determine whether models decrease
training time and subsequent procedure time enough to
compensate for their cost.
Although not shown in randomized trials, these
models, especially live animal models, is likely to
improve training and shorten the learning curve in
patients. The studies about the usefulness of live
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REVIEW

Advances in understanding and treating liver diseases during
pregnancy: A review
Kenya Kamimura, Hiroyuki Abe, Hirokazu Kawai, Hiroteru Kamimura, Yuji Kobayashi, Minoru Nomoto,
Yutaka Aoyagi, Shuji Terai
Recent basic researches have shown the various
etiologies involved in this disease entity. With these
advances, rapid diagnosis is essential for severe cases
since the decision of immediate delivery is important
for maternal and fetal survival. The other therapeutic
options have also been shown in recent reports based
on the clinical trials and cooperation and information
sharing between hepatologist and gynecologist is
important for timely therapeutic intervention. Therefore,
correct understandings of diseases and differential
diagnosis from the pre-existing and co-incidental liver
diseases during the pregnancy will help to achieve
better prognosis. Therefore, here we review and
summarized recent advances in understanding the
etiologies, clinical courses and management of liver
disease in pregnancy. This information will contribute
to physicians for diagnosis of disease and optimum
management of patients.
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Core tip: Liver disease in pregnancy is rare, however,
pregnancy-related liver diseases may cause threat to fetal
and maternal survival. It includes pre-eclampsia; eclampsia;
haemolysis, elevated liver enzymes, and low platelets
syndrome; acute fatty liver of pregnancy; hyperemesis
gravidarum; and intrahepatic cholestasis of pregnancy. To
improve the maternal and fetal outcomes, recent basic
research and clinical trials have shown the translational
results. The present review aimed to summarize these recent
information to improve maternal and fetal outcomes. Better
knowledge and understandings of etiologies and potential
treatment options for these diseases will help physicians to
manage the diseases.

Abstract
Liver disease in pregnancy is rare but pregnancyrelated liver diseases may cause threat to fetal and
maternal survival. It includes pre-eclampsia; eclampsia;
haemolysis, elevated liver enzymes, and low platelets
syndrome; acute fatty liver of pregnancy; hyperemesis
gravidarum; and intrahepatic cholestasis of pregnancy.
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clinical course.

Kamimura K, Abe H, Kawai H, Kamimura H, Kobayashi Y,
Nomoto M, Aoyagi Y, Terai S. Advances in understanding and
treating liver diseases during pregnancy: A review. World J
Gastroenterol 2015; 21(17): 5183-5190 Available from: URL:
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HG
Etiology and clinical features

HG occurs in approximately 0.3%-2.0% of pre
[4,5]
gnancies during the first trimester
. It is likely
to be multifactorial and starvation, gastric motility,
hormonal factors, and psychological factors have been
[5,6]
reported to be pathogenesis of HG . Relationship of
[7]
fetal defects of LCHAD and impairment of hepatic
carnitine palmitoyltransferase I are involved in genetic
[8]
pathogenesis of the disease . Risk factors of HG
include multiple gestations and fetal anomalies;
however, the severity of the symptoms varies in cases
and not all women with HG require hospitalization. The
clinical symptoms include severe nausea and persistent
vomiting during the first trimester of pregnancy. These
symptoms lead to dehydration, resulting in weight
loss, ketonuria, hypokalemia, hyponatremia, metabolic
[6]
alkalosis, and erythrocytosis . The liver injury occurs
[2,6]
in half of HG patients
and it has been reported
that the severity of clinical symptoms correlate well
[6,9]
with the degree of liver enzyme elevation . The
clinical presentation of HG with liver disease can range
from mild aminotransferase elevation to rare severe
[6,9]
elevation, with occasional jaundice . To date, no
specific findings of abdominal ultrasound have been
reported with HG.

INTRODUCTION
Pregnancy causes significant changes in the hormonal
state, leading to physiological and biochemical changes
in the body. Maternal cardiac output and heart rate
increases, however, the hepatic blood flow remains
constant. Gall bladder decreases its motility results
in the higher risk of developing gallstones. The blood
exams during the normal pregnancy show decrease of
albumin and uric acid. Alkaline phosphatase increases
due to placental secretion. In addition, no changes
in the level of aminotransferases and bilirubin are
[1]
seen . In addition to the exacerbation or recurrence
of a pre-existing or co-incident liver disease during
pregnancy, a few diseases are directly related to
pregnancy. Commonly, they are classified into two
major categories depending on their etiological
association with or without hypertension. Hypertensionrelated liver disease during pregnancy includes preeclampsia; eclampsia; haemolysis, elevated liver
enzymes, and low platelets (HELLP) syndrome; and
acute fatty liver of pregnancy (AFLP). The other
category includes hyperemesis gravidarum (HG) and
intrahepatic cholestasis of pregnancy (ICP). Although
the severity of diseases are differ, however since the
general conditions and hepatic failure can directly lead
to maternal and fetal morbidity and mortality, the
accurate diagnosis and decision of prompt delivery are
essential for managing these diseases. In addition,
the possible risks of developing various hepatobiliary
diseases in patients’ later life have been recently
reported. Therefore, the rapid diagnosis, therapeutic
intervention, and close follow-up are necessary for the
management of pregnancy-related liver diseases.
To date, the timing of disease occurrence has been
considered as a key diagnostic factor. In addition,
recent researches have shown the associations of
genetic components to disease occurrence and clinical
studies have revealed various therapeutic options for
[1-3]
these diseases . In this review, information currently
available for diseases are summarized for accurate
diagnosis and treatment (Table 1).

Management

HG is usually a reversible condition; however, it can
recur in subsequent pregnancies with no permanent
[9]
damage to the liver . The management of HG is
supportive that includes bowel rest, intravenous
fluid replacement, and possible parenteral nutrition.
No therapeutic benefit of corticosteroids has been
[10]
reported .

ICP
Etiology and clinical features

ICP is a reversible cholestatic condition that usually
occurs during the third trimester, and although it
disappears after delivery, it is well known to recur in
subsequent pregnancies. In addition, recent reviews
have reported that ICP is related to an increased risk
[11]
of developing hepatobiliary diseases in later life .
Clinical features of ICP include pruritus, jaundice,
and increased aminotransferase and bilirubin. In
addition, the levels of cytotoxic bile acids such as
chenodeoxycholic acid becomes 10-100-times higher
than the normal levels. A representative case data is
summarized in Table 2. The differential diagnosis from
other cholestatic liver diseases such as viral hepatitis
and autoimmune liver injuries is essential for the
diagnosis. Recently, genetic factors have been reported
to be the etiologies of this disease entity. The results
of comprehensive analyses of genetic variation in

LITERATURE ANALYSIS
A literature search was conducted using PubMed
and Ovid, with the term “liver injury”, “pregnancy”,
and with each disease classification. The literatures
written in English from relevant publications were
selected. We summarized the available information on
demographics, clinical symptoms, treatment, and the
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Table 1 Classification of pregnancy-related liver disease
HG

Time (trimester)
Frequency (%)
Clinical features

Pathogenesis
-physiologic
Pathogenesis
-molecular
components
Managements

1
0.3-2.0
Nausea
Vomiting
Dehydration

ICP

Hypertension-related liver diseases and pregnancy

2 and 3
0.1-1.5
Pruritis
Mild jaundice
Mild elevation of
transaminase
Elevation of bile
acids

starvation, gastric motility,
Hormonal
hormonal factors, psychological
factors
factors
Genetic mutation of LCHAD, Genetic mutation
Palmitoyltransferase I deficiency of MDR3, BSEP

HELLP

3
5-10
High BP
Edema
Proteinuria

3
0.2-0.6
High BP
Edema
Proteinuria

3
0.01
Nausea
Vomiting
Hypoglycemia

Seizure

Seizure

Lactic acidosis

Mild elevation of
transaminases

DIC

Severe elevation of
transaminases

Mild to severe elevation of
transaminases
Capillary thrombi, fibrin deposition, endothelial
dysfunction, coagulation activation

Microvascular fatty
infiltration

Vascular remodeling, fatty acid oxidation, and
immunological factors

Genetic mutation of
LCHAD

Supportive, Hydration

UDCA

BP control

Prompt delivery

Often

50%-70%

rare

rare

Recurrence

AFLP

Pre-eclampsia,
Eclampsia

Prompt delivery
Plasmapheresis
Liver transplantation
higher ratio with genetic
mutation in LCHAD

HG: Hyperemesis gravidarum; ICP: Intrahepatic cholestasis of pregnancy; HELLP: Haemolysis, elevated liver enzymes, and low platelets; AFLP: Acute
fatty liver of pregnancy; BP: Blood pressure; DIC: Disseminated intravascular coagulation; LCHAD: Long-chain 3-hydroxyl coenzyme A dehydrogenase;
MDR3: Multidrug resistance protein; BSEP: Bile salt export protein.

Table 2 Representative laboratory data of intrahepatic cholestasis of pregnancy
Hematology
WBC
RBC
Hb
Ht
PLT

Biochemistry
10080/μL
410 × 104 /μL
13.3 g/dL
39.8%
25.5 × 104/μL

Coagulation
PT%

121%

TP
Alb
BUN
Cre
T-Bil
D-Bil
AST
ALT
ALP
LDH
γ-GTP
ChE
TG
TC
IgG
CRP

6.8 g/dL
3.7 g/dL
8 mg/dL
0.36 mg/dL
6.3 mg/dL
4.0 mg/dL
264 IU/L
545 IU/L
310 IU/L
241 IU/L
14 IU/L
137 IU/L
197 mg/dL
191 mg/dL
908 mg/dL
0.05 mg/dL

Bile acid
U acid
C acid
C/BA
HbA1c

89.6 μmol/L
0.9 μmol/L
21.7 μmol/L
0.24
4.2%
Serum marker
HBs Ag
(-)
Anti-HBs
(-)
Anti-HBc
(-)
Anti-HCV
(-)
AFP
36 ng/mL
AFP-L3
32.8%
PIVKAII
44 mAU/mL
ANA
(-)
AMA
(-)

TG: Triglyceride; TC: Total cholesterol; IgG: Immunoglobulin G; U acid: Ursodeoxycholic acid; C acid: Chenodeoxycholic acid; AFP: Alpha fetal protein;
PIVKA: Protein induced by Vitamin K absence or antagonists-Ⅱ; ANA: Anti-nuclear antibody; AMA: Anti-mitochondrial antibody. Reconstructed from ref [19]
with permission.

ICP patients have been reported, and common single
nucleotide polymorphisms (SNPs) around ABCB4 and
ABCB11 encoding multidrug resistance protein (MDR3)
and bile salt export protein (BSEP), respectively, have
[2,12-19]
been reported as key factors of ICP
. Supporting
these studies, combination of these mutations has
[20]
been reported to be related to severe ICP , and
a recent report has shown the association of other
[12]
genetic variations which drive these SNPs . These

WJG|www.wjgnet.com

genetic etiologies result in the significant differences in
disease frequency among ethnic groups. For example,
we have recently reported the first Japanese case of
severe ICP successfully treated with ursodeoxycholic
acid (UDCA), preventing fetal death and clinical
symptoms. However, much higher rate of 0.1%-1.5%
[12,13,15,18]
prevalence has been reported in Caucasians
.
The relation of hormonal factors is another area of
interest in ICP research because it occurs during the
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Figure 1 Clinical course of intrahepatic cholestasis of pregnancy. UDCA: Ursodeoxycholic acid; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
T-Bil: Total bilirubin. Reconstructed from ref [19] with permission.

Table 3 Representative laboratory data of haemolysis, elevated liver enzymes, and low platelets syndrome
Hematology

Biochemistry

WBC
RBC
Hb
Ht
PLT

7100 μL
452 × 104/μL
14.3 g/dL
41.2%
9.7 × 104/μL

Coagulation
PT%
ATIII
FDP

72%
15%
23.3 μg/mL

TP
Alb
BUN
Cre
T-Bil
D-Bil
AST
ALT
ALP
LDH
γ-GTP
ChE
CRP

Serum marker
6.1 g/dL
2.4 g/dL
21 mg/dL
1.55 mg/dL
1.7 mg/dL
0.9 mg/dL
137 IU/L
106 IU/L
315 IU/L
639 IU/L
151 IU/L
143 IU/L
0.62 mg/dL

HBs Ag
Anti-HBs
Anti-HBc
Anti-HCV
ANA
AMA

(-)
(-)
(-)
(-)
(-)
(-)

WBC: White blood cells; RBC: Red blood cells; Hb: Hemoglobin; Ht: Hematocrit; PLT: Platelet; PT: Prothrombin time; ATⅢ: Antithrombin Ⅲ; FDP: Fibrin
degradation product; TP: Total protein; Alb: Albumin; BUN: Blood urea nitrogen; Cre: Creatinine; T-Bil: Total bilirubin; D-Bil: Direct bilirubin; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; γ-GTP: γ-glutamyltransferase; ChE:
Choline esterase; CRP: C-reactive protein; ANA: Anti-nuclear antibody; AMA: Anti-mitochondrial antibody.

late phase of pregnancy and resolves after delivery
when sex hormone levels return to normal.

features of pre-eclampsia include hypertension,
proteinuria, and edema and can result in fetal growth
retardation. It occurs in 5%-10% of pregnancies
[25,26]
during the third trimester
. Severe pre-eclampsia
can be life threatening to the mother and can result
in fetal morbidity and mortality. The presence of
seizures differentiates eclampsia from pre-eclampsia,
and HELLP syndrome is a variant of severe preeclampsia characterized by hemolysis, elevated liver
enzymes, and low platelet counts, with a frequency
[27,28]
of 0.2%-0.6% during pregnancy
. These three
hypertension-related liver diseases share similar
clinical presentations, and differentiation is difficult.
Serum biochemical analysis shows mild to significant
elevations of serum aminotransferases, and no
significant increase can be observed in the serum
bilirubin concentration. A representative case data
is summarized in Table 3. A high level of proteinuria
[3]
(> 300 mg/d) can also be observed . Capillary
thrombi, infarction, fibrin deposition, and red blood
cell extravasation, leading to endothelial and hepatic

Management

Association of severe ICP with adverse pregnancy
[21]
outcomes has been reported and recent studies have
encouraged the administration of UDCA as a first-line
[22-24]
therapy for ICP
. UDCA is effective by decreasing
the levels of serum bile acids, aminotransferase, and
bilirubin and for improving pruritus and preventing
intrauterine death and meconium passage (Figure 1).
ICP usually resolves after delivery and often recurs in
subsequent pregnancies (Figure 1).

HYPERTENSION-RELATED Liver
DISEASES DURING PREGNANCY
Etiology and clinical features

Pre-eclampsia, eclampsia, and HELLP syndrome are
related to hypertension during pregnancy. Clinical
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Figure 2 Clinical course of haemolysis, elevated liver enzymes, and low platelets syndrome syndrome. AST: Aspartate aminotransferase; PLT: Platelet.

dysfunction, are thought to be pathogenically impor
[4]
tant . Genetic factors related to vascular remodeling,
fatty acid oxidation, and immunological factors
have also been implicated as risk factors for these
[29-32]
diseases
.

in transaminases, alkaline phosphatase, bilirubin,
leukocytosis, thrombocytopenia, and DIC as well as
the signs of renal dysfunction, including elevated
blood urea nitrogen, creatinine, and proteinuria, can
[42,43]
be observed
. These symptoms are based on the
occurrence of microvesicular fat deposition in organs.
Liver biopsy is unnecessary for the diagnosis and
should be avoided in cases with bleeding tendencies;
however, in some cases, it is helpful if it is the early
phase of the disease or the symptoms and laboratory
data show mild abnormalities. The pathogenesis of the
disease includes impaired beta oxidation of fatty acids
in hepatic mitochondria, and its fetal defect due to a
genetic mutation of LCHAD has been reported to cause
either AFLP or HELLP in mothers, with a high frequency
[3,30,31,42]
of 62%
. The histology includes microvesicular
steatosis, predominantly in the third zone of the liver,
[45]
and cytoplasmic ballooning .

Management

No specific therapy is required for the hepatic
involvement of pre-eclampsia, and its only significance
is as an indicator of severe disease with a need
for immediate delivery to avoid eclampsia, hepatic
rupture, or necrosis. The tight control of blood pressure
[33]
is essential for eclampsia and HELLP syndrome ,
and immediate delivery is necessary in some cases
with multi-organ dysfunction, liver infarction or
hemorrhage, disseminated intravascular coagulation
[34-36]
(DIC), fetal compromise, and others
. Intravenous
administration of magnesium sulfate, and fetal
monitoring should be performed to prevent or predict
[28]
seizures . Effect of corticosteroids is unclear and
[37]
remains controversial for the patients . The number
of platelet and biochemical abnormalities return to
normal levels within 2 wk of delivery (Figure 2),
however subsequent pregnancies in patients with HELLP
[38]
syndrome carry a high risk of complications .

Management

Early diagnosis and prompt delivery are essential in
AFLP. Intensive therapeutic support is necessary for
both maternal and fetal survival and plasmapheresis
and liver transplantation should be considered in
[46]
some severe cases . Although AFLP does not have a
tendency to recur in subsequent pregnancies in most
[42]
cases , since the recurrence rate is higher in cases
with genetic mutation in LCHAD, close follow up is
necessary for the groups.

AFLP
Etiology and clinical features

AFLP is a rare but serious condition with an incidence
of approximately 1 per 10000 deliveries, and it usually
[39-42]
occurs during the third trimester
. The etiology of
this condition has not been fully elucidated; however,
abnormal fetal mitochondrial beta oxidation of fatty
acids has been reported to be involved as a cause
[43]
of this condition in the mother . In particular, a
fetal defect of long-chain 3-hydroxyl coenzyme A
dehydrogenase (LCHAD) due to genetic mutation has
[44]
been reported to contribute the disease . There are
no specific symptoms for the disease, and general
fatigue, vomiting, headache, hypoglycemia, and
lactic acidosis can be observed. Severe elevation

WJG|www.wjgnet.com

PRE-EXISTING OR CO-INCIDENT LIVER
DISEASE DURING PREGNANCY
While pregnancy itself causes significant changes
in physiological conditions, effects on pre-existing
liver disease and co-incident common liver disease
[1-3]
can also be observed in the period . The diseases
[47-52]
[53-55]
include viral hepatitis
, gallstones
, Budd-Chiari
[56-58]
[59,60]
syndrome
, Wilson’s disease
, autoimmune
[61,62]
liver diseases
, primary sclerosing cholangitis,
[63]
primary biliary cirrhosis , metabolic disorders, liver
[64]
[65-67]
tumors , and post liver transplantation state
.
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For these conditions, there are concerns regarding
not only the disease itself but also the toxicity of
abovementioned medicines on both mother and fetus.
Because of these concerns, the United States Food
and Drug Administration classified those medicines
into categories A to D for the benefits of usage and
[68,69]
the risks of side effects
. Appropriate therapeutic
interventions must be performed on the basis of
these datasets. Even with these information however,
management of pregnancy with liver cirrhosis is
difficult at present.

manage patients leading to their benefits.
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REVIEW

Role of vitamins in gastrointestinal diseases
Omar A Masri, Jean M Chalhoub, Ala I Sharara
as other malignancies like gastric and esophageal
cancer in observational trials, however interventional
trials failed to prove a clear beneficial preventive
role. On the other hand, more solid evidence was
obtained from high quality studies for a role of certain
vitamins in specific entities. Examples for this include
the therapeutic role of vitamin E in patients with nonalcoholic steatohepatitis, the additive role of vitamins
B12 and D to the standard therapy of chronic hepatitis
C virus, the role of vitamin C in reducing the risk of
gallstones, the positive outcome with vitamin B 12 in
patients with aphthous stomatitis, and the beneficial
effect of vitamin D and B1 in patients with inflammatory
bowel disease. Other potential uses are yet to be
elaborated, like those on celiac disease, pancreatic
cancer, pancreatitis, cholestasis and other potential
fields. Data from several ongoing interventional trials
are expected to add to the current knowledge over the
coming few years. Given that vitamin supplementation
is psychologically accepted by patients as a natural
compound with relative safety and low cost, their use
should be encouraged in the fields where positive data
are available.
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Core tip: This extensive review provides a unique
approach to the topic of vitamins and their use in
gastrointestinal diseases. A lot of manuscripts exist
about the subject, but an article specific to the practice
of gastroenterology that summarises the use and
benefits of vitamins is absent. While tremendous
amounts of money (estimated to 13.1 billion USD in
2012) are being spent on these products, selecting
the appropriate uses of these supplements remains
an important issue to avoid unnecessary health ex
penditures.

Abstract
A tremendous amount of data from research was
published over the past decades concerning the roles of
different vitamins in various gastrointestinal diseases.
For instance, most vitamins showed an inverse rela
tionship with the risk of colorectal carcinoma as well
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products like Chinese herbal medicines .
A number of reasons lie behind the upsurge in usage
of these vitamins. The notions of “gaining energy,”
“improving,” and “maintaining” health were the most
[11,12]
commonly reported motifs
. Though data from
Europe are lacking, a study from the United States
shows that increased age, higher economic status
(reflected by insurance status), and the assumption
of a healthy lifestyle, were all associated with a higher
use of supplements. For instance, prevalence of
supplement use shifts from 34% in people aged 20
to 39, to more than 65% in the elderly. A similar rise
is observed in the insured (53% vs 31% in the noninsured), and in people who exercise frequently (56%
[11]
vs 43% in individuals who do not exercise) . Though
no evidence fully supports the routine use of vitamins,
a large percentage of people would regularly use those
supplements despite their financial burden and the lack
of guaranteed efficacy. In a study conducted on 900
US military subjects, two thirds of participants were
[13]
confident about supplement efficacy and safety .
In another study, only 25% of participants said they
would abandon the use of supplements if scientific data
[12]
showed they had no significant benefit .
The vitamin market remains one of the quick
growing pharmaceutical fields due to the ease of access
to its products as most, if not all, can be obtained over
the counter. In light of the controversies regarding
the effectiveness of vitamins and supplements when
used as daily additive doses, further investigations are
needed to validate the value of the colossal amounts of
money invested on such products.
Vitamins are chemically unrelated families of
organic compounds that are essential as vital nutrients
in limited amounts for normal metabolism. With the
exception of vitamin D, these vitamins cannot be
synthesized in humans and thus need to be taken
through diet. Over the past decade, a remarkable
amount of research has been dedicated to investigate
the role of vitamins in various diseases including their
potential use in the prevention or treatment of different
malignant tumors, gastrointestinal inflammatory
diseases, and hepatobiliary disorders. The majority of
these trials were observational, however a respectable
number of well-designed interventional trials have
emerged recently.
Given the vast literature to be covered, this review
will mainly focus on high-quality studies, concentrating
in particular on interventional and randomized con
trolled trials (RCT) of clinical relevance that address
the potential preventive and therapeutic role of dietary
or supplementary vitamins in various gastrointestinal
diseases. Table 1 summarizes the major characteristics
of the known vitamins, including their recommended
daily doses, major dietary sources and known
deficiency syndromes.

Masri OA, Chalhoub JM, Sharara AI. Role of vitamins
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INTRODUCTION
During the past four decades, emerging nutritional
research on the efficacy of a complete diet and its role
in disease prevention led to substantial pharmaceutical
investments in the field of vitamins and dietary
[1]
supplements . Pharmaceutical companies focused
on procuring nutrients that were deemed deficient
in diets. Additionally, a number of reports mentioned
lucrative numbers about the wider scale effect of
those supplements in decreasing healthcare costs and
expenses. A global, “perfect” diet with all the required
components was estimated to save a yearly amount
ranging between 21 and 43 billion USD of healthcare
[2-5]
costs .
As a result of data encouraging the use of nutritional
additives, there was a worldwide trend of increasing
consumption of these supplements since their
introduction to the market. For instance, between 1988
and 1994, 40% of the adult population in the United
States used vitamins and supplements. A more recent
report in 2011 from the CDC shows an increase in this
rate to up to 50% with multivitamins/multi-minerals
[6]
being the most commonly purchased category .
In 2012, a total of 13.1 billion USD was spent on
multivitamin and mineral-containing supplements, of
which an estimated 5.4 billion USD (40%) was spent on
[7]
multi-vitamins alone .
Similar to its growth in the United States, the
market of vitamins and dietary supplements was
flourishing in Europe. The market value of the industry
was of 7 billion Euros in 2009, 50% of which being
[8]
the worth of vitamins and mineral products . The
global vitamin and supplement market was valued at
68 billion USD by Euromonitor in 2013. Inconsistent
growth rates were observed among the fields’
categories, where certain subsidiaries like probiotics,
fish-oils and anti-oxidants are witnessing more growth
than others. Nonetheless, the vitamins and minerals
market alone is expected to have a 4.5% growth in
[9]
2015 . The United States remains the world leader
in the pharmaceutical field of vitamins and dietary
supplements, having an estimated 30% market share
worth 20 billion USD, followed by Japan with a 22%
share. Europe and China follow with 14% and 12%
respectively but it is expected that China will overtake
both Europe and Japan in the coming years due to
its expanding markets and unique under-demand
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Table 1 Major characteristics of the known vitamins
Vitamin

A
(Retinol,
Carotenoids)
B1 (Thiamine)

B2 (Riboflavin)
B3
(Niacin, Nicotinic
acid)
B5
(Pantothenic acid)
B6
(Pyridoxine)
B7
(Biotin)
B9
(Folic acid)
B12
(Cobolamine)
C
(Ascorbic acid)
D
(Cholecalciferol,
Ergocalciferol)
E
(Tocopherols)
K
(phylloquinone,
menaquinones)

Recommended
1
daily doses

Major dietary sources

Deficiency syndromes

Tolerable daily
upper intake
levels

M: 900 µg
F: 700 µg

Orange, ripe yellow fruits, leafy vegetables, carrots, pumpkin,
liver, soy milk, milk, sweet potatoes, butter, egg yolk

Night-blindness
Hyperkeratosis, keratomalacia

3000 mcg

M: 1.2 mg
F: 1.1 mg

Whole grains, dried beans, oatmeal, brown rice, potatoes, pork,
liver

ND

M: 1.3 mg
F: 1.1 mg
M: 16.0 mg
F: 14.0 mg

Dairy products, bananas, popcorn, green beans, asparagus,
dark green leafy vegetables
Meat, fish, eggs, mushrooms, tree nuts, peas, bran

Beriberi - dry (peripheral
neuropathy) or wet
(heart failure), Wernicke
encephalopathy
Rare
Non-specific symptoms
Pellagra

5.0 mg

Fortified cereals, Salmon, Meat, broccoli, avocados

1.3-1.7 mg

Meat, liver, tree nuts, bananas, salmon, tuna, brown rice,
potatoes

30.0 µg

Raw egg yolk, liver, peanuts, certain vegetables

400 µg

Spinach, enriched rice, fortified cereal, liver, avocado, lentils

2.4 µg

Meat, salmon, egg yolk, lentils, spinach

M: 90 mg
F: 75 mg
15 µg
(> 70 yr: 20 µg)

Citric fruits, papaya, broccoli, strawberries, paprika, liver

Paresthesia, “burning feet”, GI
symptoms
Anemia, peripheral neuropathy,
insomnia, seborrheic dermatitis,
stomatitis
Dermatitis, enteritis

ND
35 mg

ND
100 mg

ND

Megaloblastic anemia
Neural tube defects
Megaloblastic/Pernicious
anemia
Scurvy

1000 mcg

liver, mushrooms, fatty fish, milk, egg yolk, fortified cereals
1 cup of milk = 50 IU; 30 min of sunlight = 10000 IU

Rickets and osteomalacia

100 mcg
(4000 IU)

15.0 mg

Sunflower seeds, almonds, fortified cereals, spinach, turnip
greens

1000 mg

M: 120 µg
F: 90 µg

Leafy green vegetables, egg yolks, liver, mustard greens,
asparagus, kiwi, dried prunes

Very rare; mild hemolytic
anemia, ataxia, neural
degeneration
Bleeding diathesis

ND
2000 mg

ND

1

In adults, not pregnant nor lactating. ND: Not determinable.

preventive agents because of their roles in quenching
[17]
free radicals and reducing oxidative damage to DNA .
The major antioxidants are vitamins A, C, E, Betacarotene and Selenium. Data from retrospective and
prospective cohort studies were highly inconsistent
and controversial. A meta-analysis of 13 observational
studies showed an inverse association (SRRs 0.47,
95%CI: 0.24-0.91) between the intake of betacarotene in diet and the risk of colorectal adenomas. A
similar but milder (22% SRR) beneficial role was noted
with vitamin C, whereas no association was noted with
[18]
the intake of vitamins A and E .
[19-26]
Multiple large high quality RCTs
were con
ducted to examine the effectiveness of these elements
for primary or secondary prevention of various gas
trointestinal malignancies in the general population.
Variable regimens were given for periods ranging
between 4 and 12 years and patients were followed
for up to 12 years; However the results were mostly
[27-30]
[28]
disappointing
. A Cochrane systematic review
that included 20 RCTs addressing this specific relation
showed that antioxidant supplements had no significant

VITAMIN A
Vitamin A and inflammatory bowel disease

Vitamin A and retinoic acids are required for the
development of proper immunity to pathogens by
promoting immunoglobulin A response and phagocytic
functions. Trials on animal models have shown a
possible beneficial role of high vitamin A intake by
inducing the highly suppressive FoxP3(+) regulatory
T-cell subsets and thus ameliorating or even reversing
[14]
intestinal inflammation . Vitamin A levels were found
to be low in most patients with inflammatory bowel
disease (IBD), however no clear correlation with
[15]
severity or activity could be identified . A prospective
European Cohort study involving 139 patients with
ulcerative colitis (UC) found no association between
diet, namely vitamins A, C, D and E intake and UC
[16]
incidence or severity . No therapeutic trials are
available.

Antioxidants (vitamins A, C, E) and CRC

Antioxidants have been proposed as potential chemo
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preventive effects on gastrointestinal cancers (RR
= 0.94, 95%CI: 0.83-1.06). A similar conclusion
[29]
was obtained by a more recent Cochrane review
regarding the effect of antioxidant supplementation
on mortality with various diseases which included 78
RCTs with 296707 participants and a mean follow up
duration of 3 years. Moreover, when considering the
56 trials with low risk of bias, the authors showed
that the use of antioxidant supplementation not only
was not protective, but also seemed to significantly
increase mortality (12.9% vs 10.6%; RR = 1.04,
95%CI: 1.01-1.07). When using trial sequential
analysis and after excluding factorial trials with potential
confounders, this significant increase in mortality was
specifically demonstrated with the supplementation of
beta-carotene, vitamin E and higher doses of vitamin
A. The potential effects of vitamin C and selenium
supplementation on increased mortality need further
[30]
study .

in an open label randomized trial on 57 previously
non-responders showing no clinical benefit of adding
2
tretinoin (45 mg/m per day) to standard therapy.

Vitamin A and the pancreas

Patients with chronic pancreatitis are at risk of de
ficiencies in the fat-soluble vitamins due to the loss
of pancreatic exocrine function. A prospective study
showed that 3%, 53%, 10%, and 63% of patients with
chronic pancreatitis were deficient in vitamin A, D, E
[43]
and K respectively . Multiple clinical trials suggested
that the use of a combined preparation of antioxidants,
(including beta carotene, vitamins C and K), in patients
with painful chronic pancreatitis significantly reduced
pain and improved quality of life when compared to
[44-48]
placebo
. The largest of these trials was a RCT
conducted in India including 127 patients receiving
[48]
combined antioxidant therapy for 6 mo . The active
treatment group showed a significant decrease in the
number of painful days (7.4 d vs 3.2 d) and the need
for analgesics. However, a recent RCT using the same
preparation of antioxidants for 6 mo in a population of
70 difficult-to-treat patients (failing traditional therapy,
requiring high doses of narcotics and most continuing
alcohol intake) failed to show any benefit despite the
documented increase in serum levels of vitamin A, C
[49]
and E .
No beneficial effect was noted in clinical trials when
vitamin A or other antioxidants were given for treating
[50]
acute pancreatitis , or when given to patients to
[51,52]
reduce the risk of post-ERCP pancreatitis
, or when
given in combination with gemcitabine in patients with
[53]
advanced pancreatic cancer .

Vitamin A and non-alcoholic steatohepatitis
[31]

A clinical trial by Bahcecioglu et al on 29 patients with
biopsy-proven non-alcoholic steatohepatitis (NASH)
found no association between serum levels of vitamin A
and the histopathologic severity of the disease.

Vitamin A and hepatitis C virus

More than 90% of total body vitamin A is stored in
the liver. Moreover, reactive oxygen species (ROS)
have been reported to activate hepatic stellate cells,
which then lead to hepatic fibrosis as well as disease
progression in patients with hepatitis C virus (HCV).
Vitamin A deficiency was found to be common
in patients with HCV compared to healthy controls
[32-35]
(42%-54% vs 0%)
. Prevalence and severity of
vitamin A deficiency were higher with liver disease
progression. Epidemiological evidence and casecontrol studies showed that low serum retinol levels
may correlate with the severity as well as the risk of
developing cirrhosis or progressing to HCC in patients
[33,36-39]
with HCV or other chronic liver diseases
.
Recent data suggest that vitamin A modulates the
expression of type-1 interferon-receptor, enhancing
[40]
the anti-replication effect of interferon-α on HCV .
[34]
Bitetto et al
showed that on multivariate analysis,
severe vitamin A deficiency (≤ 100 ng/mL) was one
of the predictors for non-response to antiviral therapy.
In a pilot study of a cohort of 20 previous nonresponders with HCV chronic infection, all-trans retinoic
acid (ATRA), an analog of vitamin A, demonstrated
a direct antiviral and a strong additive or synergistic
effect with pegylated IFN. Monotherapy with ATRA for
12 wk induced a viral decay by > 1 log10 in 5 out of
10 patients, and the combination with peg-IFN after
12 wk of treatment led to a transient viral clearance in
[41]
3 out of 10 patients in this difficult-to-treat group .
[42]
This was contradicted recently by Schuchmann et al
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VITAMIN B COMPLEX
Vitamin B12 and HCV

Liver is the physiological reservoir of cyanocobalamin
in humans. Vitamin B12 deficiency was observed in
several liver diseases like hepatitis, cirrhosis and HCC.
In vitro studies in the early 2000s, reported that
vitamin B12 inhibits HCV via internal ribosome entry[54,55]
site inhibition
.
[56]
A retrospective study by Rosenberg et al
showed
12
that low pre-treatment serum B levels were associated
with nonresponse to standard therapy in 99 treatmentnaïve patients. Patients with pre-treatment B12 level <
360 pm had a null response rate of 31.5% and end-oftreatment response (ETR) rate of 68.5% as compared
to 3.8% and 96% respectively in patients with levels
above 360 pm. However the difference was no longer
significant when the endpoint of sustained virologic
response (SVR) was considered.
The only RCT to study the role of B12 supple
mentation on HCV treatment is a recent open label trial
conducted in Italy that included 94 treatment-naive
[57]
chronic HCV patients . The majority of patients had
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genotype 1b (62%). Adding vitamin B12 (5000 mcg IM
every 4 wk) to standard therapy (pegylated-INF and
ribavirin) significantly increased the chance for complete
EVR (64% vs 85%), ETR (63% vs 83%) and SVR (38%
vs 72%, P < 0.001). This difference persisted when
analyzing the subcategory of difficult-to-treat patients
[57]
with genotype 1, where the SVR was 22% vs 63% .

supplemented accordingly.
Vitamin B 2 : In a prospective trial including 24
patients with CD compared to healthy controls, the
serum levels of several vitamins (including vitamins
A, E, B1, B2, B6 and B9) were found to be significantly
more depleted in the affected individuals. However, only
vitamin B2 and nicotinic acid deficiencies were shown
to have a negative correlation with the Crohn’s disease
[71]
activity index . No interventional trials are available.

Vitamin B12 and aphthous stomatitis

A possible association between recurrent aphthous
stomatitis and vitamin B12 deficiency was suggested
[58]
[59-61]
as early as the 1950s . Multiple small trials
suggested a beneficial role of vitamin B12 in these
patients, however the first double blind RCT was
conducted in 2009 on 58 patients with recurrent
aphthous stomatitis, randomized to receive 1000 mcg
of sublingual vitamin B12 or placebo. After 6 mo of
follow-up, 74.1% of participants in the intervention
group reached “no aphthous ulcers status” as compared
to 32% in the placebo group. The duration of outbreaks,
the number of ulcers, and the level of pain were found
[62]
to be significantly reduced .

Vitamin B 5: Pantothenic acid (B3) rectal enemas
have been tried as a local therapy for UC in a pilot
[72]
study with no clear benefit .
Vitamin B6: Pyridoxine deficiency is relatively common
in IBD affecting 10%-15% of patients in general and
[73]
up to 25% of patients with active disease . Low
B6 plasma level may be considered a risk factor for
thrombosis in patients with IBD due to its inverse
relation with homocysteine.

Vitamin B and GI malignancies

Vitamin B and IBD

B vitamins, including folate, riboflavin, pyridoxine, and
cobalamin, are essential for methylation reactions,
[74]
nucleotide synthesis, and DNA stability and repair .
In 1998, The FDA mandated folic acid fortification
of enriched cereal-grain products, which led to a
new dietary source of folate in addition to other
available sources and resultant higher blood-folate
concentrations.
Because folate has tumor growth-promoting effects,
concerns regarding potential risks associated with high
folate intake in the post-fortification era have been
raised especially with the temporary increase in CRC
incidence rates in the later 1990s. However this is
unlikely due to folic acid fortification and, assuming a
[75]
time lag of at least 10 years to have a benefit on CRC ,
folate appears to be one of the promising factors that
could explain the current exceptional downward trend
[76]
of CRC incidence in the United States . Moreover it
was suggested that folate might protect against CRC
by preventing aberrations in DNA synthesis (DNA uracil
misincorporation) and irregularities in DNA methylation
[77]
(DNA hypomethylation) .

Vitamin B12: Crohn’s disease can commonly involve
the terminal ileum, which is the site of B12 absorption.
Data from observational studies are conflicting,
however, a recent systematic review including 42
articles concluded that patients with IBD (UC or
CD without ileal resection), regardless of disease
location in the ileum, did not have an increased risk
for Cobalamin deficiency. Only ileal resections greater
than 20 cm predispose to deficiency and warrant
[63]
treatment .
Vitamin B 1: Thiamine supplementation was used
in a small pilot study on 12 IBD patients with normal
thiamine levels and severe fatigue as measured by
chronic fatigue syndrome scale. At 20 d of therapy, all
patients had complete or near complete regression of
[64]
fatigue syndrome .
Folate: Folate deficiency was found to be associated
with inflammatory bowel disease, however this did
[65]
not correlate with disease extent or activity . Two
early case-control studies suggested that folate
supplementation and a high red blood cell folate
level significantly decrease the risk of dysplasia and
[66,67]
neoplasia in patients with UC
. A later metaanalysis in 2003 showed that both sulfasalazine and
folate supplementation have a protective effect on
[68]
CRC development in patients with longstanding UC .
However, more recent studies have failed to find a
[69,70]
chemopreventive role of folic acid supplementation
.
It is important to remember that folate deficiency can
occur as a consequence of IBD therapy, as with the
use of methotrexate and sulfasalazine, and should be
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Vitamin B and colorectal adenomas
[78-80]

Three large RCTs
demonstrated no clear benefit
of folate supplementation (0.5-1 mg daily) on the
prevention of colorectal adenoma recurrence when
followed for 3-6.5 years. Interestingly, in one of
[78]
these studies , there was a statistically significant
increased risk of having at least one advanced lesion
(RR = 1.67, 95%CI: 1.00-2.80) or having 3 or more
adenomas after 5 years of follow up. Two recent
high quality meta-analyses confirmed these negative
[81,82]
outcomes
. When a combination of folic acid (2.5
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mg), vitamin B6 (50 mg), and vitamin B12 (1 mg) was
used in another RCT on 1470 participants, the risk of
colorectal adenoma was unchanged after a 9.3-year
[83]
follow up period .

studies reproduced similar conclusion of the protective
[97,98]
effect of riboflavin intake on CRC
.

Vitamin B and pancreatic cancer

The results from two recent meta-analyses regarding
the role of folate supplementation in the prevention
[99]
of pancreatic cancer were contradictory. Lin et al
concluded that individuals with a high dietary folate
intake were about 34% less likely to develop pancreatic
cancer compared with those with low intake. This
conclusion was contradicted by another meta-analysis
of 14 prospective cohort studies showing that the
intake of folate - dietary and supplemental- was not
related positively or negatively to the risk of pancreatic
[100]
cancer .

Vitamin B and colorectal cancer

Vitamins B6, B9, B12: Vitamin B6 may affect colorectal
carcinogenesis via its role in DNA synthesis and
methylation. Moreover, it was shown to inhibit angio
genesis, suppress nitric oxide, and reduce oxidative
[84]
stress in animal models . The risk of developing
CRC was demonstrated in multiple prospective casecontrol studies to decrease by about 50% for every
100 pmol/L increase in the blood PLP levels (Pyridoxal
[85]
5’-phosphate, the active form of B6) . However, data
from observational studies were inconsistent with a
[86,87]
general null or a modest inverse relation
. This was
demonstrated in two high quality meta-analyses of casecontrol studies showing a significant inverse relation
between B6 intake and CRC. The combined relative risk
was found to be 0.80 in both meta-analyses (95%CI:
[85,88]
0.68-0.96)
.
Data regarding the role of folate in CRC prevention
is also controversial. In a recent meta-analysis
including 11 cohort studies, the potential beneficial
effects of higher dietary folate intake on CRC risk were
not found to be statistically significant (HR = 0.92;
[89]
95%CI: 0.81-1.05) . In contrast, another pooled
analysis of 13 prospective cohort studies showed an
inverse relation between folate intake and risk of CRC.
The authors showed an estimated 2% risk reduction
[90]
for every 100 μg/d increase in total folate intake .
[91]
Another recent meta-analysis by Liu et al
including
47 cohort studies, suggests an inverse association
between the intake of vitamins B2, B6, B9, and D, and
the risk of CRC. Other reports suggested a beneficial
role for folate in reducing esophageal but not gastric
[92]
cancer .
Three large RCTs originally designed to address
[93-95]
the role of vitamin B in cardiovascular diseases
,
analyzed the role of vitamin B complex in the prevention
of invasive cancers. These trials randomized patients
to receive either daily vitamin B6 only, or combinations
of folate (0.8-2.5 mg), vitamins B6 (40-50 mg) and B12
(0.4-1 mg) or placebo, with average treatment periods
of 3.3 to 7.3 years. These studies failed to show an
overall benefit of these interventions in preventing all
types of cancers including CRC specifically.

Vitamin B and celiac disease

Patients with celiac disease have a higher total plasma
homocysteine level than the general population,
which is indicative of a poor vitamin status namely
[101]
low serum levels vitamin B6, B9 and B12
. In a RCT
of 65 patients with celiac disease on gluten-free diet,
daily vitamin B supplementation (0.8 mg folic acid,
0.5 mg cyanocobalamin and 3 mg pyridoxine) for 6
mo was found to decrease the plasma homocysteine
level by a median of 34% (P < 0.001), accompanied
by significant improvement in well being, anxiety and
[102]
depressed mood .

VITAMIN C
Vitamin C and GI malignancies (refer to antioxidants and
CRC)

Data on the protective effect of vitamin C and other
antioxidants on pancreatic cancer were conflicting with
one of the largest cohorts from the Netherland of over
120000 participants and 16 years of follow up showing
[103]
no benefit
, as opposed to another large recent
cohort study showing that patients eating a combination
of the highest three quartiles of all of vitamins C, E and
selenium had a decreased risk of pancreatic cancer
[104]
(HR = 0.33, P < 0.05) . Inconsistent data are also
available regarding the protective role in esophageal
[105]
and gastric cancer. A meta-analysis by Kubo et al
including 10 observational studies showed that vitamin
C intake was inversely associated with the risk of
esophageal adenocarcinoma (OR = 0.49, 95%CI:
0.39-0.62) but not with gastric cardia carcinoma.

Vitamin C and IBD

Riboflavin: The Netherlands Cohort Study on diet and
cancer (n = 120852) suggested that riboflavin tends
to be associated with decreased proximal colon cancer
[96]
risk among women (RR = 0.61; P-trend = 0.07) .
This finding was consolidated by the results from the
Women’s Health Initiative Observational Study cohort
that showed that higher total intakes of riboflavin were
associated with a reduced risk of CRC (HR = 0.81;
[87]
95%CI: 0.66-0.99) . Other smaller case-control
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A case-control study including 239 patients with
IBD showed that the intake of vitamin C (OR =
0.45; 95%CI: 0.21-0.99) was negatively related to
[106]
UC risk
. One RCT including 57 patients with CD
randomized to receive combined vitamin E (800 IU)
and vitamin C (1000 mg) or placebo for 4 wk showed
no effect of these supplements on the disease activity
as measured by the Crohn’s disease activity complex
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Vitamin D and CRC

(CDAI) despite the significant reduction in oxidative
[107]
stress indices .

The role of vitamin D in CRC prevention was first
[115]
hypothesized in 1980 by Garland et al
based
on ecological studies. They reported an inverse
association between geographical latitude (solar
radiation), vitamin D status and CRC incidence and
[116]
mortality in United States . Vitamin D has the ability
to inhibit cell proliferation and increase apoptosis in
vitro. Many cell types, including colorectal epithelial
cells, contain vitamin D receptors (VDR). These cells
are able to convert the circulating 25(OH)D into active
1,25(OH)D metabolites, which in turn bind to the cells’
own VDR to produce an autocrine effect by inducing
cell differentiation and by inhibiting proliferation,
invasiveness, angiogenesis, and metastatic potential
[117]
(Figure 1) .
Prospective observational studies suggest that
higher vitamin D levels are associated with lower risk
of incident CRC as well as improved survival in patients
with established CRC. One of the largest observational
nested case-control study (520000 participants)
concluded that there is a strong inverse association
[118]
between 25(OH)D concentration and CRC
. High
vitamin D levels or vitamin D supplementation were
also suggested to reduce mortality in patients diagnosed
[119]
with CRC. Freedman et al
demonstrated in one
of the largest prospective studies including 16818
participants that CRC mortality was inversely related
to serum 25(OH)D level. Individuals with serum levels
of 50-80 ng/mL and > 80 ng/mL had a relative risk of
CRC mortality of 0.44 and 0.28, respectively. In another
prospective trial of 257 CRC subjects, only 3% of
patients had sufficient vitamin D levels (≥ 30 ng/mL).
Higher 25(OH)D levels at surgery were associated with
[120]
better overall survival under multivariate analysis .
[121]
A recent systematic review by Ma et al
including
17 prospective trials with approximately 1 million
participants assessed the association between vitamin
D intake or serum levels of 25(OH)D and the risk
of developing CRC. Results confirmed this inverse
relation, with pooled RRs of CRC for the highest vs
lowest categories of vitamin D intake and blood levels
being 0.88 and 0.67, respectively. Moreover, a 10 ng/
mL increment in blood 25(OH)D level conferred a RR
of 0.74. This inverse relationship was again confirmed
[122-124]
by several high quality meta-analyses
. As for the
relation with colorectal adenomas, similar results were
[125]
obtained in most prospective studies .
The relationship between VDR gene polymorphism
and the risk of CRC was addressed by numerous
[126]
studies. In 2001, Kim et al
reported for the first
time an association between CRC and the VDR gene
in a case-control study. Based on their analysis of 393
cases of colorectal adenomas, the BsmI BB genotype
was found to be associated with a reduced risk of
adenoma when intake of calcium and vitamin D was
reduced. The results regarding other polymorphic
sites in the VDR gene were inconsistent. A recent

Vitamin C and gallstones

Clinical and experimental data reported in the 1970’s
suggested a potential protective effect of vitamin C on
[108]
the formation of gallstones . This might be attributed
to the reduction in bile acid biogenesis and the
supersaturation of bile with cholesterol due to the
deficiency in cholesterol 7α-hydroxylation in cases
of ascorbic acid deficiency. Data from NHANES Ⅲ
study that included 996 cases of gallstones, showed
that serum ascorbic acid level was inversely related
to the prevalence of clinical and asymptomatic
gallbladder disease among women, but not among
men. Among women, each 27 micromol/L increase in
serum level was independently associated with a 13%
[109]
lower prevalence of gallstones (P < 0.06)
. In an
observational study including 2129 participants, the
subjects reporting regular vitamin C supplementation
had significantly less prevalence of gallstone disease
compared to those not taking vitamin C (4.7% vs
[110]
8.2%) .

Vitamin C and liver diseases

A meta-analysis and a Cochrane systematic review of
RCTs addressing the role of antioxidant supplementation
-including vitamins C and E - in the prognosis and
mortality of liver diseases showed no convincing
[111,112]
evidence of any beneficial effect
.

VITAMIN D
Vitamin D3 is hydroxylated in the liver to produce
25(OH)D3, a reliable indicator of vitamin D status,
and is further hydroxylated in the kidney to form the
physiologically active hormone 1,25(OH)2D3. Circulating
levels of 25(OH)D3 are a direct reflection of vitamin
D status, which for any given individual depends
on access to vitamin D either through exposure to
sunlight or through dietary intake. Currently, the US
Recommended Dietary Allowance (RDA) for vitamin
D3 is 600 IU/d, and the tolerable upper intake level is
4000 IU/d. It has been estimated that an increase in
vitamin D3 intake to 2000 IU/d in Americans would
lead to a 27% decrease in the incidence of colorectal
[113]
cancer .
The biological effects of vitamin D3 are mediated
by the vitamin D receptor (VDR), which belongs to
the superfamily of nuclear hormone receptors and
is expressed in various organs and tissues of the
human body, including the kidney and bone cells as
well as the colonic mucosa. In the intestine, VDR
plays an important role in regulating cell proliferation,
differentiation, and the induction of apoptosis. In
the US, 25% to 58% of adolescents and adults are
[114]
deficient in vitamin D .
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(+) G0/G1 arrest
(+) DNA darnage-induced cell cycle arrest
(-) WNT/b-catenin signalling
(+) TGF-b signalling
(-) EGF signalling
(-) IGF signalling

Proliferation

(+) Pro-apoptotic proteins
(-) Anti-apoptotic proteins
Apoptosis

1,25(OH)2D3

(+) Brush border enzymes, microvilli
(+) Cell-cell adhesion
(+) Cell-matrix adhesion
Differentiation

(+) Anti-angiogenic factors
(-) Hypoxia-induced angiogenesis
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Figure 1 Summary of the effects of 1,25(OH)2D3 on colorectal cancer cells. With permission from Pereira et al[200].

95%CI: 0.20-0.82), including CRC. However, the low
number of CRC cases reduces the validity of this study.
A recent Cochrane review of RCTs concluded that
currently there is no firm evidence that vitamin D
supplementation decreases cancer occurrence (including
[131]
CRC) in post-menopausal women
. Vitamin D3
supplementation decreased cancer mortality and vitamin
D supplementation decreased all-cause mortality, but
these estimates are at risk of typeⅠ errors due to the
fact that too few participants were examined, and to the
risk of attrition bias originating from substantial rates
of participant dropout. Further studies with different
population groups and longer follow up periods are
needed.

systematic meta-analysis suggested that only the
BsmI polymorphism was related to the CRC risk.
In particular, the BsmI B genotype was found to be
related to an overall decrease in the risk for colorectal
cancer (BB vs bb: OR = 0.87, 95%CI: 0.80-0.94, P <
[127]
0.01) .
Few RCTs addressing the role of vitamin D supple
mentation in prevention of CRC have been conducted.
[128]
Trivedi et al
randomized 2686 individuals (65-85
years of age) to receive 100000 IU vitamin D3 or
placebo every 4 mo (about 833 IU/d). No significant
effect of vitamin D3 supplementation on CRC incidence
or mortality was documented after 5 years. Similarly,
another RCT including 36282 post-menopausal women
who were treated with 400 IU/d vitamin D3 plus 1
g/d calcium vs placebo, failed to find any effect of the
treatment on CRC incidence after 7 years of follow[129]
up . However in this study, the low dose of vitamin
D3 used did not increase the circulating 25(OH)D3
levels and the degree of patient adherence to the
treatment was low. Another RCT performed in Nebraska
randomized 1179 post-menopausal women to either
1100 IU/d vitamin D3 plus 1.4-1.5 g/d calcium or
[130]
calcium alone for 4 years . Treatment with vitamin D3
plus calcium reduced total cancer incidence (RR = 0.40;
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Vitamin D and other GI malignancies

Results from retrospective and prospective cohorts
linking vitamin D level or supplementation to a
decreased risk of gastric or esophageal cancer were
[132]
highly inconsistent and contradictory
. While
some cohorts suggested a negative relation between
vitamin D status and the risk of esophageal, gastric
and pancreatic cancer, others showed a positive or a
null relationship. One of the largest cohorts involving
[133]
1065 cases of upper GI cancers
and 942 pancreatic
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cancers
failed to prove a clear benefit from higher
vitamin D concentrations. Instead, it suggested a 2-fold
increase in the risk of pancreatic cancer with 25(OH)D
concentrations of > 100 nmol/L.
Similarly, an inverse association between both
HCC and cholangiocarcinoma and vitamin D has been
[135-137]
reported
. However, evidence for a beneficial effect
of vitamin D from prospective human interventional
studies is still lacking.

D supplementation (up to 5000 IU/d) significantly
decreased the CDAI score from a mean of 230 to 118
[151]
after 24 wk . Recently, a RCT was conducted on 94
patients with CD in remission, randomized to receive
[152]
either 1200 IU vitamin D3 or placebo daily for 12 mo .
Oral supplementation significantly increased serum
vitamin D levels by 39% and insignificantly reduced
the risk of relapse from 29% to 13% (P value of
0.06). In summary, cumulative data suggest a definite
association between vitamin D deficiency and both
IBD incidence as well as activity, with recent studies
suggesting a clinical benefit from vitamin D replacement
therapy. Further large interventional trials are needed.

Vitamin D and IBD

Vitamin D deficiency is common in patients with newly
diagnosed as well as chronic IBD, however it is unclear
if such a deficiency is a consequence or part of the
pathogenesis of IBD. The link was initially suggested
by epidemiologic and ecologic studies where a “northsouth” gradient was noted with increased prevalence of
IBD among populations in North America and Northern
Europe or those living at higher altitudes, although
[138]
other confounding factors may play major roles . It is
now widely accepted that a key pathogenic mechanism
in the development of IBD is an inappropriate response
of a defective mucosal immune system to unknown
[139]
luminal antigens in a genetically susceptible host
.
The role of vitamin D in regulation and homeostasis of
the immune response has been well documented and
[140-142]
demonstrated by several complex mechanisms
.
Data about the association with VDR polymorphism
[143-145]
were highly inconsistent
. However, the immu
nomodulatory effect of vitamin D was more pronounced
in CD compared with UC probably due to the known
differences in the underlying pathogenesis of these two
[139,141]
entities
.
A small RCT of 20 patients with CD showed that
vitamin D3 treatment did not only significantly increase
+
the IL-6 level, but also enhanced the CD4 T cell
[146]
proliferation
. Recent cross-sectional studies also
associated vitamin D deficiency with increased activity
[147-149]
of both CD and UC
. A large prospective cohort
study included 72719 women who completed an
assessment of diet and lifestyle, from which a 25(OH)D
prediction score was developed and validated against
[114]
directly measured levels of plasma 25(OH)
. They
were followed-up over 22 years for the development
of IBD. The results suggested that higher predicted
plasma levels of 25(OH)D significantly reduce the risk
for incident CD and non-significantly reduce the risk
for UC in women.
In another prospective interventional study by
[150]
Miheller et al
37 inactive CD patients were divided to
receive either vitamin D in its active form [1,25(OH)D]
or plain vitamin D [25(OH)D]. At week 6, active
vitamin D caused a significant decrease in the CDAI
scores (69 vs 57) and CRP levels (15.8 mmol/L vs 7.81
mmol/L). However this superiority disappeared after
12 mo. In a pilot study of 18 patients with CD, vitamin
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Vitamin D and HCV

Vitamin D deficiency is very common (up to 92%)
among patients with chronic liver disease, and at least
one-third suffer from severe vitamin D deficiency (<
[153]
12 ng/mL) . It was postulated that the known high
prevalence of vitamin D deficiency in Hispanics and
African American populations might be a contributing
factor in their limited response to the standard antiviral
[154]
regimens .
[155]
Petta et al
retrospectively analyzed a cohort
of 167 patients treated with Peg-IFN/RBV for HCV,
and detected an association between lower vitamin
D serum levels and increased risk of severe fibrosis
(F3 or F4) as well as decreased responsiveness to
interferon-based therapy and failure to achieve SVR in
genotype 1 patients. These results were confirmed by
the same group in another prospective study on 117
patients with genotype 1 infection, where 25(OH)D
serum levels and IL28B status were found to be
independently associated with the likelihood to achieve
[156]
RVR and SVR . However, data from other trials were
highly contradictory and inconsistent. A recent metaanalysis concluded that the baseline 25(OH)D level is
not associated with SVR to PEG-IFN plus RBV therapy
[157]
in chronic HCV infection, regardless of genotype .
The first randomized controlled open label
trial to address the potential benefits of vitamin D
[158]
supplementation was performed by Abu-Mouch et al
on 72 patients with genotype 1 infection. Results showed
a significant benefit of adding vitamin D (2000 IU/d)
to Peg-IFN/Ribavirin over the standard regimen alone.
They reported a significant improvement in RVR (44%
vs 17%), EVR (94% vs 48%) and SVR (86% vs 42%)
as well as a marked decreased rate of relapse in the
supplemented population (8% vs 36%). Another study
conducted by the same group with the same design
including 50 patients with chronic HCV genotypes 2 and 3,
had the same trend of results where the SVR was 95%
in the supplemented patients as compared to 77% with
[154]
the standard regimen (P < 0.001) . A recent meta[159]
analysis by Villar et al
showed that overall, 71% of
patients with chronic HCV infection had low vitamin
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D levels. Higher rates of SVR were observed in HCV
individuals with vitamin D levels above 30 ng/mL (OR
= 1.57) and those supplemented with vitamin D (OR =
4.59) regardless of genotype.
In conclusion, vitamin D levels should be routinely
checked in all chronic HCV patients and can be used as
a prognostic factor to predict response to PegIFN/RBV
therapy. All patients with vitamin D deficiency should
be supplemented with vitamin D in combination with
that particular therapeutic regimen. Still, the role of
vitamin D in the era of highly effective all oral direct
acting antivirals is unclear and of likely diminished
significance.

intervention from 8 to 2.3 (P < 0.0001) . No other
large interventional trials were conducted afterwards.

Vitamin E and non-alcoholic steatohepatitis

In addition to insulin resistance and features of
metabolic syndrome, oxidative stress has been
implicated as a key factor contributing to hepatic injury
[177]
in patients with NASH . Studies have demonstrated
lower levels of plasma a-tocopherol in NASH patients
[178]
compared to healthy controls . Early pilot studies and
small RCTs suggested a beneficial role, biochemically
[179]
and histologically, of vitamin E in patients with NASH .
[180]
Sanyal et al
conducted a large RCT, the PIVENS
study that randomized 247 adult non-diabetic patients
with NASH to receive vitamin E supplementation (800
IU daily for 96 wk), or pioglitazone (30 mg daily),
or placebo. Both pioglitazone and vitamin E were
associated with significant reductions in liver enzymes,
NAFLD score, hepatic steatosis and lobular inflammation
[180,181]
but not in the fibrosis scores
. Vitamin E therapy,
as compared to placebo, was associated with a sig
nificantly higher rate of improvement on liver biopsy
(43% vs 19%, P = 0.001). Another large RCT, The
TONIC trial, addressed the efficacy of vitamin E (400
IU twice daily) for the treatment of NASH in 173 non[182]
diabetic children and adolescents . Vitamin E was not
superior to placebo in attaining the primary outcome,
a reduction in ALT levels of 50% or less from the
baseline, or 40 U/L or less at each visit from 48 to 96
wk. Resolution of NASH was significantly greater for the
vitamin E treatment group that was attributed mainly
by significant improvement in hepatocellular ballooning.
No improvement in fibrosis or a significant reduction in
steatosis and inflammation were observed.
Vitamin E was also shown to be beneficial in several
interventional trials when used in combination with
[183]
other agents like pioglitazone itself
, atorvastatin
[184]
[185]
and vitamin C
, and UDCA
. These interventions
led to a significant decrease in the histologic signs
of steatosis by up to 70%, a reduction in fibrosis
in many patients as well as the reduction of serum
liver enzymes by up to 80%. A joint guideline issued
in 2012 by the AASLD, the AGA, and the ACG,
recommends the use of vitamin E at a dose of 800 mg
daily, as first-line pharmacotherapy for non-diabetic
patients with biopsy-proven NASH (with or without
advanced fibrosis, but without cirrhosis).
However, data from recent observational studies
raised the concerns of a possible increase in all-cause
mortality in patients taking doses of vitamin E higher
than 400 IU/d. Moreover a meta-analysis that included
9 trials suggested that vitamin E might increase
[186]
the risk of hemorrhagic stroke
. More recently,
an extended follow-up of a large RCT observed a
significant increase in prostate cancer incidence (HR =
1.17) in healthy men taking vitamin E 400 IU daily for
[187]
over 7 years .

Vitamin D and the liver

Early small studies suggested that low vitamin D levels
might be associated with the development of non[160-162]
alcoholic fatty liver disease (NAFLD)
. However,
[163]
a recent report by Katz et al
that included 1630
young adolescents did not find that vitamin D status
was associated with suspected NAFLD after adjustment
for obesity and metabolic syndrome. A recent article
[164]
by Rhee et al
involving more than 6500 patients,
showed that participants with higher serum 25(OH)D3
showed a significantly reduced risk for NAFLD
compared with the low 25(OH)D3 groups, independent
of obesity and metabolic syndrome.
Multiple studies have suggested that VDR poly
morphisms may predispose to autoimmune liver
diseases like primary biliary cirrhosis and autoimmune
[165-168]
hepatitis and to correlate with disease severity
.
Results from studies investigating the role of
vitamin D plus calcium supplementation in preventing
and treating hepatic osteodystrophy in patients
with cholestatic liver disease were conflicting with
heterogeneous designs and populations. However,
The European Association for the Study of the Liver
(EASL) has published guidelines for the management
of cholestatic diseases in 2009, recommending that
vitamin D (400-800 IU/d) supplementation should
be considered in all patients with cholestatic liver
[169]
diseases, despite the lack of firm evidence .

VITAMIN E
Vitamin E and IBD

With its high antioxidant capacity and anti-inflam
matory activity, vitamin E would be expected to reduce
injury and/or improve tissue after injury from IBD.
The effect of vitamin E on colitis was mainly studied on
animal models with experimentally induced colitis with
[170-175]
modest benefit and conflicting results
.
In a case series of 15 patients with mild to mo
derate active UC, the addition of an alpha-tocopherol
enema, 8000 U daily to the standard 5-ASA and/or
immunomodulator medications significantly decreased
the average disease activity index score after 12 wk of
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Table 2 Summary of the role of vitamins in gastrointestinal and liver diseases based on published intervention trials
Vitamin

Colorectal cancer

Other gastrointestinal
malignancies

Inflammatory bowel
disease

Chronic hepatitis C

Other

A

No role

No role

No role

B1

No data

No data

May improve chronic
pancreatitis pain
No data

B2

No role

No data

None

No role

No data

No data

Probably protective for
pancreatic cancer
No role

No data

No data

B12

Probably protective
(non-randomized trials)
Probably protective
(non-randomized trials)
Probably protective
(non-randomized trials)
No role

Improved IBD fatigue
syndrome
No data

Controversial
(not enough data)
No data

No role

Probable adjunctive
effect (one RCT)

C

No role

No role

No role

D

No role

E

No role

Probable protective role
in esophageal and
pancreatic cancer
Not protective
against esophageal or
pancreatic cancer
No role

Possible benefit in celiac
disease
Possible benefit in celiac
disease
Aphtous stomatitis
Possible benefit in celiac
disease
Prevention of gallstones

Inverse relation
probable preventive and
therapeutic effects
No role

Additive effect to
standard therapy
(two RCTs)
No data

K

No role

No role

No role

B6
B9

Probably protective
in HCC

Beneficial role in cholestatic
liver diseases
Therapeutic role in nonalcoholic steatohepatitis
None

No role: No evidence by currently available interventional trials; No data: No good quality interventional trials available; Most vitamins had an inverse
relationship with the risk of CRC, however interventional trials failed to prove a beneficial preventive role. Probable role: Data from observational studies
or inconsistent RCTs results.

Vitamin E and acute pancreatitis

in vitro anti-tumor effects of theses subclasses (namely
K2, K3 and K5) on CRC by inducing caspase-dependent
[193]
apoptotic death of tumor cells . In the only available
[194]
Phase Ⅱ clinical trial to date, Tetef et al
failed to
prove an added benefit of vitamin K2 when given in
combination with mitomycin C in 43 patients with
advanced GI malignancies.

It has been postulated that oxidative stress plays a
role in the pathogenesis of acute pancreatitis (AP).
Experimental models suggested some beneficial
effects of using antioxidants supplementation in AP
[188]
in animals
. Few small RCTs are available most of
which combining vitamin E with other antioxidants,
failed to prove any benefit (end-organ dysfunction,
hospital stay, mortality) of this intervention in patients
[50,189]
with severe AP
. Two recent systematic reviews
including 12 RCTs investigating the use of antioxidant
supplementation for the prevention of post-ERCP
pancreatitis (PEP) showed no beneficial effect on the
[52,190]
incidence and the severity of PEP
.

Vitamin K and HCC

Vitamin K2 was found to induce elevation of serum
levels of des-γ-carboxy prothrombin (DCP), a serum
protein that increases at a notably high level in patients
with HCC, and that was shown to have mitogenic
[195]
effect on human HCC cell lines
. The antitumor
activity of vitamin K on HCC has been extensively
[196]
investigated. Habu et al
have reported that vitamin
K2 has a preventive effect on the development of HCC
in women with viral liver cirrhosis. Small interventional
trials suggested that vitamin K2 might prevent HCC
recurrence after 3 years post-therapy but without a
[197]
clear survival benefit
. However, the largest RCT
to investigate the preventive role of vitamin K2 on
HCC recurrence and survival after curative surgical or
[198]
ablative therapy was conducted by Yoshida et al
.
This study randomized 548 patients to receive placebo,
45 mg/d, or 90 mg/d vitamin K2 in a double-blind
fashion. None of these interventions proved effective in
preventing recurrence or improving survival at 1 year
post-therapy.

VITAMIN K
Vitamin K and IBD

Few observational studies correlated low vitamin
[191]
K levels with IBD and IBD activity
as well as its
involvement in the pathogenesis of osteoporosis in
[192]
these patients . No interventional trials are available.

Vitamin K and CRC

Subclasses of vitamin K include vitamins K 1
(phylloquinone, found in green leafy vegetables), K2
(menaquinone, produced by intestinal bacteria), K3
(menadione, a synthetic form and a provitamin of Vit K)
and K5. Animal models have demonstrated in vivo and
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Vitamin K for UGI bleeding in patients with liver
diseases

9

A recent Cochrane review failed to find any randomized
trials or observational studies of any kind investigating
the potential benefit or harm of using vitamin K
in patients with acute or chronic liver disease and
[199]
presenting with UGI bleeding .

10
11

12

CONCLUSION
13

Table 2 summarizes the available evidence regarding
the therapeutic roles of different vitamins in GI
diseases. Vitamin supplementation is an attractive
therapeutic option as it is relatively cheap, generally
safe with a wide therapeutic window, and well
perceived by the patients as “natural” or “organic”
remedies. Recent data from RCTs provide promising
results regarding the role of vitamins - namely
vitamin D and B12 - in combination with IFN-based
therapy in improving the response and most of the
major outcomes in patients with HCV infection. Solid
evidence has also emerged on the role of vitamin E
in the treatment of NASH. In IBD patients with low
vitamin D levels, supplementation with the vitamin
was found in many RCTs to improve the outcome and
decrease the risk of flares and complications. Moreover,
a remarkable preventive role of many vitamins like
B6, B9, B12 and D on the risk of developing CRC was
suggested by a large number of observational studies
and consolidated by few well designed interventional
trials. Other implications of the use of vitamins in GI
diseases have been reported in small trials and need
to be further investigated.

14
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REVIEW

From reflux esophagitis to Barrett’s esophagus and
esophageal adenocarcinoma
Rui-Hua Wang
of normal squamous epithelium with specific columnar
epithelium in the lower esophagus induced by the
chronic exposure to gastroduodenal fluid could lead
to intestinal metaplasia, which is closely associated
with the development of esophageal adenocarcinoma.
However, the exact mechanism of injury is not
completely understood. Various animal models of the
developmental mechanisms of disease, and theoretical
and clinical effects of drug treatment have been widely
used in research. Recently, animal models employed
in studies on gastroesophageal reflux injury have
allowed significant progress. The advantage of using
animal models lies in the ability to accurately control
the experimental conditions for better evaluation of
results. In this article, various modeling methods are
reviewed, with discussion of the major findings on the
developmental mechanism of Barrett’s esophagus,
which should help to develop better prevention and
treatment strategies for Barrett’s esophagus.
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Core tip: Various modeling methods are reviewed and
major findings on the developmental mechanism of
Barrett’s esophagus are discussed, with the aim of
identifying better prevention and treatment strategies
for Barrett’s esophagus. Chronic exposure of the
esophagus to gastroduodenal intestinal fluid is an
important determinant factor in the development of
Barrett’s esophagus. However, the exact mechanism
of injury is not completely understood. Various animal
models have been widely used in research. The
advantage of using animal models in research lies
in the ability to accurately control the experimental
conditions for better evaluation of results.

Abstract
The occurrence of gastroesophageal reflux disease
is common in the human population. Almost all
cases of esophageal adenocarcinoma are derived
from Barrett’s esophagus, which is a complication of
esophageal adenocarcinoma precancerous lesions.
Chronic exposure of the esophagus to gastroduodenal
intestinal fluid is an important determinant factor in the
development of Barrett’s esophagus. The replacement
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21(17): 5210-5219 Available from: URL: http://www.wjgnet.
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Reflux esophagitis is caused by exposure to gas
troduodenal reflux fluid leading to inflammation of the
esophagus. Actually, gastroesophageal reflux is a normal
physiological process in humans, occurring immediately
after a meal. This common phenomenon would not
normally cause any damage to the esophageal mucosa,
because there is a complete and effective anti-reflux
mechanism to protect the esophagus and esophageal
mucosa against the damage caused by the entry of
reflux fluid. An anti-reflux barrier prevents the reflux
entering the esophagus; the esophageal clearance
mechanism prevents esophageal reflux fluid staying in
the esophagus for too long, and resistance mechanisms
protect against esophageal mucosal damage. However,
frequent occurrence of gastroesophageal reflux causes
inflammation of the esophagus. The etiology and
pathogenesis of reflux esophagitis still elicits much
controversy; however, the interplay of acid, bile, and a
mixture of bile and acid reflux are believed to play an
important role in the developmental mechanism.
Studies on the cause of esophagitis and esophageal
ulcers had been reported as early as the nineteenth
century. In 1839, Albers first described the relationship
between inflammation and ulceration of the eso
[12]
[13]
phagus . In 1879, Quincke
reported three cases of
esophageal ulcers that were similar to peptic ulcers, and
subsequently described the relationship between acid
and pepsin in the development of esophageal epithelial
damage. Since acid and pepsin would only damage
the esophageal mucosa at pH lower than 2 and such a
low pH value was rarely detected in patients with reflux
esophagitis, the hypothesis on the role of acid and
pepsin in reflux esophagitis was not widely accepted at
the time. Only when animal models were successfully
established to study the role of acid and pepsin in
esophageal mucosal injury was it confirmed that these
were important determinant factors in gastroesophageal
injury.
[14]
In 1938, Selye
first conducted pylorus ligation
in rats to investigate the effects of acid reflux on
esophageal mucosal injury, and confirmed that
gastroesophageal reflux esophagitis was highly
associated with acid and pepsin. However, one of
the disadvantages of using animal models of pylorus
ligation was that survival of the animals was greatly
shortened by the serious acute injury caused by the
surgery, and most did not survive more than 2 d.
[15,16]
Wetscher et al
also used the rat model of pylorus
ligation to study reflux esophagitis, and the derived
pathological change in reflux esophagitis was found
to be different from the pathology of clinical reflux
esophagitis. Therefore, the model was found not to
be suitable for application to clinical cases of chronic
[17,18]
reflux esophagitis. Later, Omura et al
developed
the surgical method of pyloric stenosis in rats, which

INTRODUCTION
The occurrence of gastroesophageal reflux disease
(GERD) is very common in the human population.
The disease has a serious impact on the quality
[1,2]
of life
. Barrett’s esophagus is only one known
complication derived from GERD. Chronic exposure to
gastroesophageal reflux induces the replacement of
normal squamous epithelium with specific columnar
epithelium in the lower esophagus, leading to
intestinal metaplasia, which is closely associated with
the development of esophageal adenocarcinoma.
Various research models established in studies of the
developmental mechanisms of chronic gastroesophageal
reflux, esophagitis, intestinal metaplasia, dysplasia, and
[3]
adenocarcinoma have been widely reported .
It is very clear that Barrett’s esophagus is the only
known form of precancerous lesions of esophageal
[4,5]
adenocarcinoma . Almost all cases of esophageal
adenocarcinoma are derived from Barrett’s esophagus.
Esophageal adenocarcinoma has a very high degree
of malignancy with 5-year of survival of only 15%
[6-8]
after diagnosis . However, there remain questions
as to why some cases of Barrett’s esophagus progress
into esophageal adenocarcinoma and some do not.
The developmental mechanism of the disease is still
unclear. However, it is apparent that chronic exposure
of the esophagus to gastroduodenal intestinal fluid is
an important determinant factor in the development of
Barrett’s esophagus, although the exact mechanism of
injury is not completely understood. There is a need for
establishment of stable and reliable research models
and strategies for Barrett’s esophagus in order to gain
a more comprehensive and profound understanding of
the developmental mechanism.
Various animal models for disease investigation
have been widely used in research, in particular in
studies of the developmental mechanisms of disease,
and theoretical and clinical effects of drug treatment.
The advantage of using animal models in research lies
in the ability to accurately control the experimental
conditions, allowing better evaluation of the results.
Recently, animal models used in research on gas
troesophageal reflux injury have made significant
[9-11]
progress
. In this article, various modeling methods
are reviewed, with discussion of major findings on the
developmental mechanism of Barrett’s esophagus,
which will allow development of better prevention and
treatment strategies for Barrett’s esophagus.
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was considered to be an animal model of chronic acid
reflux esophagitis. The establishment of the animal
model of pyloric stenosis laid a technological foundation
for the subsequent investigation of pathological
[19]
changes in acid-induced reflux esophagitis. Barrett
developed a technique to recreate the clinical situation
of gastroesophageal reflux by longitudinally incising
along the lower esophageal sphincter. Another animal
model using a surgical approach to create a hiatal
hernia led to gastroesophageal reflux. An appropriate
surgical procedure would mimic a similar clinical micro
environment for the development of gastroesophageal
reflux, which would provide better replication of the
clinical microenvironment and would be important for
future research into chronic reflux esophagitis.
Acid is not the only component of gastric acid reflux,
and duodenal fluid also plays an important role in the
pathogenesis of reflux esophagitis. Clinical observations
indicated that the incidence of reflux esophagitis in
patients with gastrectomy was closely associated with
the reflux of duodenal fluid into the esophagus. In 1951,
[20]
Cross and Wangensteen
performed gastrectomies in
dogs to produce a back-flow of bile or a mixture of bile
and pancreatic juice into the esophagus for the study
of the pathological mechanism of reflux esophagitis.
Erosion and digestion of the esophageal mucosa caused
by exposure to the duodenal fluid was reported.
[21,22]
In 1959, Helsingen
used animal models created
by different surgical methods for the study of reflux
esophagitis. Results indicated that the esophageal
mucosa would not be damaged without bile in the
reflux, and purely a reduction in pancreatic juice in
the reflux would prevent damage to the esophagus.
However, severe intestinal bile reflux in patents with
total gastrectomy and esophagoduodenostomy caused
serious damage to the esophageal mucosa leading
to partial depigmentation and severe inflammation
of the submucosa. An increase in the exposure
time to bile reflux increased the damage. Radiology
research observed that reflux material gathered in the
enlargement of the lower esophagus.
[23]
Mud et al performed different surgical approaches
in an animal model to allow gastric acid, bile and
pancreatic juice, separately or jointly entering into the
esophagus in order to investigate the mechanisms
of esophageal mucosal injury, and he believed that
the duodenal fluid was critical for the development of
esophageal mucosal inflammation. An animal model
using direct perfusion of different components of
duodenal reflux material into the esophagus could help
to determine their role in the development of disease,
and also allowed accurate control of experimental
conditions, and the amount of bile and acids in each
exposure and other determinant factors. Continuous
perfusion of reflux materials into the esophagus
successfully induced ulcers and severe esophagitis in
a rat model of esophageal perfusion. However, this
model was believed to be more reliable in producing
the condition of chronic reflux esophagitis, and could
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not induce the conditions of Barrett’s esophagus
and esophageal adenocarcinoma over 7 d and 4 wk,
[24-27]
respectively
. The advantage of using an esophageal
perfusion model is the use of small animals and the
avoidance of complications related to malnutrition. The
mortality rate of animals is low, with a high long-term
survival rate, and the experimental conditions could
be well controlled, thus reducing the time required to
induce esophageal injury in the animals.

Experimental columnar epithelium
of the esophagus
[28]

In 1950s, the British scientist Barrett
firstly
described the pathological phenomenon of red
columnar epithelium in the lower esophageal mucosa.
However, the etiology, pathophysiology and clinical
treatment was disputed in the medical community for
some time. Different terminologies, including gastric
mucosal epithelium and congenital short esophagus
had been used to describe the lower esophageal
columnar epithelium. Later, the name was established
as Barrett’s esophagus. The prevailing theory about the
origin of Barrett’s esophagus was initially thought to
be congenital, and derived from the time of embryonic
[28]
development . The supporting evidence for the
hypothesis of innate factors included the observation
of isolated metaplasia of the intestinal epithelium in
the upper part of the esophagus, and the occurrence
[29]
of Barrett’s esophagus in babies and children .
Barrett’s esophagus involves metaplasia of the
abnormal columnar epithelium of the esophagus,
replacing the stratified squamous epithelium in the lower
esophagus. The pathology of Barrett’s esophagus could
be divided into three different types: 1, specific intestinal
epithelium with goblet cells; 2, epithelium without goblet
cells at the junction of the gastric cardia and pylorus;
3, gastric mucus or acid-secreting epithelium without
[30]
goblet cells . The diagnosis of Barrett’s esophagus
was controversial, with a dispute on whether the
diagnosis should be based on the presence of columnar
epithelium or intestinal histologic findings. The American
[31]
Gastroenterological Association in Chicago
had set
the diagnostic criteria for Barrett’s esophagus based on
the presence of intestinal metaplasia at the squamous
columnar cell junctions and gastroesophageal junction.
However, the British Society of Gastroenterology did
not consider the above diagnostic criteria to be the
necessary conditions for the diagnosis of Barrett’s
esophagus.
Immunohistochemistry confirmed that the ectopic
columnar epithelium was different from both the
embryonic characteristics of the gastric mucosa and
[32]
[33]
that of Barrett’s esophagus . Allison and Johnstone
in 1953 described the ulcers in the columnar epithelium
as “Barrett ulcers” which were histologically confirmed
to contain both goblet cells and villous enterocytes. As
all patients with Barrett’s esophagus have symptoms of
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gastroesophageal reflux and hiatal hernia, the authors
believed that metaplasia of the intestinal epithelium
was a chronic gastroesophageal complication derived
from reflux esophagitis. The hypothesis that Barrett’
s esophagus was acquired rather than congenital
was later gradually supported by various scientific
institutes and communities. Research suggested that
the specific type of columnar epithelium was different
from the normal epithelium at the gastric cardia, but
it was similar to that found in the intestinal metaplasia
of patients with total gastrectomy and esophagogastric
[34-38]
anastomosis
. A number of studies on the
relationship between the special columnar epithelium
[39-41]
and gastric mucosa were reported
. Clinical studies
also showed that the columnar epithelium appeared
secondary to gastroesophageal reflux caused by the
barrier dysfunction of the gastroesophageal sphincter,
leading to back-flow of the gastric fluid into the
esophagus.
Owing to the lack of animal model-based experi
ments, there was much speculation about the origin of
intestinal metaplasia cells during the 1950s and 1960s.
In 1968, Hennessey spent 4 wk attempting to induce
metaplasia of the intestinal epithelium in dogs, but
[42]
without success . The first canine model of Barrett’s
esophagus was later successfully established, and was
used to confirm the acquired nature of the pathology
[10]
of Barrett’s esophagus .
In 1970, Bremner successfully established a
canine model of Barrett’s esophagus for the study of
metaplasia of the columnar epithelium lining the lower
esophagus. The method used a surgical approach
to induce gastrointestinal fluid back-flow into the
esophagus to damage the normal esophageal mucosa.
The model was divided into three groups. Group 1 used
surgical means to peel off the mucosa in the lower
esophagus, and the longitudinal muscle was surgically
incised to form a hiatal hernia leading to the induction
of gastroesophageal reflux. Group 2 had the same
operation with additional application of histamine to
stimulate gastric acid secretion. Group 3 acted as the
control. Results showed that the visible portion of the
metaplasia of the columnar epithelium was found to
partly or completely cover the lower esophagus, and
the extent of metaplasia was closely associated with the
degree of gastroesophageal reflux. Under conditions of
gastroesophageal reflux, the area lacking squamous
cells regenerated, with new cells that almost completely
became columnar epithelium. The regenerated
columnar epithelium did not extend upward from the
gastric mucosa, but was closely associated with reflux
esophagitis. Experimental results suggested that the
columnar epithelium lining the lower esophagus was
caused by damage to the squamous epithelium leading
to the upward migration of columnar epithelium from
the stomach or gastroesophageal junction epithelium.
The study confirmed that intestinal metaplasia
at the lower esophagus occurred via damage to
the esophageal mucosa, dysfunction of the lower
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esophageal sphincter, a reduction in acid clearance, and
an increase in acid reflux. The study also showed that
it would take at least take 8 wk to form the mucosal
metaplasia. It became the landmark study to show the
acquired nature of the pathological state of columnar
epithelium lining the lower esophagus. Bremner’s view
on the derivative nature of the columnar epithelium that
extended in the direction of the esophagus from the
gastric epithelium was later considered to be wrong by
the research society.
Other studies also confirmed that the intestinal
metaplasia in the lower esophagus was acquired.
Researchers believed that these cells originated from
the esophageal submucosa. Many research techniques
had to use the surgical procedure of mucosal dissection
in order to induce the formation of metaplasia,
while other surgical approaches could only induce
[43]
esophagitis. In 1983, Pollara et al
reported that
surgical resection of the squamous epithelium induced
metaplasia of the columnar epithelium lining the lower
esophagus. The method included the dissection of the
squamous mucosa and the destruction of the function
of the lower esophageal sphincter. The metaplastic
columnar epithelium was found to turn into small
glands and villous-like small intestinal mucosal cells.
The severity of metaplasia significantly increased with
[44]
prolongation of the study period. Adler also reported
similar results, but did not discuss the cell origin of the
metaplasia.
In order to clarify the origin of metaplastic intestinal
epithelial cells and the impact of GERD on metaplasia,
[45]
Gillen et al established a canine model of esophageal
metaplasia in 1988. After stripping off the bridge-like
squamous epithelium, reflux of bile and a mixture of
gastric acid and bile was induced. Results indicated that
only reflux of the mixture of gastric acid and bile, and
not bile reflux, could induce metaplasia of the columnar
mucosa at the stripped zone of the squamous mucosa
in the lower esophagus. The study clearly indicated that
the metaplasia developed from the upward migration of
gastric mucosa. The epithelial metaplasia was derived
from the villous goblet cells, parietal cells, and false
absorptive cells. The authors speculated that the origin
of these cells might be the pluripotent stem cells of
esophageal glands. Both gastrointestinal morphology
and mucous histochemical staining indicated that the
origin of the cells was different from that of the gastric
cardiac epithelium. Gillen had used surgery in the canine
model to remove the squamous epithelium barrier at
the lower esophagus to trigger reflux of the mixture of
gastric acid and bile to create the metaplasia. It was
found that metaplasia of the glandular epithelium could
cross the squamous epithelial barrier, and be present at
the area of mucosal injury. The authors speculated that
epithelial metaplasia originated from the differentiation
of pluripotent stem cells of the esophageal mucous
glands, but not the gastric epithelium.
In order to study the effects of the local micro
environment on lower esophageal mucosal damage,
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[46]

Li et al
used the canine model to strip the mucosa
at the lower esophagus to induce gastroesophageal
reflux. Studies have shown that the repair mode for
mucosal damage was associated with the degree
of esophageal mucosal damage. If the squamous
epithelium was damaged, it would then be replaced
with cells mixed with squamous epithelial cells.
However, if the submucosal duct cells were damaged,
only columnar epithelial cells would be produced in
the repair process. It had already been confirmed that
metaplastic columnar epithelium was similar to the
intestinal metaplasia of Barrett’s esophagus epithelium.
The model of mucosal damage induced by a surgical
approach was similar to human esophageal injury;
however, it differed from clinical esophagitis caused by
esophageal reflux which leads to esophageal ulcers.
Surgery in animal models to create esophageal
anastomosis has been widely used to study reflux
esophagitis, but did not produce Barrett’s esophagus
[47]
in earlier studies. In 1996, Miwa et al conducted five
types of surgical procedures for esophageal anastomosis,
and total gastrectomy with esophageal anastomosis
in rats to produce gastric and duodenal content reflux,
duodenal content reflux only, gastric acid reflux only,
and other reflux in order to investigate the role of reflux
esophagitis in columnar metaplasia lining the lower
esophagus. The authors believed that the duodenal
content played an important role in the occurrence
of Barrett’s esophagus. Another surgical approach
using total gastrectomy with esophageal anastomosis
[48]
further confirmed the above result. Seto et al
used
the method of total gastrectomy with esophageal
anastomosis and acidic liquid infusion to induce the
development of columnar epithelium in the esophagus.
Goldstein used a rat model of esophagoduodenostomy
with an added iron diet to significantly increase the
incidence of metaplasia of the esophageal intestinal
[49,50]
[51]
epithelium
. Wong et al
studied esophageal
mucosal damage in rats caused by surgery, and showed
that damage repair of esophageal mucosal injury led
to metaplasia of the lower esophagus. Seto and Kobori
[48]
et al
used an animal model of total gastrectomy
with esophageal gastrointestinal anastomosis surgery
and acidic liquid perfusion to demonstrate the role
of reflux esophagitis in promoting metaplasia of the
intestinal epithelium, and acid further exacerbated the
pathological phenomenon. Columnar epithelium was
found to survive better than squamous epithelium in
[51]
an acidic environment. Wong and Finckh’s
studies
suggested that the migrated epithelium could not form
columnar epithelium at the distal end of the esophagus,
as the absence of basement membrane was an essential
condition for the formation of columnar epithelium. Deep
mucosal damage to the submucosa caused by chronic
gastroesophageal reflux could destroy mesenchymal
cells, and trigger the upward migration of basal cells to
initiate the nascent development of columnar epithelium.
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Columnar epithelium developed into its original state
that became more tolerant than normal tissue against
the attack of various damaging factors. It was suggested
that the healing mechanism would allow the esophagus
to better adapt and protect itself from further damage
by acid and bile.
With the use of surgical procedures in animal models
to create chronic reflux esophagitis and intestinal
metaplasia, the pathophysiology was more in line
with that of human disease. At present, these surgical
procedures have been improved with gastrectomy and
gastric antrum resection, to induce better back-flow of
duodenal fluid and/or gastric fluid into the esophagus.
These animal models became widely adopted for the
[52-59]
study of the mechanism of Barrett’s esophagus
.

Experimental esophageal
adenocarcinoma
[60]

In 1952, Morson and Belcher
reported a case
of adenocarcinoma of the columnar epithelium in
the esophagus. Subsequent studies confirmed the
correlation of esophageal adenocarcinoma and Barrett’s
[61]
esophagus . In the United States and other developed
countries, the incidence of esophageal adenocarcinoma
[62]
has increased significantly . In the past few decades,
the epidemiology of esophageal cancer has markedly
changed. The incidence of esophageal adenocarcinoma
is rapidly increasing, while that of esophageal squamous
cell carcinoma has gradually decreased. The change
indicates that differences exist in the pathogenesis of
the two tumors, and the carcinogenic environment
has been altered. The vast majority of esophageal
adenocarcinoma was found to originate from Barrett’s
esophagus. Experimental animal model studies further
supported the theory of the close relationship between
esophageal reflux and esophageal adenocarcinoma.
Specific nitrosamines and other carcinogens
could affect the esophageal epithelium and induce
[63,64]
esophageal squamous cell carcinoma in rats
,
but these compounds could not lead to esophageal
adenocarcinoma. Although an animal model of
esophageal adenocarcinoma had been studied a long
time ago, it was not successful, possibly because
an incorrect surgical method was used and the time
[52]
for induction was too short. In 1989, Pera et al
successfully induced esophageal adenocarcinoma in
rat using surgery and application of a carcinogen.
Subsequently, Attwood used the animal model with
carcinogens to study the occurrence and development
of esophageal adenocarcinoma, and concluded that only
the application of gastric acid and carcinogens would
not induced the development of esophageal adeno
carcinoma. Only duodenal reflux occurring in animals
with an intact stomach or animals with gastrectomy
and esophagoduodenostomy developed esophageal
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adenocarcinoma.
There are many reports describing several surgical
models for induction of esophageal adenocarcinoma.
Miwa performed duodenal anastomosis in rats to induce
duodenal gastroesophageal reflux leading to a 17%
[65]
incidence of esophageal adenocarcinoma . Mirvish
[53,54]
et al
also performed duodenal anastomosis in
rats to induce rates of esophageal adenocarcinoma
[66]
of 42% and 33%, respectively. Xu et al
performed
total gastrectomy with esophagojejunostomy in rats,
resulting in esophageal adenocarcinoma in 12.2%. The
development of esophageal adenocarcinoma occurred at
[67]
around 3-6 mo after surgery . The tumor was located
at the lower esophageal anastomosis or at the mouth
of the anastomosis within the top few centimeters. The
tumor was an esophageal adenocarcinoma or mixed
form of squamous carcinoma, but no case of squamous
cell carcinoma alone was reported.
Studies in animal models showed that proton
pump inhibitors such as omeprazole induced duodenal
gastroesophageal reflux leading to esophageal mucosal
[68]
hyperplasia , and excessive use of acid inhibitors
enhanced the alkaline duodenal content reflux, leading
to development of Barrett’s esophagus and esophageal
adenocarcinoma. The presence of gastric acid
protected against duodenal reflux to the esophagus.
Studies showed that gastric duodenal esophageal
reflux was more harmful than gastric esophageal
reflux, which played an important role in Barrett’s
[69]
esophagus and esophageal adenocarcinoma .
Currently, surgery-induced animal models of
esophageal adenocarcinoma have been affirmed,
and studies have shown a sequence from reflux
esophagitis, Barrett esophagus, and dysplasia to
esophageal adenocarcinoma. Studies also showed
that gastroesophageal reflux could enhance the role of
carcinogens, and excess iron load and a high-fat diet
also played an important role in the development of
[59]
esophageal adenocarcinoma . However, controversy
still exists, with contradictions in the time of occurrence
and development of esophageal adenocarcinoma.
The developmental mechanism of carcinogeninduced esophageal adenocarcinoma in experimental
studies was found to be different from that of clinical
esophageal adenocarcinoma.

the damaging effects of gastroesophageal reflux in
[15,16]
the esophagus of rats in 1938. Wetscher et al
ligated the duodenum to generate reflux esophagitis
and studied the role of oxygen free radicals in the
esophagus. However, the surgical procedure only
allowed the rats to survive for 1-2 d to produce the
condition of acute reflux esophagitis, and was not
suitable for the study of chronic reflux esophagitis.

Esophagogastroplasty

The method used a surgical procedure to damage
the esophageal sphincter in order to induce gastro
esophageal reflux. Acid reflux alone could only induce
chronic reflux esophagitis, but not Barrett’s esophagus
[19,42,70,71]
and esophageal adenocarcinoma
.

Esophageal perfusion

This method involved a catheter or pre-buried micropump in the body of the animal to continuously infuse
acid, bile, or pancreatic juice into the esophagus to study
the effect of different components of reflux material
on the esophageal mucosa. The method allowed the
accurate control of experimental conditions and factors
for the induction of ulcers and severe esophagitis. The
advantage of the method was that the induction time
for esophageal injury was short, and was suitable for
the study of chronic reflux esophagitis, but not Barrett’s
[24-27]
esophagus and esophageal adenocarcinoma
.

Esophagojejunostomy

Esophagojejunostomy involves preservation of the
stomach or removing the stomach at the lower end
of the esophagus and above the pylorus followed
by connecting the lower end of esophagus with the
jejunum to induce jejunal esophageal reflux. As
the reflux material contained duodenal content, it
could induce Barrett’s esophagus and esophageal
adenocarcinoma. The experiment determined an
important role of duodenal fluid in the development of
[47,55-57]
Barrett’s esophagus
.

Jejunal esophagogastric anastomosis

This method connected the jejunum to the esopha
gogastric anastomosis in rats to induce reflux of gastric
acid and duodenal fluid into the esophagus, creating a
condition similar to that of human esophageal reflux.
Barrett’s esophagus developed after 20 wk, while
[72]
esophageal adenocarcinoma appeared after 40 wk .

SURGICAL PROCEDURES IN ANIMAL
MODELS

Esophageal hiatal hernia plasty

Surgical approaches for induction of esophageal injury
in animal models included: (1) pylorus ligation; (2)
esophagogastroplasty; (3) esophageal perfusion;
(4) intact stomach or gastrectomy with esophageal
anastomosis; (5) esophagojejunostomy; and (6)
esophagus mucosal stripping with hiatal hernia plasty.

The lower esophageal squamous mucosa or the
bridge-like squamous mucosa was stripped to induce
hiatal hernia and the reflux of duodenal fluid. This
method provided powerful evidence to show the cell
origin of Barrett’s esophagus was not derived from
migration of the gastric mucosa to the esophagus, but
instead, originated from differentiation of pluripotent
[10,45]
stem cells of esophageal glands
.

Pylorus ligation
[14]

Selye

used the method of pylorus ligation to study
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similar to that the humans. Its low cost and wide
practicality made it one of the most promising animal
models in research studies. The various anesthetic and
surgical procedures used were also similar to that for
humans. The size of the animals was comparable to
that of humans making surgery easy, and provided
practical features in studies of the function of the
gastroesophageal sphincter. Rat and rabbit species are
relatively far removed from humans, and the size of
the animals was relatively small compared with that
of pigs, making the pig more suitable for the study of
certain human diseases, especially gastroesophageal
pathophysiology. Research using the porcine model to
study the clearance of esophageal acid reflux and the
[84]
impact of reflux on esophageal mucosal damage ,
could help in the development of new anti-reflux
[85,86]
therapy
, and exploration of new mechanism of
[87]
anti-reflux drugs .

Different types of animal models
In the study of esophageal reflux mucosal injury,
the phenomenon of reflux involves dysfunction of
the lower esophageal sphincter, a lack of esophageal
motility, damage to the esophageal mucosa, abnormal
metaplasia, precancerous lesions, and carcinogenesis,
which are difficult to investigate in humans. Different
animal models are required for in-depth investigations.

Rat model

Compared with a large-animal model, the advantage
of rats is that this animal model is economical,
reproducible, and experimental conditions are easily
controlled. The role of gastric acid and pepsin in
esophageal injury were well delineated using animal
models of acute reflux esophagitis and chronic reflux
[15-18]
esophagitis
. The establishment of an animal
model producing reflux of a mixture of gastric and
duodenal fluid successfully induced metaplasia of
the columnar epithelium at the lower esophagus and
esophageal adenocarcinoma. The establishment of a
rat model of reflux esophagitis from theory to practice
provided various evidences to show the mechanisms in
[49,50]
the development of esophageal adenocarcinoma
.

Transgenic animal model

The transgenic animal model can be used to study
the function of specific genes, and enhance the
investigation of the disease pathogenesis. Transgenic
or knockout mice are animal models commonly used
for the study of disease pathogenesis. A study using
K14-Cdx2 transgenic mice showed that basal stem cells
of the esophagus can express Cdx2, and Cdx2 ectopic
expression could alter the cellular phenotype, cell
[88]
barrier, and differentiation . The changes were found
to be in a transitional state of the normal squamous
epithelium and columnar epithelium. K14-Cdx2 mice
represented a useful model to study the progression
from squamous epithelium to Barrett’s esophagus.
p63-deficient mice that lacked squamous epithelia
may be used as a model of acid-reflux damage. One
study showed that p63 null embryos rapidly developed
intestine-like metaplasia with gene expression profiles
similar to that of Barrett’s metaplasia, which suggested
that Barrett’s esophagus may be initiated from
opportunistic competitive interactions between cell
[89]
lineages, rather than genetic alterations . Previous
[90]
studies had shown
that p27-knockout mice with
esophageal anastomosis combined gastrectomy
surgery had a significantly higher incidence of Barrett’s
esophagus and esophageal adenocarcinoma.
Pigs are often used in the surgical training of
surgeons to improve their proficiency and accuracy
[91]
in surgery . Genetic modification technology in pigs
has made significant progress in recent years. Nowak[92]
Imialek et al
established the OG2 transgenic pig
model, which could induce pluripotent stem cells. It
was a new method for the study of pluripotent stem
cells in pigs. Relevant studies have already screened
out the highly sensitive, reproducible platform
[93]
of pig DNA microarrays . It is foreseeable that
the transgenic pig model or transgenic pig model
combined with anti-reflux surgery will be used in the
near future to study the pathogenesis and intervention

Rabbit model

The rabbit model used a micro-pump to continuously
infuse different components of gastric and duodenal
fluid into the esophagus, and was useful in the study
of acid and protease-induced reflux esophagitis
to determine the roles of nitric oxide and growth
factor receptor in epidermal esophageal mucosal
[24,73-76]
damage
. Studies showed that the pH of the
reflux material played a more important role than
proteases in damaging the esophageal mucosa, such
that the protease could induce injury only at the
[77]
critical point of acid load at pH < 3 . Excessive and
prolonged bile reflux leading to the accumulation of a
mixture of bile and acid near the mucosal cells, and
the unconjugated bile salt could cause more damage
to the esophageal mucosal barrier in an acidified low
[78,79]
[80-83]
pH environment
than in alkaline conditions
.

Canine model

This model has made a major contribution to the study
of the cell origin and the developmental mechanisms of
[10]
esophageal metaplasia. In 1970, Bremner et al
first
proved that the lower esophageal columnar epithelium
[45]
was acquired. Gillen et al
established a canine
model of esophageal metaplasia in 1988, and proved
that metaplasia of the esophageal epithelium was
derived from pluripotent stem cells of the esophageal
gland, but not from migration of the gastric mucosal
epithelium.

Porcine model

This model had structural and physiological features
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strategies of Barrett’s esophagus and esophageal
adenocarcinoma. Although digestive tract anatomy
and physiology in higher mammals is very similar to
that of humans, different animal models were found
to be suitable for the study of different aspects of
[94]
diseases . Very often, several different animal models
are required for the study of same disease, and could
help to provide different views on the understanding of
disease, with a view to prevention and treatment.

12
13
14
15

CONCLUSION

16

The establishment of animal models could provide a
technological platform for the research of esophageal
reflux, which would allow a deeper understanding
of the developmental mechanisms of esophageal
reflux, reflux esophagitis, Barrett’s esophagus, and
esophageal adenocarcinoma. The investigation of the
developmental mechanism of Barrett’s esophagus
and esophageal adenocarcinoma caused by surgeryinduced reflux damage was very important to lay
a solid theoretical foundation for the prevention
and clinical treatment of precancerous lesions and
esophageal adenocarcinoma.
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Roles of long non-coding RNAs in gastric cancer metastasis
Zi-Guo Yang, Ling Gao, Xiao-Bo Guo, Yu-Long Shi
related deaths. Metastasis, which is an important
element of gastric cancer, leads to a high mortality rate
and to a poor prognosis. Gastric cancer metastasis has
a complex progression that involves multiple biological
processes. The comprehensive mechanisms of metastasis
remain unclear, though traditional regulation modulates
the molecular functions associated with metastasis.
Long non-coding RNAs (lncRNAs) have a role in different
gene regulatory pathways by epigenetic modification
and by transcriptional and post-transcription regulation.
lncRNAs participate in various diseases, including
Alzheimer’s disease, cardiovascular disease, and cancer.
The altered expressions of certain lncRNAs are linked to
gastric cancer metastasis and invasion, as with tumor
suppressor genes or oncogenes. Studies have partly
elucidated the roles of lncRNAs as biomarkers and in
therapies, as well as their gene regulatory mechanisms.
However, comprehensive knowledge regarding the
functional mechanisms of gene regulation in metastatic
gastric cancer remains scarce. To provide a theoretical
basis for therapeutic intervention in metastatic gastric
cancer, we reviewed the functions of lncRNAs and their
regulatory roles in gastric cancer metastasis.
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Core tip: Long non-coding RNAs (lncRNAs), are
emerging as players in multiple biological processes,
and are involved in many diseases via the regulation
of gene expression at the chromatin, transcriptional,
or posttranscriptional level. Their roles in gastric
carcinoma metastasis are quite complex; however,
the comprehensive study of metastasis will provide us
with new perspectives to develop future therapeutic
treatments. lncRNAs, which play pivotal roles in gastric
cancer metastasis, may help provide future treatments
to improve the quality of life of patients with metastatic
gastric cancer.

Abstract
Gastric cancer is the second leading cause of cancer-
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Studies of GC metastasis related to lncRNAs will
provide us with a greater understanding of their
regulatory roles in GC tumorigenesis, progression,
and metastasis. In the present review, we summarize
the lncRNAs involved in GC metastasis, and the
mechanisms of their regulatory functions.

INTRODUCTION

MECHANISM OF LNCRNAS IN GC
METASTASIS

Gastric cancer (GC) is one of the most common
malignancies worldwide. With its high lethality, GC
ranks second in cancer-associated deaths, although
the morbidity associated with this malignancy has
[1,2]
decreased in most countries
. Because specific
biomarkers of GC are currently limited, patients
are typically diagnosed after metastasis, which is
associated with recurrence, GC-related death, and poor
prognoses. The following important changes occur
during GC metastasis: (1) GC cells invade the primary
protective barriers and migrate to adjacent tissue; (2)
GC cells migrate to the circulatory system to a distant
location; (3) GC cells invade the lymphatic system and
disseminate to a secondary site; and (4) GC cells leave
the primary tumor and adhere to a sensitive location.
Recent studies have revealed that the processes
of angiogenesis and adhesion, the cell-to-cell tight
junctions, and the extracellular matrix play essential
[3-6]
roles in GC metastasis . However, the mechanisms
of GC metastasis have yet to be comprehensively
elucidated. GC tumorigenesis and metastasis are
multistep processes that involve a myriad of signaling
pathways and gene regulation in which oncogenic and
tumor-suppressive factors, such as long non-coding
RNAs (lncRNAs) play pivotal roles[7].
lncRNAs are transcriptional products longer than 200
nucleotides that primarily have a regulatory role rather
[8-10]
than encode proteins
. In some studies, lncRNAs
[11,12]
encode short, evolutionarily divergent proteins
.
Additionally, lncRNAs play a pivotal role in many
biological mechanisms, including gene imprinting,
[13-15]
activation and repression
. At the transcriptional
level, lncRNAs can bind to DNA or proteins, regulate
the subcellular localization of transcription factors, and
[13,16,17]
inhibit transcript elongation
. lncRNAs affect many
posttranscriptional processes, including alternative
splicing, RNA editing, transport, degradation, translation,
[18-20]
and miR-mediated regulation
, and are involved in
diseases such as Alzheimer’s disease, cardiovascular
[21]
diseases, and malignancies, including lung cancer ,
[22]
[23]
renal cell carcinoma , bladder cancer , esophageal
[24]
[25]
carcinoma , hepatocellular carcinoma , and acute
[26]
leukemia . lncRNAs also play important roles in the
proliferation, migration, and invasion of human cancer
cells, and are associated with cancer metastasis and
therapeutic sensitivity, implicating lncRNAs as potential
novel biomarkers for diagnosis and as targets for
[27,28]
therapeutic approaches
.
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lncRNAs involved in angiogenesis

Angiogenesis in cancer, including GC, is important
for proliferation, metastasis, and drug sensitivity.
Angiogenesis not only provides a wealth of nutrients
and oxygen for GC cells and transports tumor
metabolites, but also provides favorable conditions
for GC vessel metastasis, increasing the opportunity
for cancer cells to enter the blood circulation and to
seed in secondary locations. Thus, antiangiogenic
[29,30]
treatment can improve therapeutic efficiency
.
As a newly discovered group of regulatory genes,
lncRNAs play essential roles in angiogenesis; however,
their mechanisms of action in GC angiogenesis and
metastasis have not been fully elucidated.
lncRNAs promote carcinoma metastasis by activating
the angiogenic system in which phosphoglycerate
kinase (PGK) participates. PGK, which is a disulfide
reductase conventionally thought to be involved in
glycolysis, also functions as a carcinoma metastasis
inhibitor by modulating angiogenesis. The hepatocellular
carcinoma overexpressed lncRNA, MVIH, is associated
with microvascular invasion, TNM stage, recurrencefree survival, and overall survival, and promotes
distant metastasis by inhibiting PGK1 secretion and
[31,32]
by activating angiogenesis
. Certain GC-associated
lncRNAs modulate angiogenesis. For example, H19
promotes vasculogenesis by activating tumor necrosis
[3]
factor-α, which indirectly induces angiogenic factors .
Other lncRNAs regulate basal sprouting and migration,
endothelial cell proliferation, capillary density, vascular
endothelial growth factor α and its receptor, which
[33-35]
participate in angiogenesis
.

lncRNAs involved in cell-to-cell junction and adhesion

Tight junctions (TJs) between cells play pivotal roles in
regulating the diffusion of ions and specific molecules
and in maintaining the integrity of the cell-to-cell
protective barrier. Recent studies have revealed that
cell-to-cell junctions function as protectors of GC
metastasis. The aberrant expression or distribution
of TJ proteins leads to the loss of cell-to-cell adhesion
and tissue integrity, assisting cancer cell invasion and
[4,5]
promoting metastasis .
TUC339 is a 1198-bp ultraconserved lncRNA that
[36]
regulates cancer cell growth and adhesion . Ephrins
are cell surface protein ligands that can mediate
cellular adhesion and function via interactions with
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[45]

the Eph receptor tyrosine kinases. Hypoxia induces
the expression of hypoxia-inducible factor, leading
to EFNA3 lncRNA expression, Ephrin-A3 protein
accumulation, and metastatic dissemination in breast
[37]
cancer . As the interactions between lncRNAs
and mRNAs are accepted, the important function
of lncRNAs in cell-to-cell junctions and adhesion
can be recognized by studying the association
between lncRNAs and adhesion-associated genes.
[38]
Zhao et al
demonstrated that Down Syndrome
Cell Adhesion Molecule (DSCAM) is a member of
the cell adhesion immunoglobulin superfamily. Its
antisense lncRNA (DSCAM-AS1) is overexpressed in
lung adenocarcinoma and may play a pivotal role in
regulating cell-to-cell adhesion because this type of
antisense lncRNA can interact with its host genes.
Epithelial-to-mesenchymal transition (EMT)
and its inverse process, mesenchymal-to-epithelial
transition, play critical roles in embryonic growth, stem
cell biology, and tumorigenesis progression, which
involves the invasion and migration of carcinoma cells
[39,40]
with multiple participating signaling pathways
.
The upregulated breast cancer-associated lncRNA,
linc-ROR, can induce EMT, enhancing migration and
invasion. However, silencing its expression represses
lung metastasis. Linc-ROR functions as a miR sponge,
binding with miR-205 and inhibiting the degradation
of its target genes, including ZEB2, which induces
[41]
EMT . The Hox transcript antisense intergenic RNA
(HOTAIR) is overexpressed in GC carcinoma metastatic
lymph nodes, and its silencing downregulates the
expression of the transcription factor Snail, with tighter
cell-to-cell adhesion and rounder morphology, as well
as decreased expression of the mesenchymal markers
vimentin and N-cadherin, and increased expression of
the epithelial markers E-cadherin and ZO-1, indicating
that HOTAIR silencing can reverse EMT in GC cells
[42]
and inhibit distal metastasis . The lncRNA, MALAT1,
modulates the expression of the transcription factors
ZEB1, ZEB2, Slug, and E-cadherin, and promotes
EMT by activating the Wnt signaling pathway, which
regulates gene expression at the transcriptional
[43]
level . Other lncRNAs, such as the lncRNA, LEIGC,
[44]
which is slightly expressed in GC, also regulate EMT .
Therefore, EMT regulation provides a target for the
therapeutic intervention of GC metastasis.

metastasis .
lncRNAs have great importance in stabilizing
or degrading the extracellular matrix. H19 is down
regulated in prostate cancer, and H19-derived miR-675
inhibits the expression of the extracellular matrix protein
transforming growth factor β-induced protein mRNA by
binding to its 3’-untranslated region (3’-UTR), thereby
[46]
[47]
inhibiting prostate cancer metastasis . Park et al
found that the lncRNA, BM742401, was downregulated
in cancer, and its overexpression inhibited GC cell
migration, invasion and metastasis by regulating MMP9
secretion. Other lncRNAs aberrantly expressed in GC,
including HOTAIR and FENDRR, correlate with GC
metastasis; these lncRNAs regulate extracellular matrix
degradation by modulating the expression of cancer
metastasis-associated genes such as ICAM-1, MMP1,
[48,49]
MMP2, MMP3 and MMP9
.

GC METASTASIS ASSOCIATED
LNCRNAS
One difference between cancer and normal tissue
is that cancer cells can proliferate infinitely, damage
normal tissue under suitable conditions, migrate to
adjacent normal tissue, vessels, and lymphatic tubes,
and promote cancer metastasis and carcinoma-related
death. lncRNAs, which are emerging regulators of
gene expression in various biological progresses, play
important modulatory roles in cancer cell invasion and
metastasis, and in patient prognosis.

Promoting GC metastasis

GC metastasis-associated lncRNA H19: H19, which
is a 2.3-kb lncRNA transcribed from the paternally
imprinted gene H19 on chromosome 11p15.5, is
highly expressed during embryogenesis; however,
its expression almost disappears from all tissues
[50]
after birth
(Figure 1). H19 plays pivotal roles in
tumorigenesis and metastasis in the same manner
as oncogenes or tumor suppressor genes. In bladder
cancer, H19 activates Wnt/β-catenin by associating with
enhancer of zeste homolog 2 (EZH2), increasing its
[51]
metastasis . H19 partly promotes HMGA2-mediated
EMT by antagonizing let-7 in pancreatic cancer, and
increasing the migration and invasion potential of
[52]
pancreatic ductal adenocarcinoma cells . However,
H19 represses prostate cancer metastasis through the
[46]
H19-miR-675 axis .
H19 is also overexpressed in GC, and can promote
cell proliferation by partly inactivating p53, decreasing
its activity, and suppressing the expression of the
p53 target protein Bax. In contrast, H19 silencing
results in GC cell apoptosis, suggesting that H19
[53]
promotes GC tumorigenesis by activating p53 . H19
[50]
is the precursor of miR-675 , and the H19/miR-675
signaling axis plays a critical role in the carcinogenesis

lncRNAs involved in extracellular matrix degradation

The extracellular matrix prevents GC invasion and
metastasis. Its damage degrades the protective barrier
against GC metastasis, and provides a favorable
environment. Pericellular proteases can degrade
matrix proteins and modulate cancer metastasis
via regulating the cleavage of proteins such as cell
[6]
adhesion molecules . Matrix metalloproteinases
(MMPs) are a subgroup of proteases that degrade the
extracellular matrix and modulate GC invasion and
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Figure 1 H19 regulating network in gastric cancer. (1): Inhibitory effects;
(2): H19 is treated as the precursor of miR-675; (3): H19 positively regulates
its binding protein ISM1; (4): Promoting effects; (5): H19 regulates CALN1
indirectly by miR-675.

3’-UTR
(1)
miR-331-3p

[54]

of colorectal cancer . miR-675 serves as a tumor
suppressor by targeting the 3’-UTR of runt domain
transcription factor1 (RUNX1), downregulating its
expression at the mRNA and protein levels in GC cells
and restoring the proliferation inhibitory effects induced
by siRNA-H19, indicating that H19 acts as a oncogene
[55]
by indirectly regulating RUNX1 expression . However,
entirely different conclusions suggest that H19
regulates the binding protein ISM1, but that miR-675
promotes cell proliferation, invasion and migration
[56]
by targeting CALN1 in GC . In other studies, c-Myc
associates with H19-induced GC tumorigenesis,
[57]
development, and metastasis . Taken together, the
inhibition of H19 expression and the suppression of its
effects on carcinoma progression and metastasis may
improve GC therapeutic treatment and prognosis.

(2)

(2)

Chemotherapy
sensitivity
Caspase-3dependent
apoptosis

HOTAIR

Figure 2 Hox transcript antisense intergenic RNA regulates gastric cancer
metastasis and cell apoptosis by human epithelial growth factor receptor
2 and SUZ12 (A), and hox transcript antisense intergenic RNA acts as a
ceRNA (B). (1): miR-331-3p negatively regulates HER2 by binding to its 3’-UTR;
(2): HOTAIR indirectly regulates HER2 by competitive binding to miR-331-3p.

is increased in colon cancer and is related to the
depth of tumor invasion, lymph node metastasis,
organ metastasis, histological differentiation, vascular
invasion, advanced tumor stage, higher recurrence
rate and poorer overall survival. HORAIR is a potential
target for therapeutic intervention by modulating
[62]
EMT .
HOTAIR is overexpressed in GC metastatic lymph
nodes, and its upregulation is associated with peritoneal
dissemination, poor prognosis and EMT, which is related
[48,63]
to cancer metastasis
. Human epithelial growth
factor receptor 2 (HER2) encodes a protein associated
with trastuzumab-based therapy in carcinogenesis and
[10]
resistance. Liu et al
showed that HOTAIR inhibition
enhances caspase-3-dependent apoptosis and increases
early apoptosis. Furthermore, miR-331-3p inhibits the
expression of HER2 by targeting its 3’-UTR, and HOTAIR
regulates the expression of HER2 by competitive binding
to miR-331-3p, acting as a competing endogenous
RNAs (ceRNA). Other results have shown that HOTAIR
[64]
correlates with SUZ12 and affects epigenetics . Taken
together, we conclude that HOTAIR can be treated as a
therapeutic target that participates in GC tumorigenesis
and metastasis via the HOTAIR/EMT and HOTAIR/
SUZ12 pathways, and in drug sensitivity by regulating
endogenous competition, providing a new path for

GC metastasis-associated lncRNA HOTAIR:
HOTAIR, which is a 2.2-kb ncRNA transcribed from the
HOXC locus of chromosome 12q13.13 in the opposite
direction of HOXC, acts as a scaffold. Its 5’ domain
binds to polycomb repressive complex 2 (PRC2), and
its 3’ domain binds the LSD1/CoREST/REST complex,
coordinating PRC2 and LSD1 to target chromatin,
which leads to the methylation of histone H3 lysine
27 and to the demethylation of lysine 4, respectively
(Figure 2). Thus, HOTAIR transcription affects distant
[58,59]
gene silencing
. HOTAIR is overexpressed in
primary breast cancer and can promote cancer
invasiveness and metastasis depending on PRC2,
making HOTAIR a possible predictor of cancer
[60]
metastasis . Increased expression of HOTAIR is
also observed in hepatocellular carcinoma, and its
expression is associated with MMP9 and vascular
endothelial growth factor protein, which affect cell
[61]
activity and cancer metastasis . HOTAIR expression
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Figure 4 ANRIL forms a positive feedback loop with miR-449a and E2F1, and functions in gastric cancer. (1): Inhibiting effects; (2): Promoting effects.

inhibiting GC metastasis.

3 (LC3)-II, a marker of autophagosomes, to LC3-I,
suggesting that HULC promotes GC cell proliferation by
[66]
activating autophagy . Therefore, we can repress GC
cancer progression and metastasis by downregulating
HULC and, correspondingly, modulating EMT and
autophagy.

GC metastasis associated-lncRNA highly up
regulated in liver cancer: Highly upregulated in liver
cancer (HULC) is an lncRNA that was first identified
by its aberrant expression in hepatocellular carcinoma
(Figure 3). In subsequent studies, its ectopic expression
was found in other cancers, including GC and pancreatic
[65-67]
cancer
.
Increased HULC expression has been observed in
SGC7901, BGC823 and AGS GC lines; however, no
significant difference in HULC expression has been
observed between MKN28, MKN45 and the gastric
epithelial mucosa cell line GES-1. The expression
level of HULC correlates with GC lymph node
metastasis, distant metastasis and TNM stage. HULC
expression promotes GC cell proliferation, migration
and invasion via modulating EMT, which is important
[66]
for metastasis . Autophagy, which is a form of
programmed cell death that differs from apoptosis,
regulates tumorigenesis and cancer progression.
Some studies have shown that upregulated autophagy
in cancer cells leads to cancer cell survival and EMT
[40,68,69]
regulation
. HULC upregulation increases the
ratio of the microtubule-associated protein 1 light chain

WJG|www.wjgnet.com

GC metastasis-associated lncRNA ANRIL (CD
KN2B-AS1): ANRIL is a 3.8-kb lncRNA transcribed
from the INK4A-ARF-INK4B gene cluster in the
[70]
opposite direction
(Figure 4). ANRIL binds to PRC2
with its component SUZ12 and recruits PRC2, thereby
decreasing the expression of p15/INK4B, which is
[71]
a tumor suppressor gene . ANRIL and PRC2 play
repressive roles at the epigenetic transcriptional level
by binding to chromobox 7 within PRC1 and recruiting
PRC1 to the p16 (INK4A)/p14 (ARF) locus, subsequently
[70]
leading to its silencing . The lncRNA ANRIL is also
related to atherosclerosis, periodontitis and certain
[72]
cancers .
ANRIL is aberrantly expressed in some cancers
[73]
and used to predict lung cancer metastasis . ANRIL
expression is increased in GC, and its upregulation is
related to higher TNM stage, larger tumor size and
poorer prognosis. ANRIL promotes GC cell proliferation
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Figure 6 FENDRR regulatory roles in gastric cancer. (1): Inhibiting effects.

and growth partly by the epigenetic silencing of p15/
INK4B and p16/INK4A in Cis and by the regulation
of miR-99a/miR-449a expression by binding to PRC2
with EZH2 and SUZ12 in Trans. This regulation forms a
positive feedback loop and establishes prognostic roles
[74]
for ANRIL in GC diagnosis and therapeutic treatment .

transcription factor FOXF1, plays important roles in
the differentiation of the lateral mesoderm and in the
development of the heart and the body wall (Figure
6). FENDRR modulates chromatin signatures through
binding to both the PRC2 and the Trithorax group/
[80]
Mixed lineage leukemia complexes .
FENDRR is downregulated in GC, and its low
expression is related to deeper tumor invasion,
higher tumor stage, lymphatic metastasis, and poor
prognosis. FENDRR negatively regulates fibronectin 1
and MMP2/MMP9, indicating that FENDRR is a mediator
of cell differentiation, growth, and migration and of
GC progression and metastasis. FENDRR expression
[49]
is downregulated by histone deacetylation in GC .
FENDRR will help us to comprehensively understand the
biological mechanisms of GC metastasis and to discover
novel therapeutic treatments for GC.

Inhibiting GC metastasis

GC metastasis-associated lncRNA maternally
expressed gene 3: Maternally expressed gene 3
(MEG3) is an imprinted gene on human chromosome
[75]
14q32.3 that can encode a lncRNA
(Figure 5).
LncRNA MEG3 expression is downregulated in multiple
cancers, and its downregulation is associated with
advanced pathological stage, larger tumor size, and
poor prognosis. MEG3 induces G2/M cell cycle arrest
and promotes apoptosis by partially activating p53,
[76,77]
thereby inhibiting cell proliferation and growth
.
In GC, MEG3 expression is significantly lower than
in adjacent normal tissue, and its downregulation
correlates with higher TNM stage, deeper invasion. and
larger tumor size. MEG3 acts as a tumor suppressor
partly through activation of p53. Methylation of the
MEG3 regulatory regions (MEG3-DMRs) is involved in
MEG3 modulation. miR-148a increases the expression
of MEG3 by downregulating DNA methyltransferase-1,
which is traditionally thought to be essential for DNA
[78,79]
methylation and genome stability
. miR-148a is
a therapeutic agent that can repress GC metastasis
by indirectly upregulating MEG3, which functions as a
tumor suppressor gene.

Other GC metastasis associated lncRNA

Other aberrantly expressed lncRNAs in GC are closely
related to TNM stage, invasion depth, lymph node
metastasis, and patient prognosis, and some of their
[81-83]
mechanisms have been partially elucidated
.
Colon cancer-associated transcript (CCAT1) is
an lncRNA that is ectopically expressed in colon
adenocarcinoma and is highly expressed in GC, being
associated with early GC growth, lymphatic node
metastasis, and distal metastasis. c-Myc binds to
the E-box element in the promoter region of CCAT1,
promoting GC activity, proliferation and migration by
[84,85]
upregulating proliferating cell nuclear antigen
.
Under hypoxic conditions, the lncRNA, AK058003,
decreases the CpG island methylation of SNCG,
which is a metastasis-related gene, correspondingly
modulating the hypoxia-induced metastasis of GC

GC metastasis associated lncRNA FENDRR:
The lncRNA, FENDRR, which is transcribed 1250 bp
upstream of the 5’ end of the gene encoding the
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[86]

cells . The lncRNA, MALAT1, is ectopically expressed
in GC, promoting cancer cell proliferation by recruiting
[87]
and partly modulating SF2/ASF . Other lncRNAs,
such as GHET1 and GAS5, are aberrantly expressed
in GC and are related to tumor size, TNM stage,
invasion, and prognosis. These lncRNAs function as GC
metastasis regulators by modulating the interaction
between insulin-like growth factor 2 binding protein-1
and c-Myc mRNA, consequently upregulating the
expression of c-Myc mRNA and increasing its stability,
thereby promoting proliferation or enhancing caspase[88,89]
3-dependent apoptosis
. These regulatory
mechanisms of lncRNAs in gastric carcinogenesis and
metastasis pave the way for future molecular target
therapy for GC.

MAPK pathway and promoting gallbladder cancer cell
[97]
proliferation and metastasis .
lncRNAs also modulate GC tumorigenesis, growth,
and metastasis by affecting GC cell proliferation, cell
migration and invasion, tumor suppressor genes and
[53,78]
[89]
oncogenes such as p53
and c-Myc , mediating
[66]
[10]
EMT , acting as ceRNAs , and being processed into
[50,55]
other small molecular RNAs
. Increasing evidence
has shed light on the role of lncRNAs in diverse cancers,
particularly GC; however, their functional links to gene
regulation, disease occurrence and, specifically, GC
metastasis have yet to be thoroughly studied. lncRNAs
serve as a group of multiple genes involved in the
[86,100]
regulation of GC metastasis
. Studies have shown
that angiogenesis and the stroma play pivotal roles in
[101]
cancer metastasis . Researchers have demonstrated
that lncRNAs participate in neovasculature forma
[31,32]
[37,38,42]
tion
, TJ and adhesion regulation
, and
[47-49]
extracellular matrix degradation
. Some lncRNAs
are aberrantly expressed or play essential roles in cell
activity and cancer metastasis, indicating that lncRNAs
may promote or inhibit GC metastasis.
Unfortunately, few studies have systematically
described a functional overview of the mechanisms
underlying the regulatory roles of lncRNAs and their
association with GC metastasis. Provision of reliable
approaches for predicting and identifying the functions
of the versatile lncRNAs, and exploring this mysterious
[8]
field in a comprehensive manner remains necessary .
For GC metastasis-related lncRNAs, a stepwise approach
to the comprehensive understanding of GC metastasisrelated lncRNAs is also required. Uncompleted tasks
include the following: (1) screening for more GC
metastasis-associated lncRNAs; (2) exploring the
mechanisms of lncRNAs involved in GC carcinogenesis
and metastasis; (3) searching for lncRNAs with
metastasis value and constructing a lncRNA regulatory
network; (4) seeking lncRNA pathways participating
in GC invasion and metastasis and selecting the key
pathway; and (5) intervening in GC at the gene level
to inhibit metastasis. Taken together, the study of
newly discovered lncRNAs is a promising field for
future molecular targeted therapy of GC via metastasis
intervention.

CONCLUSION
In the human transcriptome, aberrant sequence
expression involves both protein-coding RNAs and
non-protein-coding transcripts. However, non-coding
elements were neglected previously, and even
considered as noise with no biological functions. Recent
research has paid increasing attention to a traditionally
ignored area, namely lncRNAs, which are a new cluster
of non-coding RNAs transcribed from non-proteincoding sequences. lncRNAs can not only regulate
the subcellular localization and activity of other RNAs
and proteins, but also regulate local or global gene
expression in trans or cis by influencing chromatin
modification, and transcriptional or posttranscriptional
[90]
gene regulation . Recently, the functions and ex
pression levels of lncRNAs were shown to correlate
with diseases such as neurological disorders, Mendelian
[14]
disorders, cardiovascular disease, and cancer .
lncRNAs play different biological and physical roles
in normal individuals. lncRNAs are involved in gene
expression programs by binding to various chromatin
regulatory proteins and modulating the pluripotency
[91]
and differentiation of embryonic stem cells . lncRNAs
play critical roles in the development of life and organs,
[92]
[93]
[94]
such as the brain , heart , and lungs . The
aberrant expression and regulatory roles of lncRNAs
in clinical diseases were demonstrated simultaneously
with their functions to some extent. In recent years,
their functions and expression levels have been shown
to be associated with neurological disorders, Mendelian
[14,95]
disorders, cardiovascular disease, and cancer
.
In cancer, lncRNAs participate in a multitude of
processes, including cancer cell proliferation, migration,
[96-98]
invasiveness, and metastasis
. The lncRNA, H19,
is highly expressed in hepatic metastatic individuals,
[96]
giving it prognostic value for cancer metastasis .
The lncRNA, MALAT1, modulates gene expression,
thus changing the metastasis phenotype of lung
[99]
cancer cells . The upregulated expression of MALAT1
in gallbladder carcinoma suggests that this lncRNA
might function as an oncogene, activating the ERK/
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Abstract
Inflammatory bowel disease (IBD) is one of the most
common chronic gastrointestinal diseases in pediatric
patients. Choosing the optimal imaging modality for
the assessment of gastrointestinal disease in pediatric
patients can be challenging. The invasiveness and
patient acceptance, the radiation exposure and the
quality performance of the diagnostic test need to
be considered. By reviewing the literature regarding
imaging in inflammatory bowel disease the value of
ultrasound in the clinical management of pediatric
patients is highlighted. Transabdominal ultrasound is a
useful, noninvasive method for the initial diagnosis of
IBD in children; it also provides guidance for therapeutic
decisions and helps to characterize and predict the
course of the disease in individual patients. Ultrasound
techniques including color Doppler imaging and
contrast-enhanced ultrasound are promising imaging
tools to determine disease activity and complications.
Comparative studies between different imaging methods
are needed.
Key words: Ultrasonography; Guidelines; Complication;
Intestine; Pediatrics
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease is one of the most
common chronic gastrointestinal diseases in pediatric
patients. Choosing the optimal imaging modality for
the assessment of gastrointestinal disease in pediatric
patients can be challenging. The presented paper is
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intended to discuss the value of ultrasound, including
conventional ultrasound, color Doppler imaging
and contrast enhanced ultrasound, in the clinical
management of pediatric patients with inflammatory
bowel disease.

increased imaging demand for pediatric IBD patients,
mainly when repeated investigations are required for
[14]
follow-up .
Imaging of pediatric patients with IBD must balance
diagnostic accuracy of the test against concerns
about patient exposure to ionizing radiation. Patient
acceptance and non-invasiveness of the imaging
technique need also be accounted for. Because of their
small body size and higher rate of cellular proliferation,
pediatric patients have a higher cancer risk per unit
[15]
radiation dose than adults . The cumulative radiation
dose should also be considered because pediatric
patients may undergo numerous imaging tests over a
[16-19]
lifetime due to the relapsing nature of the disease
.
Current risk estimates indicate that the radiation
exposure from these imaging studies may be sufficient
[20]
to increase the lifetime risk of cancer .

Chiorean L, Schreiber-Dietrich D, Braden B, Cui XW, Buchhorn
R, Chang JM, Dietrich CF. Ultrasonographic imaging of
inflammatory bowel disease in pediatric patients. World J
Gastroenterol 2015; 21(17): 5231-5241 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i17/5231.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i17.5231

INTRODUCTION
Inflammatory bowel disease (IBD) is one of the most
common gastrointestinal diseases affecting pediatric
[1]
patients in the developed world . Although true in
cidence rates are uncertain, Crohn’s disease (CD) is
diagnosed annually in children at a rate of 0.2-8.5 per
100000 whereas ulcerative colitis (UC) is diagnosed at
[2,3]
a rate of 0.5-4.3 per 100000 . Colonic involvement
is frequently found in CD pediatric patients (84%),
particularly the left-sided colon where maximal disease
[4]
activity is usually found . Isolated colonic disease is
more frequent in early-onset CD (0-5 years of age)
as compared to an older age group (6-17 years of
[5]
age) . Adolescents with UC tend to have severe
and extensive disease at presentation, about 90% of
[6]
adolescents presenting with pancolitis .
Diagnosis of IBD in pediatric patients can be
challenging due to presentation with atypical symptoms
and/or extraintestinal manifestations (e.g., short
stature, chronic anemia, unexplained fever, arthritis,
[7]
mouth ulcers) . There is currently no single diagnostic
test for CD, and the diagnosis is based on a combination
of history, physical examination, endoscopic appearance,
histologic findings in gastrointestinal biopsies, presence
of serum inflammatory markers, and typical imaging
[8]
results . The course of the disease is unpredictable,
exacerbations and phases of remissions can alternate,
and no single parameter alone can at present reliably
[9,10]
define the disease activity or prognosis
.

Guidelines

In the ESPGHAN Revised Porto Criteria for the Dia
gnosis of Inflammatory Bowel Disease in Children
[21]
and Adolescents , ultrasound has been described
as a noninvasive, and widespread available method,
valuable as a screening tool in the preliminary diag
nostic work-up of pediatric patients with suspected IBD
due to its major advantages of low costs and lack of
[22-24]
radiation exposure
.
According to the European Crohn’s and Colitis
[25]
Organisation (ECCO) guidelines , computedtomography and magnetic resonance imaging are
considered the current standard for assessing the small
intestine providing similar diagnostic accuracy for the
[26,27]
detection of small intestine inflammatory lesions
.
Considering radiation exposure resulting from computed
tomography examinations, magnetic resonance should
[25,28]
be preferred when possible
. Transabdominal
ultrasound is described as a useful additional technique
for assessing bowel inflammation, representing another
non-ionizing imaging technique which may provide
information about disease activity, in particular for CD
[29]
limited to the ileum . The use of contrast-enhanced
abdominal ultrasound and color Doppler imaging
increases its sensitivity and specificity in the detection
[30-32]
of disease activity
. Significant drawbacks of the
sonographic technique are the difficult visualisation
of deep bowel segments and the high interobserver
[25]
variability .

INTRODUCTION INTO IMAGING
In the last two decades, tremendous technological
advances in IBD imaging resulted in significant
effects on the diagnostic and therapeutic work-up
[11,12]
of patients
. These new imaging modalities can
reveal mucosal alterations as well as transmural and
periintestinal inflammation and enable a more detailed
disease staging; they also can be helpful in detecting
asymptomatic disease and assessing response to
[13]
therapy . Due to the noninvasive nature of some
of the new techniques, there has been a remarkably
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ULTRASOUND
Current status

Transabdominal ultrasound is presently accepted
as a clinically important first line tool in assessing
patients with CD irrespective of their clinical symptoms
and/or disease activity and it provides guidance for
[33-35]
therapeutic decisions
. Due to its high negative
predictive value, abdominal ultrasound is useful in
the preliminary diagnostic work-up of patients with
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suspected small bowel inflammation before more
[25]
invasive tests are performed . However, its most
important application is the follow-up of patients with
a previous diagnosis of CD to assess the extent of
disease involvement and identify early intra-abdominal
[36]
complications .
[17]
Duigenan et al
published in 2012 a review on
the current imaging literature and developed basic
imaging guidelines for the diagnostic evaluation of
children with IBD. They outlined the role of ultrasound
as a noninvasive test that avoids ionizing radiation,
is ideally suited for pediatric IBD assessment, with
the need of prospective evaluation of high-frequency
bowel ultrasound as a potentially helpful tool in routine
surveillance.

ferent disease aspects and potential therapeutic
decisions and produced enthusiasm for its use in IBD
[37,38]
children
. Intravenous contrast agents have not yet
been authorized for pediatric ages but off label use is
mandatory if no other equivalent and approved method
[46,47]
is available
. Elastography is also an additional and
[48,49]
promising tool
.
[50]
A review published in 2012 by Di Nardo et al
describes the most recent advances, the application
of novel imaging and endoscopic methodologies
for investigation of the small bowel in children with
suspected or established CD. They described ultrasound
as a very useful modality for IBD imaging in children
due to its non-invasiveness, low cost, lack of radiation
[22,51]
and widespread availability
.

Use of oral ultrasound contrast agents

Limitations

Oral contrast (“small intestinal contrast ultraso
nography”) has been tested in pediatric patients. The
use of oral anechoic contrast solution (iso-osmolar
polyethylene glycol) enhances the sensitivity and
[21,37,38]
decreases the inter-observer variability
.
[38]
Pallotta et al
published in 2013 a study in 51
consecutive pediatric patients, 21 with suspected
and 30 with proven CD. Transabdominal ultrasound
and small intestine contrast ultrasonography were
compared with small bowel follow-through and
endoscopy for the detection of small bowel lesions
using the final diagnosis as reference standard. They
reported a sensitivity and specificity of 75% and
100% respectively for Transabdominal ultrasound, and
of 100% and 100% respectively for small intestine
contrast ultrasonography in undiagnosed patients, and
of 76% and 100% respectively for transabdominal
ultrasound, and of 96% and 100% respectively for
small intestine contrast ultrasonography in patients
with proved CD. The agreement (k) with radiology
for the site of the lesions was almost perfect for small
intestine contrast ultrasonography (0.93), both for
jejunal and ileal lesions, and it was fair (0.40) for
jejunal and substantial (0.68) for ileal lesions for
transabdominal ultrasound. They concluded that small
intestine contrast ultrasonography, as a noninvasive,
radiation free, and well-tolerated tool should be used
as a first line investigation in the management of
[39]
children with suspected or already-diagnosed CD .
Previously, in a study published in 2005, Pallotta
[38]
et al
studied 148 adolescents and adults, 57 of
them with previously diagnosed CD, and showed
that small intestine contrast ultrasonography had a
higher sensitivity and specificity (100% and 98%,
respectively) than conventional ultrasound (57% and
94.3%, respectively), in detecting the number and
sites of small bowel lesions.

Perspectives

On the other hand, important limitations are that the
alimentary tract cannot be visualized over its entire
length, many of the findings are nonspecific and
obtaining and interpreting the images is operator
[52]
dependent .

Initial diagnosis

According to the ESPGHAN Revised Porto Criteria for the
Diagnosis of Inflammatory Bowel Disease in Children
and Adolescents, small bowel imaging is recommended
in all suspected cases of IBD at diagnosis (except for the
cases of typical UC, where the diagnosis can be based
on endoscopy and histology). Imaging is particularly
important in suspected CD, in patients whose ileum
could not be intubated, in patients with apparent
UC with atypical presentations, and in patients with
[21]
unclassified IBD .
Based on the ECCO consensus on the diagnosis
[53]
and management of CD in special situations ,
initial investigation in children and adolescents with
suspected IBD should consist of ileocolonoscopy with
multiple biopsies and small bowel imaging, irrespective
of the findings at ileocolonoscopy, in order to guide
therapeutic management and detect strictures that
may need surgical resection even though the terminal
[25,53-55]
ileum may appear normal at colonoscopy
.
The sonographic sensitivity and specificity for the
diagnosis of CD range from 75% to 94% and 67%
[29]
to 100%, respectively . In a prospective study
[56]
by Borthne et al , the sensitivity and diagnostic
accuracy of 15 ultrasound examinations tested
against endoscopy as the gold standard was 93.3%.
All the ultrasound examinations were concordant
with the endoscopy findings except in one patient
with CD but negative ultrasound result. Comparative
studies between ultrasound and ileocolonoscopy with
histology in detecting CD lesions at the terminal ileum
have shown an overall sensitivity and specificity of
[57,58]
74%-88% and 78%-93%, respectively
. Ultrasound
is more sensitive in detecting terminal ileum lesions
(about 90%-95%), while its sensitivity is decreased

[40-45]

Recently, technological advances
have improved
the performance of ultrasound with regard to dif

WJG|www.wjgnet.com

5233

May 7, 2015|Volume 21|Issue 17|

Chiorean L et al . Ultrasound of pediatric IBD

A

B

C

Figure 1 Crohn’s disease of the ileocecal region with stenosis of the terminal ileum. A: The normal appendix is shown as well (APP) crossing the iliacal vessels; B:
Crohn’s disease of the terminal ileum. Note the symmetric thickening of the bowel wall. AI: Iliacal vessels; Crohn’s disease of the sigmoid colon. Note the asymmetric
and segmental thickening of the antimesenteric bowel wall mainly focussed on the submucosal layer (SM); C: Muscularispropria and the lumen are also indicated.
TMR: Transmural reaction.

for proximal small bowel lesions (75%) and colonic
[59]
lesions (82%) . In a prospective study on 43 pediatric
patients with clinical suspicion of IBD, the sensitivity
of ultrasound compared to endoscopy was 93.3%
[56]
and the diagnostic accuracy 93.3% . Overall result
[27]
of the meta-analysis by Horsthuis et al , regarding
the accuracies of ultrasound, magnetic resonance
imaging, scintigraphy, and computed tomography in
the diagnosis of IBD was that no significant differences
in diagnostic accuracy among the imaging techniques
were observed (mean sensitivity estimates on a
per-patient basis were 89.7%, 93.0%, 87.8%, and
84.3% for ultrasound, magnetic resonance imaging,
scintigraphy, and computed tomography, respectively;
mean per-patient specificity estimates were 95.6%,
92.8%, 84.5%, and 95.1% for ultrasound, magnetic
resonance imaging, scintigraphy, and computed
tomography, respectively).
Mesenteric lymphadenopathy might be a very early
finding of CD which can be found even before mural
changes are visible. This might reflect the autoimmune
nature of the disease but published data are lacking.

In early CD the wall stratification is usually preserved,
and the submucosa is thickened and appears as a
hyperechoic band. In severe disease the stratification
may disappear, due to deep mural ulcers with
[22,50]
substantial inflammation and neovascularization
.
Dinkel and colleagues evaluated 32 children
diagnosed with CD by real-time sonography and
described typical ultrasound patterns which might help
to establish the correct diagnosis in patients presenting
with unspecific abdominal complaints. However, the
differential diagnosis of similar sonographic features
and the limitations of ultrasound in evaluating
[61]
gastrointestinal disease must still be considered .
Different values for the wall thickness have been
suggested as threshold for a positive diagnosis in
various reports (from 1.5 mm to 3 mm for the terminal
[62]
ileum and < 2 mm for the colon) .

Chronic (advanced) disease

In proven CD the sonographic findings during followup reflect the clinical course and may delineate
[61]
complications . Transmural inflammation (Figure 2A)
and transmural inflammation with fistula formation
(Figure 2B) are observed in more advanced and
complicated stages. In long-standing disease the bowel
wall is thickened due to fibrosis and it sonographically
appears hypoechoic, with loss of normal stratification.
Due to the fibrofatty proliferation of the mesentery, the
affected segment tends to be isolated, fixed, without
[22]
peristalsis, and shows abnormal angulation .

Early and uncomplicated disease

According to the ESPGHAN Revised Porto Criteria
for the Diagnosis of Inflammatory Bowel Disease in
Children and Adolescents, ultrasound is recommended
as a valuable screening tool in the preliminary
diagnostic work-up of pediatric patients with suspected
IBD, but should be complemented by more sensitive
[21]
imaging of the small bowel .
Transabdominal ultrasound is clinically useful
in CD by evaluating the extent and localization of
involved bowel segments (Figure 1A). The early signs
are segmental bowel wall thickening (Figure 1B)
and asymmetric thickening (Figure 1C), assumed to
correspond to endoscopic signs of focal ulcerations
and/or polypoid mucosal changes. The asymmetric
segmental bowel wall thickening, areas of normal
appearing mucosa alternating with inflamed mucosa, is
creating the so called “cobblestone appearance” in CD,
[33,60]
different from the continuous involvement in UC
.
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Complicated disease and assessment of complications

Pediatric patients with IBD as well as adults with
childhood-onset IBD are at increased risk to develop
[63]
other comorbidities and complications . Therefore,
the presence of periintestinal inflammatory reaction
and the surrounding structures should also be assessed
to detect luminal (ileus) and extraluminal complications
such as ileus, carcinoma, fistula, perforation and
[33,64]
abscesses
. Strictures are typically visualised as
marked thickening with a fixed hyperechoic narrowed
lumen associated with dilatation and hyperperistalsis
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A

B

Figure 2 Segmental Crohn’s disease. Note the “dirty” bowel wall thickening with loss of layer structure and the transmural inflammation without fistula and abscess
formation. A: The periintestinal inflammatory reaction is shown by surrounding tissue (FAT CAP) (A). Crohn’s disease; B: Note the transmural inflammation (TMR) with
fistula and abscess formation. The lumen is also indicated.
[76,77]

strictures or obstruction
. Ultrasound and computed
tomography are widely available and facilitate early
[67]
abscess drainage . However, the major disadvantage
of computed tomography scans is the large amount
[78]
of radiation exposure . Furthermore, computed
[79]
tomography enteroclysis is poorly tolerated in children .

Extraintestinal manifestations

Transabdominal ultrasound examination of extraluminal
phenomena such as free fluid collection and/or
mesenteric lymph nodes may reflect disease activity,
but clinical data corroborating such a view are scanty.
Although lymph node enlargement is a common
[34,35,80-82]
sonographic finding in CD
, it appears that
ultrasound assessment of lymph nodes with regard to
clinical parameters, particularly disease activity, is only
of limited value and the clinical implications remain to
be further clarified. Very early manifestation of CD in
children might be mesenterial lymphadenopathy with
[33]
or without bowel wall thickening .
In addition, several extraintestinal manifestations,
particularly perihepatic lymphadenopathy can be
reliably diagnosed by transabdominal ultrasound,
along with pericholangitis, steatosis, chronic hepatitis,
cirrhosis, and gallstone formation which are also
[34,53,80]
overrepresented
.
Ileostomy, small bowel resection or longstanding
extensive small bowel activity are risk factors in CD
to develop urolithiasis which can be detected using
[83]
ultrasound .

Figure 3 Crohn’s disease. Colour Doppler imaging has been used to determine
disease activity. Note the vessels (1-4) transversing the muscle proper layer
(Muscularis). The lumen and the vessels within the submucosal layer are also
indicated.
[65]

of the prestenotic gut . In UC, the so called lead
pipe appearance is due to mucosal ulcerations and
[66]
consecutive fibrosis .
According to joint ECCO and ESGAR evidencebased consensus guidelines published by Panes et
[67]
al
in 2013, ultrasound, computed tomography, and
magnetic resonance imaging have a high accuracy
for the assessment of penetrating complications (i.e.,
fistula, abscess) and for monitoring disease progression.
Ultrasound allows the detection of complications such
as fistulas (and the early stage of fistula, transmural
inflammation), abscesses and ileus/subileus with high
[68-73]
sensitivity and specificity
. Power Doppler ultrasound
has been suggested to improve the diagnostic accuracy
of transabdominal ultrasound in discriminating
[27,29,58,74,75]
inflammatory from fibrotic strictures
. Maconi
[70]
et al have been able to detect internal fistulae in CD,
by detecting an increased vascularity within the wall of
these lesions and associated abscesses by detecting
the absence of signals within the centre of these lesions
(Figure 3).
As a cross-sectional imaging method, computed
tomography may be particularily helpful in the acute
situation, for planing surgery, or in the evaluation of
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Assessment of disease activity and predictive index

Assessment of disease activity is important for
[32,35,68,84-90]
treatment decisions
. The first parameter in
imaging modalities supposed to reflect disease activity
is bowel wall thickening, although detailed data are
[33,84,85,88-98]
disappointing
. The length and extent of the
involved bowel segments is also related to disease
[33,99]
activity
. Other parameters of disease activity
with an overlap to complications include extraluminal
[100]
phenomena such as free fluid collection (ascites) .
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Conventional ultrasound

density in a bowel loop affected by CD reflects
disease activity. This noninvasive test may prove to
be useful for monitoring the course of the disease. It
has the potential to monitor the response to therapy,
e.g., when experimental treatments of the disease,
including angiogenesis inhibitors, are being tested in
clinical trials.
[111]
In a study by Scholbach et al
color Doppler
imaging videos of bowel wall perfusion from 34 healthy
children and from 14 patients with CD were recorded
under defined conditions and have been compared
using the Pediatric Disease Activity Index. The
method of dynamic, automatic noninvasive perfusion
quantification has been proved to be useful to describe
local inflammatory activity in bowel segments affected
by CD and adds new information to activity evaluation
by the Pediatric Crohn’s Disease Activity Index.
Specific wall perfusion in intestines of CD patients is
significantly elevated and reaches up to seven fold
intensity compared with healthy subjects.

The role of ultrasound in assessing disease activity
[62]
has been extensively investigated. Haber et al
have
shown in 23 CD children that the maximal bowel wall
thickness is correlated with the disease activity index,
erythrocyte sedimentation rate, and C-reactive protein
(CRP) levels.
In their study on pediatric patients with UC, Civitelli
[101]
et al
showed that ultrasound can accurately detect
the anatomic location of the disease, with a high
level of agreement with endoscopy (k = 0.094). Also,
their constructed ultrasound score to quantify disease
severity strongly correlated with both endoscopic (r =
0.94) and clinical (r = 0.90) activity of disease. They
concluded that colonic ultrasound may therefore be
preferred in clinical pediatric practice for monitoring
disease course and for assessing short-term treatment
response, moreover since colonic ultrasound does not
require a specific bowel preparation such as magnetic
resonance enteroclysis does.

Color doppler imaging

TECHNOLOGICAL ADVANCES

As stated in current guidelines, color Doppler
imaging increases the sensitivity and specificity
of transabdominal ultrasound, in particular for CD
[25]
limited to the ileum . It has been used to determine
the disease activity by demonstrating hyperemia
both of the bowel wall and adjacent mesentery. This
turned out to be a notable marker of disease activity
[29,31,32,98,102-113]
in IBD
. Combination of B-mode and
power Doppler sonography has a high accuracy in
the determination of disease activity in CD when
[114]
compared to ileocolonoscopy . A significantly higher
bowel wall perfusion has been demonstrated in bowel
segments of CD patients compared with healthy
pediatric patients. The vessel density in affected bowel
loops, as estimated with Doppler ultrasound, along
with bowel wall thickening (> 5 mm) has been proved
[98,111]
to reflect disease activity in patients with CD
. The
hypervascularity in the gastrointestinal wall of patients
with CD may be indicative of subclinical disease and
[115]
this should be followed in prospective studies .
[116]
Ruess et al
found in 17 children and adolescents
with IBD that bowel wall thickening (> 3 mm)
and Doppler ultrasound grading of the bowel wall
vascular pattern correlated with laboratory and clinical
parameters of disease activity. Reduction or resolution
of hypervascularity (as assessed by color Doppler
ultrasound) can suggest efficacy of treatment.
[98]
In a study by Spalinger et al , ninety-two
pediatric patients underwent 119 ultrasound exami
nations, from which 85 were performed in patients
with active disease. Thicker affected bowel loops with
higher vessel density were observed in disease state
than during remission. They concluded that with
the use of strictly controlled and constant technical
factors, color Doppler imaging estimation of vessel
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Contrast enhanced ultrasound

After the first guidelines on the use of contrastenhanced ultrasound, introduced by The European
Federation of Societies for Ultrasound in Medicine and
Biology (EFSUMB) in 2004, which mainly focused on
[117]
liver applications
, the update version published
in 2008 described applications on other organs
[118,119]
as well
. The new EFSUMB guidelines and
[45]
recommendations from 2011
have added among
others a section on the gastrointestinal tract. Herein, the
role of contrast-enhanced ultrasound in the diagnosis
of IBD has been described, including considerations
on the disease activity, distinguishing between
fibrous and inflammatory strictures, abscesses, and
fistula. Limitations as well as recommended uses and
indications have also been stated. “Comments and
Illustrations of the European Federation of Societies for
Ultrasound in Medicine and Biology (EFSUMB) Non-Liver
Guidelines 2011” which focuses more on established
applications are published in the same supplement
to Ultraschall in der Medizin (European Journal of
[120]
Ultrasound) .
In a study with 104 patients with CD examined
by contrast-enhanced ultrasound with respect to the
disease activity index, it was found that the pattern
of contrast enhancement and the ratio of enhanced
to entire wall thickness had a positive predictive value
of 63.0% and 58.6%, respectively, in distinguishing
[121]
active from inactive disease
(Figure 4). Periintestinal inflammation also can be characterized
[122]
in more detail
. Contrast-enhanced ultrasound
has been proven to be helpful in the delineation of
[45,120,123-126]
abscess
. Contrast-enhanced ultrasound can
also provide prognostic data concerning relapse and/or
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extent and localization of involved bowel segments
and the presence of extraluminal complications such
as fistula, abscesses, carcinoma and ileus can be
assessed using transabdominal ultrasound. Ultrasound
techniques including color Doppler imaging and
contrast-enhanced ultrasound are promising novel
tools to determine disease activity. Transabdominal
ultrasound also helps to guide therapeutic decisions
and allows better characterization of the disease
course in individual patients.
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Abstract
AIM: To create a new rat model for drug administration,
cell transplantation, and endoscopic examination for the
treatment of intestinal diseases.
METHODS: F344/NJc l-rnu/rnu rats (10-wk-old males,
350-400 g) were used in this study. The rats were
anesthetized via 2% isoflurane inhalation. The rat’s
cecum was isolated from the intestines, and a pouch was
created. The remainder of the intestines was rejoined to
create an anastomosis. The “side-to-side” anastomosis
(SSA) technique initially involves the creation of a 2-cm
longitudinal incision into each intestinal wall. To create
an anastomosis along the ileal and colonic walls, both
intestines were cut, and a continuous suture procedure
was performed that included all layers of both intestines.
The serous membrane was sutured along the edge and
on the anterior wall of the anastomosis. The “end-toend” anastomosis (EEA) technique was compared with
the SSA technique. In the EEA technique, the frontal
surfaces of both cut intestinal lumens were joined
together by continuous sutures. Additional sutures were
made at the serosa. After the anastomotic intestine
was successfully constructed, the two intestinal lumens
that were cut at the isolated cecum were managed. In
addition, one luminal side of the pouch remained open
to create an artificial anus on the dorsum as a passage
for the residual substances in the pouch. Finally, small
animal endoscopy was used to observe the inside of the
pouch.
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RESULTS: In this animal model, mucus and feces
are excreted through the reconstructed passage.
Accordingly, the cecal pouch mucosa was not obstructed
or contaminated by feces, thus facilitating observations
of the luminal surface of the intestine. The endoscopic
observation of the cecal pouch provided clear visua
lization given the absence of feces. The membrane
surface of the cecum was clearly observed. Two methods
of creating an anastomotic intestine, the “SSA” and
“EEA” techniques, were compared with regard to animal
survival rate, complication rate, and operation time.
The SSA technique resulted in a significantly increased
survival rate and a lower incidence of complications
in rat models compared with the EEA technique. The
complications of stenosis and leakage resulted in death
in the EEA technique. Thus, the EEA technique exhibited
a lower survival rate compared with the SSA technique.
However, the SSA technique required a significantly
longer operation time compared with the EEA technique.

In gastroenterological research, trinitrobenzene
sulfonic acid (TNBS)-induced colitis is a conventional
experimental colitis model that is widely used to
understand the pathophysiology of inflammatory bowel
[8]
disease (IBD) . This animal model was also recently
used in stem cell transplantation studies that involve
the transplantation of in vitro cultured stem cells into
[9]
an ulcerative lesion in animal intestines . Typically,
drugs and cells are delivered via enema in such studies.
However, the use of this technique to deliver drugs and
cells to target sites of the luminal surface is difficult and
inefficient due to limited visualization and obstruction
from the animals’ waste products. Even if drug and
cell delivery is achieved, routine excretion is still
unavoidable and often hampers drug absorption and
cell engraftment. Therefore, it is necessary to develop a
novel animal model that can facilitate efficient drug and
cell administration in an experimental animal study.
Unlike human surgeries, operations in rat models
are typically performed by a single operator under a
[10]
microscope . Therefore, a clear and stable field of
operation, particularly while suturing intestinal tissues,
is indispensable to the operator in terms of maintaining
[11]
a meticulous surgical technique . In the present,
study we developed a new rat intestinal model wherein
a cecal-isolated intestinal pouch was created to provide
an experimental site for the gastrointestinal study.
A separate excretory passage was simultaneously
created using the rejoined intestine. The use of surgical
procedures to rejoin the intestines were proposed and
compared.

CONCLUSION: Our new rat model is potentially useful
for the development of a novel treatment for intestinal
diseases.
Key words: Animal model; Anastomosis; Endoscopy;
Cecal pouch; Microsurgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The most innovative feature of this study
involved the creation of a cecal pouch that was isolated
from the intestines and rejoined to create an anastomosis
and an artificial anus on the rat’s dorsum that consisted of
one side of a cut that remained open on the lumen of the
cecal pouch. Feces were excreted via the anastomosis.
Thus, the pouch mucosa was not contaminated by feces,
and the luminal surface remained clean. This feature
enables endoscopic observation via the artificial anus.
Furthermore, drug administration or cell transplantation
into the pouch can be easily and repeatedly performed
through the artificial anus, and temporal changes can be
observed via endoscopy.

MATERIALS AND METHODS
Animal care and use statement

The animal protocol was designed to minimize pain or
discomfort to the animals. The rats were housed and
cared for in individual cages. The room was maintained
at 22-24 ℃ and approximately 45% humidity on a
12 h light and dark cycle. Rats were provided with
ad libitum access to food and water. The rats were
anesthetized with 2% isoflurane inhalation before the
procedures.

Koshino K, Kanai N, Yamato M, Okano T, Yamamoto M. Novel
isolated cecal pouch model for endoscopic observation in rats.
World J Gastroenterol 2015; 21(17): 5242-5249 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i17/5242.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i17.5242

Animal preparations

Animal care was performed according to the protocol
approved by the Tokyo Women’s Medical University
Animal Experimentation Committee (IACUC protocol
number: 14-69). A total of 33 F344/NJc l-rnu/rnu rats
(10-wk-old males, 350-400 g) purchased from Charles
River Laboratories Japan (Tokyo, Japan) were used
for this study. Prior to anesthesia, the animals were
injected with a normal saline solution containing 10%
TM
penicillin/streptomycin (Invitrogen , Life Technologies,
1600 Faraday Avenue Carlsbad, CA 92008 United
States) through the superficial dorsal vein of the
penis to avoid infection. Subsequently, the rats were
anesthetized via 2% isoflurane inhalation. The animals

INTRODUCTION
Animal models allow researchers to better understand
various processes related to human diseases, deve
lopment, and physiology. In addition, these models
provide valuable information leading to the development
of human therapies. Therefore, well-developed animal
[1-7]
models are crucial to ensure successful experiments .
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Figure 1 Procedures for intestinal isolation and the creation of an artificial anus on the rat’s dorsum. A: Anatomical findings reveal the ileum (I), cecum (Ce),
and colon (Co). Two cutting points were denoted (dash line) 2-cm apart from ileocecal and cecocolonic junctions (arrowhead); B: The arrow indicates the colonic
lumen that remains open; C: The intestinal membrane of the open colonic lumen was sutured together with the rat dorsal skin to create an artificial anus.

were restrained in the supine position on a micro
warm plate (Kitazato Corporation, 81 Nakajima, Fuji,
Shizuoka, 416-0907 Japan) set at 37 ℃. Their dorsal
hair was shaved, and the surgical area was sterilized
with 70% ethanol.

that were cut at the isolated cecum were managed.
*
The ileal lumen was closed with 7-0 PDS II sutures,
whereas the colonic lumen remained open to create an
artificial anus as a passage for residual substances in
the pouch. The cecal pouch was subsequently created.
Next, the incised retroperitoneum was closed. Finally,
an artificial anus was created on the rat dorsum
by suturing the intestinal membrane of the colonic
lumen, which remained open, to the dorsal skin, which
subsequently reversed the mucosa (the inside of the
mucosa now faces outwards) (Figure 1B and C).

Surgical procedures

A 2.5-cm incision was created on the right side of the
rat dorsum. Due to the increased anatomical size of
the rats (compared with humans), the cecum and
small intestine were easily recognizable after passing
through the retroperitoneal layer.
Two incision points were marked 2 cm away from
the ileocecal and cecocolonic junctions (Figure 1A). To
stabilize and secure an operative field, the posterior
wall of the ileum and colon were placed in parallel.
Under a surgical microscope, both intestinal walls were
*
then fixed together with five interrupted 7-0 PDS II
®
(polydioxanone) sutures (Ethicon , Johnson and
Johnson, Medical PTY. Ltd., NSW, United States). The
incisions (which were made as previously described)
were located to isolate the cecum. Subsequently,
the ileum and colon were rejoined to create an
anastomotic intestine using each of the two newly
proposed techniques, specifically, the “side-to-side”
and “end-to-end” anastomosis techniques (see the
“Results” section for the comparison of these two
methods in detail). After the anastomotic intestine
was successfully constructed, the 2 intestinal lumens

WJG|www.wjgnet.com

Cell preparations

Cell preparation procedures were performed as
[12-17]
previously described
. The small intestinal epithelial
cells were obtained from the C57BL/6-Tg (CAG-EGFP)
mice purchased from Charles River Laboratories
Japan (Tokyo, Japan). Primary cells were seeded on
temperature-responsive culture dishes (35 mm in
®
diameter, UpCell , CellSeed Inc., Tokyo, Japan). These
cells were co-cultured with mouse embryonic fibroblasts
(MEF) serving as feeder cells (ReproCELL Inc., Tokyo,
Japan) in Advanced Dulbecco’s Modified Eagle Medium/
TM
Ham’s F-12 (Life Technologies ) supplemented with N-2
TM
®
Supplement (Life Technologies ), B-27 Supplement
TM
(Life Technologies ), N-acetylcysteine (Sigma-Aldrich
®
), murine recombinant epidermal growth factor (Life
TM
Technologies ), murine recombinant Noggin (PeproTech
Inc.), human recombinant R-spondin1 (RD Systems),
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A

B

Figure 2 Endoscopic tool used in this animal study.

and Rho-associated protein kinase (ROCK) inhibitor
®
(Y-27632, Sigma-Aldrich ).

Internal observation of the cecal pouch

To observe the inside of the cecum, small animal
endoscopy was used (AE-F16070, AVS Co., Ltd.,
Japan) (Figure 2).

Statistical analysis

Figure 3 Internal observation of the cecal pouch using a small animal
endoscope via an artificial anus. A: The endoscope was used to observe
the internal cecal pouch via an artificial anus; B: An image of the cecal pouch
membrane obtained from the endoscopic examination.

The data are presented as the mean ± SD and
frequency. A normality test was performed to evaluate
sample distribution. The independent sample-t test
and Fisher’s exact test were used to compare the
groups. A P-value of less than 0.05 (P < 0.05) was
considered significant. The statistical methods of
this study were reviewed by Dr. Satoshi Iimuro from
Institute of Advanced Biomedical Engineering and
Science, Tokyo Women’s Medical University (TWIns).

Comparison of the “side-to-side” anastomosis with
“end-to-end” anastomosis technique

To create an anastomotic intestine, we used and
compared two distinct surgical techniques: “side-toside” and “end-to-end” anastomosis techniques.
Technically, the “side-to-side” anastomosis (SSA)
technique involves the creation of a 2-cm longitudinal
incision into each intestinal wall. To create an
anastomosis along the ileal and colonic walls, both
*
intestines were cut, and a continuous 7-0 PDS II
suture procedure was performed that included all
layers of both intestines. The serous membrane was
sutured along the edge and on the anterior wall of the
anastomosis (Figure 5A and B).
The EEA technique was performed and compared
with the SSA technique. In the EEA technique, the
frontal surfaces of both cut intestinal lumens were
*
joined together by continuous 7-0 PDS II sutures
(Figure 5C). Additional sutures were placed at the
serosa (Figure 5D).
The two methods used to create an anastomotic
intestine, the SSA vs EEA techniques, were compared
with regard to the animal survival rate, complication
rate, and operation time. The follow-up period was
7-10 d after the operation. The SSA technique resulted
in a significantly increased survival rate (SSA vs EEA;
75% vs 23%, respectively) (Figure 6A) and exhibited
a lower incidence of complications compared with

RESULTS
Endoscopic observation of cecal pouch membrane

A new rat intestinal model was developed wherein the
cecal pouch was created to isolate the cecum from
an excretory passage. In this animal model, mucus
and feces are excreted through the reconstructed
passage. Accordingly, the cecal pouch mucosa was
not obstructed or contaminated by feces, thereby
facilitating observations of the luminal surface of the
intestine (Figure 3A). The cecal pouch was clearly
visualized via endoscopy given the absence of feces.
The membrane surface of the cecum was clearly
observed (Figure 3B).

Creation of an artificial ulcerative lesion on the cecal
pouch membrane

At 1 wk, during post-operative surgical re-entry of the
cecal pouch, we confirmed no fecal contamination.
Furthermore, we successively created an ulcerative
lesion on the cecal pouch membrane (Figure 4A and B).
Figure 4C depicts the administration of cultured small
intestinal epithelial cells to an artificial ulcerative lesion.

WJG|www.wjgnet.com
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A

B

C

Figure 4 Applications of the newly created isolated cecal pouch model. A: One-week post-operative surgical re-entry confirmed no fecal contamination of
the cecal pouch membrane surface; B: An artificial ulcerative lesion was created on the surface of the pouch membrane; C: Microscopic photograph indicating that
cultured small intestinal epithelial cells could be applied to an ulcerative lesion on the cecal pouch membrane.
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Co

Ce

I

Co

C

D

Figure 5 Comparison of two proposed surgical techniques for creating an anastomotic intestine: “side-to-side” anastomosis vs “end-to-end” anastomosis
technique. A: The ileum and colon were anastomosed together using the SSA technique (arrow). An isolated cecal pouch was created; B: The direction of fecal
passage from the ileum to the colon via the SSA-anastomotic intestine; C: EEA technique; the frontal surfaces of both cut intestinal lumens were sutured together; D:
The direction of fecal passage from the ileum to the colon via the EEA-anastomotic intestine. SSA: “Side-to-side” anastomosis; EEA: “End-to-end” anastomosis.
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Figure 6 Comparison of the survival rate and operative time between the “side-to-side” anastomosis and end-to-end” anastomosis techniques. A: Survival
rate of animals after creating an anastomotic intestine using the “side-to-side” anastomosis (SSA) or “end-to-end” anastomosis (EEA) technique (aP < 0.05 vs EEA
method, Fisher’s exact test); B: Operative time used in the SSA method compared with the EEA method (aP < 0.05 vs EEA method, independent sample-t test).

must be sacrificed in an attempt to observe temporal
[1,7,9,18-21]
changes
. Because the rat excretory passage
is separated from the cecal pouch, the present animal
model provided good visualization internally and of
the luminal surfaces of the cecal pouch via endoscopy
(Figure 3B). Using a small animal endoscope, the
luminal surfaces of the pouch are easily observed
over time via a non-invasive procedure, and repeated
examinations can be performed as often as necessary
in the living animal.
A stable and secured field of operation is a critical
factor for a precise operation. However, in small animal
[3]
operations, a microscope is often used , and the
operation is routinely performed by a single operator.
In the present study, we introduced a primary suture
at the posterior wall of the each intestine to maintain
the position of the operative site. This additional
suturing eased intestinal anastomosis.
Compared with the EEA technique, the SSA te
chnique offered enhanced stabilization and a wider
diameter of the anastomotic intestine. This difference
likely accounts for the increased survival rate and
reduced morbidity observed in the SSA group. When
performing the EEA method, the tissues moved
easily, which complicated the suturing procedure.
Consequently, the unstable suture technique caused
stenosis and leakage at the anastomosed area that
resulted in mortality, as indicated by the low survival
numbers. Therefore, in our model, the SSA technique
successfully extended animal. Although the SSA
technique was more time-consuming than the EEA
technique due to a complex suturing procedure, the
increased time did not reduce the survival rates in
the SSA group, which was most likely due to the
stress-reducing protocol used during surgery. A micro
warm plate and bipolar electrocoagulation were used,
resulting in reduced stress and a faster operation. One
week after the operation, the animals had recovered;
they were stabilized and ready for use in further
experiments.
In conclusion, researchers can use our new in

Table 1 Incidence of complications in dead animals n (%)
Complication
Stenosis
Leakage
Local infection
Total

SSA

EEA

0 (0)
2/4 (12.5)
2/4 (12.5)
4/16 (25)

7/13 (41)
6/13 (36)
0 (0)
13/17 (77)

SSA: “Side-to-side” anastomosis; EEA: “End-to-end” anastomosis.

the EEA technique (Table 1). Stenosis and leakage
complications resulted in death in the EEA technique.
Thus, the EEA technique exhibited a lower survival rate
compared with the SSA technique. However, the SSA
technique required a significantly longer operation time
compared with the EEA technique (Figure 6B).

DISCUSSION
The possibility of contamination and obstruction of
the intestinal tract with animal waste products cannot
be eliminated; thus, it would be difficult to interpret
the obtained results regarding drug administration
and cell transplantation into the intestinal lumen in a
conventional bowel disease model. To overcome these
problems, in the present study, we developed a new
rat intestinal model by creating a cecal pouch that
is not exposed to fecal contamination. Furthermore,
an excretory orifice was artificially created on the rat
dorsum for the excretion of waste product from the
cecal pouch.
By preventing fecal contamination inside of the
pouch, it is easy to perform intestinal observations and
various experimental tasks. Therefore, we attempted
to create an ulcerative lesion on the surface of the
pouch membrane and transfer cultured cells to a lesion
site; these experiments were performed with ease.
Our results suggested that this novel isolated cecal
pouch model is applicable to several types of animal
experiments related to gastrointestinal studies.
In several animal studies, experimental animals
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testinal rat model with various approaches. The
manipulation of drugs or cells into the isolated cecal
pouch was performed via an artificial anus without any
fecal contamination. Additionally, an endoscope can
be employed to conveniently observe the intestinal
membrane and administer drugs or cells.
This animal model enables reproducibility with
regard to observing the pathological changes and
enabling the time-dependent effects of the inter
ventions on the intestinal tract. This reproducibility will
be useful in understanding the morbid state of bowel
disease and will help researchers to perform successful
future studies of gastrointestinal diseases.

In this paper, a new suturing technique of the animal operation was proposed.
This technique helped reducing complications that associated with an
anastomosis. A creation of this novel isolated intestinal pouch used for a
transplantation site is of which our original idea. This animal model could
be applied for the study related to the bowel disease models and stem cell
transplantation.
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Abstract
AIM: To investigate the role of autophagy in the antiapoptotic effect of augmenter of liver regeneration
(ALR).
METHODS: Autophagy was induced through serum
deprivation. An ALR-expressing plasmid was transfected
into HepG2 cells, and autophagic flux was determined
using fluorescence microscopy, electron microscopy,
Western blot and quantitative polymerase chain
reaction (qPCR) assays. After ALR-expressing plasmid
transfection, an autophagy inhibitor [3-methyladenine
(3-MA)] was added to HepG2 cells, and apoptosis
was observed using fluorescence microscopy and flow
cytometry.
RESULTS: Autophagy was activated in HepG2 cells,
peaking at 24 h after serum deprivation. Microtubuleassociated protein light chain three-II levels were
higher in HepG2 cells treated with ALR than in control
cells, fluorescence microscopy, electron microscopy and
qPCR studies showed the similar trend, and p62 levels
showed the opposite trend, which indicated that ALR
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may play an important role in increasing autophagy
flux. The numbers of apoptotic cells were substantially
higher in HepG2 cells treated with both ALR and 3-MA
than in cells treated with ALR alone. Therefore, the
protective effect of ALR was significantly attenuated
or abolished when autophagy was inhibited, indicating
that the anti-apoptotic effect of ALR may be related to
autophagy.

effect of ALR remains unknown.
Multiple lines of direct and indirect evidence suggest
a mechanistic overlap and interaction between the
[6,7]
apoptotic machinery and autophagic proteins , which
can be mutually regulated by nuclear factor (NF)-κB,
c-Jun N-terminal kinase, p62, Beclin-1, Bcl-2, Caspase,
[8,9]
[10]
and p53 signaling . For example, Mei et al
found
that tumor necrosis factor (TNF)-α/ActD can inhibit
autophagy through the Caspase-3-mediated cleavage
of Beclin-1, which produces a truncated protein that
is unable to promote autophagy. In addition, when
the Caspase inhibitor Z-VAD-FMK was used to inhibit
TNF-α/ActD-induced apoptosis, autophagy increased
significantly due to the inhibition of Beclin-1 cleavage.
Thus, we hypothesized that autophagy may play an
important role in the anti-apoptotic effect of ALR.
To test our hypothesis, we determined the effect of
ALR on autophagy by transfecting an ALR-expressing
plasmid into HepG2 cells. We then monitored
hepatocyte apoptosis in HepG2 cells treated with an
ALR-expressing plasmid and an autophagy inhibitor
to uncover the role of autophagy in the anti-apoptotic
effect of ALR. This study provides new insight into
mechanisms underlying the protective effect of ALR in
the liver, which may be valuable for developing new
therapeutic treatments for liver disease.

CONCLUSION: ALR protects cells from apoptosis
partly through increased autophagy in HepG2 cells and
may be valuable as a new therapeutic treatment for
liver disease.
Key words: Autophagy; Augmenter of liver regeneration;
Apoptosis; HepG2 cells
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent studies have found that augmenter
of liver regeneration (ALR) plays an important role
in suppressing hepatocyte apoptosis, although the
mechanism remains unknown. Our study shows that
ALR plays an important role in increasing the level of
autophagy in HepG2 cells. The protective effect of
ALR was significantly attenuated or abolished when
autophagy was inhibited, indicating that the antiapoptotic effect of ALR may be related to autophagy.
Hence, we conclude that ALR protects cells against
apoptosis partly by increasing autophagic activity in
HepG2 cells and may be valuable for developing new
therapeutic treatments for liver disease.

MATERIALS AND METHODS
Cell culture and treatment

HepG2 cells, a human hepatoma cell line (Xiangfu
Biological Company, Shanghai), were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal calf serum in a 37 ℃ incubator with 5% CO2.
All culture reagents were purchased from Hyclone.
Autophagy was observed at different time points (0,
12, 24, and 48 h) after starvation caused by serum
deprivation. For 3-methyladenine (3-MA, Sigma)
treatment, 3-MA (final concentration, 750 ng/ml) was
added to the medium when the medium was changed
to serum-free medium.

Shi HB, Sun HQ, Shi HL, Ren F, Chen Y, Chen DX, Lou JL,
Duan ZP. Autophagy in anti-apoptotic effect of augmenter of
liver regeneration in HepG2 cells. World J Gastroenterol 2015;
21(17): 5250-5258 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5250.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5250

Plasmid infection

INTRODUCTION

[11]

In 1975, LaBrecque et al
discovered hepatic
stimulator substance (HSS), which specifically
stimulates hepatocyte DNA synthesis, in livers
regenerating from partial hepatectomy and in the
[2]
cytosol of neonatal rat livers. In 1994, Hagiya et al
cloned the cDNA of HSS, clarified its primary structure
and renamed it augmenter of liver regeneration (ALR).
Recent studies found that the ALR protein is a flavincontaining sulfhydryl oxidase that localizes to the
mitochondrial intermembrane space and plays an
[3-5]
important role in suppressing hepatocyte apoptosis .
[3]
Polimeno et al demonstrated that ALR can control
apoptosis in regenerating livers in rats treated with
ALR 72 h after a partial hepatectomy. However, the
mechanism underlying the anti-apoptotic or protective
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[5]

The GFP-LC3B
and ALR-expressing plasmids
(1ug) were transfected into HepG2 cells using the
X-tremeGENE HP DNA transfection reagent (Roche)
according to the manufacturer’s instructions. Cells were
then cultured in DMEM for 6 h, followed by treatment
with serum-free medium to induce autophagy.

[1]

Fluorescence microscopy

For fluorescence microscopy, cells were cultured in
24-well plates with a microscope glass coverslip. After
the designated treatments, the cells were fixed with 4%
paraformaldehyde in PBS. All images were obtained
on an inverted fluorescence microscope (Nikon Eclipse
E800). To quantify autophagic cells, GFP-LC3 puncta
were determined in triplicate by counting more than
[10]
30 cells . Apoptotic cells were visualized by staining
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with Annexin V-FITC and propidium iodide (KeyGEN
BioTECH).

compare differences among multiple groups. P < 0.05
was considered significant. All data were analyzed using
SPSS 11.5 software.

Electron microscopy

HepG2 cells were fixed with 2.5% glutaraldehyde in 0.1
mol/L phosphate buffer (pH 7.4). After dehydration,
thin sections were cut and stained with uranyl acetate
and lead citrate. Digital images were obtained using an
electron microscope (H-7650, Japan). The numbers of
typical autophagosomes and autolysosomes from each
cell section were counted randomly in more than 30
[10]
cells .

RESULTS
Starvation-induced autophagic activation in HepG2 cells

We first assessed the induction of autophagy in HepG2
cells using a classic method of inducing autophagy,
[12]
which is to starve cells via serum deprivation . To
assess autophagy, a GFP-LC3 plasmid was transfected
into HepG2 cells. GFP-LC3 behaves similarly to
endogenous LC3 and has been widely used to monitor
[13]
autophagy . Upon autophagy induction, GFP-LC3
translocates to autophagosome membranes, displaying
punctate green fluorescence after conjugation with
[14]
phosphatidylethanolamine . The number of green
puncta can then be quantified as an indication of the
number of autophagosomes and autolysosomes.
After transfection, HepG2 cells displayed an
increase in the number of green puncta beginning
at 6 h and peaking at 24 h after serum deprivation
(Figure 1A). To verify this result, we monitored the
changes in the levels of LC3. The transformation of
LC3 from type I to II is generally regarded as a marker
[15]
of autophagosome formation . LC3-II expression
also reached its highest point after 24 h (Figure 1B).
To further confirm the induction of autophagy, we
performed electron microscopy studies of the HepG2
cells. Serum deprivation significantly increased the
number of double-membrane autophagosomes in
HepG2 cells, especially after 24 h, and most of these
had enveloped cytosolic contents (Figure 1C, arrows).
Thus, autophagy was successfully activated in HepG2
cells after serum deprivation.

Western blot analysis

Cells were washed in PBS, and cell pellets were lysed
with RIPA buffer supplemented with phosphatase
inhibitors and protease inhibitors. Total proteins (50
μg) were separated via 12% SDS-polyacrylamide
gel electrophoresis (PAGE) and transferred to
polyvinylidene difluoride (PVDF) membranes. The
membranes were incubated overnight with rabbit
anti-LC3B and anti-p62 antibodies (Sigma) at 4 ℃.
Then, the membranes were treated with a horseradish
peroxidase-conjugated goat anti-rabbit secondary
antibody (Cell Signaling) and developed with a
chemiluminescent substrate (Pierce). Densitometry
analysis was performed using ImageJ software,
and the relative levels of microtubule-associated
protein light chain three (LC3)-II in each group were
normalized to the loading control.

Flow cytometry analysis

After the designated treatments, the cells were
digested with EDTA-free trypsin. The single-cell solution
5
was washed with cold PBS, and approximately 10 cells
were collected. Binding buffer was added to suspend
the cells, which were then stained with Annexin V-FITC
and propidium iodide (KeyGEN BioTECH) at 4 ℃ for 15
min. The cells were analyzed using flow cytometry (BD
FACS Calibur, United States).

ALR increases autophagy in HepG2 cells

HepG2 cells were transfected with an ALR-expressing
plasmid to observe the effect of ALR on autophagy. In
the LC3 turnover assay, LC3-II levels were substantially
higher in ALR-treated cells than in control cells (Figure
2A, P < 0.05). To further confirm this result, GFP-LC3
and ALR-expressing plasmids were cotransfected into
HepG2 cells. After a 24-h starvation, we observed a
greater number of green puncta in HepG2 cells treated
with ALR than in control cells (Figure 2B, P < 0.05).
Electron microscopy also revealed a similar trend as
the fluorescence microscopy studies, namely, the
number of autophagosomes in HepG2 cells treated
with ALR was higher than that in control cells (Figure
2C, P < 0.05). However, LC3-II levels indicate only
upstream level of autophagic processes, and it is
important to distinguish whether autophagosome
accumulation is due to the induction of autophagy
or the inhibition of downstream steps, for instance,
reduced fusion of autophagosomes with lysosomes.
p62, which is a lysosome substrate, is degraded
when autophagosomes fuse with lysosomes. In our
study, p62 levels were lower in HepG2 cells treated

Quantitative polymerase chain reaction

Total RNA was extracted using a Trizol kit (Invitrogen,
United States) according to the manufacturer’s
instructions. First-strand cDNA was synthesized from 5
μg RNA (Superscript Ⅲ cDNA Synthesis Kit, Invitrogen),
and ATG5, ATG7, Beclin-1 and GADPH mRNA
levels were estimated by quantitative polymerase
chain reaction (qPCR) using the SYBR Green PCR
Kit (Invitrogen) on a real-time PCR system (ABI
PRISM7300, United States). The relative quantity of the
cycle threshold value in each primer was normalized to
an internal primer.

Statistical analysis

All data are expressed as the mean ± SD. Independentsample t-tests were performed to compare differences
between two groups. One-way analysis of variance
(ANOVA) followed by the post hoc LSD test was used to
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Figure 1 Starvation induces autophagic activation in HepG2 cells. Autophagy in HepG2 cells was observed at 0, 12, 24, and 48 h after starvation caused by
serum deprivation. A: HepG2 cells were transfected with the GFP-LC3 plasmid and cultured in Dulbecco’s modified Eagle’s medium for 6 h, followed by treatment with
serum-free medium. Green puncta were observed using an inverted fluorescence microscope (Nikon Eclipse E800); B: Total cell lysates were subjected to Western
blot analysis with anti-LC3 and anti-β-actin antibodies; C: Typical autophagosomes and autolysosomes (arrow) in HepG2 cells were observed via electron microscopy
(H-7650, Japan).

class-Ⅲ PI3 kinase complex is important for the
[17]
regulation of autophagic vesicle nucleation . In our
study, we observed fewer green puncta in HepG2 cells
treated with 3-MA than in control cells (Figure 3A). In
the LC3 turnover assay, LC3-II levels were significantly
decreased upon 3-MA treatment (Figure 3B). These
results suggested that 3-MA was able to suppress
autophagic activity in HepG2 cells.

with ALR than in control cells (Figure 2A, P < 0.05),
suggesting that ALR treatment did not block the fusion
of autophagosomes with lysosomes. Taken together,
these results indicate that ALR increases autophagic
flux in HepG2 cells 24 h after serum deprivation.
Of the autophagy-related genes (ATGs) that are
known to regulate autophagy, ATG6/Beclin-1 plays
a critical role in regulating the initial nucleation of
autophagic vesicles, whereas ATG5 and ATG7 are
involved in the extension and closure of autophagic
[16]
vesicles . The levels of ATG5, ATG7 and Beclin-1
mRNAs in HepG2 cells treated with the ALR-expressing
plasmid were higher than that in control cells (Figure
2D, P < 0.05), indicating that ALR plays an important
role in increasing overall autophagic activity.

role of autophagy in the anti-apoptotic effect of ALR in
HepG2 cells

We monitored apoptosis in HepG2 cells using Annexin
V-FITC and propidium iodide, which can differentiate
between early- (green) and late-stage (red) apoptosis.
Most apoptotic cells were found to be in the early
stage in HepG2 cells treated by starvation only,
whereas most were in the late stage or were necrotic
when treated with 3-MA (Figure 4). 3-MA treatment
significantly increased the number of late-stage

3-MA suppresses autophagic activity in HepG2 cells

The class-Ⅲ PI3 kinase inhibitor 3-MA is widely used
to inhibit autophagic formation because the Beclin-1/
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Figure 2 Augmenter of liver regeneration increases autophagic activity in HepG2 cells. HepG2 cells were transfected with an augmenter of liver regeneration
(ALR)-expressing plasmid or a control vector and cultured in Dulbecco’s modified Eagle’s medium for 6 h, followed by treatment with serum-free medium. Autophagy
was observed at 24 h after serum deprivation. A: Total cell lysates were subjected to Western blot analysis with anti-LC3, anti-p62 and anti-β-actin antibodies.
Densitometry was performed using ImageJ software to analyze the expression of LC3-II; B: GFP-LC3 puncta were determined by counting a total of more than
30 cells in triplicate samples; C: Digital images were obtained using an electron microscope (H-7650, Japan). The numbers of typical autophagosomes and
autolysosomes in each cell section were counted randomly for more than 30 cells; D: The expression of ATG5, ATG7 and Beclin-1 mRNA was determined by qPCR.
Digital data are presented as the mean ± SD from at least three independent experiments. aP < 0.05 ALR (-) vs ALR (+).
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Figure 3 3-MA suppresses autophagic activity in HepG2 cells. 3-MA (final concentration, 750 ng/mL) was added to Dulbecco’s modified Eagle’s medium (DMEM)
when the medium was changed to serum-free medium. Autophagy was observed at 24 h after serum deprivation. A: HepG2 cells were transfected with the GFP-LC3
plasmid and cultured in DMEM for 6 h, followed by treatment with serum-free medium. Green puncta were observed using an inverted fluorescence microscope (Nikon
Eclipse E800); B: Total cell lysates were subjected to Western blot analysis using anti-LC3 and anti-β-actin antibodies. 3-MA: 3-Methyladenine; LC3: Light chain three.

apoptotic cells, indicating that inhibiting autophagy
promoted apoptosis in HepG2 cells.
[18-20]
Similar to the results from other studies
, fewer
apoptotic cells were observed when HepG2 cells were
treated both by starvation and with ALR compared with
cells treated by starvation only, suggesting that ALR
plays an important role in protecting HepG2 cells from
apoptosis (Figure 4). The number of apoptotic cells
was also substantially higher in HepG2 cells treated
with both ALR and 3-MA than in cells treated with ALR
alone, indicating that the protective effect of ALR was
significantly attenuated or completely abolished when
autophagy was inhibited. Hence, the anti-apoptotic
effect of ALR may be related to autophagy (Figure
4). ALR was therefore able to protect cells against
apoptosis partly via increased autophagic activity in
HepG2 cells.

provide the cell with molecular building blocks and
[21]
energy . Autophagy functions as a mechanism to
survive cellular stresses such as nutrient deprivation,
which plays an important role in cell self-protection.
Increasing evidence shows that autophagy
[22-24]
exhibits a protective effect in hepatocytes
. Ni et
[23]
al
determined the cell viability of primary mouse
hepatocytes treated with various concentrations of
APAP in the presence of 3-MA or CQ and found that
the induction of autophagy protects against APAPinduced necrosis, whereas the inhibition of autophagy
[24]
further exacerbates it. Ding et al
also reached a
similar conclusion using an ethanol-induced model,
wherein the suppression of macroautophagy using CQ
or siRNAs significantly increased hepatocyte apoptosis;
thus, macroautophagy protected cells from the toxic
effects of ethanol.
Based upon this premise, we explored the hypo
thesis that autophagy is involved in the anti-apoptotic
effect of ALR in hepatocytes. We found that starvation
induced the activation of autophagy in HepG2 cells,
which peaked at 24 h after serum deprivation. Li et
[25]
al reported that peak ALR expression in hepatocytes
occurred 24-36 h after plasmid transfection. Hence,
we chose to transfect the ALR-expressing plasmid into
HepG2 cells approximately 30 h before observing the
effects of ALR on autophagy.
We found that ALR significantly increased autophagic

DISCUSSION
Autophagy is defined as self-eating, which is a selfdegradation process that depends on lysosomes
in eukaryotes. The first step in autophagy involves
the formation of lipid bilayer structures that engulf
cellular macromolecules and organelles to form
autophagosomes. These autophagosomes then fuse
with lysosomes to form mature autolysosomes, in
which, the sequestered components are digested to
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Figure 4 Role of autophagy in the anti-apoptotic effect of augmenter of liver regeneration in HepG2 cells. HepG2 cells were transfected with the augmenter
of liver regeneration-expressing plasmid or a control vector and cultured in Dulbecco’s modified Eagle’s medium (DMEM) for 6 h, followed by treatment with serumfree medium. 3-MA (final concentration, 750 ng/mL) was added to DMEM when the medium was changed to serum-free medium. Apoptosis was observed at 24 h after
serum deprivation. Control, normal HepG2 cells were cultured in medium with 10% serum. A: Cells were stained with Annexin V-FITC and propidium iodide (KeyGEN
BioTECH) and observed by fluorescence microscopy; B, C: Cells were stained with Annexin V-FITC and propidium iodide (KeyGEN BioTECH) and monitored by flow
cytometry. Digital data are presented as the mean ± SD from at least three independent experiments; aP < 0.05. 3-MA: 3-Methyladenine; ALR: Augmenter of liver
regeneration.

flux in HepG2 cells after serum deprivation. Although
very few studies similar to ours have been reported,
some studies of liver regeneration have provided
[26]
indirect confirmation of our results. Toshima et al
found that hepatocyte growth factor (HGF) increased
autophagic activity in primary hepatocytes and that
autophagy was activated in the regenerating liver after
PHx. It is known that ALR levels in the serum and
[27]
liver increase quickly in a 70% PHx mouse model ,
consistent with the trend of autophagic flux, thereby
indicating a potential relationship between ALR levels
and autophagic expression. As growth factors, ALR and
HGF play similar roles in promoting cell proliferation via
the MAPK and ERK pathways; therefore, ALR may also
play a role similar to HGF in regulating autophagy.
Similar to other studies, we found that inhibiting
autophagy promoted apoptosis in HepG2 cells and that
ALR played an important role in protecting HepG2 cells
against apoptosis. In addition, we found that the anti-

WJG|www.wjgnet.com

apoptotic effect of ALR may be related to autophagy,
indicating that ALR may play a protective role partially
by increasing autophagic activity in HepG2 cells.
However, the mechanism or pathway by which ALR
modulates autophagy is still unknown. One possibility
is that ALR promotes autophagy by inhibiting the
cleavage of Beclin-1, which is mediated by the Caspase
family. In fact, ALR has been suggested to inhibit
Caspase-3 activation by promoting ATP synthesis and
[19]
reducing the release of cytochrome c . Elucidating
these mechanisms will contribute to our understanding
of liver recovery and regeneration, which holds
promise for the treatment of liver diseases in the
future.

COMMENTS
COMMENTS
Background

Recent studies found that augmenter of liver regeneration (ALR) plays an
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important role in suppressing hepatocyte apoptosis, but the mechanism is still
unknown. Increasing evidence suggests that autophagy has a protective effect
in the liver. There may also be a mechanistic overlap between the apoptotic
machinery and autophagy proteins. Thus, the present study hypothesized that
autophagy may play an important role in the anti-apoptotic effect of ALR.

7

Research frontiers

Direct and indirect evidence suggests a mechanistic overlap and interaction
between the apoptotic machinery and autophagy proteins, which are mutually
regulated through nuclear factor-κB, c-Jun N-terminal kinase, p62, Beclin-1,
Bcl-2, Caspase, and p53. For example, tumor necrosis factor (TNF)-α/ActD can
inhibit autophagy through the Caspase-3-mediated cleavage of Beclin-1, which
produces a truncated protein that is unable to promote autophagy. In addition,
when the Caspase inhibitor Z-VAD-FMK was used to inhibit TNF-α/ActDinduced apoptosis, autophagy increased significantly.

8

9

Innovations and breakthroughs

Recent studies have shown that ALR plays an important role in suppressing
hepatocyte apoptosis, though the mechanism remains unknown. This study
shows that ALR significantly increases the level of autophagy in HepG2 cells
following serum deprivation and that the anti-apoptotic effect of ALR can be
significantly attenuated or abolished when autophagy was inhibited. Thus, ALR
is able to protect cells against apoptosis partly by increasing autophagic activity
in HepG2 cells.

10

11

Applications

The results of this study highlight a novel mechanism for the anti-apoptotic
effect of ALR, which may be valuable for developing new therapeutic treatments
for liver disease in the future.

Terminology

Autophagy is defined as self-eating, which is a self-degradation process that
is dependent on lysosomes in eukaryotes. The first step of autophagy involves
the formation of lipid bilayer structures that engulf cellular macromolecules
and organelles to form autophagosomes. These autophagosomes then fuse
with lysosomes to form mature autolysosomes, wherein the sequestered
components are digested to provide the cell with molecular building blocks and
energy.

12

This is a good study in which the authors analyzed the role of autophagy in the
anti-apoptosis effect of augmenter of liver regeneration in HepG2 cells. The
results are interesting and suggest that ALR was able to protect cells against
apoptosis partly through increased autophagic activity in HepG2 cells, which
may be valuable for new therapeutic treatments for liver disease in the future.
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Abstract
AIM: To evaluate the feasibility of low contrast medium
and radiation dose for hepatic computed tomography
(CT) perfusion of rabbit VX2 tumor.
METHODS: Eleven rabbits with hepatic VX2 tumor
underwent perfusion CT scanning with a 24-h interval
between a conventional tube potential (120 kVp)
protocol with 350 mgI/mL contrast medium and filtered
back projection, and a low tube potential (80 kVp)
protocol with 270 mgI/mL contrast medium with iterative
reconstruction. Correlation and agreement among
perfusion parameters acquired by the conventional and
low dose protocols were assessed for the viable tumor
component as well as whole tumor. Image noise and
tumor-to-liver contrast to noise ratio during arterial and
portal venous phases were evaluated.
RESULTS: A 38% reduction in contrast medium dose
(360.1 ± 13.3 mgI/kg vs 583.5 ± 21.5 mgI/kg, P < 0.001)
and a 73% decrease in radiation dose (1898.5 mGy •
cm vs 6951.8 mGy • cm) were observed. Interestingly,
there was a strong positive correlation in hepatic arterial
perfusion (r = 0.907, P < 0.001; r = 0.879, P < 0.001),
hepatic portal perfusion (r = 0.819, P = 0.002; r = 0.831,
P = 0.002), and hepatic blood flow (r = 0.945, P < 0.001;
r = 0.930, P < 0.001) as well as a moderate correlation
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in hepatic perfusion index (r = 0.736, P = 0.01; r = 0.636,
P = 0.035) between the low dose protocol with iterative

relatively high radiation dose and contrast-induced
[3,4]
nephropathy .
To date, many techniques have been used for
radiation dose reduction, mainly including automatic
exposure control (AEC), tube current adjustment, and
tube potential optimization. Although AEC was shown
to achieve acceptable image quality with effectively
reduced radiation dose, it may be less effective in small
[5]
patients . Low tube potential is closer to the iodine
K-edge of 33 keV, which increases the contrast of
iodine. This technique enhances the iodinated contrast
medium and therefore reduces the administered
contrast medium dose. However, low tube potential
may increase image noise during abdominal CT
[6]
scanning .
A new method for noise reduction has been recently
developed for clinical use. With this new algorithm
called iterative reconstruction, image data are
corrected with a system of models to improve image
noise. Multiple studies have assessed the iterative
reconstruction with the aim to reduce the radiation
[7,8]
dose and improve image quality : this technique
achieved diagnostic image quality with a CT dose
index reduction of 32%-65%. A previous report found
that combination of low tube potential and 40% hybrid
iterative algorithm yielded a dramatic decrease in both
radiation dose and contrast medium administration for
hepatic CT scanning without compromising the image
[9]
quality . To our knowledge, no study has reported
the use of low tube potential in combination with
iterative reconstruction and low concentration contrast
medium for hepatic CT perfusion. We hypothesized
that CT perfusion could be performed to assess the
angiogenesis of hepatic VX2 tumor in rabbits by using
a combination of 80 kVp tube potential with 270 mgI/
mL contrast medium and iterative reconstruction.
Therefore, this study aimed to evaluate the
feasibility of low radiation dose and low concentration
contrast medium in quantitative assessment of liver
VX2 tumor in rabbits with implementation of iterative
reconstruction on a 256-slice CT.

reconstruction and the conventional protocol for the
viable tumor component and the whole tumor. These two
imaging protocols provided a moderate but acceptable
agreement for perfusion parameters and similar tumorto-liver CNR during arterial and portal venous phases
(5.63 ± 2.38 vs 6.16 ± 2.60, P = 0.814; 4.60 ± 1.27 vs
5.11 ± 1.74, P = 0.587).
CONCLUSION: Compared with the conventional
protocol, low contrast medium and radiation dose with
iterative reconstruction has no significant influence on
hepatic perfusion parameters for rabbits VX2 tumor.
Key words: Low radiation dose; Low concentration
contrast medium; Perfusion computed tomography;
Liver; VX2 tumor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We performed hepatic computed tomography
(CT) perfusion of liver VX2 tumor in rabbits by using
both conventional tube potential (120 kVp) protocol
with 350 mgI/mL concentration contrast medium and
low tube potential (80kVp) protocol with 270 mgI/mL
concentration contrast medium at a 24-h interval. This
study demonstrated that there were a 38% reduction in
contrast medium consumption and a 73% reduction in
radiation dose for low dose protocol without significant
influence on the hepatic perfusion parameters. It is
promising that hepatic CT perfusion with low contrast
medium dose and tube potential protocol may be
clinically used to decrease radiation dose and the risk
of contrast-induced nephropathy.
Zhang CY, Cui YF, Guo C, Cai J, Weng YF, Wang LJ, Wang
DB. Low contrast medium and radiation dose for hepatic
computed tomography perfusion of rabbit VX2 tumor. World J
Gastroenterol 2015; 21(17): 5259-5270 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i17/5259.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i17.5259

MATERIALS AND METHODS
Ethics statement

INTRODUCTION

This study was carried out in strict accordance with
the recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institutes
of Health. The protocol was approved by the Ethics
Committee of Xinhua Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine (Approval No,
XHEC-F-2013-016). All surgery was performed under
ketamine hydrochloride and xylazine anesthesia, and
animal suffering was minimized.

Angiogenesis is essential for tumor growth and
metastasis, and has significant implications in the
diagnosis and treatment of solid tumors. Functional
computed tomography (CT) perfusion of the liver was
first introduced in 1991, and has been reported to
provide quantitative assessment of tumor angiogenesis
[1]
with high spatial resolution . This multi-detector row
technique has the potential to identify the dynamic
features of contrast agents passing through the tumor
[2]
neovessels with high temporal resolution . However,
application of functional CT perfusion is limited in
routine clinical practice due to concerns regarding the
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Experimental animal model

Twelve adult New Zealand white rabbits (Xinhua
Hospital Laboratory Animal Center) weighing between
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2.88 and 3.15 kg were implanted with a hepatic VX2
[10]
tumor using methodology similar to Kim et al . Three
weeks after implantation, the tumor size was expected
to be approximately 3 cm. Non-contrast enhanced
CT scanning was performed for the 12 experimental
rabbits to evaluate the tumor size. No tumor was
observed in the liver of one experimental rabbit. The
tumor sizes for the remaining eleven rabbits were 3.3
± 0.43 cm, ranging from 2.8 to 3.8 cm. One daughter
nodule (0.51 cm in size) adjacent to the main tumor
was detected in the liver of one rabbit. The eleven
main tumors were evaluated in the perfusion CT study.

reconstructed using the filtered back projection (FBP)
algorithm. Images obtained from 80 kVp imaging
were reconstructed by using the hybrid iterative
reconstruction algorithm (protocol B) and FBP (protocol
C). The level of hybrid iterative reconstruction was
selected as 40% that theoretically provides 40% noise
reduction for abdominal CT image data.
The perfusion images were transferred to the
dedicated post-processing workstation (Extended
Brilliance Workspace, V4.5.3, Philips Healthcare) for
functional analysis using the maximum slope method.
The region of interest (ROI) was placed on the
abdominal aorta at the level of hepatic hilum, the main
portal vein and the cortex of right kidney, to generate
time-density curve (TDC). The rabbit’s relative small
spleen cannot be easily identified; therefore, we
selected the right renal cortex to differentiate the
[12]
arterial and portal venous phases . A radiologist (YFC)
with 4 years of abdominal CT interpretation experience
manually drew the ROI, outlining the contour of the
whole tumor as well as the portion of viable tumor with
the most marked enhancement. All measurements
were performed three times. Three ROIs each with
2
50 mm area were drawn on the hepatic lobe without
tumor, avoiding the large vessels. Each ROI on the 120
kVp images was matched with that on 80 kVp images
as much as possible. Subsequently, hepatic blood
flow (HBF), hepatic arterial perfusion (HAP), hepatic
portal perfusion (HPP), and hepatic perfusion index
(HPI) for the whole tumor, viable tumor and normal
liver parenchyma were automatically calculated with
protocols A, B and C.

Perfusion CT and contrast medium administration
protocols

Before perfusion CT scan, each rabbit was anesthetized
by intramuscular injection of 25 mg/kg body weight
ketamine hydrochloride (Ketamine, Fujian, China) and
0.1 mL/kg 2% xylazine (Lu mian ning, Jilin, China). A
24-gauge cannula was inserted into the auricular vein.
The rabbit was fixed on a board in supine position
and properly covered with a bandage on the belly to
minimize the respiratory motion.
Eleven rabbits were examined with a 256-slice CT
scanner (Brilliance iCT; Philips Healthcare, Cleveland,
Ohio). Repeated perfusion CT scanning of the upper
abdomen was performed by using two different
protocols: (1) conventional tube potential (120 kVp,
100 mAs) and concentration contrast medium (5
mL omnipaque at 350 mgI/mL); and (2) low tube
potential (80 kVp, 80 mAs) and low concentration
contrast medium (4 mL, visipaque at 270 mgI/ml).
We used 80 kVp and 80 mAs setting as low radiation
[11]
dose scanning protocol, based on Verdun et al
recommendation regarding low radiation dose CT scan
protocol for pediatric patients with body weight from
2.5 to 5 kg. The dedicated perfusion scanning protocol
with 8 cm wide coverage in one gantry rotation was
used for whole liver perfusion CT. A 24-h interval was
allowed between the use of low and conventional
dose protocols for each rabbit. Iohexol (Omnipaque
350 mgI/mL, GE healthcare, Shanghai, China) and
Iodixanol (visipaque, 270 mgI/ml, GE healthcare,
Cork, Ireland) for conventional and low dose protocols,
respectively, were administered through the auricular
vein with a power injector (Mallinckrodt, LiebelFlarseim Company, United States) at the rate of 1.5
mL/s. The perfusion CT scanning of the entire liver
began at 2 s before bolus injection of contrast medium
and continued for 90 s (gantry cycle time: 1.5 s,
gantry cycle: 60 times). The scanning parameters
were as follows: hepatic perfusion mode with field of
view (FOV) 15 cm; slice thickness, 1.5 mm; no gap;
matrix size, 512 × 512.

Lesion-to-liver contrast-to-noise ratio analysis
2

Three ROIs each with 50 mm area were drawn on
the hepatic parenchyma without tumor, avoiding large
vessels at the level of maximum tumor diameter. The
normal liver attenuation (ROIliver) was defined as the
mean CT value of the three ROIs. The mean tumor
attenuation (ROItumor) was assessed by manually placing
circle or ovoid ROIs as much as possible to encompass
the enhanced portion of the tumor in three consecutive
scanning slices. The lesion-to-liver contrast-to-noise ratio
(CNR) was calculated using the following equation: CNR
= (ROItumor-ROIliver)/SDnoise, where ROIliver is the mean
attenuation of normal hepatic parenchyma; ROItumor
is the mean attenuation of viable tumor component;
and SDnoise is measured as the standard deviation of
the pixel values from a circular or ovoid ROI drawn in
the subcutaneous fat of the abdominal wall at the level
[13]
of maximum tumor diameter . All measurements
were performed in both the hepatic arterial and portal
venous phases; namely, CNR in the arterial phase
(CNRHAP) and portal venous phase (CNRPVP) were both
obtained. The timings of arterial and portal venous
phases were defined as 11 s and 25 s, respectively, after
[10]
enhancement in the aorta reached 100 HU .

CT image reconstruction and perfusion quantification

Conventional 120 kVp (protocol A) image data were
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Figure 1 Computed tomography perfusions using both 80 kVp protocol with iterative reconstruction (4 mL Visipaque 270, 354.1 mgI/kg) and 120 kVp
protocol with filtered back projection (5 mL Omnipaque 350, 573.8 mgI/kg) at a 24-h interval were performed for liver VX2 tumor in a rabbit (body weight, 3.05
kg). A-D: Pseudocolor perfusion maps with the 80 kVp protocol and iterative reconstruction for HAP, HPP, HBF and HPI, respectively; E-H: Pseudocolor perfusion
maps with the 120 kVp protocol and FBP for HAP, HPP, HBF, and HPI, respectively; I,J: Arterial phase images obtained using the 80 kVp protocol with iterative
reconstruction and 120 kVp protocol reveal a markedly enhanced mass with central necrotic change, respectively. Computed tomography perfusion maps obtained
using low tube potential with low concentration contrast medium depict a hypervascular mass with central hypovascular component, which is comparable to that
obtained using the conventional tube potential and concentration contrast medium protocol. IR: Iterative reconstruction; FBP: Filtered back projection; HAP: Hepatic
arterial perfusion; HPP: Hepatic portal perfusion; HBP: Hepatic blood flow; HPI: Hepatic perfusion index.

Histopathology and immunohistochemistry

[14]

strong positive relationship . Bland-Altman plots
were employed to evaluate the agreement of perfusion
parameters between protocols A and B. Dunnett
test was used to compare the noise, CNR, and CT
values for ROI in the three sets of perfusion CT, with
protocol A used as a control. All statistical analyses
were performed with SPSS version 15.0 for Microsoft
Windows (SPSS, Inc., Chicago, IL) and the Medcalc
software (Ostend, Belgium).

After perfusion CT with low and conventional dose
protocols, rabbits were sacrificed by injection of
xyazine overdose (Lu mian ning, Jilin, China). Then,
liver tissues were sliced into 1 mm thick sections in the
orientation matching the CT scanning. The specimens
were fixed with formalin for 24 h, embedded in
paraffin and stained with hematoxylin and eosin, antiCD31 and anti-vascular endothelial growth factor
(VEGF) antibodies. The histological characterization of
tumor was assessed by a pathologist (XY W).

RESULTS
Capability of perfusion parameters obtained with
protocols A and B for detecting liver VX2 tumor in
rabbits

Statistical analysis

All numeric values are expressed as mean ± stan
dard deviation (SD). To compare CT perfusion
parameters in whole tumor, viable tumor, and normal
liver parenchyma for protocols A, B and C, one-way
analysis of variance (ANOVA) was used. P < 0.05 was
considered statistically significant. If a statistically
significant difference was obtained, the Dunnett test
was performed with protocol A serving as a control.
Correlations among perfusion parameters for the whole
tumor, viable tumor, and normal liver parenchyma
measured in protocols A and B were assessed by
Pearson correlation analysis. A correlation coefficient
(r) between 0.5 and 0.8 indicated a moderate positive
relationship; r ranging from 0.81 to 1.0 indicated a
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Perfusion CT was successfully performed in all 11
rabbits (Figure 1). Figure 2 shows that perfusion
parameters for both viable tumor and whole tumor
were significantly higher compared with those
obtained for the normal liver parenchyma with pro
tocols A and B, respectively (P < 0.05). However, no
significant differences in HPP among viable tumor,
whole tumor, and normal liver parenchyma were
obtained using protocols A and B (P = 0.421 and
0.251, respectively). Therefore, a Dunnett test was
not performed for this group.
Similarly, analysis of variance showed that there
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Figure 2 Box-and-whisker plots of hepatic arterial perfusion (A), hepatic portal perfusion (B), hepatic blood flow (C) and hepatic perfusion index (D) values
were obtained with the 80 kVp protocol and iterative reconstruction and 120 kVp protocol to assess the difference in perfusion parameters among normal
liver parenchyma, viable tumor and whole tumor (Donnut test, normal liver parenchyma set as control). Center lines in box represent mean HAP, HPP, HBF
and HPI values with upper and lower box margins denoting maximum and minimum percentile of values, respectively. Whiskers gives the range of values. IR: Iterative
reconstruction; HAP: Hepatic arterial perfusion; HPP: Hepatic portal perfusion; HBP: Hepatic blood flow; HPI: Hepatic perfusion index; HBF: Hepatic blood flow.

Table 1 Perfusion parameters for normal parenchyma, viable tumor component and whole tumor (n = 11) obtained using protocols A,
B and C

Normal liver 120 kVp
80 kVp IR
80 kVp
P value
Viable tumor
120 kVp
80kVp IR
80 kVp
P value
Whole tumor
120 kVp
80 kVp IR
80 kVp
P value

HAP (mL/min per 100 mg)

HPP (mL/min per 100 mg)

HBF (mL/min per 100 mg)

HPI (%)

31.27 ± 9.22
28.38 ± 9.45
28.5 ± 9.56
0.721

99.44 ± 22.99
97.5 ± 22.11
97.56 ± 22.02
0.974

130.71 ± 31.08
125.93 ± 29.19
125.96 ± 29.35
0.912

23.60 ± 3.99
22.24 ± 4.55
22.20 ± 4.34
0.699

112.68 ± 50.22
108.94 ± 43.35
106.76 ± 42.99
0.954

82.67 ± 25.21
83.83 ± 25.04
83.91 ± 25.36
0.992

195.36 ± 72.38
192.77 ± 63.56
192.49 ± 64.08
0.994

56.65 ± 6.42
55.66 ± 6.90
55.46 ± 7.23
0.909

102.06 ± 45.53
96.71 ± 38.69
99.48 ± 40.32
0.956

81.65 ± 25.55
81.99 ± 22.79
83.37 ± 23.11
0.984

183.71 ± 68.66
178.70 ± 57.81
182.85 ± 59.63
0.980

54.60 ± 6.01
53.10 ± 6.71
53.22 ± 7.03
0.842

Data are expressed as mean ± SD. HAP: Hepatic arterial perfusion; HPP: Hepatic portal perfusion; HBF: Hepatic blood flow; HPI: Hepatic perfusion index;
IR: Iterative reconstruction.

were no significant differences among protocols A, B
and C with regard to HAP, HPP, HBF and HPI for normal
liver, viable tumor component and whole tumor (P >
0.05; Table 1).

HBF (r = 0.583, P = 0.03), and HPI (r = 0.531, P =
0.046) for normal liver parenchyma at 80 kVp with the
iterative reconstruction protocol showed a moderate
positive correlation with values measured at 120 kVp.
As shown in Figure 3, strong positive correlations
were obtained in HAP (r = 0.907; P < 0.001), HPP (r
= 0.819; P = 0.002) and HBF (r = 0.945; P < 0.001)
values for viable tumor between protocols A and B.

Correlation and agreement among perfusion parameters
obtained using protocols A and B

HAP (r = 0.577, P = 0.031), HPP (r = 0.527, P = 0.048),
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Figure 3 Correlation and agreement of perfusion parameters for viable tumor component obtained using the 80 kVp protocol with iterative reconstruction
(low radiation dose and concentration contrast medium) and 120 kVp protocol with filtered back projection (conventional radiation dose and concentration
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Table 2 Quantitative image analysis (n = 11)
P value
80 kVp with IR

80 kVp

120 kVp

80 IR vs 120

78.88 ± 7.1
129.00 ± 5.70

78.61 ± 7.27
129.5 ± 5.67

71.57 ± 6.93
120.34 ± 5.26

0.041
0.002

0.049
0.001

131.68 ± 24.24
86.05 ± 12.82

131.74 ± 24.29
87.77 ± 13.39

122.15 ± 23.25
79.43 ± 10.59

0.552
0.357

0.549
0.211

9.31 ± 0.94
9.50 ± 0.93

13.85 ± 1.05
13.47 ± 1.27

8.16 ± 0.95
8.27 ± 1.17

0.019
0.031

< 0.001
< 0.001

5.63 ± 2.38
4.60 ± 1.27

3.88 ± 1.82
3.16 ± 1.04

6.16 ± 2.60
5.11 ± 1.74

0.814
0.587

0.048
0.004

Normal liver
Arterial phase (HU)
Portal venous phase (HU)
Viable tumor
Arterial phase (HU)
Portal venous phase (HU)
Noise
NoiseHAP (HU)
NoisePVP (HU)
CNR
CNRHAP
CNRPVP

80 vs 120

Data are expressed as mean ± SD. CNR: Tumor-to-liver contrast-to-noise ratio; IR: Iterative reconstruction.

these perfusion parameters between protocols A and B.

Table 3 Contrast medium consumption (n = 11)
80 kVp
Body weight (kg)
Concentration of contrast
medium (mgI/mL)
Volume of contrast
medium (mL)
Contrast medium dose
(mgI/kg)

120 kVp

3.0 ± 0.11
270

3.0 ± 0.11
350

4

5

360.1 ± 13.3

583.5 ± 21.5

Quantitative image analysis

P value

As shown in Table 2, the CT values obtained for normal
liver parenchyma in arterial and portal venous phases
with protocols B and C were significantly different from
those obtained with protocol A (P < 0.05). However,
there was no significant difference among protocols
A, B and C for the same parameters of viable tumor
in arterial and portal venous phases, respectively (P
> 0.05). Image noises in arterial and portal venous
phases with protocol C were 70% and 63% higher
than values obtained with protocol A (13.85 ± 1.05 HU
vs 8.16 ± 0.95 HU, P < 0.001; 13.47 ± 1.27 HU vs 8.27
± 1.17 HU, P < 0.001, respectively). In comparison
with image noises determined by protocol C, 80 kVp
with iterative reconstruction reduced 33% and 29%
of image noises in arterial and portal venous phases
(9.31 ± 0.94 HU vs 13.85 ± 1.05 HU; 9.50 ± 0.93 HU
vs 13.47 ± 1.27 HU, respectively). However, there was
a significant difference in image noises during arterial
and portal venous phases between protocols B and A
(9.31 ± 0.94 HU vs 8.16 ± 0.95 HU, P = 0.019; 9.50
± 0.93 HU vs 8.27 ± 1.17 HU, P = 0.031). There was
no significant difference between protocols B and A
in tumor-to-liver CNR values during both arterial and
portal venous phases (P = 0.814, P = 0.587), while
CNR values obtained with protocol C significantly
differed from those measured with protocol A (P =
0.048, P = 0.004).

< 0.001

Data are expressed as mean ± SD.

HPI (r = 0.736; P = 0.01) for viable tumor determined
with protocol A showed a moderate positive correlation
with the value measured with protocol B. Bland-Altman
plots for viable tumor yielded mean differences of -3.7
for HAP (95% limits of agreement, -45.5 to 38 mL/min
per 100 mg), 1.2 for HPP (95% limits of agreement,
-28.4 to 30.8 mL/min per 100 mg), -2.6 for HBF
(95% limits of agreement, -50.0 to 44.8 mL/min per
100 mg), and 1.0 for HPI (95% limits of agreement,
-15.2% to 13.3%), which did not differ significantly
from zero. In clinical interpretation, the 95% limits
of agreement may lead to misinterpretation of tumor
angiogenesis and liver perfusion in few cases, and are
therefore considered to be a moderately acceptable
agreement. For example, all points were located within
95% limits of agreement values (Figure 3), and HPI
at 80 kVp with iterative reconstruction differed from
HPI at 120 kVp by 15.2% below and 13.3% above;
with mean value of these two HPIs being 56.16%, the
misinterpretation of tumor perfusion may occur in few
atypical cases.
Similarly, correlation and agreement data among
perfusion parameters for whole tumor between
protocols A and B are shown in Figure 4. HAP, HPP
and HBF determined with protocol A showed a strong
positive correlation with values measured at 80 kVp.
There was a moderate positive correlation for HPI of
whole tumor between protocols A and B. Bland-Altman
plots suggested a moderate acceptable agreement for

WJG|www.wjgnet.com

Contrast medium consumption

The mean values of contrast medium dose delivered
for the 80 kVp and 120kVp protocols were 360.1 ±
13.3 and 583.5 ± 21.5 mgI/kg, respectively (P <
0.001). Low tube potential allowed a 38% decrease in
contrast medium dose in comparison with conventional
tube potential (Table 3).

Histopathology and immunohistochemical findings

Figure 5 illustrates the histopathological features of
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Figure 4 Correlation and agreement of perfusion parameters for whole tumor obtained using the 80 kVp protocol with iterative reconstruction (low
radiation dose and concentration contrast medium) and 120 kVp protocol with filtered back projection (conventional radiation dose and concentration
contrast medium). A: HAP; B: HPP; C: HBF; D: HPI; E: HAP-HAP; F: HPP-HPP; G: HBF-HBF; H: HPI-HPI. IR: Iterative reconstruction; HAP: Hepatic arterial
perfusion; HPP: Hepatic portal perfusion; HBF: Hepatic blood flow; HPI: Hepatic perfusion index.
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A

B

C

Figure 5 Histological and immunohistochemical micrographs of hepatic VX2 tumor. A: Tumor tissue stained with hematoxylin and eosin (magnification × 400)
demonstrates that the normal hepatic sinusoidal capillary disappeared and was replaced by a large amount of tumor cells; B: CD31 staining of tumor tissue shows the
formation of new microvessels with incomplete layer of endothelial wall (arrows, magnification × 400); C: Vascular endothelial growth factor staining of tumor tissue
depicts positive expression in the cytoplasm of tumor cell (arrows, magnification × 400).
[2,15-18]

hepatic VX2 tumor in rabbits. The epithelial cells in
tumor microvessels were stained brown with antiCD31 and protoplasm of tumor cells was stained
brown with anti-VEGF. In addition, microvessels were
heterogeneously distributed within the tumor and
showed a predominantly peripheral distribution. These
findings were correlated with perfusion CT images.

significantly elevated
. As a result of increased
formation of new blood vessels from the hepatic artery
during angiogenesis, which was also observed in our
immunohistochemical analysis of tumor specimen,
hepatic arterial flow in the region of viable tumor was
increased. Moreover, owing to obstruction, stenosis
and compression of the hepatic sinusoidal capillaries,
the increased intrahepatic resistance contributed to
decreased portal venous flow. This indicated that the
blood supply of rabbit liver VX2 tumor mainly derived
from arterial rather than portal venous circulation,
which resulted in increased HPI. Consequently,
compared to 120 kVp with conventional concentration
contrast agent protocol, we believed that 80 kVp with
low concentration contrast agent protocol has similar
capability in providing valuable information for rabbit
liver VX2 tumor identification.
In the past few years, with the development of
imaging technique, perfusion CT has played a vital
role in quantitatively assessing the perfusion of
abdominal organs and lesions. However, the relatively
high radiation dose limits the wide application of
[19]
this functional image modality . The low-kVp
technique allows a sharp decrease in radiation dose
(proportionally to the square of tube voltage) and
increase in the attenuation of iodinated contrast
[20-23]
agent
. Previous studies have reported that the
delivered dose of the contrast agent is closely related to

Radiation dose

Radiation doses were automatically measured by the
CT scanner during scanning. The radiation dose for the
80 kVp group was 73% lower than that used in the 120
kVp group (CTDIvol: 237.31 mGy, DLP: 1898.5 mGy •
cm vs CTDIvol 868.98 mGy, DLP 6951.8 mGy • cm).

DISCUSSION
Our data revealed that perfusion parameters (HAP, HBF
and HPI) of viable tumor component and whole tumor
obtained by a 256-slice CT scanner using 80 kVp and
conventional 120 kVp protocols were significantly higher
than those of normal liver parenchyma, indicating a
successful detection of all liver tumors in experimental
rabbits. Slightly lower mean HPP values were measured
for viable tumor and whole tumor in comparison with
tumor free liver parenchyma. Consistent with previous
experimental and clinical studies, HAP and HPI in both
hepatocellular carcinoma and hepatic metastases were
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A

B

C

D

Figure 6 Computed tomography perfusions using both 80 kVp protocol with iterative reconstruction (4 mL Visipaque 270, 354.1 mgI/kg) and 120 kVp
protocol with filtered back projection (5 mL Omnipaque 350, 573.8 mgI/kg) at a 24-h interval were performed for liver VX2 tumor in a rabbit (body weight, 3.05
kg). A: Arterial phase image (80 kVp protocol); B: Portal venous phase image (80 kVp protocol); C: Arterial phase image (120 kVp protocol); D: Portal venous phase
image (120 kVp protocol).

contrast-induced nephropathy and affects the mortality
[24-27]
rate in patients with acute myocardial infarction
.
In our study, the use of 80 kVp with 40% iterative
reconstruction protocol offers a 73% reduction of the
radiation dose with a 38% decrease in contrast agent
concentration in comparison with the conventional 120
kVp protocol. Thus, the low tube potential protocol
may reduce the risk of contrast-induced nephropathy.
Another important finding was the positive correlation
among perfusion parameters between the 80 kVp and
120 kVp protocols. Despite the low concentration of
contrast medium administrated in the 80kVp protocol,
the latter achieved highly positive correlations for
HAP, HPP, and HBF, and moderate positive correlation
for HPI in viable tumor and whole tumor compared
with the conventional 120 kVp protocol. It has
been suggested that correlation coefficient may not
reflect the level of agreement and cannot be used to
explain the possibility of interchangeability between
[28]
two methods of measurements . In order to avoid
systematic bias, Bland-Altman analysis of perfusion
parameters was performed for the whole tumor and
viable tumor component between the two image
settings, and a moderate acceptable agreement was
obtained. Therefore, perfusion CT with low radiation
dose and low concentration of contrast agent may be
more helpful in evaluating tumor angiogenesis and
blood perfusion in comparison with the conventional
protocol.

WJG|www.wjgnet.com

The iterative reconstruction algorithm has been
routinely applied in the field of nuclear imaging and
was introduced in the past six years to reduce the
noise and artifacts of image for MDCT with the advance
[29]
in computer technology . We found that 80 kVp with
40% iterative reconstruction decreases image noise
by 33% in hepatic arterial phase and 29% in hepatic
portal venous phase. Iterative reconstruction algorithm
allows similar tumor-to-liver CNR (P > 0.05) in hepatic
arterial and portal venous phases, compared with 120
[13]
kVp with the FBP algorithm. However, Marin et al
reported that low tube voltage and high tube current
CT technique increases the tumor-to-liver CNR and
improves the conspicuity of malignant hypervascular
liver tumors during late hepatic arterial phase (12).
This discrepancy can mainly be explained by the 38%
lower dose of contrast media used in our study. At the
same tube potential setting and lower contrast agent
delivered, less lesion enhancement was obtained.
These findings indicate that the iterative reconstruction
algorithm together with 80 kVp tube potential and low
contrast medium dose dramatically reduced image
noise with similar conspicuity of tumor, compared with
FBP algorithm used in combination with 120 kVp and
conventional contrast medium dose (Figure 6).
This study has several limitations. First, a relatively
small number of rabbits was involved, which might
limit the statistical significance. Second, we only
performed one level of hybrid iterative reconstruction.
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reduction in radiation dose without significant influence on the hepatic perfusion
parameters in rabbit VX2 tumor.

Although an increased level of iterative reconstruction
might result in a more pronounced decrease of image
[30]
noise, Leipsic et al
reported that a high level of
iterative reconstruction causes loss of image nature.
Third, imaging was set for the low dose radiation
protocol based on body weight recommendation;
however, body size such as body mass index and cross
sectional diameter are key points to assessing image
[31]
noise and CNR as well . Combination of body size and
body weight may offer more accurate measurements
of perfusion parameters in further studies. Fourth,
rabbit liver VX2 is a hypervascular tumor model with
only one input blood supply, and the use of low dose
protocol in evaluating hepatic metastatic tumors
might be limited. Fifth, our low concentration contrast
medium and radiation dose protocol was implemented
using a rabbit model, and clinical application with
patients’ larger body weight and body size could pose a
challenge. The low dose radiation and contrast medium
protocol needs to be modified for patient suitability
in further clinical research. In addition, we performed
maximum slope perfusion CT, which was reported to
possibly underestimate hepatic perfusion, especially
[32]
for portal venous perfusion . Finally, we present the
correlation and agreement of HAP, HPP, HBF and HPI
and did not evaluate other useful parameters such as
hepatic permeability of capillary vessel surface (PS),
hepatic blood volume, mean transit time, because
these measurements were not achievable in the
maximum slope perfusion CT protocol.
In conclusion, perfusion CT with low tube potential
and low concentration contrast agent can dramatically
decrease radiation dose and image noise with similar
conspicuity of tumor compared to conventional tube
potential with conventional concentration contrast
medium and does not significantly influence perfusion
parameters for liver VX2 tumor in rabbits. Therefore,
the proposed protocol has a potential for clinical use
in evaluating hepatic tumor angiogenesis and the
response of anti-angiogenesis therapy.

Applications

It is promising that hepatic CT perfusion with the combination of low tube
potential with iterative reconstruction and low concentration contrast medium
may be clinically used to decrease radiation dose and the risk of contrastinduced nephropathy without significant influence on perfusion parameters.

Terminology

Since low tube potential is closer to the iodine K-edge of 33 keV, this
technique increases the contrast of iodine and may allow for a reduction in the
administered contrast medium dose.

Peer-review

Authors evaluate the feasibility of low radiation dose and low concentration
contrast medium with iterative reconstruction on a 256-slice CT for hepatic
VX2 tumor in rabbits, and conclude that perfusion CT with low tube potential
and low concentration contrast agent can dramatically decrease radiation dose
and image noise with similar conspicuity of tumor compared to conventional
tube potential with conventional concentration contrast medium and does not
significantly influence perfusion parameters for liver VX2 tumor in rabbits.
This is an important study and if it could be repeated in human subjects would
improve the safety of CT scanning for patients and allow the technique to be
used in patients who would otherwise be contraindicated because of potential
toxicity.
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Abstract
AIM: To investigate anti-apoptotic effects of glycyrrhizic

acid (GA) against fibrosis in carbon tetrachloride (CCl4)induced liver injury and its contributing factors.

METHODS: Liver fibrosis was induced by administration

of CCl 4 for 8 wk. Pathological changes in the liver of
rats were examined by hematoxylin-eosin staining.
Collagen fibers were detected by Sirius red staining.
Hepatocyte apoptosis was determined by TUNEL assay
and the expression levels of cleaved caspase-3, Bax,
α-SMA, connective tissue growth factor (CTGF), matrix
metalloproteinase (MMP) 2 and MMP9 proteins were
evaluated by western blot analysis, and α-SMA mRNA,
collagen type Ⅰ and Ⅲ mRNA were estimated by real-time
PCR.

RESULTS: Treatment with GA significantly improved the

pathological changes in the liver and markedly decreased
the positive area of Sirius red compared with rats in
the CCl4-treated group. TUNEL assay showed that GA
significantly reduced the number of TUNEL-positive cells
compared with the CCl4-treated group. The expression
levels of cleaved caspase-3, Bax, α-SMA, CTGF, MMP2 and
MMP9 proteins, and α-SMA mRNA, collagen type Ⅰ and
Ⅲ mRNA were also significantly reduced by GA compared
with the CCl4-treated group (P < 0.05).

CONCLUSION: GA treatment can ameliorate CCl 4-

induced liver fibrosis by inhibiting hepatocyte apoptosis
and hepatic stellate cell activation.
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widely used to cure diseases for thousands of years
in China. In recent years, the efficacy of Chinese
herbal medicine has been appraised by modern
[12,13]
biological technology
. Glycyrrhizic acid (GA),
extracted from the roots of G. glabra, is a major active
component, and has been found to have numerous
pharmacological effects, such as anti-inflammatory,
[14]
anti-viral and hepatoprotective activities . GA also
exerts an anti-apoptotic effect by inhibiting hepatocyte
[15,16]
[17]
apoptosis
. As shown in our previous study ,
GA can inhibit CCl4-induced hepatocyte apoptosis via
a p53-dependent mitochondrial pathway to retard
the progress of liver fibrosis in rats. However, the
mechanism how GA exerts its anti-apoptotic effect
against fibrosis in CCl4-induced liver injury and its
contributing factors are unknown.

fibrosis; Hepatic stellate cell; Matrix metalloproteinase

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

Core tip: This study showed that glycyrrhizic acid (GA)

had inhibitory effects on hepatocyte apoptosis and
liver fibrosis, which were mainly associated with downregulation of hepatic stellate cell (HSC) activation, thus
regulating fibrotic-related factors, such as expression
levels of connective tissue growth factor, MMP2 and MMP9
proteins, and collagen type Ⅰ and Ⅲ mRNA. Collectively,
these results demonstrate that GA treatment significantly
ameliorated CCl 4 -induced liver fibrosis by inhibiting
hepatocyte apoptosis and HSC activation, which may
provide potential therapeutic strategies for anti-fibrosis.

MATERIALS AND METHODS

Liang B, Guo XL, Jin J, Ma YC, Feng ZQ. Glycyrrhizic acid
inhibits apoptosis and fibrosis in carbon-tetrachloride-induced
rat liver injury. World J Gastroenterol 2015; 21(17): 5271-5280
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i17/5271.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i17.5271

Materials

GA and α-smooth muscle actin (SMA) antibody were
purchased from Sigma-Aldrich (St Louis, MO, United
States). MMP2 and MMP9 antibodies were bought
from Abcam (Cambridge, MA, United States), CTGF
antibody was bought from Santa Cruz Biotechnology
(Santa Cruz, CA, United States), caspase-3 and
Bax antibodies were purchased from Cell Signaling
Technology (Beverly, MA, United States). GAPDH
and tubulin antibodies were bought from Beyotime
Biotechnology (Haimen, Jiangsu, China), horseradish
peroxidase (HRP)-conjugated anti-mouse, anti-goat
and anti-rabbit IgG antibodies were purchased from
Cell Signaling Technology. The chemiluminescence
reaction kit (ECL Plus) was purchased from Millipore
(Billerica, MA, United States).

INTRODUCTION
Liver fibrosis, induced by various pathological factors,
is commonly encountered in many chronic liver
diseases, such as chronic viral hepatitis, nonalcoholic
[1]
steatohepatitis, and alcoholic liver disease . The
progression of fibrosis is likely to lead to liver failure,
portal hypertension, and even an increased risk of
[2]
hepatic carcinoma .
Apoptosis, a stereotypical morphologic form of
cell death, results in liver damage in a wide range
[3]
of acute and chronic liver diseases . Following liver
injury, two distinct paths are involved in the repair
process: one is a regenerative path, in which the same
type of cells replace injured cells; and the other path
is known as fibroplasia or fibrosis, in which normal
parenchymal tissue is replaced by connective tissue in
[4]
an uncontrolled manner . Studies have shown that
[5-7]
hepatocyte apoptosis can induce liver fibrosis , which
is an excessive wound healing response to chronic
liver injury. Liver fibrosis, a dynamic and reversible
[8-10]
process
, is characterized by an imbalance between
synthesis and degradation of the extracellular matrix
(ECM), which is rich in fibrillar collagens (mainly
collagen Ⅰ and Ⅲ). It was demonstrated that activated
hepatic stellate cells (HSCs) are the main fibrogenic
[10]
cells in injured liver . Therefore, focusing on HSC
activation, signaling pathways activating HSCs and
molecules that modulate fibrolysis and fibrogenesis
may be effective strategies for the treatment and
[11]
prevention of hepatic fibrosis .
Glycyrrhiza glabra, a perennial herb, has been
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Animal model of liver fibrosis and treatment

Male Sprague-Dawley rats weighing 150-200 g
were supplied by the Experimental Animal Center of
Zhongshan Hospital, Fudan University. The animals
were acclimatized to laboratory conditions (23 ℃, 12
h/12 h light/dark, 50% humidity, ad libitum access
to food and water) for 2 wk prior to experimentation.
Forty-five rats were randomly and equally divided into
the control group, CCl4 group and GA treatment group.
In order to induce the liver fibrosis model, rats were
given a 40% solution of CCl4 in olive oil by hypodermic
injection at a dose of 3 mL/kg biweekly for 8 wk, while
the rats in the control group were given the same dose
of olive oil by subcutaneous injection, with an initial
double-dose injection. In the GA group, rats were also
treated with a 40% solution of CCl4 by hypodermic
injection at a dose of 3 mL/kg plus 0.2% GA solution
in water (3 mL) by intraperitoneal injection three
times weekly, beginning at the first week, following
[17]
a previously published method . Rats in the control
group were treated with the same isovolumetric dose
of olive oil and water. Animals were sacrificed 24 h
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after the last injection. All animals were euthanized by
barbiturate overdose (intravenous injection, 150 mg/
kg pentobarbital sodium) for tissue collection. Liver
tissues were removed and rinsed with 0.9% saline,
some were fixed in 10% buffered formaldehyde and
embedded in paraffin for hematoxylin-eosin (HE) and
Sirius-red staining, and the remaining sections were
stored at -70 ℃ for analysis.

This was performed using a 7300HT Fast Real-time
polymerase chain reaction (PCR) System. Primer
sequences used for real-time PCR were as follows:
α-SMA: sense 5’-AGGGAGTGATGGTTGGAATG-3’,
antisense 5’-GATGATGCCGTGTTCTATCG’; collagen Ⅰ:
sense 5’-TCAAGATGGTGGCCGTTACT-3’, antisense
5’-GCGGATGTTCTCAATCTGCT-3’; collagen Ⅲ :
sense 5’-ACCTCCTGGTGCTATTGGTC-3’, antisense
5’-TCTCTCCATTGCGTCCATC-3’, GAPDH: sense
5’-GACATGCCGCCTGGAGAAAC-3’, antisense
5’-AGCCCAGGATGCCCTTTAGT-3’. The mRNA expression
levels of samples relative to the control groups were
-∆∆CT
[18]
analyzed by the comparative CT (2
) method .

HE and Sirius-red staining

Liver tissues were embedded in paraffin and 5-μm-thick
slices were cut and placed on glass slides, stained with
HE, and examined under a light microscope (Olympus,
Tokyo, Japan). HE staining was performed to assess
pathological changes in the liver. Sirius-red staining
was performed to detect collagen deposition and
observed under a light microscope.

Statistical analysis

All results were expressed as mean ± sd of three
independent experiments. Data were analyzed using
one-way analysis of variance. Differences were
considered statistically significant if P was < 0.05. All
analyses in the study were carried out using SPSS for
Windows version 18.0.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling assay

The deoxynucleotidyl transferase-mediated dUTP nickend labeling (TUNEL) assay (Roche, Germany) was
performed following the manufacturer’s protocol. Nuclei
were respectively counterstained with 4, 6-diamidino2-phenylindole (DAPI) in the same sections. Cells
stained by TUNEL were evaluated using fluorescence
microscopy (Olympus).

RESULTS
Effects of GA on hepatic apoptosis induced by CCl4

Under fluorescence microscopy, no staining was
observed and non-apoptotic nuclei were found in normal
liver tissue slices using the TUNEL assay. High quantities
of TUNEL cells were observed in the liver tissue slices
from the CCl4 group, and numerous condensed and
fragmented nuclei were seen. In the GA-treated group,
few TUNEL cells were observed in the liver tissue
sections, and fewer condensed and fragmented nuclei,
in the same slice, were observed. In the same view, colocation of green and blue staining indicated TUNELpositive cells, and numerous TUNEL-positive cells were
found in the CCl4 group, while a significant reduction
in TUNEL-positive cells was observed in the GA-treated
group (Figure 1). Overall, these results demonstrated
that GA treatment reduced apoptosis during the process
of liver injury.
Expression of apoptosis-related proteins in liver tissue
from the different treatment groups was evaluated
by western blot analysis. As shown in Figure 2, the
expression level of Bax, the pro-apoptotic protein, was
markedly increased in the CCl4-induced hepatic injury
group, whereas GA treatment significantly decreased the
expression level of Bax (Figure 2). Caspase activation
plays a vital role in apoptosis, and cleaved caspase-3 is
[19]
a typical feature of apoptosis . In the present study,
cleaved caspase-3 (17 kDa) was increased in the CCl4
group, which suggested severe apoptosis. In addition,
the expression level of cleaved caspase-3 significantly
decreased in the GA treatment group (Figure 2).
These findings indicated that GA suppressed CCl4induced hepatocyte apoptosis by inhibiting the activation
of caspase-3. Thus, GA treatment ameliorated CCl4induced hepatocyte apoptosis.

Western blot analysis

Total proteins in liver tissue were extracted and
quantified using the bicinchoninic acid protein
concentration assay kit (Beyotime Biotechnology).
Sample proteins were separated by 10% SDS-PAGE
and then transferred to polyvinylidene difluoride
membranes (Millipore). The membranes were
blocked with 5% bovine serum albumin for 2 h,
and then incubated overnight at 4 ℃ with primary
antibodies rabbit caspase-3, Bcl-2, Bax, MMP2 and
MMP9 antibodies, mouse α-SMA, GAPDH and tubulin
antibodies, and goat CTGF antibody. On the next day,
the membranes were incubated with the secondary
antibodies conjugated with horseradish-peroxidase
goat anti-rabbit IgG, goat anti-mouse IgG and rabbit
anti-goat IgG (1:5000 dilution) at room temperature
for 2 h, and then washed three times with Tris-buffered
saline with 0.1% Tween-20 (TBST) , and detected by
enhanced chemiluminescence. The intensities of the
bands were analyzed by Image J software.

Real-time polymerase chain reaction analysis

Total RNA in liver tissue was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA, United States),
subsequently converted to cDNA, which was carried out
using PrimeScript reagent kit with gDNA Eraser (Takara
Bio,. Dalian, China), and subjected to real-time PCR
using SYBR Premix Ex TaqII (Takara Bio). The results
were calculated in line with the dissociation curves and
normalized against a housekeeping gene (GAPDH).
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TUNEL

Merged

GA

CCl4

Control
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Figure 1 Effects of glycyrrhizic acid on hepatic apoptosis in carbon tetrachloride-induced rat liver fibrosis were detected by TUNEL assay. Liver tissue
sections from different treatment groups were stained with TUNEL (green) and the same sections were respectively counterstained with DAPI to localize the nuclei
(blue), and the co-location of green and blue indicated TUNEL-positive cells in the same view (magnification × 200).

Effects of GA on α -SMA protein and mRNA expression

4, expression of CTGF, MMP2 and MMP9 proteins
was up-regulated in CCl4-induced hepatic injury.
In contrast, following GA treatment, expression of
CTGF, MMP2 and MMP9 proteins was down-regulated
compared to that in the CCl4 group.

We examined the effects of GA on α-SMA protein and
mRNA expression in CCl4-induced liver injury using
western blotting and real-time PCR. As shown in
Figure 3A, the expression level of α-SMA protein was
maintained at a low level in the control group, and was
up-regulated in the CCl4-induced hepatic injury group.
In contrast, GA significantly down-regulated expression
of α-SMA protein. The trend in mRNA expression of
α-SMA was in accordance with the results of Western
blotting (Figure 3B).

Effects of GA on collagen typeⅠ and Ⅲ mRNA
expression

We evaluated the expression levels of type Ⅰ and
Ⅲ collagen mRNA using real-time PCR. In the CCl4treated group, expression of type Ⅰ and Ⅲ collagen
mRNA was enhanced, however, the pattern and degree
of change clearly differed between the two transcripts
(Figure 5). Type Ⅰ collagen mRNA expression level
increased in parallel with worsening liver disease. In
the CCl4-induced liver injury group, this enhancement
was > 30 times higher than that in the control group,

Effects of GA on CTGF, MMP2 and MMP9 protein
expression

Using Western blotting, we also examined the effects
of GA on CTGF, MMP2 and MMP9 protein expression
levels in CCl4-induced liver injury. As indicated in Figure
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Figure 2 Effects of glycyrrhizic acid on expression of Bax and caspase-3 were evaluated by western blotting. Total proteins were extracted from the livers of
rats in the different treatment groups. GAPDH and tubulin were used to confirm the same sample loading in each lane. Data are shown as mean ± SD. aP < 0.05 vs
CCl4 group. GA: Glycyrrhizic acid; CCl4: Carbon tetrachloride.
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Figure 3 Effects of glycyrrhizic acid on α-SMA expression were estimated by western blotting and real-time polymerase chain reaction. A: Total proteins
were extracted from the livers of rats in the different treatment groups. GAPDH was used to confirm the same sample loading in each lane; B: Total RNA was extracted
from the livers of rats in the different treatment groups. GAPDH mRNA was included to normalize the expression of mRNA. Data are shown as mean ± SD. aP < 0.05
vs the CCl4 group.
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Figure 4 Effects of glycyrrhizic acid on CTGF, MMP2 and MMP9 expression were examined by Western blotting. Total proteins were extracted from the livers
of rats in the different treatment groups. GAPDH was included to confirm the same sample loading in each lane. Data are shown as mean ± SD. aP < 0.05 vs the CCl4
group. GA: Glycyrrhizic acid; CCl4: Carbon tetrachloride.

and type Ⅲ collagen mRNA expression was about 6
times higher than that in the control group. Moreover,
GA significantly decreased expression of type Ⅰ and Ⅲ
collagen mRNA, which was about 20 times and about
4 times that in the control group, respectively.

the CCl4-treated group. Less fibrous tissue hyperplasia
and fibrous septa formation were observed in the
GA treatment group compared with the CCl4-treated
group, and positive areas of Sirius red staining were
significantly reduced in the GA treatment group.

Effects of GA on collagen deposition in liver tissue
induced by CCl4

DISCUSSION
GA is a major active component of G. glabra roots
and is commonly used in Asia to treat patients with
[20,21]
chronic hepatitis
, and has satisfactory therapeutic
effects in many other diseases. GA has been reported
to have numerous pharmacological effects, such as
anti-inflammatory, anti-viral and hepatoprotective
activity. In the present study, we demonstrated that
GA significantly ameliorated liver fibrosis induced by
CCl4. GA exerted a beneficial anti-apoptotic effect and
inhibited fibrosis-related factors.
In animal models, CCl4 can induce hepatocyte

After 8 wk CCl4 administration, HE and Sirius red
staining showed an integrated lobular structure with
central venous and hepatic cord radiation in liver slices
from the control group (Figure 6), in which there
were few positive areas of Sirius red staining around
small central venous walls. These disorders of lobular
structure, including wide fibrous tissue hyperplasia and
fibrous septa formation, were identified in the CCl4treated group, and some pseudolobuli were present
(Figure 6). Many positive areas of Sirius red staining
were seen in the boundaries of the hepatic lobules in
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Figure 5 Effects of glycyrrhizic acid on expression of collagen type Ⅰ and Ⅲ mRNA. Total RNA was extracted from the livers of rats in the different treatment groups.
GAPDH mRNA was included to normalize the expression of mRNA. Data are shown as mean ± SD. aP < 0.05 vs the CCl4 group. GA: Glycyrrhizic acid; CCl4: Carbon tetrachloride.
CCl4

GA
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Control

Figure 6 Effects of glycyrrhizic acid on the pathological histology and collagen of livers in carbon tetrachloride-induced rat liver fibrosis were evaluated by
hematoxylin-eosin and Sirius red staining. Liver tissue sections from the different treatment groups were stained with hematoxylin-eosin (magnification × 100) and
Sirius red (magnification × 40).
[22-26]

apoptosis and liver fibrosis
. Responses to CCl4induced damage in rat and mouse models are similar
[27]
to responses to liver cirrhosis in humans , and these
models can be used to screen for anti-hepatotoxic
[28]
and/or hepatoprotective drugs .
Hepatocyte apoptosis, a cardinal feature of many
liver diseases, is considered to play a part in initiating
[29]
and maintaining HSC activation . Apoptosis of
parenchymal cells, an important inflammatory stimulus,
activates HSCs, which display a surprising capacity to
phagocytize apoptotic bodies, rather than being a silent
[30]
consequence of liver injury . Thus, factors that affect
[26]
apoptosis may be used to modulate liver fibrosis , and
may be developed as a potential anti-fibrotic strategy.
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Although the incidence of hepatic fibrosis is high
worldwide, few effective and accepted antifibrogenic
therapies are available. However, our previous study
found that GA could inhibit CCl4-induced hepatocyte
apoptosis and retard the progression of liver fibrosis
[17]
in rats . Similar to our previous research, DNA
fragmentation of hepatocyte apoptosis was assessed
using the TUNEL assay. In the CCl4-treated group,
TUNEL-positive cells were increased compared to
the control group and GA treatment group, whereas
GA treatment significantly decreased the number of
TUNEL-positive cells, and these results agree with
previous findings that GA reduced the number of
[16]
TUNEL-labeled cells . However, the TUNEL assay
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is not a specific marker of apoptosis, thus Western
blotting was conducted and found that GA treatment
inhibited hepatocyte apoptosis by down-regulating
expression of cleaved caspase-3 and Bax proteins.
These results coincided with those from the TUNEL
assay showed that GA reduced hepatocyte apoptosis.
Necrosis and apoptosis are involved in the process
[26]
of liver fibrosis . In our previous study, we found
that hepatocyte apoptosis could induce liver fibrosis.
However, the mechanism how GA exerts its antiapoptotic effect against fibrosis in CCl4-induced liver
injury and its contributing factors are unknown. HSC
activation, characterized by a high rate of proliferation,
expression of fibrotic cell markers and production of
[29]
[30,31]
ECM , plays a key role in liver fibrogenesis
, and a
positive relationship between the degree of fibrosis and
HSC activation in damaged livers has been observed
[32]
in animal and human fibrogenesis . α-SMA, a marker
of activated HSCs, was evaluated by western blotting
and real-time PCR in the present study. Expression of
α-SMA protein and mRNA was significantly up-regulated
following CCl4 administration and down-regulated by
GA. These results indicated that HSCs were activated in
CCl4-induced liver fibrosis, and significantly inhibited by
GA treatment.
An imbalance between ECM degradation and
production existed during fibrosis, and both collagen
type I and Ⅲ exhibited a significant increase. Activation
of HSCs, involved in the conversion of quiescent,
vitamin-A-storing cells into proliferative, fibrogenic
and contractile myofibroblasts, can synthesize and
secrete a large number of fibril-forming collagens,
[33,34]
especially collagen type Ⅰ and Ⅲ
. During liver
fibrosis, the main components of the scar matrix are
interstitial collagen type Ⅰ and Ⅲ, which replace the
basal membrane of the subendothelial space of Disse
[35,36]
and sinusoids
. In the present study, using real-time
PCR, we found that expression of collagen type Ⅰ and
Ⅲ mRNA was enhanced in CCl4-induced liver fibrosis,
while expression in the liver of GA-treated rats was
significantly reduced, thus, GA significantly decreased
accumulation of ECM.
Matrix degradation is dependent on the role of the
MMP family in the extracellular space. Activation of HSCs
also generates MMP2, MMP9 and MMP3, which destroy
the basement membrane, leading to recruitment
[37-39]
of inflammatory cells to the site of injury
. The
activity of MMP2 and MMP9 in liver fibrosis progression
increases as HSCs become activated both in humans
[1,10]
and animals
. The present study showed that
expression of MMP2 and MMP9 significantly increased in
the CCl4-treated group, while GA treatment decreased
expression of MMP2 and MMP9.
CTGF, another important fibrogenic factor, is
[40,41]
synthesized by hepatocytes and HSCs
. CTGF is
a general mediator of the interactions between fiberfiber, fiber-matrix and matrix-matrix. During liver
fibrosis, CTGF is a hepatic fibrogenic master switch
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in the epithelial to mesenchymal transition, and
plays a pivotal role in the increase of ECM-producing
[41]
fibroblasts . In the present study, expression of CTGF
was up-regulated in the CCl4-treated group, while GA
treatment significantly reversed this increase. We also
found that hepatic injury in the CCl4 group was more
serious than that in the GA treatment group on the
basis of histological observation and Sirius red staining.
In the present study, we found that GA has inhibitory
effects on hepatocyte apoptosis and liver fibrosis, which
are mainly associated with down-regulation of HSC
activation, thus regulating fibrosis-related factors, such
as expression of CTGF, MMP2 and MMP9 proteins, and
collagen typeⅠand Ⅲ mRNA. Collectively, these results
demonstrated that GA significantly ameliorates CCl4induced liver fibrosis by inhibiting hepatocyte apoptosis
and HSC activation, which may provide potential
therapeutic strategies for fibrosis.
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AIM: To compare closure methods, closure times and
medical costs between two groups of patients who
had post-endoscopic resection (ER) artificial ulcer floor
closures.
METHODS: Nineteen patients with duodenal adenoma,
early duodenal cancer, and subepithelial tumors that
received ER between September 2009 and September
2014 at Kagawa University Hospital and Ehime Rosai
Hospital, an affiliated hospital of Kagawa University,
were included in the study. We retrospectively com
pared two groups of patients who received postER artificial ulcer floor closure: the conventional
clip group vs the over-the-scope clip (OTSC) group.
Delayed bleeding, procedure time of closure, delayed
perforation, total number of conventional clips and
OTSCs and medical costs were analyzed.
RESULTS: Although we observed delayed bleeding
in three patients in the conventional clip group, we
observed no delayed bleeding in the OTSC group (P =
0.049). We did not observe perforation in either group.
The mean procedure times for ulcer closure were 33.26
± 12.57 min and 9.71 ± 2.92 min, respectively (P =
0.0001). The resection diameters were 18.8 ± 1.30 mm
and 22.9 ± 1.21 mm for the conventional clip group
and the OTSC group, respectively, with significant
difference (P = 0.039). As for medical costs, the costs
of all conventional clips were USD $1257 and the costs
of OTSCs were $7850 (P = 0.005). If the post-ER ulcer
is under 20 mm in diameter, a conventional clip closure
may be more suitable with regard to the prevention of
delayed perforation and to medical costs.
CONCLUSION: If the post-ER ulcer is over 20 mm, the
OTSC closure should be selected with regard to safety
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and reliable closure even if there are high medical
costs.

artificial ulcer floor to pancreatic juice and bile acid
induces delayed perforation, various closure methods
[8]
for the ulcer floor have been reported . However,
there are currently no reports on comparisons of
closure methods, closure times and medical costs
according to different methods for closure of artificial
ulcer floors after EMR or ESD. There have been many
reports with regard to the usefulness of the over-thescope clip (OTSC) system (Ovesco Endoscopy GmbH,
Tüebingen, Germany) for perforation, bleeding and
fistulas of the digestive tract. Thus, we compared the
differences of two methods to close artificial ulcer
floors using a conventional clip or OTSC after ER for
duodenal tumors to prevent post-ER artificial ulcers
from exposure to pancreatic juice and bile acid, which
leads to delayed perforation.

Key words: Closure time; Endoscopic resection; Overthe-scope clip; Pancreatic juice; Bile acid
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Duodenal postoperative exposure of the
artificial ulcer floor to pancreatic juice and bile acid
induces delayed perforation. There are, however, no
reports on comparisons of closure methods, closure
times and medical costs according to the different
methods for closure of artificial ulcer floors. If the
post-endoscopic resection (ER) ulcer is under 20 mm
in diameter, the conventional clip closure might be
more suitable with regard to the prevention of delayed
perforation and to medical costs. If the post-ER ulcer is
over 20 mm, the over-the-scope clip closure should be
selected with regard to safety and reliable closure even
if there are high medical costs.

MATERIALS AND METHODS
Patients characteristics

Nineteen patients with duodenal adenoma, early
duodenal cancer, and subepithelial tumors that
received ER between September 2009 and September
2014 at Kagawa University Hospital and Ehime Rosai
Hospital, an affiliated hospital of Kagawa University,
were included in the study. The microvascular and
surface patterns were examined preoperatively in
all cases by magnifying narrow band imaging (NBI)
using the highest magnification (approximately
optical magnification × 80) for preoperative en
doscopic diagnosis. In addition, a biopsy was con
ducted for histological diagnosis. The inclusion
criteria were early duodenal cancer, adenomas with
a diameter of < 20 mm or neuroendocrine tumors
with a diameter of < 10 mm, and a World Health
Organization (WHO) classification of up to Grade 1.
The exclusion criterion was patients with suspected
massive submucosal invasion detected by magnifying
NBI and endosonography (EUS), in whom surgical
resection was performed instead. These criteria are
also recommended by the Japan Gastroenterological
Society.
ER, especially ESD, was performed carefully to
prevent perforation. Moreover, markings were made
at the site close to the tumors after evaluating the
periphery of the tumors in detail by magnifying NBI
using a GIF TYPE H260Z (OLYMPUS Co., Tokyo, Japan)
to minimize the postoperative ulcer floor as much
as possible. Local injection with a liquid that was
composed of > 50% concentrated hyaluronic acid was
administered in all cases. When local injection resulted
in an insufficient bulge, concentrated hyaluronic acid
was used without dilution. A shallow incision was
first made in the mucosa on the distal side, and the
mucosa was subsequently detached from the proximal
side after trimming the submucosa when possible.
Because the duodenal muscular layer is very thin, the
insufflation volume was adjusted so that the knife tip

Mori H, Ayaki M, Kobara H, Fujihara S, Nishiyama N,
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INTRODUCTION
Primary duodenal adenoma and cancer reportedly
[1]
account for approximately 0.02%-0.04%
and
[2,3]
0.035%-0.12%
of all gastrointestinal neoplastic
lesions, respectively, whereas the frequency of
duodenal neuroendocrine tumors (e.g., carcinoid
[4-6]
tumors) has been reported to be 0.5% . In recent
years, esophageal, gastric, and colorectal endoscopic
mucosal resection (EMR) and endoscopic submucosal
dissection (ESD) have been gradually developed and
are sometimes performed for duodenal tumors. Early
duodenal cancers remaining inside of the mucosa
with no lymph node metastasis are an indication for
[7]
endoscopic resection (ER) . However, because the
duodenum is fixed on the retroperitoneum with two
bending portions (the superior and lower duodenal
angles), in many cases, it is difficult to secure the
visual field for conducting endoscopy, to manipulate
the endoscope, and to appropriately set the distance
and angle of the knife with flexible endoscopes. In
addition, it is difficult to obtain a mucosal bulge by
local injection due to the presence of Brunner glands
and a thin muscular layer. This procedure is associated
with many operation-related complications, such as
perforation. Because postoperative exposure of the
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Table 1 Characteristics of the patients
Conventional clip
group, n
Patients
12
Age (yr), mean ± SD
62.5 ± 15.8
Sex, M/F
8/4
Location of lesions
2nd portion
10
Bulb
2
Resection method (mean ± SD, min)
EMR
8 (15.7 ± 3.68)
ESD
4 (45.7 ± 12.51)

Table 2 Results for the two groups

Over-the-scope
clip group, n

P value1

7
64.3 ± 13.7
5/2

0.20
0.42

5
2

0.31
0.40

4 (14.6 ± 4.57)
3 (55.7 ± 16.35)

0.52 (0.68)
0.43 (0.43)

Conventional clip
(n = 12)

P value1

Lesion diameter (mm),
12.5 ± 1.60
13.3 ± 1.74
mean ± SD
Resection diameter
18.8 ± 1.30
22.9 ± 1.21
(mm), mean ± SD
Delayed bleeding
3
0
(POD 1-7)
Treatment measure for
hemostatic
delayed bleeding
forceps
Delayed perforation
0
0
(POD 1-7)
Procedure time of ulcer
33.26 ± 12.57
9.71 ± 2.92
closure (min),
mean ± SD
Clips, mean
9.8
1.25
Total clips
121
10
Cost of one clip
975/9.56/7.01
80000/785/576
(¥/$/€)2
Cost of all clips
117975/1257/847 800000/7850/5760
(¥/$/€)2
Pathological diagnosis
Adenoma
7
4
Tubular
4
2
adenocarcinoma
Leiomyoma
1
0
Carcinoid
0
1

1

Mann-Whitney U test. EMR: Endoscopic mucosal resection; ESD:
Endoscopic submucosal dissection.

was parallel to the muscular layer when possible, and
the electrification duration was shortened as much as
possible. In addition, excessive countertraction on the
muscular layer by the tip hood was avoided.
Because artificial ulcers after ER are exposed to
pancreatic juice and bile acid, conventional clip closure,
with or without a detainment snare, or closure with an
OTSC was used for the post-ER artificial ulcer closure.
Either conventional clipping or the OTSC system was
selected as the closing method at the discretion of
each operator (i.e., three endoscopists, each having
treated > 100 cases of gastric ESD).
We retrospectively compared two groups of
patients who received post-ER artificial ulcer floor
closure: the conventional clip group vs the OTSC
group. Delayed bleeding, procedure time of closure,
delayed perforation, total number of conventional clips
and OTSCs and medical costs were analyzed.

0.140
0.039
0.049
0.0001

0.015
0.002
0.008
0.005

0.410
0.390
0.810
0.810

1

Mann-Whitney U test; 2Average exchange rate at September, 2014.

was 62.5 years. Table 1 shows the characteristics of
the patients in both groups (i.e., conventional clip
group vs OTSC group). The lesion sites were in the
second portion and bulb in 10 cases and 2 cases in the
conventional clip group, respectively and in 5 cases
and 2 cases in the OTSC group, respectively. There
were 8 cases and 4 cases in the conventional clip
group that received EMR or ESD, respectively, and 4
cases and 3 cases in the OTSC group received EMR of
ESD, respectively. There were no significant differences
in baseline characteristic for both groups.
Table 2 shows the results for the two groups. The
lesion diameters obtained by pathologic examination
were 12.5 ± 1.60 mm for the conventional clip
group and 13.3 ± 1.74 mm for the OTSC group, with
no significant difference (P = 0.14). The resection
diameters were 18.8 ± 1.30 mm and 22.9 ± 1.21 mm
for the conventional clip group and the OTSC group,
respectively, with significant difference (P = 0.039).
Although we observed delayed bleeding until day
7 after ER in 3 patients in the conventional clip group,
we observed no delayed bleeding in the OTSC group (P
= 0.049). We controlled the bleeding using hemostatic
forceps, and we observed no subsequent bleeding. We
did not observe perforation in either group. The mean
procedure time for ulcer closure was 33.26 ± 12.57
min in the conventional clip group and 9.71 ± 2.92
min in the OTSC group, which showed a significant
difference (P = 0.0001; Table 2).
As for medical costs, one clip costs ¥975,
USD $9.56, or €7.01, and complete closure of an

Operative devices

GIF TYPE Q260J and GIF TYPE H260Z (OLYMPUS. Co.,
Tokyo, Japan) endoscopes were used. A dual knife
(KD-650L, OLYMPUS. Co., Tokyo, Japan) or IT knife 2
(KD-611L, OLYMPUS. Co., Tokyo, Japan) was used. A
coagrasper (FD-410LR, OLYMPUS. Co., Tokyo, Japan)
hemostatic forceps was used. The tip attachment
employed was an Elastic Touch Attachment (TOP. Co.,
Tokyo, Japan). An ERBE VIO300D incisional device was
used, and a UCR (OLYMPUS. Co., Tokyo, Japan) was
used as the CO2 insufflation device.

Statistical analysis

All values are presented as the mean ± SD. Patient
baselines statistics were analyzed using a MannWhitney U test. P values < 0.05 were considered
statistically significant. All statistical analyses were
performed using GraphPad Prism version 5 for
Windows (Graph Pad Software, San Diego, CA, United
States).

RESULTS
The mean age of the patients (13 men and 6 women)
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A

B

C

Figure 1 White light endoscopic image, magnifying narrow band image, closure method of Case 2 (conventional clip). A: White light magnified endoscopic
images with an irregular microsurface pattern in the second portion; B: Magnifying narrow band imaging images with an irregular microvascular pattern indicated focal
cancer; C: Ulcer floor closure with a detainment snare and conventional clips.

artificial ulcer required an average of 9.8 clips in the
conventional clip group; one OTSC costs ¥80000, $US
785, or €576, and complete closure of an artificial ulcer
required an average of 1.25 OTSCs in the OTSC group
(P = 0.008; Table 2). The total of 121 conventional
clips were used in the conventional clip group, and 10
OTSCs were used in the OTSC group. Therefore, the
costs of all conventional clips were ¥117975, $1257,
and €847, and the costs of all OTSCs were ¥800000,
$7850, €5760, resulting a significant difference (P =
0.005; Table 2). In the histopathological examinations,
we observed no significant differences between
the groups in the proportions of adenoma, tubular
adenocarcinomas, leiomyoma and carcinoids.
Figure 1 shows representative white light magnified
endoscopic images with an irregular microsurface
pattern (Figure 1A), and magnifying NBI images with
an irregular microvascular pattern (Figure 1B), and
an ulcer floor closure with a detainment snare and
conventional clips (Figure 1C).
Figures 2 and 3 show representative white light
endoscopic images (Figures 2A and 3A), magnifying
NBI images (Figure 2B), resection by EMR (Figure 2C),
resection by ESD (Figure 3B), and post-ER artificial
ulcer closure by OTSC (Figures 2D, E and 3C). The
OTSC was not visible on the ulcer floor, which had
recovered within the mucosa with chorioepithelium 6
mo later without stricture (Figure 2F).

it is necessary to close and reef the ulcer floor
because artificial ulcer floors are exposed to digestive
juices, such as pancreatic juice and bile acid, after
[12]
resection . The placement of endoscopic nasobiliary
drainage (ENBD) and endoscopic nasopancreatic
drainage (ENPD) and the administration of pancreatic
enzyme inhibitors have been reported to be
[13]
effective . However, it is difficult to postoperatively
insert ENBD or ENPD in every case due to the high
risk of detachment of the thin myenteric parts because
of overstressing the artificial ulcer floor after ESD.
In addition, insertion before ESD is also likely to be
difficult because of the drainage tube, which acts as an
additional obstacle to endoscopic manipulation during
ESD.
In a report by Ono et al at the Conference of
Japan Gastroenterological Endosocpy Society on a
multicenter questionnaire survey conducted in 13
facilities in Japan, the intraoperative and delayed
perforation rates were 9.3% and 3.1%, respectively,
resulting in a 12% total perforation rate. Intraoperative
perforation occurred in 3.9% and 24% of EMR and
ESD cases, respectively, whereas delayed perforation
occurred in 1.2% and 6% of EMR and ESD cases,
respectively.
In terms of delayed bleeding and procedure times,
the conventional clip closure was significantly inferior
to the OTSC closure. With close follow-up observation,
delayed bleeding is certainly controllable with a
hemostatic forceps, and the procedure time of the
conventional clip is within a tolerable time. Therefore,
both methods are suitable for post-ER prophylactic
treatment.
With regard to delayed perforation, because
the conventional clip closure and the OTSC closure
showed no significant difference, both methods are
suitable for post-ER closure. When closing 20-mm
or larger artificial ulcer floors with normal clips and
a detainment snare, a gap is generated between the
clips, leading to exposure to digestive juices. The OTSC
system is considered very effective and safe for the

DISCUSSION
Improvement in the ESD technique and the develop
ment of safe devices have allowed conventional
resections by EMR and en bloc resections by ESD of
duodenal neoplastic lesions. However, intraoperative
perforation has been reported to occur with very high
frequency compared with that in esophageal, gastric,
and colorectal ESDs, indicating a high degree of
[9-11]
difficulty in duodenal ESD
. Moreover, the incidence
of delayed perforation has been reported to be as high
as 6%-7%. For the prevention of delayed perforation,
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A

B

C

D

E

F

Figure 2 White light endoscopic image, magnifying narrow band image, resection method, closure method of case 6 (over-the-scope clip). A: An
approximately 13-mm depressed lesion is observed in the posterior wall side of the slightly anal side of the major duodenal papilla in the descending portion of
the duodenum; B: The magnifying narrow band image shows a clear boundary between the tumor and normal mucosa, and a mildly irregular surface structure of
the tumor. The microvascular pattern (yellow arrows) shows expansion, winding, and caliber variation, which we evaluated as an inflammatory change caused by
pancreatic juice and bile acid rather than malignant findings; C: After circumferential resection, en bloc resection was conducted by hybrid endoscopic submucosal
dissection using a snare resection when two-thirds of the submucosal trimming was finished; D: As the artificial ulcer floor occupied half of the circumference and was
close to the major duodenal papilla, closure in the minor axial direction toward the intestinal tract was attempted by grasping the mucosa in the anal and mouth sides
with a twin Grasper® (yellow arrows); E: Complete suture closure was performed in the minor axial direction using an over-the-scope clip (OTSC) (yellow arrows); F:
The OTSC was not visible on the ulcer floor, which had recovered within the mucosa with chorioepithelium 6 mo later.

A

B

C

Figure 3 White right endoscopic image, muscular layer surface and longitudinal closure method of the artificial ulcer after resection in case 13 (over-thescope clip). A: An approximately 20-mm irregularly protruding lesion is observed in the posterior wall side of the slightly anal side of the major duodenal papilla in
the descending portion of the duodenum. Duodenal cancer was diagnosed based on the magnifying narrow band imaging results; B: The detached thin myenteric
parts could be observed by applying only mild countertraction using the tip hood; C: The largest artificial ulcer floor is approximately 30 mm, occupying half of the
circumference of the duodenal lumen. Bile juice directly flowed onto the artificial ulcer floor from the major duodenal papilla (green curved arrow). Reefing closure
using an over-the-scope clip (OTSC) was conducted as rapidly as possible while cleaning the ulcer floor. Because closure using the OTSC in the minor axial direction
was technically difficult, longitudinal reefing was used; however, no postoperative stenosis was observed (yellow arrows).

closure of artificial ulcer floors because single reefing
strongly closes the floor in the system. However, there
is a notable disadvantage with the OTSC closure. The
costs of all OTSCs were 6- to 7-times more expensive
than that of conventional clips. In terms of medical
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costs, this difference cannot be ignored.
In conclusion, if the post-ER ulcer is under 20 mm
in diameter, the conventional clip closure might be
more suitable with regard to the prevention of delayed
perforation and to medical costs. However, if the post-
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2

ER ulcer is over 20 mm in diameter, the OTSC closure
should be selected with regard to safety and reliable
closure even if there are high medical costs.

3
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Background

Duodenal postoperative exposure of the artificial ulcer floor to pancreatic
juice and bile acid induces delayed perforation. Because the indication for
endoscopic resection (ER) for duodenal tumors has been controversial, in
recent years, ER has been performed gradually. As postoperative exposure
of the artificial ulcer floor to pancreatic juice and bile acid induces delayed
perforation, there are currently no reports on comparisons of closure methods,
closure times and medical costs.

6
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Research frontiers

There are no reports on comparisons of closure methods, closure times and
medical costs according to the different methods for closure of artificial ulcer
floors of post-Endoscopic resection.

8

Innovations and breakthroughs

There have been many reports with regard to the usefulness of the over-thescope clip (OTSC) system for perforation, bleeding and fistulas of the digestive
tract. Thus, the authors compared the differences of two methods to close
artificial ulcer floors using a conventional clip or OTSC after ER for duodenal
tumors to prevent post-ER artificial ulcers from exposure to pancreatic juice and
bile acid, which leads to delayed perforation.

9
10

Applications

If the post-ER ulcer is over 20 mm, the OTSC closure should be selected with
regard to safety and reliable closure even if there are high medical costs.

Terminology

The over-the-scope clip system is used for perforation, bleeding and fistulas of
the digestive tract.

11

Peer-review

This report compares the closure methods, i.e., conventional clip vs OTSC,
following ER for duodenal tumors. Based on the results obtained with 19
patients, the authors concluded that if post-ER ulcer is under 20 mm diameter,
a conventional closure may be more suitable. However, with ulcer > 20 mm, the
OTSC closure should be selected. The manuscript is informative, well written,
and supported by the tables and pictures. Hence, in my opinion, it deserves
priority publishing.
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Abstract
AIM: To evaluate long-term outcomes of radiofrequency
(RF) ablation as first-line therapy for single hepatocellular
carcinoma (HCC) ≤ 3 cm and to determine survival and
prognostic factors.
METHODS: We included all 184 patients who under
went RF ablation as a first-line treatment for single
HCC ≤ 3 cm between April 2005 and December 2013.
According to the criteria of Livraghi, the 184 patients
were divided into two groups: those suitable for surgical
resection (84 cases) and those unsuitable for surgical
resection (100 cases). The primary endpoints were the
overall survival (OS) rate and safety; the secondary
endpoints were primary technique effectiveness and
recurrence rate.
RESULTS: There were 19 (10.3%) cases of ablation
related minor complications. The complete tumor
ablation rate after one RF session was 97.8% (180/184).
The rate of local tumor progression, extrahepatic
metastases and intrahepatic distant recurrence were
4.9% (9/184), 9.8% (18/184) and 37.5% (69/184),
respectively. In the 184 patients, the 1-, 3-, and 5-year
OS rates were 99.5%, 81.0%, and 62.5%, respectively.
The 1-, 3-, and 5-year OS rates were 100%, 86.9%,
and 71.4%, respectively, in those suitable for surgical

5287

May 7, 2015|Volume 21|Issue 17|

Gao J et al . Radiofrequency ablation for single hepatocellular carcinoma

resection and 99.0%, 76.0%, and 55.0%, respectively,
in those unsuitable for surgical resection (P = 0.021).
On univariate and multivariate analyses, poorer OS
was associated with Child-Pugh B class and portal
hypertension (P < 0.05).

the clinical effectiveness of RF ablation with that of SR
suggested that SR was more effective than RF ablation
for early-stage HCC because local tumor progression
(LTP) and intrahepatic distant recurrence (IDR) were
[5,6]
lower with SR than with RF ablation . However, other
[4,7-9]
studies reported conflicting results in this regard
.
Hence, whether RF ablation or SR is the better choice
[11]
for early-stage HCC has long been debated .
The aim of this study was to evaluate from the
surgeon’s perspective on the technical and clinical
outcomes of RF ablation as the first-line treatment in a
cohort of patients with a single HCC 3 cm or less.

CONCLUSION: RF ablation is a safe and effective
treatment for single HCC ≤ 3 cm. The OS rate of
patients suitable for surgical resection was similar to
those reported in surgical series.
Key words: Hepatocellular carcinoma; Radiofrequency
ablation; Therapeutic efficacy; Safety; Survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: The argument against the role of radio
frequency (RF) ablation as a first treatment option for
patients with small hepatocellular carcinoma (HCC) is
represented by the lack of adequate evidence proving
that its effectiveness is comparable to that of surgical
resection (SR). The study provides evidence that RF
ablation is a safe and effective first-line treatment for
single HCC 3 cm or less, even when SR is possible.
Furthermore, we also induced the systemic technical
measures to promote the efficacy of RF ablation for
HCC from the surgeon’s perspective.

The following hospitals in China participated in the
study: Beijing Chaoyang Hospital affiliated to Capital
Medical University, Beijing, China; Affiliated Hospital
of Chifeng University, Inner Mongolia, China; Zhanhua
People’s Hospital, Shandong, China; Chaoyang
Central Hospital, Liaoning, China. From April 2005
to December 2013, a total of 1008 patients with
HCC received RF ablation in the four hospitals. Of
these, we retrospectively reviewed the records of 198
consecutive patients diagnosed with a single HCC 3 cm
or less.
Each patient provided a medical history and
underwent physical examination, screening for hepatitis
B and C, serum laboratory tests assessing liver function,
hemostasis, renal function, and determination of serum
a-fetoprotein level prior to the RF treatment. The
diagnosis of HCC was made according to the American
[12]
Association for the Study of Liver Disease guidelines .
Abdominal computed tomography (CT) and/or magnetic
resonance imaging (MRI) were used to assess local
tumor extension, and thoracic CT was systematically
performed to detect the presence of pulmonary
metastases.
Among the 198 HCC patients, 184 met the criteria
and were enrolled in this study. The inclusion criteria
were (1) a single HCC nodule with a diameter of 3
cm or less; (2) no previous treatment for HCC; (3)
follow-up of at least 6 mo; and (4) complete followup data. The exclusion criteria were (1) extrahepatic
metastasis; (2) unfeasible for RF ablation because of
concurrent severe comorbidities; and (3) follow-up
period less than 6 mo.
Patients were analyzed as a whole population but
also grouped on the basis of surgical operability to
perform a hypothetic comparison between RF ablation
and SR. The theoretical operability criteria for each
patient were those reported in the previous paper of
[8]
Livraghi : age younger than 75 years, Child-Pugh
class A, total bilirubin level less than 1.5 mg/dL and
absence of portal hypertension signs.
Local Review Boards approved the study according
to the standards of the Declaration of Helsinki. Written

Patients

Gao J, Wang SH, Ding XM, Sun WB, Li XL, Xin ZH, Ning
CM, Guo SG. Radiofrequency ablation for single hepatocellular
carcinoma 3 cm or less as first-line treatment. World J
Gastroenterol 2015; 21(17): 5287-5294 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i17/5287.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i17.5287

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most
[1]
common global cause of cancer-related death .
Nowadays, HCC is diagnosed at an early stage with
increasing frequency, improving the prospects of
radical treatment by means of liver transplantation,
surgical resection (SR), or radiofrequency (RF)
[2,3]
ablation . Liver transplantation is considered the best
option, as it allows eliminating both tumor and cirrhosis
at the same time, but lack of liver donors represents
[2]
a major limitation . SR can provide a 5-year-survival
rate of over 50%, and therefore it is considered the
first choice of treatment for patients with early-stage
[2,3]
HCC .
Reportedly, optimal efficacy of treatment for small
[4-10]
HCC can be achieved by means of RF ablation
.
The advantage of minimal invasiveness has made this
method into the first-line treatment for small HCC in
patients with compromised liver function or associated
severe medical conditions. Previous studies comparing
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informed consent was obtained from each patient
before the treatment.

cholecystectomy was also performed before ablation to
avoid thermal injury to the gallbladder.

Strategies of ablation

CT-guided RF procedure

The strategies of RF ablation from the surgeon’s
perspective used to treat the study patients were
the following: (1) during RF ablative procedure, all
patients were on mechanical ventilation, with tracheal
tube or laryngeal mask airway under intravenous
anesthesia for respiratory control; (2) all ablative
procedures were performed via a percutaneous or
laparoscopic approach. The selection of percutaneous
or laparoscopic approach was based mainly on the
location of the tumor. No open-access RF ablation was
performed in this study. Subcapsular HCC, which was
located near the capsule of the liver (< 1.0 cm) on
axial CT scans, was treated by use of laparoscopy and
ultrasonic guidance of electrode placement; whereas
HCC located in the liver parenchyma was managed by
CT-guided percutaneous placement of electrodes; (3)
the treatment aimed to obtain an ablative margin (AM)
of at least 1.0 cm of normal hepatic tissue surrounding
the tumor as a tumor free margin; (4) for the tumor
less than 2.0 cm, a single RF probe position with one
to two cycles was adopted for ablation. For the tumor
larger than 2.0 cm, we repositioned the RF probe to
target areas using an overlapping ablation method;
and (5) to prevent bleeding and tumor seeding, track
ablation was performed as the RF electrode was
withdrawn.

After induction of general anesthesia, the skin entrance
point of the RF probe was chosen in the CT scanning
plane containing the tumor. With CT monitoring, the RF
probe was inserted through the chest wall to the liver,
finally reaching the targeted tumor. After the position
of the probe was confirmed to be appropriate by CT,
RF procedures were performed in a manner similar to
that used for the laparoscopic procedures.

Postoperative evaluation and follow-up

All patients underwent postoperative evaluation
by enhanced CT or MRI scans 1 mo post-ablation.
Complete ablation was defined as absence of nodular
or irregular enhancement adjacent to the ablation
zone on the enhanced CT or MRI. Incomplete ablation
was defined as irregular peripheral-enhanced foci in
the ablation zone on the enhanced CT or MRI. In the
case of incomplete ablation, repeated RF ablation
procedures were performed to achieve complete
necrosis.
The follow-up protocol mainly included routine
physical examination, laboratory tests, and measurement
of a-fetoprotein levels every month, as well as enhanced
CT studies every 2 or 3 mo.
LTP was defined as the presence of a nodular lesion
that was enhanced during the hepatic arterial phase
and washed out by the delayed phase that was found
along the peripheral margin of the low-attenuated
ablative zone. IDR was defined as the lesion with
similar characteristics, but not in contact with the
original ablation zone in the liver. OS was defined as
the interval between date of initial therapy and date of
death or the last follow-up examination for surviving
patients.
In cases of LTP or IDR, other supplemental
examinations like CT of the chest and lower abdomen
and bone scintigraphy were performed to detect
other potential tumor nodules. When LTP or IDR was
confirmed, patients were hospitalized as soon as
possible. Basically, repeated RF ablation treatment
cycles were administered for LTP and IDR of less than
four nodules. Five or more IDR nodules were treated
by transarterial chemoembolization. When extrahepatic
metastasis was confirmed, the patient was advised to
undergo treatment with sorafenib.
All the definitions are based on the standardization
by the International Working Group on Image-Guided
[13]
Tumor Ablation .

RF ablation system

All RF procedures in this study were performed using
either a 15-gauge multitined electrode (Starburst XL;
RITA Medical Systems, Manchester, GA, United States),
Cool-tip ACT 2030 or ACT 1530 electrodes and an
RF generator (RITA 1500; RITA Medical Systems Inc,
Manchester, GA, United States or Covidien Healthcare,
Ireland), according to their respective manufacturers’
protocols.

Laparoscopic RF procedure

After induction of general anesthesia, patients were
placed in a supine position. Grounding was achieved
by attaching two pads to the patient’s thighs. Two
10-mm trocars were placed in the abdomen, and
initial laparoscopic exploration of the peritoneal
cavity was performed. Under ultrasound guidance,
the RF probe was introduced into the peritoneal
cavity through the subcostal abdominal wall using
laparoscopic visualization and deployed into the tumor.
The ablation procedures were described in detail in our
[10]
previous publication . The RF process was monitored
intraoperatively by ultrasound. The ablated lesion
became hyperechoic because of outgassing from
heated tissues. For the patients whose lesions were
encroaching on the gallbladder fossa, laparoscopic
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Study endpoints

The primary endpoints of the study were the OS rate
and safety (complications related to ablation). The
secondary endpoints were the primary technique
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Table 1 Baseline characteristics of the patients suitable and not suitable for surgical resection n (%)
Variable
Age (yr)
Gender
Male/female
Pre-existing hepatitis
Hepatitis B
Hepatitis C
Hepatitis B and C
Others
Child-Pugh grade
Class A/class B
Portal hypertension
AFP (ng/mL)
Tumor diameter (cm)
Location of tumor (S1/S2/S3/S4/S5/S6/S7/S8)
Subcapsular location
Yes/no
Approach of the first ablation session
Percutanous
Laparoscopic

Non suitable for surgical resection
(n = 100)

Suitable for surgical resection
(n = 84)

P value

76 (36-88)

52 (32-74)

0.015

70 (70.0)/30 (30.0)

58 (69.0)/26 (31.0)

0.889

87 (87.0)
9 (9.0)
2 (2.0)
2 (2.0)

66 (78.5)
6 (7.1)
1 (1.2)
1 (1.2)

0.128
0.647
1.000
1.000
0.000

51 (51.0)/49 (49.0)
84 (84.0)
50.8 (2-240)
2.5 (1.1-3.0)
1/9/5/12/15/18/21/19

84(100)/ 0 (0)
0 (0)
68.7 (4-300)
2.6 (1.0-3.0)
2/7/5/9/13/16/18/14

43 (43.0)/57 (57.0)

31 (36.9)/53 (63.1)

57 (57.0)
43 (43.0)

53 (63.1)
31 (36.9)

0.401

RF ablation. Nine patients underwent laparoscopic
cholecystectomy because their tumors were adjacent
to the gallbladder. The baseline patient characteristics
are shown in Table 1.

effectiveness and recurrence rate.

Statistical analysis

Values are expressed as mean ± SD. Continuous
variables between groups were compared using the
Student’s t-test and analysis of variance. Differences
2
in the categorical data were analyzed by use of the χ
test or Fisher’s exact test. OS rates were calculated
by the Kaplan-Meier method and compared using
the log-rank test. Risk factors for OS were evaluated
by univariate analysis using Cox regression tests. If
multiple risk factors were shown to be significant by
this test, multivariate analysis was performed using
Cox regression tests to identify independent prognostic
factors for OS. All statistical analyses were performed
using the SPSS 15.0 statistical software (SPSS Inc.,
Chicago, IL, United States). All reported P-values
were 2-sided. P < 0.05 was considered statistically
significant.

Complications

The RF ablation treatment was performed successfully
for all patients. There were no technical failures.
Complications related to the ablation developed in
19 (10.3%) patients, including nine (10.7%, 9/84)
patients in the suitable for surgical resection group
and 10 (10.0%, 10/100) patients in the unsuitable for
surgical resection group (P > 0.05). According to the
[14]
Dindo-Clavien classification , two complications were
Grade IIIA and all the other complications were Grade I.
Eleven patients had right shoulder pain post-ablation
with a duration ranging between 2 and 7 (median, 3.5) d.
Four patients developed asymptomatic pneumothorax
and received only conservative treatment. Two patients
developed pleural effusion and underwent drainage
via a chest tube. Shallow second-degree skin burns
occurred at the edge of grounding pads in two patients,
which healed spontaneously. There was no perioperative
mortality. No severe complications developed (liver
failure, thoracic hemorrhage, abdominal hemorrhage,
destructive biliary damage, adjacent viscera perforation,
or liver abscess).

RESULTS
Baseline characteristics

In 36 of the 184 patients with a single HCC 3 cm or
less, preoperative diagnosis of HCC was histologically
confirmed by needle biopsy under CT guidance. In the
remaining 148 patients, HCC was established on the
basis of compatible radiological features in enhanced
CT and enhanced MRI.
[8]
According to the criteria of Livraghi , 184 cases
were divided into two groups: those suitable for
surgical resection (84 cases) and those unsuitable for
surgical resection (100 cases). Of the 184 patients,
74 subcapsular HCCs were treated by laparoscopic
RF ablation, and 110 HCCs located deep in the liver
parenchyma were treated by CT-guided percutaneous
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0.000
0.188
0.608
0.997
0.401

Complete ablation

Complete ablation was achieved in 97.8% (180/184)
of the 184 patients treated by RF ablation. Moreover,
the complete ablation rate was 98.8% (83/84) for
the suitable for surgical resection group and 97.0%
(97/100) for the unsuitable for surgical resection group
(P > 0.05). Four patients who presented incomplete
ablation received repeated RF ablation, which resulted
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Table 2 Significant variables for overall survival in the univariate and multivariate analyses (n = 184)
Significant variable
Age (> 65 yr), yes/no
Gender (male), yes/no
Tumor size (> 2.0 cm/≤ 2.0 cm)
Child-Pugh grade (class A/B)
AFP (> 20 ng/mL/≤ 20 ng/mL)
Hepatitis B (yes/no)
Hepatitis C (yes/no)
Hepatitis B and C (yes/no)
Portal hypertension (yes/no)
Total bilirubin (< 1.5 mg/dL/≥ 1.5 mg/dL)
Approach of the first ablation session (laparoscopic) (yes/no)

Univariate analysis

P value

OR (95%CI)

P value

1.141 (0.735-1.724)
0.980 (0.545-1.763)
1.001 (0.754-1.328)
0.976 (0.438-2.177)
1.031 (0.726-2.041)
1.070 (0.557-2.054)
0.596 (0.252-1.412
0.596 (0.252-1.412)
2.847 (1.819-4.458)
3.023 (1.632-5.600)
1.205 (0.678-2.231)

0.034
0.947
0.994
0.954
0.342
0.839
0.240
0.240
0.015
0.006
0.068

1.057 (0.787-1.587)

0.097

2.089(1.387-2.958)
1.556 (1.827-2.965)

0.027
0.028

69 (37.5%) had died, including 24 patients in the
suitable for surgical resection group and 45 patients in
the unsuitable for surgical resection group. The cause
of death was HCC in 52 patients (75.4%), liver failure
in nine (13.0%), upper gastrointestinal bleeding in
four (5.8%), causes unrelated to liver disease in four
(including three patients who died of cardiovascular
disease and one of pulmonary embolism; 5.8%). In
the 184 patients, the 1-, 3-, and 5-year OS rates were
99.5%, 81.0%, and 62.5%, respectively. The 1-, 3-,
and 5-year OS rates were 100%, 86.9%, and 71.4%,
respectively, in the suitable for surgical resection group
and 99.0%, 76.0%, and 55.0%, respectively, in the
unsuitable for surgical resection group (Figure 1); the
two groups differed significantly (P = 0.021, log-rank
test).
Table 2 lists the results of univariate and multivariate
analyses using Cox regression tests to identify the
independent prognostic factors for OS. Factors that
significantly predicted OS by univariate analysis
were age, portal hypertension, and total bilirubin.
Furthermore, multivariate analysis revealed that the
factors associated with OS included portal hypertension
(OR = 2.089; 95%CI: 1.387-2.958; P = 0.027) and
total bilirubin (OR = 1.556; 95%CI: 1.827-2.965; P =
0.028) (Table 2).

Overall survival rate (%)

1.0
0.8
0.6
0.4
Suitable for surgical resection group
Non suitable for surgical resection group

0.2

P = 0.021
0.0
0.00

20.00 40.00 60.00 80.00 100.00
Follow-up (mo)

Figure 1 Comparison of the overall survival rates (Kaplan-Meier) between
the suitable for surgical resection group and the not suitable for surgical
resection group.

in complete ablation of the tumors.

Recurrence

During follow-up, the LTP rate was 4.9% (9/184). LTP
was found in four (4.8%) of 84 patients in the suitable
for surgical resection group and in five (5.0%) of 100
patients in the unsuitable for surgical resection group (P
> 0.05). IDR rate was 37.5% (69/184). IDR was found
in 24 (28.6%) of 84 patients in the suitable for surgical
resection group and in 45 (45.0%) of 100 patients in
the unsuitable for surgical resection group (P = 0.022).
Extrahepatic metastasis rate was 9.8% (18/184).
Extrahepatic metastasis was found in six (7.1%) of
84 patients in the suitable for surgical resection group
and in 11 (11.0%) of 100 patients in the unsuitable for
surgical resection group (P > 0.05).
Nine patients with LTP received RF ablation. Of the
65 patients who had IDR, 54 underwent RF ablation,
and 15 underwent transarterial chemoembolization. Of
the 18 patients who had extrahepatic metastasis, eight
underwent treatment with sorafenib, and 10 refused
symptomatic treatment.

DISCUSSION
This study aimed to evaluate the efficacy of RF
ablation from the surgeon’s perspective as the firstline treatment in a cohort of patients with a single HCC
3 cm or less. Our data suggest that the high level of
safety and technical effectiveness, with a satisfactory
5-year OS rate, is comparable to the rates reported
[4-7]
by most studies on SR of HCCs at a similar stage ,
suggesting that RF ablation could be considered the
first treatment of choice for early-stage HCC less than
3 cm, even when SR is possible.
RF ablation is accepted as a potentially curative
treatment modality for HCC at an early stage when
[4-10]
transplantation and resection are precluded
.
However, the main argument against the role of RF
ablation as a first treatment option for patients with

OS rates and factors associated with OS

As of December 2013 (with a median follow-up of
65.0 mo), 115 patients (62.5%) remained alive, and
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Multivariate analysis

OR (95%CI)
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small HCC is the lack of adequate evidence proving
[4-10]
that its effectiveness is comparable to that of SR
.
In a prospective randomized trial on 180 patients
with solitary HCC less than 5 cm, percutaneous RF
ablation was as effective as SR in terms of 1-, 2-,
3-, and 4-year OS rates and recurrence-free survival
rates. Further, the results of a large, single-institution
retrospective study suggested that RF ablation could
[4]
be used as first-line treatment for early-stage HCC .
[5]
Conversely, Huang et al showed that SR resulted in
better survival and less recurrence than RF ablation for
patients with HCC according to the Milan criteria.
RF ablation is less expensive and less invasive,
and it is associated with lower complication rates and
[4-10]
shorter hospital stay than SR
. However, tumor
recurrence after RF ablation, including LTP and IDR,
[5,6]
occurs frequently, affecting patient prognosis
.
Furthermore, rapid tumor progression after RF
ablation, which may mostly be associated with
the progression of residual HCC, has been gaining
[15-17]
increasing attention
. These experimental data
indicated that any residual HCC tumors post-ablation
might be the main obstacle to achieving a satisfactory
effect.
In our study, complete ablation was achieved in
97.8% of the patients. The LTP rate was 4.9% and
IDR, 37.5%. Additionally, the 5-year OS rate was
62.5% for the entire sample. In the suitable for surgical
resection group, the 5-year OS rate was much better
(71.4%). These results are obviously better than those
[9]
of 209 similar patients reported by Brunello et al . We
induced the systemic technical measures to promote
the efficacy of RF ablation for HCC from the surgeon’s
perspective as follows. (1) General anesthesia should
be recommended to prevent pain and discomfort
[18]
during the RF procedure . Furthermore, controlled
ventilation would reduce ablation attempts and
increase the rate of success in patients undergoing
[19,20]
RF ablation under general anesthesia
; (2) We
thought an AM of at least 1.0 cm could reduce the
possibility of recurrence, making RF ablation a suitable
[10]
treatment for HCC with a diameter of 3 cm or less .
For HCCs less than 3.0 cm, an AM of at least 1.0 cm is
likely to remove microvascular invasions and satellite
micronodules around the main tumor, which can
decrease the likelihood of residual tumor, the incidence
rates of LTP, IDR, and rapid tumor progression.
Current technologies allow RF ablation to produce a
necrotic area with a diameter of 5 cm or more in one
treatment session, thus allowing full ablation of a
[7]
3-cm tumor plus a 1.0-cm margin ; (3) We preferred
a laparoscopic approach to ablate subcapsular
HCC to avoid adjacent organ injury and facilitate
more aggressive ablation. Moreover, intraoperative
ultrasonography was used routinely in conjunction
with the laparoscopic approach to increase the ability
to determine real-time RF electrode placement and
[21,22]
evaluate the efficacy of ablation
; (4) Use of the
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internally cooled cluster electrode would increase
efficacy of HCC located close to inferior venacava
or portal vein. One advantage of internally cooled
electrodes, such as Cool-tip, is that they keep a steady
high temperature in the tumor while limiting vascular
cooling. This characteristic increases the effectiveness
[23]
of perivascular ablation ; and (5) Repeated RF
ablation sessions for the control of recurrent HCC were
more feasible because RF ablation was as effective
as repeated SR for the treatment of small recurrent
HCCs, and it did not affect liver function of patients or
[24-26]
cause portal hypertension
.
The major limitations of our study include its
retrospective nature, the lack of a control group, and
the relatively small number of patients. Feasibility
for RF ablation is largely dependent on the operator’
s technique, the experience, and the instrumental
equipment of the center. The present patients were
managed based on the treating surgeon’s perspective
as well as by a team of surgeons, making the results
less applicable to nonsurgical clinics. Nevertheless,
our data may be helpful for clinicians who treat HCC
by RF ablation and may also be useful as a basis for
the design of future trials. Again, more long-term
outcomes and prospective randomized control trials
are needed to define the role of RF ablation in the
treatment of small HCC, especially in comparison to
SR.
In conclusion, RF ablation is an effective, minimally
invasive, and safe first-line treatment for single HCC
3 cm or less. Furthermore, the OS rate of the patients
suitable for surgical resection was similar to those
reported in previous surgical series.

COMMENTS
COMMENTS
Background

Hepatocellular carcinoma (HCC) is the third most common global cause of
cancer-related death. Radiofrequency (RF) ablation is accepted as a potentially
curative treatment modality for HCC at an early stage when transplantation and
resection are precluded. However, the main argument against the role of RF
ablation as a first treatment option for patients with small HCC is represented
by the lack of adequate evidence proving that its effectiveness is comparable to
that of surgical resection (SR).

Research frontiers

Reportedly, optimal efficacy of treatment for small HCC can be achieved by
means of RF ablation. The advantage of minimal invasiveness has made this
method into the first-line treatment for small HCC in patients with compromised
liver function or associated severe medical conditions. Previous studies
comparing the clinical effectiveness of RF ablation with that of SR suggested
that SR was more effective than RF ablation for early-stage HCC because local
tumor progression (LTP) and intrahepatic distant recurrence (IDR) were lower
with SR than with RF ablation. However, other studies reported conflicting
results in this regard. Hence, whether RF ablation or SR is the better choice for
early-stage HCC has long been debated.

Innovations and breakthroughs

Present data suggest that the high level of safety and technical effectiveness,
with a satisfactory 5-year overall survival (OS) rate, is comparable to the rates
reported by most studies on SR of HCCs at a similar stage, suggesting that RF
ablation could be considered the first treatment of choice for early-stage HCC
less than 3 cm, even when SR is possible. Furthermore, the authors induced
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the systemic technical measures to promote the efficacy of RF ablation for HCC
from the surgeon’s perspective.

10

Applications

The study results provide evidence that, RF ablation could be considered
the first treatment of choice for early stage HCC ≤ 3 cm, even when SR is
possible.

11

Terminology

LTP was defined as the presence of a nodular lesion that was enhanced during
the hepatic arterial phase and washed out by the delayed phase that was
found along the peripheral margin of the low-attenuated ablative zone. IDR
was defined as the lesion with similar characteristics, but not in contact with
the original ablation zone in the liver. OS was defined as the interval between
date of initial therapy and date of death or the last follow-up examination for
surviving patients.

12
13

Peer-review

This is an excellent retrospective study in which the authors used data of 4
institutions to evaluate long-term outcomes of RF ablation as first-line therapy
for single HCC ≤ 3 cm and determine survival and prognostic factors. The
results are interesting and suggest that RF ablation could be considered
the first treatment of choice for early-stage HCC ≤ 3 cm, even when SR is
possible.
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AIM: To report an acute gastroenteritis outbreak
caused by a genogroup 2 genotype 6 (GII.6) strain
norovirus in Shanghai, China.
METHODS: Noroviruses are responsible for appro
ximately half of all reported gastroenteritis outbreaks
in many countries. Genogroup 2 genotype 4 strains are
the most prevalent. Rare outbreaks caused by GII.6
strains have been reported. An acute gastroenteritis
outbreak occurred in an elementary school in Shanghai
in December of 2013. Field and molecular epidemiologic
investigations were conducted.
RESULTS: The outbreak was limited to one class in an
elementary school located in southwest Shanghai. The
age of the students ranged from 9 to 10 years. The first
case emerged on December 10, 2013, and the last case
emerged on December 14, 2013. The cases peaked on
December 11, 2013, with 21 new cases. Of 45 students
in the class, 32 were affected. The main symptom was
gastroenteritis, and 15.6% (5/32) of the cases exhibited
a fever. A field epidemiologic investigation showed the
pathogen may have been transmitted to the elementary
school from employees in a delicatessen via the first
case student, who had eaten food from the delicatessen
one day before the gastroenteritis episodes began. A
molecular epidemiologic investigation identified the
cause of the gastroenteritis as norovirus strain GII.6;
the viral sequence of the student cases showed 100%
homology with that of the shop employees. Genetic
relatedness analyses showed that the new viral strain is
closely related to previously reported GII.6 sequences,
especially to a strain reported in Japan.
CONCLUSION: This is the first report to show that
norovirus strain GII.6 can cause a gastroenteritis
outbreak. Thus, the prevalence of GII.6 noroviruses
requires attention.
Key words: Genogroup 2 genotype 6 genogroup; Genetic
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sequence
. Recombination occurs occasionally
[15,16]
at the ORF1/ORF2 junction
; thus, to define a
field norovirus strain it is necessary to determine
[15,16]
both the polymerase and capsid genotypes
. This
explains why the current nomenclature comprises both
polymerase and capsid genotypes. To date, 14 GI and
29 GII polymerase genotypes, and 8 GI and 23 GII
[14]
capsid genotypes, have been described .
The genogroup and genotype of norovirus strains
associated with sporadic and epidemic gastroenteritis
remain poorly described. Two recent systematic
literature reviews demonstrated several important
[14,17]
points
. First, genogroup GII is the most prevalent,
accounting for 96% of all sporadic infections. GII
genotype 4 (GII.4) is the most prevalent genotype,
accounting for 70% of the capsid genotypes and 60%
of the polymerase genotypes, followed by capsid
genotype GII.3 (16%) and polymerase genotype
[14]
GII.b (14%) . Second, based on 71724 illnesses,
501 hospitalizations, and 45 deaths, the overall
hospitalization and mortality rates are 0.54 and 0.06%,
respectively. GII.4 norovirus strains are associated
[17]
with higher hospitalization and mortality rates .
At present, reports on acute gastroenteritis
caused by norovirus GII.6 are rare. In a study of
187 fecal specimens collected from non-hospitalized
children with acute gastroenteritis in Shizuoka, Japan,
between July of 2008 and June of 2009, 55.6% tested
positive for noroviruses; of these, 53.8% and 40.4%
[18]
contained strains GII.4 and GII.6, respectively .
Active surveillance for laboratory-confirmed cases of
norovirus among children younger than five years
of age with acute gastroenteritis in hospitals in the
United States showed that GII.6 noroviruses were
[19]
also detected in fecal specimens . These are the only
two reports of GII.6 norovirus infections, and neither
report provided evidence showing that GII.6 could
cause gastroenteritis outbreaks. In this study, we
present an acute gastroenteritis outbreak caused by
norovirus strain GII.6 in an elementary school located
in Minhang District, Shanghai, China, which occurred in
2013. Our data complement the current understanding
of norovirus infection, especially of GII.6 noroviruses.

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

Core tip: Noroviruses are responsible for approximately
half of all reported gastroenteritis outbreaks in many
countries. Rare outbreaks caused by genogroup 2
genotype 6 (GII.6) strains have been reported. An acute
gastroenteritis outbreak occurred in an elementary school
in Shanghai in December of 2013. Molecular epidemiologic
investigations showed that the gastroenteritis outbreak
was caused by norovirus strain GII.6 infection. Thus, the
prevalence of GII.6 noroviruses requires attention.
Luo LF, Qiao K, Wang XG, Ding KY, Su HL, Li CZ, Yan HJ.
Acute gastroenteritis outbreak caused by a GII.6 norovirus. World
J Gastroenterol 2015; 21(17): 5295-5302 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i17/5295.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i17.5295

INTRODUCTION
Norovirus infection is recognized as a leading cause of
epidemic and sporadic acute gastroenteritis in children
[1]
and adults worldwide . Most infected individuals get
[2]
sick within one day of norovirus ingestion , though
[3]
the incubation period ranges from 12 h to 48 h .
The symptoms include vomiting, watery diarrhea, or
both. Stomach pain and a general feeling of tiredness,
[4]
headache, and muscle aches are also common . Fever
[5]
occurs in one-third to one-half of infected individuals .
The main transmission routes of noroviruses include
[1-5]
oral-fecal, person-to-person, and waterborne
.
Noroviruses cause outbreaks in autumn and winter in
over-populated settings such as schools and hospital
[6]
wards .
The Norovirus genus belongs to the Caliciviridae
[7]
family . The genome is comprised of a single-stranded
positive-sense RNA molecule approximately 7.5 kb in
[7]
length with three open reading frames (ORFs) . ORF1
encodes a polypeptide of six nonstructural proteins,
[7,8]
including RNA-dependent RNA polymerase (RdRp) .
ORF2 encodes the major capsid protein VP1, which
consists of a shell (S) and two protruding (P) domains,
P1 and P2. ORF3 encodes the minor capsid protein
[7,8]
VP2 . Noroviruses are categorized into five distinct
genogroups (GI-V); of these, GI, GII, and GIV can infect
[9]
humans . The genogroups of noroviruses were defined
on the basis of the amino acid diversity of the three
[10,11]
ORFs, RdRp, and VP1
. The current five genogroups,
which were developed based on VP1 protein diver
gence, can be further divided into genotypes and
[12,13]
subgenotypes
. The genotypes are defined on
the basis of either the RdRp sequence or the capsid

WJG|www.wjgnet.com

MATERIALS AND METHODS
Subjects, samples, and ethical issues

Fecal specimens from 32 elementary school students
in Class 1/Grade 4 were collected for suspected
gastroenteritis pathogen detection. Fecal specimens
were also collected from two employees of a deli
catessen who were suspected of being the source
of the pathogen. Data on the hospitalized students,
including body temperature and routine blood test
results, were also collected.
This study was conducted according to the principles
of world Medical Association Declaration of Helsinki.
The study was specifically approved by Internal Review
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RNA Genome, 7.5 kb
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Figure 1 Diagram of the genetic structure of the virus. The RNA genome is organized into three open reading frames (ORF1, ORF2, and ORF3) that encode the
designated nonstructural and structural proteins. The nonstructural protein consists of p48, nucleoside triphosphatase (NTP), p22, viral genome-linked protein (VPg),
3C-like protease (3C), and RdRp. VP1, the major capsid protein, is further organized into N-terminal, shell (S), and protruding (P) domains defined by the indicated
VP1 amino acid residues. VP2 is a minor structural protein. The diagnostic and genotyping primers used in the RT-PCR assay targeting conserved areas are shown in
red (A-D).

Board of the Center for Disease Control and Prevention
of Shanghai Minhang District, China (Permit Number:
2013-0012). All participants gave written informed
consent for research use of stool samples. We also
obtained written informed consent from the parents on
the behalf of the minors enrolled in our study. The ethics
committee specifically approved the consent procedure
for the participants between nine and ten years of age
(Permit Number: 2013-0012m).

For norovirus detection, the regions encoding RdRp and
VP1 were amplified by one-step reverse transcription
(RT)-PCR (Figure 1). The primers used for the VP1
region were GIIF1: 5’-GGHCCMBMDTTYTACAGCAA-3’;
GIIF2: 5’-GGHCCMBMDTTYTACAAGAA-3’; GIIF3:
5’-GGHCCMBMDTTYTACARNAA-3’; and GIIR:
5’-CCRCCNGCATRHCCRTTRTACAT-3’. The estimated
amplicon size was 468 bp. The primers used for the
RdRp region were GF: 5’-TCATCATCACCATAGAAIGAG-3’
and GR: 5’-ATACCACTATGATGCAGAYTA-3’. The
estimated amplicon size for RdRp was 327 bp.
The reaction mix contained 1 µL of RNA, 2.5 µL of
10 µmol/L primer solution, 21.5 µL of H2O, and 25 µL of
2× One-Step Fast RT-PCR Mix (BiovisuaLab, Shanghai,
China). PCR was performed using a Robocycler thermal
cycler (Stratagene, La Jolla, CA, United States) with
the following cycling parameters: RT at 42 ℃ for 0.5 h,
followed by 35 cycles of denaturation at 95 ℃ for 35 s,
annealing at 60 ℃ for 30 s, and elongation at 70 ℃ for
30 s.

Screening for gastroenteritis pathogens

The detection of rotavirus was performed as described
[20]
by Jothikumar et al . For bacterial evidence, the
isolation and culture of Campylobacter spp, Escherichia
coli (E. coli), Salmonella, and Shigella were performed
[21,22]
as reported previously
.

RNA extraction

The fecal specimens were prepared as a 10% (w/v)
suspension in distilled water and then centrifuged for
10 min at 10000 × g. Viral RNA was extracted from
the suspensions using a QIAamp Viral RNA Mini Kit
(Qiagen, Venlo, Limburg, Netherlands), according
to the manufacturer’s instructions. The RNA pellet
was re-dissolved in 10 µL of 10 mmol/L dithiothreitol
containing 5% (v/v) RNasin (40 U/µL; Promega,
Madison, WI, United States) and stored at -80 ℃ until
use.

Nucleotide sequencing

In positive samples, nucleotide sequencing was
performed directly on the purified RT-PCR products
using internal primers and an ABI PRISM BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems
of Thermo Fisher Scientific, Waltham, MA, United
States) in an ABI PRISM 3130XL DNA Analyzer (Applied
Biosystems).

Norovirus-specific RNA detection methods

Genogroup and genotype definition and phylogenetic
analysis

Based on routine disease surveillance data and the
characteristics of the acute gastroenteritis outbreak, a
norovirus was suspected to be the causative pathogen.

WJG|www.wjgnet.com

The sequences of the RdRp and VP1 regions were
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on the same floor, with 45 students in each class.
Extracurricular activities among classes at the school
are rare; the only sites for cross-class interaction are
the lavatories, of which one is for male students and
the other is for female students. All of the students at
the school eat lunch in school. The lunches provided to
the elementary school students are tightly controlled
by the local department of public health. Based on
evidence showing that the gastroenteritis outbreak
was limited to Class 1/Grade 4, the possibility that the
gastroenteritis outbreak was caused by having lunch
in school was excluded. All students in the school drink
purified water from a bottled-water supplier located in
each classroom. The water was sampled for pathogen
detection. A questionnaire survey for diarrheal diseases
showed that the first case had a history of ingesting
possibly contaminated food from a delicatessen. A
field epidemiologic investigation was then performed
in the delicatessen. None of the foods were kept in
a refrigerated space. There were four employees in
the shop. Fecal and food samples were collected for
pathogen detection. Any sporadic gastroenteritis case
related to the delicatessen would be difficult to identify
owing to the high population mobility in the area.

Table 1 Epidemiologic information of the outbreak n
Characteristic

Day
10-Dec-13 11-Dec-13 12-Dec-13 14-Dec-13

Cases
Symptom
Vomiting
Diarrhea
Abdominal pain
Fever
Hospital visit

1

21

9

1

1
1
1
0
1

21
12
11
4
8

9
5
2
1
1

1
0
0
0
0

input into the Basic Local Alignment Search Tool
(BLAST, http://blast.ncbi.nlm.nih.gov/Blast.cgi), and
the genogroup and genotype definition, as well as the
possibility of recombination, were decided according
to the “Sequences producing significant alignments of
100 Blast Hits on the Query Sequence.” A distance tree
of the “100 Blast Hits on the Query Sequence” was
drawn using the “Fast Minimum Evolution” method.

RESULTS
Descriptive epidemiology

On December 10, 2013, the first case of acute
gastroenteritis emerged in a Class 1/Grade 4 of
45 students (9-10 years of age) in an elementary
school in Shanghai. The case was hospitalized for
diarrhea and was reported to the local Center for
Disease Control and Prevention. On the second day,
December 11, 2013, the number of cases of acute
gastroenteritis in the same class increased to 22;
among the 21 new cases, 8 visited a hospital and
4 had a fever (mean body temperature: 39.0 ±
0.4 ℃). On the third day, December 12, 2013, the
number of new cases decreased to 9 (Table 1). No
new case emerged on December 13, 2013. The last
case emerged on December 14, 2013. The main
symptoms of gastroenteritis were vomiting, diarrhea,
abdominal pain, and fever; of the 32 cases, the overall
frequencies of vomiting, diarrhea, abdominal pain,
and fever were 100%, 56.3%, 43.8%, and 15.6%,
respectively. Among the ten cases who visited a
hospital, five underwent a routine blood examination;
9
the average white blood cell count was 17.2 × 10 /
9
L ± 2.3 × 10 /L. Hospitalization was restricted to
outpatient treatment, including routine blood tests and
an intravenous infusion with saline and glucose.

Pathogen detection

Based on routine testing for diarrheal pathogens,
the season, and the course of the disease and its
transmission features, the pathogen was initially
suspected to be a gastroenteritis virus, including a
norovirus. To confirm this speculation, two sets of
norovirus-specific primers were used for PCR-based
detection. One of the primer sets, located in region C
(Figure 1), targeted the VP1 region of all noroviruses
belonging to GII. The other primer set, which covered
region B (Figure 1), targeted the RdRp region of
all norovirus genogroups. In total, 26/32 students
with acute gastroenteritis and 2/4 employees of the
delicatessen tested positive for norovirus RNA in
their feces. No norovirus RNA was detected in the
other samples, including the food samples from the
delicatessen and water samples.
Rotavirus was not detected in any of the samples.
Testing for C. jejuni, E. coli, Salmonella, Shigella, and
Campylobacter spp produced a low-positive rate.
Together, the laboratory data suggested that the
pathogen responsible for this acute gastroenteritis
outbreak was a GII norovirus.

Norovirus definition and molecular epidemiologic
investigation

Field epidemiologic investigation

On the second day (December 12, 2013) of the
outbreak, specialists from the Center for Disease
Control and Prevention of Shanghai’s Minhang District
performed a field epidemiologic investigation. The
school was located in southwest Shanghai in an area
with both urban and rural areas; Class 1/Grade 4
was located at the west corner on the fourth floor
of a five-story building. There were three classes

WJG|www.wjgnet.com

As described in the introduction, recombination
occurs occasionally between two noroviruses at the
ORF1/ORF2 junction (Figure 1); thus, in order to
define a field norovirus strain, determination of both
the polymerase and capsid genotypes is necessary.
The regions currently used for norovirus definition
are located within RdRp and VP1. To identify the
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detected norovirus, the PCR fragments amplified from
the 26 students and 2 employees for both RdRp and
VP1 were sequenced. The sequences were spliced
and aligned using Sequencher 4.9. The consensus
sequences for each subject at each site were used for
homology comparisons. The sequences derived from
all 28 subjects displayed complete homology in the
RdRp and VP1 regions, suggesting that the subjects
were infected by the same norovirus strain, and that
the norovirus was transmitted from the employees at
the delicatessen to the first case student and then to
the rest of the affected students.
The consensus sequences for RdRp and VP1 were
input into the BLAST. The “Sequences producing
significant alignments of 100 Blast Hits on the Query
Sequence” showed 92%-99% homology with the RdRp
and VP1 sequences reported for GII.6, suggesting
that the strain was a GII.6 norovirus, and that no
recombination had occurred.

suggest that GII.6 noroviruses have spread across
Japan for a long period of time. In the NCBI database,
only one strain (KC709595.1) reported in 2013 from
[23]
Beijing, China, belonged to GII.6 . Although strain
KC709595.1 showed strong homology with the strain
in this study, 84.6% of the identified noroviruses
in that report were GII.4, while only 1/26 sporadic
norovirus cases was related to GII.6. In China,
molecular epidemiologic surveillance of viral diseases
has been carried out for < 20 years. The resulting lack
of lengthwise data have made it difficult to trail viral
evolution, and the lack of transverse data have made
[24-26]
it difficult to assess viral transmission
. Although
we identified a GII.6 strain in this study, we are not
certain whether it is indigenous or imported. Even so,
this is the first report to show that norovirus GII.6 can
cause a gastroenteritis outbreak; thus, the prevalence
of GII.6 noroviruses requires attention.
Noroviruses are recognized as the leading cause
of acute viral gastroenteritis worldwide, and the
outbreaks always occur in an enclosed environment,
such as school, hospital ward, and even cruise
[1,27]
ships
. In the NCBI database, almost one-third
of the GII.6 norovirus sequences are derived from
oysters and effluent, suggesting that the source and
route of norovirus transmission might be mussels
[28]
and contaminated water . This makes it difficult for
norovirus infection control and prevention, especially
in settings with a high population density. In China,
due to the high population density and weak hygienic
conditions, outbreaks or epidemics of infectious
[26]
diseases are common . This might be why GII.6
causes only sporadic gastroenteritis in Japan, but can
produce outbreaks in China.
In developing countries, noroviruses are estimated
to cause more than 0.2 million deaths annually
among children younger than five years of age, and
noroviruses are predicted to become the predominant
cause of diarrhea in all age groups worldwide once
[19]
rotavirus infection is controlled through vaccination .
In China, although the vaccine for rotavirus has not
been widely applied, the situation for many viral
diseases transmitted by the fecal-oral route, including
[29]
[30]
those caused by enteroviruses , rotaviruses ,
[31]
and noroviruses , is severe. Thus, surveillance for
norovirus infections is important for the control and
prevention of these viral diseases. In this outbreak,
fourteen students in the same class succumbed to a
norovirus infection. Evidence indicates that individuals
can be infected by noroviruses repeatedly; thus, preexisting immunity did not protect these students
from infection. Also, although norovirus RNA was
detected in the fecal samples of the two delicatessen
employees, the two adults showed no symptoms of
gastroenteritis before, during, or after the outbreak.
The above phenomenon might be explained by
individual resistance to noroviruses or an inapparent
infection.

Genetic relatedness to previously reported GII.6 strains

To study the genetic relatedness among GII.6 noro
viruses, the consensus sequence was input into the
BLAST and a distance tree of the “100 Blast Hits on the
Query Sequence” was drawn using the “Fast Minimum
Evolution” method. The lowest homology among the
100 hits was 92%, suggesting that they belonged
to the same genotype. As shown in Figure 2, GII.6
strains are widely distributed in Japan, Vietnam, Korea,
Ireland, Sweden, and the United States. Interestingly,
in addition to humans, viral RNA could be isolated from
oysters and effluent (e.g., JQ362549, JQ362508.1,
JQ362536.1, KC954469.1, and KC954468.1) (Figure
2). The closest strains were AB919087.1 (a human
isolate detected from 2013 to 2014 in Okinawa,
Japan), KC709595.1 (an isolate from an outpatient
in Beijing, China), and AB818397.1 (a human isolate
detected in 2009 in Ehime, Japan), suggesting that,
although outbreaks of gastroenteritis caused by GII.6
are rare or are rarely reported, closely related GII.6
strains have actively circulated in these areas for a
certain period of time.

DISCUSSION
In this study, we investigated a gastroenteritis
outbreak that occurred in an elementary school in
Shanghai, China, in 2013. Molecular epidemiologic
data showed that the outbreak was caused by a
GII.6 norovirus strain. As far as we know, GII.6 is a
rare cause of gastroenteritis outbreaks; the existing
literature indicates that GII.4 is the most prevalent
[14,17]
norovirus genotype in the world
. A report from
Japan showed that GII.6, the second most prevalent
strain after GII.4, exclusively caused sporadic
[18]
gastroenteritis in Shizuoka, Japan . The closest strain
from Japan to the strain reported in this study was
isolated from Okinawa, not Shizuoka. These findings
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Figure 2 Genetic relatedness among reported genogroup 6 genotype 6 norovirus strains. The consensus sequence was input into the BLAST, and a distance
tree of “100 Blast Hits on the Query Sequence” was drawn using the “Fast Minimum Evolution” method. The accession numbers from the NCBI for all strains are
presented. The genetic distance bar is shown in the lower left of the figure.
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Abstract
AIM: To investigate the prognostic value of pre
operative platelet count (PLT) in patients with primary
gallbladder cancer (GBC).
METHODS: The clinical data of 223 GBC patients
after surgery was retrospectively reviewed. A receiver
operating characteristic (ROC) curve was plotted to
verify the optimum cutoff point for PLT. Univariate
and multivariate survival analyses were performed to
identify the factors associated with the prognosis.
RESULTS: The ROC curve showed that the optimum
9
cutoff point for PLT was 178 × 10 /L, and the entire
9
cohort was stratified into group A with PLT > 178 × 10 /
9
L and group B with PLT ≤ 178 × 10 /L. Group A had
a better survival than group B (P < 0.001). There was
an obvious difference between the two groups in terms
of the differentiation degree, advanced tumor stage,
lymph node metastasis (P < 0.001) and pathological
type (P < 0.05). The univariate analysis demonstrated
that tumor location, differentiation degree, TNM stage,
Nevin stage, lymph node metastasis and PLT were
associated with overall survival (P < 0.001). In the
multivariate analysis, PLT (P = 0.032), lymph node
metastasis (P = 0.007), tumor location (P < 0.001) and
TNM stage (P = 0.005) were independent prognostic

5303

May 7, 2015|Volume 21|Issue 17|

Wang RT et al . Preoperative platelet count and gallbladder cancer

factors.

GBC is a relatively rare disease with high mortality.
Improving the survival rate after surgery is an en
ormous challenge. Based on the advances in PLT
research and tumor prognosis, we hypothesized that
PLT is a possible prognostic factor for GBC patients
and aimed to find a novel prognostic marker for this
malignancy.

CONCLUSION: PLT is closely correlated with GBC
prognosis and could be used to identify the population
with a poorer prognosis after surgery.
Key words: Prognostic factor; Platelet count; Survival;
Gallbladder cancer

MATERIALS AND METHODS

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

Study population

From January 2006 to December 2012, a retrospective
analysis was conducted on 223 GBC patients after
surgery in the Department of Hepatobiliary Surgery
at the First Affiliated Hospital of the Xi’an Jiaotong
University College of Medicine. The patients included in
the analysis fit the following criteria: (1) GBC diagnosis
confirmed by histopathology; and (2) gallbladder
resection was neither preceded nor followed by
adjuvant chemotherapy and/or radiotherapy. The
patients with the following characteristics were
excluded: (1) coexisting or previous cancers other
than GBC; (2) concomitant diseases suspected of
increasing the serum platelet concentration, including
severe hypertension, splenic disease and blood
coagulation disorders; and (3) the use of aspirin or
other acetylsalicylic acid drugs one month before the
surgery. Based on the medical records, the following
data were collected for each patient: age, gender, PLT,
complications, tumor location, gallstone history, tumor
differentiation, TNM stage, Nevin stage, lymph node
metastasis, pathological type and other miscellaneous
characteristics. All subjects provided their written
informed consent, and the study was approved by the
Ethical Committees of the First Affiliated Hospital of the
Xi’an Jiaotong University College of Medicine.

Core tip: platelet count (PLT) is implicated with a poor
prognosis in many types of malignancies. Its prognostic
value has not been reported in gallbladder carcinoma
(GBC). The most important finding in this study was
that PLT was correlated with GBC prognosis, and was
an independent prognostic factor after surgery.
Wang RT, Zhang LQ, Mu YP, Li JB, Xu XS, Pang Q, Sun LK,
Zhang X, Dong SB, Wang L, Liu C. Prognostic significance of
preoperative platelet count in patients with gallbladder cancer.
World J Gastroenterol 2015; 21(17): 5303-5310 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i17/5303.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i17.5303

INTRODUCTION
Primary gallbladder carcinoma (GBC) is the most
[1]
common malignancy of the biliary tract and the
[2]
seventh most common gastrointestinal cancer . The
Surveillance, Epidemiology, and End Results program
estimated the incidence of GBC at 2.5 per 100000
[3]
persons . GBC has a poor prognosis because of
early metastasis via the lymphatic, perineural, and
hematogenous routes, as well as by direct invasion
[3,4]
into the liver . GBC is asymptomatic until aggressive
disease progresses to an advanced and noncurative
stage. The overall survival (OS) for GBC is 6 mo, with
[5,6]
a 5-year survival rate of 5% . Although the TNM
staging system is widely used in clinical practice, there
is no global consensus on the preoperative markers to
[3]
predict the prognosis of GBC patients .
Numerous studies have revealed that elevated
platelet count (PLT) is typically related to poor
[7-11]
[12]
cancer prognosis
. Hernandez et al
showed
that thrombocytosis is an independent indicator of
poor prognosis in cervical cancer. Recently, Stone et
[13]
al
confirmed that thrombocytosis was significantly
associated with advanced disease and shortened
survival in ovarian cancer. Numerous clinical data have
shown that increasing PLT is associated with poor
survival in patients with tumors including pancreatic
[9]
adenocarcinomas , esophageal squamous cell
[7]
[14]
carcinomas , and gastrointestinal cancers
as well
[15]
as colorectal cancer . Whether PLT plays important
roles in the prognosis of GBC has not been reported.

WJG|www.wjgnet.com

Platelet measurement

A blood sample was obtained before breakfast 3 d
prior to the surgery by a peripheral venous puncture.
A complete blood count was performed regularly for
each patient.

Follow-up assessments

All of the patients were followed by telephone in
terviews. The date of surgery marked the beginning of
the follow-up period, which ended at the last follow-up
visit (October 2014) or death.

Statistical analysis

The statistical evaluation was conducted with SPSS
19.0 (SPSS Inc., Chicago, IL, United States). The mean
values are presented as the mean ± SD. An independent
t-test was used to compare the groups of continuous,
2
normally distributed variables. Pearson’s χ test was
used to determine the significance of the differences for
the dichotomous variables. A receiver receiver operating
characteristic (ROC) curve was plotted to verify the
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Table 1 Association of platelet count with the parameters of 223 gallbladder cancer patients n (%)
Parameter

Cases

PLT
mean ± SD

Gender
Men
Women
Age
> 65
≤ 65
Comorbidity
Yes
No
Gallstone history
Yes
No
ABO blood group
A
B
O
AB
Tumor location
Neck
Other
TNM stage
0-Ⅱ
Ⅲ-Ⅳ
Nevin stage
Ⅰ-Ⅲ
Ⅳ-Ⅴ
Tumor differentiation
Well and moderately
Poorly and undifferentiated
Lymph node metastasis
Yes
No
Pathological type
Adenocarcinoma
Other types

P value

≤178

>178

25%
58%

42%
98%

40%
43%

59%
81%

37%
46%

47%
93%

41%
42%

78%
62%

26%
23%
11%
23%

33%
59%
16%
32%

9%
74%

81%
59%

34%
49%

15%
125%

49%
35%

21%
119%

60%
23%

48%
92%

33%
50%

116%
24%

62%
21%

121%
19%

0.921
67 (30.0)
156 (70.0)

219 ± 91
224 ± 91

99 (44.4)
124 (55.6)

226 ± 90
217 ± 92

84 (37.7)
139 (62.3)

214 ± 97
227 ± 87

119 (53.4)
104 (46.6)

231 ± 95
212 ± 85

59 (26.4)
82 (36.8)
27 (12.1)
55 (24.7)

211 ± 95
228 ± 84
224 ± 98
224 ± 93

90 (40.4)
133 (59.6)

279 ± 83
184 ± 75

49 (22.0)
174 (78.0)

161 ± 72
239 ± 88

70 (31.4)
153 (68.6)

160 ± 69
251 ± 85

108 (48.4)
115 (51.6)

187 ± 84
255 ± 85

149 (66.8)
74 (33.2)

251 ± 86
163 ± 69

183 (82.1)
40 (17.9)

226 ± 88
205 ± 104

P value
0.985

0.573

0.379

0.250

0.101

0.358

0.361

0.713

0.189

0.422

< 0.001

0.006

< 0.001

0.011

< 0.001

0.771

< 0.001

0.013

< 0.001

0.049

0.027

GBC: Gallbladder cancer; PLT: Platelet count.

optimum cutoff point for PLT. OS was calculated as the
time from the curative surgery to the time of mortality
or censoring. The OS was calculated by the Kaplan-Meier
method, and the difference was assessed by the logrank test. Univariate analysis and multivariate analysis
using the Cox regression proportional hazard model
were performed to evaluate the prognostic parameters
for survival. A P-value less than 0.05 was considered
statistically significant.

carcinomas, 40 carcinomas of other pathology types,
including squamous cell carcinomas, adeno-squamous
cell carcinomas and undifferentiated carcinomas (21,
13, and 6, respectively). The majority of the patients
had relatively poor differentiation [17 (7.6%) with
good differentiation, 90 (40.36%) with moderate
differentiation, 115 (51.57%) with poor differentiation
and 1 (0.45%) undifferentiated].

association of PLT with the patient characteristics
9

Patient characteristics

The characteristics of the patients are summarized
in Table 1. Among the 223 patients, there were 156
(70.0%) women and 67 (30.0%) men. Ninety-nine
(44.4%) of the patients were > 65 years, and 124
(55.6%) were ≤ 65 years. The mean age was 59.1
± 8.1 years. There were 119 (53.36%) patients
with a history of gallstones before the surgery. The
entire cohort was comprised of 183 adenocarcinoma

WJG|www.wjgnet.com

9

The median PLT was 222 × 10 /L ± 91 × 10 /L. The
optimum cutoff point for PLT according to a ROC curve
9
was 178 × 10 /L (Figure 1). The entire cohort was
divided into 2 groups for further analysis, group A with
9
9
PLT > 178 × 10 /L and group B with PLT ≤ 178 × 10 /L.
There was an obvious difference between the groups
in the degree of differentiation, advanced tumor stage,
lymph node metastasis (P < 0.001) and pathology
type (P = 0.027); there was no significant difference in
the gender, age, comorbidity, gallstone history or ABO
blood group (P > 0.05) (Table 1).

RESULTS
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ROC curve

1.0

Table 2 Univariate analysis of the factors associated with the
gallbladder cancer survival rate

Sensitivity

0.8

Variable

0.6

0.4

0.2
AUC = 0.798 (95%CI: 0.737-0.858)
0.0
0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 1 Receiver operating characteristic curve analysis to predict the
gallbladder cancer stage. Each point on the receiver operating characteristic
(ROC) curve corresponds to a value of platelet count (PLT). A diagonal line
at 45°, known as the line of chance, would result from a test that allocated
subjects randomly. In general, a good cutoff point produces high sensitivity and
high specificity, which could be interpreted as selecting the point on the ROC
curve with the largest vertical distance from the line of chance. The area under
the ROC curve (AUC) indicates the diagnostic power of PLT. An ROC curve for
survival prediction was plotted to verify the optimum cutoff point for PLT, which
was 178 × 109/L. The AUC for PLT was 79.8% (95%CI: 0.737-0.858), with a
sensitivity of 74.6% and a specificity of 72.2% by the Youden index.
1.0
PLT count
≤ 178
> 178
≤ 178-censored
> 178-censored

Cum survival

0.8

0.6

HR (95%CI)

Gender
Male
Female
Age (yr)
≤ 65
> 65
Gallstone history
Yes
No
Comorbidity
Yes
No
Tumor location
Neck
Other (body, bottom)
Tumor differentiation
Well and Moderately
Poorly and undifferentiated
TNM stage
0-Ⅱ
Ⅲ-Ⅳ
Nevin stage
Ⅰ-Ⅲ
Ⅳ-Ⅴ
Lymph node metastasis
Yes
No
Pathological type
Adenocarcinoma
Other types
PLT
≤ 178
> 178

P value

0.940 (0.677-1.306)

0.712

1.137 (0.840-1.539)

0.408

1.066 (0.923-1.232)

0.383

0.912 (0.665-1.251)

0.567

8.910 (6.236-12.730)

< 0.001

3.209 (2.325-4.427)

< 0.001

11.003 (5.896-20.535)

< 0.001

10.642 (6.612-17.127)

< 0.001

9.775 (6.224-15.352)

< 0.001

0.708 (0.469-1.070)

0.101

3.333 (2.351-4.726)

< 0.001

GBC: Gallbladder cancer; PLT: Platelet count.
0.4

Table 3 Multivariate Cox regression analysis of overall survival
in gallbladder cancer patients

P < 0.001

0.2

Variable

0.0
0.00

20.00

40.00
t /mo

60.00

Lymph node
metastasis

80.00

TNM stage

Figure 2 Survival curve according to the presence of platelet count. The
patients with a platelet count (PLT) ≤ 178 had a significantly better overall
survival than those with a PLT > 178 (P < 0.001).

PLT
Tumor location

Analysis of the prognostic factors

The univariate analysis was performed using the
Kaplan-Meier method to assess the predictive
capability of each variable. Our results showed that
tumor location, tumor differentiation, TNM stage, Nevin
stage, lymph node metastasis and PLT were predictive
factors of OS (P < 0.001) (Table 2). Regarding OS,
group B was superior to group A (P < 0.001) (Figure
2). As shown in Figures 3, 4 and 5, different PLR levels
play important roles in the prognosis of a subgroup,
and group A exhibited a worse prognosis than group
B (P < 0.05). The Cox proportional hazards model

WJG|www.wjgnet.com

P value

Characteristic

HR (95%CI)

Yes

1.795 (1.170-2.755)

0.007

3.349 (1.436-7.814)

0.005

1.541 (1.038-2.287)

0.032

6.200 (4.120-9.329)

< 0.001

No
0-Ⅱ
Ⅲ-Ⅳ
≤ 178
> 178
Neck
Other
(body, bottom)

GBC: Gallbladder cancer; PLT: Platelet count.

demonstrated that lymph node metastasis (P = 0.007),
TNM stage (P = 0.005), PLT (P = 0.032) and tumor
location (P < 0.001) were independent prognostic
factors (Table 3).

DISCUSSION
The incidence of GBC appears to be increasing
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1.0

0.8

Cum survival

B

PLT count
≤ 178
> 178
≤ 178-censored
> 178-censored

0.6

1.0

P = 0.001

0.4

0.6

0.4

P = 0.002

0.2

0.2

0.0

0.0
0.00

20.00

40.00
t /mo

60.00

PLT count
≤ 178
> 178

0.8

Cum survival

A

80.00

0.00

10.00 20.00

30.00 40.00 50.00 60.00

t /mo

Figure 3 Kaplan-Meier survival curves stratified by platelet count in the gallbladder cancer patients with a tumor located in the neck of the gallbladder (A)
and located in other locations (body, bottom) of the gallbladder (B). PLT: Platelet count.

1.0

PLT count
≤ 178
> 178
≤ 178-censored
> 178-censored

Cum survival

0.8

0.6

P < 0.001

0.4

B

1.0

0.8

Cum survival

A

0.6

P = 0.823
0.4

0.2

0.2

0.0

0.0
0.00

20.00

40.00

60.00

PLT count
≤ 178
> 178
≤ 178-censored
> 178-censored
0.00

20.00

t /mo

40.00
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worldwide, creating an enormous public health
and economic burden. In this study, our results
demonstrated that PLT is an important prognostic
factor for OS in GBC, and group B showed a better
survival than group A. Additionally, we found that
similar results exist in different subgroups (tumor
location, lymph node metastasis, and TNM staging
system). The multivariate analysis showed that tumor
location, lymph node metastasis, TNM stage and PLT
were independent prognostic factors. To the best of
our knowledge, this study is the first to investigate the
association between PLT and the prognosis of GBC.
Although PLT is associated with many types of
cancers, little is known regarding PLT in GBC. Ong
[16]
et al
hypothesized that GBC patients with a PLT >
9
345 × 10 /L should not undergo surgical exploration.
This hypothesis should be confirmed by investigations
9
with large samples. In this study, a PLT > 178 × 10 /L
was the optimal cutoff value to identify GBC patients
with a poorer prognosis. To ensure the credibility
of this research, patients without neoadjuvant or
adjuvant treatment were selected because systemic
chemotherapy or radiation inevitably affects systemic
[7]
inflammation, which is strongly linked with cancer .
The location of GBC was an independent prognostic
[17]
factor in this study. Shindoh et al
hypothesized
that tumor location was a strong predictor of tumor
progression and survival in GBC in the T2 category
and that the density of the vascular structures and the
length of the drainage route from the tumor to firstechelon lymph nodes or the liver affect the incidence
of vascular invasion and metastasis. Because classical
studies using staining methods have reported that
the hepatic side of the gallbladder is drained by short
cystic veins (2-20 in number) directly connecting to
intrahepatic portal veins, whereas the peritoneal side is
typically drained by 1 or 2 cystic veins terminating into
the adjacent liver parenchyma or the venous plexus
at the hepatic hilum. We proposed that the anatomical
regions adjacent to the neck of the gallbladder bile
duct, portal vein, liver, duodenum and colon are
vulnerable to damage, and the early radical resection
rate is greatly reduced. A cystic tumor in the neck
greatly increases the difficulty of surgery and reduces
the probability of radical resection.
Platelets are involved in the physiological process
of coagulation and in the growth and metastasis
of tumors although the mechanism has not been
determined. Platelets could adhere to, aggregate and
locally release their angiogenic contents in tumors,
which was hypothesized to interact with tumor cells
and vascular endothelial cells in physiological as well
[9,18]
as pathological angiogenesis
. Platelets are the
source of platelet-derived endothelial cell growth
factor (TP/PD-ECGF), which has the potential to
[19]
promote mitogenesis and angiogenesis . They could
endocytose and store TP/PD-ECGF in their α-granules,
and this molecule is secreted immediately after platelet
[20]
[21]
activation . Yamamoto et al
found that TP/PD-
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ECGF, which stimulates the chemotaxis of endothelial
cells in vitro and possesses angiogenic activity in
vivo, is produced by cancer cells and infiltrating cells
associated with tumor progression in human GBC.
Additionally, platelets endocytose and concentrate
the plasma protein vascular endothelial growth factor
secreted from tumor cells and later transport them
[22-25]
into their granules
. A recent study reported
that the interactions between platelets and tumor
cells augmented metastasis by promoting epithelial
mesenchymal transition through the TGFB/SMAD
and NFKB pathways and that inhibition of these two
pathways solely in platelets could suppress metastasis
[26]
in vivo . Platelets enhance tumor metastasis by
expressing immunoregulatory proteins including the
glucocorticoid-induced TNF-related protein to protect
[7,27,28]
tumor cells from the host’s immune system
.
Intratumoral platelet activation and the subsequent
release of thrombopoietin could lead to increased
[18]
platelets . The thrombopoietic cytokine interleukin-6
has been found to be produced by tumor tissues and
[29-31]
was correlated with platelets
. The interaction
between platelets and tumor cells promotes tumor
progression.
This study has some limitations. First, this study
was a retrospective investigation. Second, the data
were obtained from a single institution. Our results
should be validated by prospective research and
multiple center data.
PLT is an independent prognostic factor for GBC,
which facilitates the identification of patients with
poorer survival by subgroups (tumor location, lymph
node metastasis, and TNM staging system) after
surgery. As an inexpensive, simple, reliable and
reproducible method, we hypothesize that PLT could
be used in clinical practice to determine the GBC
prognosis.
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Background

Numerous studies have indicated that platelet count (PLT) is correlated with a
variety of cancers. In the clinic, the overall survival (OS) of gallbladder cancer
(GBC) is poor, and there are no effective markers that identify the patients with
a poorer prognosis.

Research frontiers

In recent decades, the OS of GBC has been far from satisfactory despite
rapid technological developments, which might be attributed to the following
reasons: (1) although sufficient molecular investigations have been conducted,
the specific mechanism is unclear; and (2) effective clinical prognostic markers
are lacking. Exploring the novel markers associated with GBC is necessary to
improve the OS.

Applications

These data show that PLT is an independent factor and can be used to identify
the patients with poorer OS.

Terminology

GBC, originating in the biliary tract system, is characterized by a very poor
prognosis. The risk factors for GBC include gallstones, aging, and female
gender. The common mechanism of GBC has not been determined. Platelets
are bioactive small cytoplasmic cells that originate in the bone marrow of mature
megakaryocyte cytoplasmic cleavage and play an important role in hemostasis,
wound healing, inflammation, thrombosis, organ transplant rejection, and other
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physiological and pathological processes.
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The purport of this article is to study the relationship between Plt and the
prognosis of patients with primary gallbladder, and the results showed that Plt
count is an independent prognostic factor of primary gallbladder, and can be
used in the clinical evaluation of the prognosis of primary gallbladder.
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ORIGINAL ARTICLE
Retrospective Study

Outcome and costs of laparoscopic pancreaticoduodenectomy
during the initial learning curve vs laparotomy
Chun-Lu Tan, Hao Zhang, Bing Peng, Ke-Zhou Li
consecutive patients who underwent TLPD between
December 2009 and April 2014 at our institution. The
experiences of the initial 15 consecutive TLPD cases,
considered as the initial learning curve of each surgeon,
were compared with the same number of consecutive
laparotomy cases with the same spectrum of diseases
in terms of outcome and costs. Laparoscopic patients
with conversion to open surgery were excluded.
Preoperative demographic and comorbidity data were
obtained. Postoperative data on intestinal movement,
pain score, mortality, complications, and costs were
obtained for analysis. Complications related to surgery
included pneumonia, intra-abdominal abscess,
postpancreatectomy hemorrhage, biliary leak, pancreatic
fistula, delayed gastric emptying, and multiple organ
dysfunction syndrome. The total costs consisted of cost
of surgery, anesthesia, and admission examination.
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RESULTS: A total of 60 patients, including 30
consecutive laparoscopic cases and 30 consecutive
open cases, were enrolled for review. Demographic
and comorbidity characteristics of the two groups were
similar. TLPD required a significantly longer operative
time (513.17 ± 56.13 min vs 371.67 ± 85.53 min, P <
0.001). The TLPD group had significantly fewer mean
numbers of days until bowel sounds returned (2.03 ±
0.55 d vs 3.83 ± 0.59 d, P < 0.001) and exhaustion
(4.17 ± 0.75 d vs 5.37 ± 0.81 d, P < 0.001). The mean
visual analogue score on postoperative day 4 was
less in the TLPD group (3.5 ± 9.7 vs 4.47 ± 1.11, P
< 0.05). No differences in surgery-related morbidities
and mortality were observed between the two groups.
Patients in the TLPD group recovered more quickly and
required a shorter hospital stay after surgery (9.97
± 3.74 d vs 11.87 ± 4.72 d, P < 0.05). A significant
difference in the total cost was found between the two
groups (TLPD 81317.43 ± 2027.60 RMB vs laparotomy
78433.23 ± 5788.12 RMB, P < 0.05). TLPD had a
statistically higher cost for both surgery (24732.13 ±
929.28 RMB vs 19317.53 ± 795.94 RMB, P < 0.001)

Abstract
AIM: To compare laparoscopic pancreaticoduode
nectomy (TLPD) during the initial learning curve with
open pancreaticoduodenectomy in terms of outcome
and costs.
METHODS: This is a retrospective review of the
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and anesthesia (6192.37 ± 272.77 RMB vs 5184.10
± 146.93 RMB, P < 0.001), but a reduced cost for
admission examination (50392.93 ± 1761.22 RMB vs
53931.60 ± 5556.94 RMB, P < 0.05).

surgeons between December 2009 and April 2014.
Following Institutional Review Board approval, a
retrospective review of our database was performed.
For enrollment, TLPD patients were required to have
no sign of malignant pancreatic disease during the
initial learning curve. The experiences of the initial
15 TLPD cases for each surgeon were considered the
initial learning curve in this review. The same number
of consecutive OPD cases with the same spectrum of
diseases was selected and these patients served as the
control group (Figure 1).

CONCLUSION: TLPD is safe when performed by
experienced pancreatobiliary surgeons during the
initial learning curve, but has a higher cost than open
pancreaticoduodenectomy.
Key words: Cost; Initial learning curve; Laparoscopic
surgery; Pancreaticoduodenectomy; Postoperative
event

Perioperative cure

Preoperative investigations included routine blood
tests, neoplastic markers (carcinoembryonic antigen,
α-fetoprotein, cancer antigen 19-9), chest X-ray,
abdominal ultrasound, computed tomography, or
magnetic resonance imaging. No patient had pre
operative biliary drainage. The nasogastric tube was
removed on postoperative day 1 if the patient had
been extubated and had no sign of delayed gastric
emptying. All patients received prophylactic antibiotics
intraoperatively and for three days postoperatively,
except those with infective complications. Selfcontrolled analgesia comprised of sufentanil 200 µg,
tramadol 1500 mg, and granisetron 12 mg was given to
adult patients for three days postoperatively. The visual
analogue score (VAS) was evaluated on postoperative
day 4. Peripancreatic drainage fluid was collected to
measure amylase levels on postoperative day 3 and
every three days thereafter as needed. Prophylactic
Stilamin (EMD Serono of Merck KGaA, Darmstadt,
Germany) was administered to all patients for at least
six days to prevent pancreatic fistula (PF).

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

Core tip: Open pancreaticoduodenectomy is the
classic procedure for pancreatic and periampullary
malignancies and some benign diseases. However,
laparoscopic pancreaticoduodenectomy has only
been in application for ten years, and has been
popular for only a few years. The technique used in
the laparoscopic procedure is quite different from
laparotomy. Thus, experienced laparotomy surgeons
are required to adapt to these changes. The safety of
laparoscopic pancreaticoduodenectomy by experienced
surgeons in laparotomy during the initial learning curve
was demonstrated in our study and resulted in faster
postoperative recovery.
Tan CL, Zhang H, Peng B, Li KZ. Outcome and costs of
laparoscopic pancreaticoduodenectomy during the initial
learning curve vs laparotomy. World J Gastroenterol 2015;
21(17): 5311-5319 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5311.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5311

Defining postoperative morbidity

Total laparoscopic pancreaticoduodenectomy (TLPD)
is the most advanced laparoscopic procedure for
pancreatectomy. TLPD seems to be as safe as open
[1-4]
pancreaticoduodenectomy (OPD) by skilled surgeons ,
but the technical difficulties still prevent many surgeons
from attempting this technique. Since Gagner and
[5]
Pomp first reported TLPD in 1994, only 285 reported
[6]
cases have been reported as of 2011 . In this research,
we retrospectively analyzed surgical outcomes following
TLPD and the safety and cost during the initial learning
curve vs OPD.

Major postoperative morbidities were defined and
graded using criteria recommended by the International
Study Group of Pancreatic Surgery, including post
operative pancreatic fistula, delayed gastric emptying,
[7-9]
and postpancreatectomy hemorrhage . Biliary leak
was defined as drainage of any volume of fluid from
percutaneous drains or the wound consistent with
bile, which was defined by a bilirubin concentration
greater than the serum concentration. Enteric leaks
were identified using radiographic contrast imaging.
Fluid collection in intra-abdominal or pleural regions
was performed via radiographic imaging, which was
differentiated from abscess by positive microbial
cultures. Pneumonia was diagnosed based on chest
X-ray changes following antibiotic therapy.

MATERIALS AND METHODS

Statistical analysis
2
The Pearson χ test was used for categorical variables.

INTRODUCTION

General data

Fisher’s exact test was used in cases with a variable
count < 5. For continuous variables, the Student’s t
test was used for normally distributed variables and

This is a retrospective review of consecutive patients
who underwent TLPD performed by experienced
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44 TLPD cases for
doctor 1

16 TLPD cases for
doctor 2

One had conversion
(excluded)

One had conversion
(excluded)

First 15 cases selected

First 15 cases selected

Contemporary
consecutive OPD cases

PC (excluded)
30 TLPD cases in initial
learning curve

First 30 OPD cases from
6 surgeons

vs

Figure 1 Flow chart of patient selection and exclusion. TLPD: Total laparoscopic pancreaticoduodenectomy; OPD: Open pancreaticoduodenectomy; PC:
Pancreatic cancer.

were biopsied. The extent and mobility of the primary
tumor were assessed. Malignant carcinoma in the
pancreas required conversion during the initial learning
curve. The gastrocolic omentum was mobilized
to gain entry to the lesser sac. The gastrohepatic
omentum was opened to visualize the caudate lobe.
The right gastric artery was identified and divided.
The gastrocolic trunk was clipped and then cut. The
stomach was cut on the left side of the pylorus using
an endo linear cutter (Ethicon of Johnson and Johnson,
New Brunswick, NJ, United States). Calot’s triangle
was dissected, the cystic artery and duct were ligated,
and cholecystectomy was performed at this stage.
All the fibro-fatty tissue along the common bile duct
was moved down caudally. The common hepatic duct
was incised and blocked. The gastroduodenal artery,
identified at the groove between the neck and head
of the pancreas, was ligated and divided at its origin
(Figure 3). The duodenum was then mobilized using
the Kocher maneuver (Figure 4), and the inferior vena
cava and aorta were exposed. The hepatic flexure
and transverse colon were mobilized down, exposing
the entire second and third part of the duodenum
up to the neck of the pancreas. Blunt dissection in
the tissue plane between the anterior surface of the
superior mesenteric vein (SMV) and the posterior
surface of the neck of the pancreas created a tunnel.
An umbilical tape was passed through this tunnel and
the pancreatic neck was lifted off the SMV/portal vein.
The tunnel was then extended towards the body of
the pancreas for 2 cm. The duodenojejunal flexure
was mobilized and the distal jejunum divided using an
endo linear cutter. The free end of the jejunum was
passed under the root of the mesentery (retrocolic) to
the supracolic compartment. The neck of the pancreas
was carefully divided using ultrasonic shears (Ethicon).
Both the superior and inferior pancreaticoduodenal
veins were ligated. The uncinate process was
separated along the right aspect portal vein, and the
specimen was retracted to the right (Figure 5). The
common hepatic artery was skeletonized by dissecting

T1
T5

T3

T2

T4

Figure 2 Placement of the 5 ports. T1: 12-mm telescope trocar in the navel;
T2: 12-mm trocar along the left midclavear line; T3: 12-mm trocar along the
right midclavear line; T4: 5-mm trocar along the left anterior axillary line; T5:
5-mm trocar along the right anterior axillary line.

the Wilcoxon rank-sum test was used for non-normally
distributed variables. P < 0.05 was considered
statistically significant. All analyses were performed
using SPSS version 18.0 software (SPSS Inc., Chicago,
IL, United States).

Surgical technique

Two surgeons performed TLPD using a similar
procedure during the initial learning curve. The pa
tients were placed in the modified lithotomy reverse
Trendelenburg position with thighs parallel to the
ground. The surgeon stood between the legs of the
patient. The surgeon operating the camera stood on
the right side of the patient and the assistant surgeon
stood on the left side of the patient. The port positions
are shown in Figure 2. Five trocars were used: a
12-mm telescope trocar in the navel; two 12-mm
trocars along the left and right midclavear lines, lateral
to the rectus muscles, 2 cm above the naval trocar;
and two 5-mm trocars along the left and right anterior
axillary line.
A systematic examination of the peritoneal cavity
was performed, and any suspicious serosal lesions
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[10]

during the initial learning curve
(Figure 7). No
stents were placed in the pancreatic duct. The end of
the common bile duct was trimmed, and an end-toside choledochojejunostomy was performed. Finally,
an end-to-side gastrojejunostomy anastomosis was
performed in the infracolic region by placing the
stomach in an antecolic fashion.
After the initial learning curve, surgeons preferred
the pylorus preserving pancreatoduodenectomy. The
duct-to-mucosa PJ was chosen for dilated pancreatic
ducts.

A
B

C

RESULTS

Figure 3 Gastroduodenal artery was ligated and divided. A: Common
hepatic artery; B: Gastroduodenal artery; C: Pancreas.

In total, 60 cases were scheduled for TLPD between
December 2009 and April 2014, which were performed
by two experienced pancreatobiliary surgeons. Two
patients were excluded due to conversion during the
selection process. Both conversions occurred during
the initial learning curve. In the remaining 58 cases,
the mortality rate was 1.7% (1/58), and morbidity was
55.2% (32/58). The first 15 consecutive successful
TLPD cases for each surgeon were considered the
initial learning curve in this review. In total, 30 TLPD
cases considered the initial learning curve without
pancreatic malignancy were included. The remaining
28 cases were considered to be outwith the learning
curve, and 3 cases of pancreatic malignancy were
included. Thirty TLPD cases were selected as the initial
learning curve in this study, and 30 consecutive cases
of OPD with the same spectrum of diseases served as
controls. These 30 cases underwent surgery performed
by six experienced surgeons.
The baseline patient characteristics are presented
in Table 1. Pathologic diagnoses included malignant
lesions in 90% (27/30) of TLPD cases, including
periampullary adenocarcinoma (n = 25), distal
common bile duct adenocarcinoma (n = 1), and
duodenum adenocarcinoma (n = 1), and in 87%
(26/30) of OPD cases, including periampullary
adenocarcinoma (n = 23), distal common bile duct
adenocarcinoma (n = 2), and malignant branchduct intraductal papillary mucinous neoplasm (n =
1). Comorbidities were similar in both groups. The
American Society of Anesthesiologists scores were also
similar in both groups.
The mean operative time was longer in the TLPD
group compared with the OPD group (P < 0.001)
(Table 2). No statistical differences in the need for
perioperative transfusion or mean number of lymph
nodes harvested were observed between the two
groups. The mean number of days to the return of
bowel sounds was less in the TLPD group (P < 0.001).
The mean number of days in which the patients
were exhausted was also less in the TLPD group (P <
0.001). The mean VAS score on postoperative day 4
was less in the TLPD group (P = 0.010). There was no
statistically significant difference in PF rates between

C
B

A

Figure 4 Mobilization of the duodenum using the Kocher maneuver. A:
Pancreatic head; B: Duodenum; C: Gallbladder.

B
A
C

Figure 5 Uncinate dissection. A: Portal vein; B: Pancreatic stump; C: Cystic
lesion in the uncinate.

out the fibro-fatty tissue along with lymph nodes from
the origin of the gastroduodenal artery. The periportal
node was then cleared (Figure 6a).
Child’s reconstruction was performed in all patients.
The order of anastomosis on the jejunal limb was
pancreaticojejunostomy (PJ), hepaticojejunostomy,
and gastrojejunostomy. The cut-end of the jejunum
was brought to the cut-end of the pancreas in a
retrocolic fashion. In most patients, an end-toside modified mucosa-to-mucosa PJ was performed
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A

B
2
1

3

3
5

4
1
2

Figure 6 Skeletonization of the hepatoduodenal ligamentum. A: During total laparoscopic pancreaticoduodenectomy (1: Portal vein; 2: Right hepatic artery; 3:
Left hepatic artery); B: During open pancreaticoduodenectomy (1: Portal vein; 2: Common hepatic artery; 3: Pancreatic stump; 4: Superior mesenteric vein; 5: Splenic
vein).

Table 2 Postoperative characteristics
Characteristic

A
B

Figure 7 Modified mucosa-to-mucosa pancreaticojejunostomy. A: Pancreatic
duct; B: Jejunal stump.

Table 1 Demographic and comorbidity characteristics of the
patients, n
Characteristic

TLPD

Age, yr (range)
59.3 ± 9.3 (44-79)
Male/female
18/12
Malignant/benign
27/3
Comorbidities
Hypertension
3
Chronic pancreatitis
0
Hepatocirrhosis
0
Diabetes
3
Pulmonary disease
1
Cardiac disease
0
ASA score
ASA 1
6
ASA 2
19
ASA 3
5

OPD

P value

59.9 ± 10.4 (36-78)
23/7
26/4

0.804
0.165
0.688

4
1
2
2
2
1

1.000
1.000
0.472
1.000
1.000
1.000
0.943

OPD

P value
< 0.001
1
0.102
< 0.001
< 0.001
0.010
0.002
0.704
1.000
1.000
1.000
0.099
0.053

1.000
1.000
1.000

LOS: Length of hospital stay; MODS: Multiple organ dysfunction syndrome;
OPD: Open pancreaticoduodenectomy; TLPD: Total laparoscopic
pancreaticoduodenectomy; VAS: Visual analogue score.

group had a significantly shorter hospital stay after
surgery compared to in the OPD group (P = 0.002).
A significant difference was observed in the total
cost of pancreaticoduodenectomy in the TLPD group
compared with the OPD group (81317.43 ± 2027.60
RMB vs 78433.23 ± 5788.12 RMB, P = 0.014) (Figure
8). When the total cost was broken down into cost of
surgery, anesthesia, and admission evaluation, the
TLPD group had a statistically higher cost for both
surgery (24732.13 ± 929.28 RMB vs 19317.53 ±
795.94 RMB, P < 0.001) and anesthesia (6192.37 ±
272.77 RMB vs 5184.10 ± 146.93 RMB, P < 0.001),
but decreased cost for admission evaluation (50392.93
± 1761.22 RMB vs 53931.60 ± 5556.94 RMB, P =
0.034), compared with the OPD group.

6
18
6

ASA: American Society of Anesthesiologists; OPD: Open pancreatico
duodenectomy; TLPD: Total laparoscopic pancreaticoduodenectomy.

the groups, although grade A PF tended to be higher
in the TLPD group. The rates of other surgery-related
morbidities were not significantly different between
the two groups. No difference in mortality rates was
observed between the groups. Patients in the TLPD
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TLPD

Operative time (min)
513.17 ± 56.13 371.67 ± 85.53
Perioperative transfusion
0
1
needed, n
No. of lymph nodes harvested
8.67 ± 1.71
9.58 ± 2.21
Return of bowel sounds (d)
2.03 ± 0.55
3.83 ± 0.59
Exhaustion (d)
4.17 ± 0.75
5.37 ± 0.81
VAS score
3.50 ± 9.70
4.47 ± 1.11
LOS (d)
9.97 ± 3.74
11.87 ± 4.72
Surgery-related morbidity, n
Pneumonia
3
5
Intra-abdominal abscess
0
1
Postpancreatectomy
1
1
hemorrhage
Biliary leak
1
0
Pancreatic fistula
10
6
A
9
3
B
0
2
C
1
1
Delayed gastric emptying, n
2
3
MODS, n
0
1
Mortality, n
0
1
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90000

a
OPD

80000

TLPO

70000

a

60000
50000
40000

a

30000
20000
0

A

a

10000
Total cost

Surgical cost Anesthetic cost Admission cost

Figure 8 Cost analysis of the two cohorts. aP < 0.05 vs TLPD. TLPD: Total
laparoscopic pancreaticoduodenectomy; OPD: Open pancreaticoduodenectomy.

Figure 9 Small artery (A) below the pancreatic body caused bleeding
when creating a tunnel between the superior mesenteric vein and the
neck of the pancreas.

DISCUSSION
very important to clean the retroperitoneal margin
during skeletonization of the lateral, posterior, and
anterior borders of the superior mesenteric artery as
recommended by the National Comprehensive Cancer
Network guidelines, this may have been related to
[18-20]
the survival rate
. In fact, it was hard to achieve
optimal dissection and skeletonization of the hepatic
artery in the TLPD group during the initial learning
curve. Although we found that the number of lymph
nodes harvested was similar in the TLPD and OPD
groups, the soft tissue around the vessels in the TLPD
group could not be cleaned as well as that in the OPD
group (Figure 6b), including the superior mesenteric
[21]
artery . This may be not an obstacle after the
learning curve. In large centers performing TLPD, even
major veins can be resected and reconstructed during
[3,22]
TLPD
. More lymph nodes were retrieved in TLPD
patients compared with OPD patients for malignant
[23]
disease in the study by Asbun et al . Some reports
also show a higher R0 rate and increased lymph
[24,25]
node retrieval in minimally invasive PD
. In one
[26]
report from Palanivelu et al , the five-year actuarial
survival rate for pancreatic head adenocarcinoma
[26]
following TLPD was 19.1% . This was close to the
five-year survival rate of OPD, but their results only
included patients with early stage pancreatic head
adenocarcinoma (T1N0M0 and T2N0M0). In the
present study, most malignant lesions in the TLPD
group were ampullary adenocarcinomas. Unfortunately,
the five-year survival rates for malignancy were
lacking in this study due to a short follow-up period in
the TLPD group.
Two patients were converted to open surgery
during the initial learning curve. One patient was
converted because pancreatic head adenocarcinoma
was highly suspected during the procedure. The other
patient was converted due to uncontrolled bleeding
when creating a tunnel between the anterior surface
of the SMV and the posterior surface of the neck of the
pancreas. When the second patient was converted,
it was found that the bleeding was caused by a small

During the past 25 years, significant advances have
been achieved in OPD surgery. A recent analysis of 424
patients who underwent pancreatic resection showed
a 90-d mortality rate of 1.7%, and one- and five[11]
year survival rates of 76% and 23%, respectively .
Although minimally invasive surgery has been used in
many pancreatic operations, the most controversial
topic in pancreatic surgery is still the utility of minimally
[12-14]
invasive PD
. The literature shows that TLPD can
be performed safely, with good clinical and oncologic
[4,14-16]
outcomes
. However, the procedure is technically
demanding and can only be performed safely by skilled
[13,17]
[6]
surgeons
. Gumbs et al conducted a review of
the literature on laparoscopic Whipple procedures
from articles published between 1994 and 2010, and
found a total of only 285 cases. It is unknown whether
there are any differences in the surgical outcomes and
cost between TLPD during the initial learning curve
and OPD by experienced OPD surgeons, only that it is
safe after the learning curve. This study analyzed and
compared the surgical outcomes and cost during the
initial learning curve of TLPD with OPD by experienced
pancreatobiliary surgeons.
Surgeons may have had some experience of
other laparoscopic surgeries before TLPD, such
as laparoscopic cholecystectomy, laparoscopic
splenectomy, and laparoscopic distal pancreatectomy.
However, there is little skill required regarding the
sutures used in these laparoscopic surgeries. PD
requires meticulous manipulation and complicated
reconstruction, and a number of sutures are needed
during the procedure. This is a big challenge for
surgeons beginning TLPD. From the results of the
present study, an obvious difference in surgical
outcomes was observed between the TLPD and OPD
groups, and surgeons require more time to complete
TLPD compared with OPD.
Consideration for TLPD required no sign of
malignant pancreatic disease during initial learning
curve in this review. OPD was chosen when pancreatic
head malignant disease was suspected. As it is
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artery below the pancreatic body (Figure 9) close
to the SMV. Uncontrolled bleeding was caused by
damage to the SMV during hurry-scurry hemostasis.
So the small artery was firstly clamped and cut before
creating the tunnel after this case. The conversion rate
was low in this study. We suppose that this was directly
related to the experience of the surgeons gained from
OPD. Damage to the main vessels was avoided during
the procedure, as the anatomic structure was very
familiar to the surgeons. Our results showed that the
two groups were reasonably well matched for age, sex,
tumor characteristics, comorbidities, and American
Society of Anesthesiologists grade. The rate in females
was a little higher in the TLPD group, however, this was
not statistically different. These results are consistent
with those in practice, as most patients seen and
evaluated for possible PD are candidates for both TLPD
and OPD, except those with pancreatic head malignant
disease.
Transfusion requirements were equal in the two
groups. Although it was more inconvenient to staunch
bleeding using sutures in the TLPD group than in the
OPD, the Hemlock (Athlone, Johnson and Johnson)
was mainly used to prevent or staunch bleeding from
small vessels in the TLPD group. The magnified view
provided by the laparoscope enhanced the surgeons’
view of small vessels around the specimen and forced
the surgeons to perform a more careful dissection.
These two factors resulted in few transfusions in the
TLPD group. Because the surgeons in this study were
very familiar with the PD procedure, blood loss was
also low in the OPD group. Therefore, transfusion
requirements were low in both the TLPD group and the
OPD group.
Bowel function recovered more quickly in the
TLPD group compared with the OPD group, although
the operative time was longer in the TLPD group. We
found that intestinal gurgling was earlier after TLPD
compared with OPD. Patients were exhausted more
quickly after TLPD, which was expected. Laparoscopic
procedures can provide better warmth preservation
for the intestine than OPD. This may be one reason
for quick bowel function recovery. Laparoscopic
procedures can reduce postoperative pain. The mean
VAS score on postoperative day 4 was less in the TLPD
group. Thus, the postoperative stress reaction may be
reduced after TLPD. This may also be another reason
for quick recovery of bowel function. Quick bowel
function recovery and less postoperative pain resulted
in better enteral nutrition and earlier ambulation.
These findings match the concept of the enhanced
recovery program which has been verified as beneficial
[27-29]
for early hospital discharge
. Thus, as expected,
the length of hospital stay was significantly shorter in
the TLPD group compared with the OPD group.
Overall surgical-related morbidity and mortality
were not significantly different between the TLPD
and OPD groups in this study. Reconstruction using
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TLPD is challenging during the initial learning curve.
Exposure and suturing are two main problems during
this procedure, especially for small diameter biliary
or pancreatic ducts. Grade A PF tended to be higher
in the TLPD group in this study. However, grade B
and C were similar in both groups. We think that the
quality of PJ seriously affected grade A PF in the TLPD
group, but we are unsure why the high PF rate was
only limited to grade A. From our observations of the
PF patients, the volume of PF decreased quickly after
exhaustion in a few patients. Is quick bowel function
recovery beneficial to PJ resolution? More studies
are required to explain this issue. No mortality was
observed in the TLPD group. One patient died in the
OPD group. This was a 63-year-old male patient who
developed grade C PF after surgery, which resulted in
postpancreatectomy hemorrhage and infection. This
patient died of multiple organ dysfunction syndrome.
The mean total cost was higher in the TLPD
group compared with the OPD group. When the total
cost was broken down, TLPD was noted to result in
significant increases in the cost of both surgery and
anesthesia, but a decrease in the cost of admission
evaluation. The higher cost of surgery and anesthesia
in the TLPD group was due to the required surgical
equipment and supplies, and longer surgical time. The
lower cost of admission evaluation in the TLPD group
due to a shorter hospital stay and reduced requirement
for parenteral alimentation. In addition, a group from
the United States found that TLPD was associated
with a significantly higher surgical cost due to both
[30]
increased time and supply costs . However, mean
hospital admission cost associated with OPD in their
study was greater in comparison with TLPD. These
results are similar to our findings, although the total
cost for TLPD was higher than OPD. We suggest that
the higher cost of surgical equipment and supplies in
China caused this difference compared with the United
States.
In conclusion, it seems safe to perform TLPD during
the initial learning curve by experienced pancreatobiliary
surgeons. TLPD is beneficial for patient recovery. The
cost of TLPD was higher compared with OPD. The cost
of TLPD may be lower than OPD if the price of surgical
equipment and supplies decreases.

COMMENTS
COMMENTS
Background

Total laparoscopic pancreaticoduodenectomy (TLPD) has proven to be the most
advanced laparoscopic procedure for pancreatectomy. However, the procedure
requires not only skill, but also time and physical energy of surgeons. The
safety is another problem that prevents many surgeons who are experienced in
open procedure from performing this laparoscopic procedure. This procedure
has been demonstrated as safe in large medical centers, but the outcome in
initial learning curve is not fully known.

Research frontiers

Although some specialized surgeons in large medical centers have rich
experience in TLPD, especially the extensive TLPD such as major venous
resection, many other surgeons have only limited experience with this
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procedure. This study compared the safety of TLPD during the initial learning
curve with open pancreaticoduodenectomy (OPD) in terms of outcome and
costs.

Innovations and breakthroughs

Few reports are available on the difference between TLPD in initial learning
curve and the open procedure. To understand the exact difference in the
surgical outcome and the inpatient cost for this procedure, the authors selected
patients who received TLPD in initial learning curve or OPD with the same
spectrum of disease performed by surgeons at different experience levels.
It seems safe to perform TLPD in the initial learning curve by experienced
pancreatobiliary surgeons. The cost of TLPD is higher than OPD, due to
an increased cost for both surgery and anesthesia, but is associated with a
decreased cost for admission examination. The higher cost of surgery and
anesthesia in TLPD incurred from surgical equipment and supplies, and longer
operation time.

10

11

12

Applications

The study results suggest that it is safe to perform TLPD by experienced
pancreatobiliary surgeons. Whether pancreatic cancer could be treated by this
procedure in the initial learning curve should be further studied.

13

Terminology

Pancreaticoduodenectomy is a complicated abdominal surgical procedure
with trauma. The extent of resection comprises part of pancreas, adjacent
duodenum, middle and distal common bile duct, part of stomach, and jejunum.

14

Peer-review

This paper compared the surgical safety and feasibility of TLPD during the initial
learning curve with open pancreaticoduodenectomy. TLPD is difficult for most
surgeons and references are limited. Therefore, the study is important. Although
the patients operated upon during the initial learning curve are included in the
statistical analysis, information on mortality and morbidity after initial learning
curve should be provided.
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AIM: to evaluate the association of metabolic syndrome
(MS) and colorectal cancer and adenomas in a Western
country, where the incidence of MS is over 27%.
METHODS: This was a prospective study between
March 2013 and March 2014. MS was diagnosed
according to the National Cholesterol Education ProgramATP III. Demographic characteristics, anthropometric
measurements, metabolic risk factors, and colonoscopic
pathologic findings were assessed in patients with MS
(group 1) who underwent routine colonoscopy at our
department. This data was compared with consecutive
patients without metabolic syndrome (group 2), with
no differences regarding sex and age. Patients with
incomplete colonoscopy, family history, or past history of
colorectal neoplasm were excluded. Informed consent
was obtained and the ethics committee approved this
study. Statistical analysis was performed using Student’
2
s t -test and χ test, with a P value ≤ 0.05 being
considered statistically significant.
RESULTS: Of 258 patients, 129 had MS; 51% males;
mean-age 67.1 years (50-87). Among the MS group,
94% had high blood pressure, 91% had increased
waist circumference, 60% had diabetes, 55% had
low high-density lipoprotein cholesterol level, 50%
had increased triglyceride level, and 54% were obese
2
[body mass index (BMI) 30 kg/m ]. 51% presented
4 criteria of MS. MS was associated with increased
prevalence of adenomas (43% vs 25%, p = 0.004) and
colorectal cancer (13% vs 5%, p = 0.027), compared
with patients without MS. MS was also positively
associated with multiple (≥ 3) adenomas (35% vs
9%, p = 0.024) and sessile adenomas (69% vs 53%,
p = 0.05). No difference existed between location (p
= 0.086), grade of dysplasia (p = 0.196), or size (p

5320

May 7, 2015|Volume 21|Issue 17|

Trabulo D et al . Metabolic syndrome and colorectal neoplasms

= 0.841) of adenomas. In addition, no difference was
found between BMI (p = 0.078), smoking (p = 0.146),
alcohol consumption (p = 0.231), and the presence of
adenomas.

of risk factors, which include abdominal obesity,
hyperglycemia, raised blood pressure, elevated
triglyceride levels, and low high-density lipoprotein
[6]
(HDL)-cholesterol levels . It has become a major
public health problem in several countries due to
increasing obesity and sedentary lifestyles. In Portugal,
[7]
its prevalence is estimated at 27.5% . There has been
growing recognition of the importance of this syndrome
not only as an increased risk for cardiovascular disease,
but also for chronic diseases, including gastric cancer,
[8]
colorectal cancer, and colorectal adenomas . Several
investigators have showed that MS is associated with
colorectal adenomas in Chinese, Japanese, Korean, and
[8-15]
Taiwan populations
. Waist circumference and waistto-hip ratio, which are indicators of abdominal obesity,
were also strongly associated with colorectal cancer risk
[16]
in a prospective European study . A meta-analysis
has also confirmed the association between obesity and
[17]
colorectal cancer risk .
In light of the growing magnitude of MS in public
health and recent findings on the association between
insulin resistance and development of colorectal
malignancies, it is worthwhile to investigate whether
MS and its major components are correlated to an
increased number of colorectal neoplasms. However,
few studies have been carried out regarding the
relationship between MS, colorectal adenomatous
[16,18]
polyps, and cancer in European countries
. Since the
bulk of data concerning MS and colorectal neoplasms
comes from Asian and Pacific countries, and is related
to their increasing colorectal cancer prevalence, these
conclusions may not be applicable to other populations,
such as those in south western European countries. In
Portugal, despite its Mediterranean nature and Atlantic
location, the incidence of CRC has been increasing as
a result of obesity and westernization of lifestyle. CRC
is the second most common cause of cancer death in
Portugal, being responsible for 9 to 10 deaths daily,
[19]
with a global survival rate of 50% at 5 years .
With this study, we aimed to investigate the
association between MS and colorectal neoplasms, as
well as obesity, smoking and alcohol consumption, in a
Portuguese population.

CONCLUSION: MS is positively associated with
adenomas and colorectal cancer. However, there is not
enough information in western European countries to
justify screening in patients with MS. To our knowledge,
no previous study has evaluated this association in
Portuguese patients.
Key words: Metabolic syndrome; Colorectal cancer;
Colorectal adenomas; Obesity; Western countries
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In light of recent findings on the association
between insulin resistance and the development of
colorectal malignancies, it is worthwhile to investigate
whether metabolic syndrome (MS) is correlated to an
increased number of colorectal neoplasms. However,
few studies have been performed regarding the
relationship between MS, colorectal adenomatous
polyps, and cancer in European countries. With this
study, we aimed to investigate the association between
MS and colorectal neoplasms, as well as obesity,
smoking and alcohol consumption, in a Portuguese
population. In our patients, MS was positively
associated with colorectal cancer and adenomas.
Trabulo D, Ribeiro S, Martins C, Teixeira C, Cardoso C,
Mangualde J, Freire R, Gamito É, Alves AL, Augusto F,
Oliveira AP, Cremers I. Metabolic syndrome and colorectal
neoplasms: an ominous association. World J Gastroenterol 2015;
21(17): 5320-5327 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5320.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5320

INTRODUCTION
Colorectal cancer (CRC) is the most commonly
diagnosed cancer in Europe, accounting for 13% of
all new cases, and is the second most common cause
[1]
of cancer death . In the United States, it is the third
most common cancer, accounting for 9% of all cancer
[2]
cases and deaths .
In spite of the dramatic advances in understanding
the genetic changes related to progression from
adenomatous polyp to cancer, compelling evidence
supports the strong role of environmental factors in
carcinogenesis. Epidemiological results from countries
with a high incidence of CRC have shown that lifestyle
factors are associated with increased risk of colorectal
cancer; including obesity, alcohol, physical inactivity,
[3-5]
and a westernized diet .
Metabolic syndrome (MS) is defined by a cluster

WJG|www.wjgnet.com

MATERIALS AND METHODS
We performed a prospective study on a series of
patients who underwent colonoscopy at the Gastro
enterology Department of Hospital de São Bernardo, at
Centro Hospitalar de Setúbal, Portugal, between March
2013 and March 2014. This study was approved by
the institutional Ethics Committee and National Data
Protection Committee. Informed consent was obtained
for all patients.
Demographic characteristics, anthropometric
measurements, laboratory values, metabolic risk
factors, and colonoscopy pathologic findings were
assessed in patients with MS (group 1). This data was
compared with consecutive patients without metabolic
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94%

High blood pressure (≥ 130/85 mmHg)

91%

High waist circumference (> 90 cm men, > 80 cm women)
60%

High serum fasting glucose (≥ 110 mg/dL)

55%

Low HDL-cholesterol (< 40 mg/dL men; < 50 mg/dL women)

50%

Hypertriglyceridemia (≥ 150 mg/dL)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 1 Components of metabolic syndrome in group 1. HDL: High-density lipoprotein.

syndrome (group 2), with no statistically significant
differences regarding sex and age.
The data was collected from a standardized
questionnaire performed at medical consultation
and included: sex; age; height (m); weight (kg);
2
body mass index (BMI), kg/m ; waist circumference
(cm) measured 1 cm above the umbilicus at minimal
respiration; medical history of hypertension, diabetes,
and hyperlipidemia; smoking and alcohol (> 40 g/d)
consumption habits; history of adenomas or CRC;
family history of adenomas or CRC; fasting glucose,
triglyceride, and HDL cholesterol levels determined
in laboratory analysis prior to the examination; blood
pressure levels (at least 2 determinations in left arm,
with patient in a sitting position). Obesity was defined
2
as having BMI ≥ 30 kg/m .
MS was diagnosed according to the National
[6]
Cholesterol Education Program-ATP III and defined
if three or more of the following criteria were satisfied:
(1) waist circumference > 90 cm in men and > 80 cm
in women; (2) hypertriglyceridemia ≥ 150 mg/dL;
(3) low HDL cholesterol, < 40 mg/dL in men and <
50 mg/dL in women; (4) high blood pressure ≥ 130
mmHg systolic or ≥ 85 mmHg diastolic; and (5) high
serum fasting glucose ≥ 110 mg/dL.
We performed colonoscopy that reached at least
the cecum and described the presence of CRC and the
colonoscopic features of polyps, including the location,
size, number, and morphology of adenomas, as well as
its pathological features. The location of the colorectal
neoplasms was divided into the proximal colon
(including the cecum, ascending colon and proximal
transverse colon) and the distal colon (including distal
transverse colon, descending colon, sigmoid colon,
and rectum). The size of adenomas was classified into
< 5, 5-9, and ≥ 10 mm (the largest size was used
for multiple adenomas). The number of adenomas
was classified into 1, 2, and ≥ 3 adenomas. The
morphology was classified into sessile or pedunculated.
Pathological features of adenomas were classified as
low-grade or high-grade dysplasia.
Exclusion criteria were: (1) history of colon disease,
such as inflammatory bowel disease, adenomas, or
CRC; (2) family history of adenomas or CRC; (3) a
colonoscopy within the previous 5 years; (4) incomplete
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colonoscopy; and (5) poor bowel preparation.
2
Statistical analysis was performed with χ test for
comparison of discrete variables and Student’s t-test
test for comparison of continuous variables. A p-value
of ≤ 0.05 was considered statistically significant.

RESULTS
A total of 258 patients were included. Fifty-one per
cent were men, with a mean age of 66 years (50-87
years). One hundred and twenty nine patients were
included in each group (group 1 - with MS; group 2 without MS), with no difference in sex and mean age.
Figure 1 shows the percentage of each component
of MS in group 1. Ninety-four per cent of patients had
elevated blood pressure and 91% had increased waist
circumference.
2
In group 1, obesity (defined as BMI ≥ 30 kg/m )
was present in 54% of patients, smoking habits were
present in 31%, and alcohol consumption of > 40
g/d was present in 29% of patients. The majority of
patients (51%) had 4 criteria of MS, with 29% having
5 criteria and 20% having 3 criteria.
Patients with MS (group 1) had more adenomas
(43%) than patients without MS (group 2%-25%),
which was statistically significant (p = 0.004).
Moreover, group 1 patients had a superior prevalence
of CRC than group 2 patients (13% vs 5%, p = 0.027)
(Figure 2).
The analyses conducted according to location,
size, number, appearance, and grade of dysplasia are
shown in table 1. A positive association with metabolic
syndrome was observed for multiple adenomas (≥ 3)
(35% vs 9%, p = 0.024) and sessile adenomas (69%
vs 53%, p = 0.05). Moreover, an association with MS
was observed for large adenomas (≥ 10 mm), as well
as proximally located and synchronous adenomas (both
proximal and distal colon), but this was not statistically
significant.
In addition, CRC was more prevalent in the distal
colon (12% in group 1 vs 6 % in group 2, p = 0.026).
Table 2 shows the association found between
MS and other cumulative risk factors for colorectal
neoplasms: alcohol consumption, smoking, and
obesity. In fact, patients with a history of alcohol
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45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

With MS (group 1)
Without MS (group 2)

43%

Table 2 Association between metabolic syndrome, alcohol
consumption, smoking, and obesity

P = 0.004
25%
13%
5%
Presence of adenomas

Adenomas
Alcohol consumption
Yes
No
Smoking
Yes
No
Obesity (BMI ≥ 30 kg/m2)
Yes
No
Adenocarcinoma
Alcohol consumption
Yes
No
Smoking
Yes
No
Obesity (BMI ≥ 30 kg/m2)
Yes
No

P = 0.027

Presence of adenocarcinoma

Figure 2 Association between metabolic syndrome and colorectal
cancer/adenomas. MS: Metabolic syndrome.

Table 1 Adenoma characteristics in relation with metabolic
syndrome
Adenomas
Size
< 5 mm
5-9 mm
≥ 10 mm
Grade of dysplasia
High grade
Low grade
Location
Proximal colon
Distal colon
Both
Number
1
2
≥3
Appearance
Sessile
Pedunculated
Both

With MS
(group 1)

Without MS
(group 2)

P value

20%
25%
55%

25%
22%
53%

0.756
0.841
0.822

81%
19%

94%
6%

0.196
0.267

28%
46%
26%

22%
69%
9%

0.078
0.086
0.065

44%
22%
35%

69%
22%
9%

0.076
1.000
0.024

69%
11%
20%

53%
40%
7%

0.050
0.061
0.059

Without MS
(group 2)

P value

33%
67%

30%
70%

0.231

33%
67%

26%
74%

0.146

30%
70%

24%
76%

0.078

32%
68%

24%
76%

0.102

30%
70%

24%
76%

0.087

26%
74%

20%
80%

0.065

MS: Metabolic syndrome; BMI: Body mass index.

adipokines], cytokines, and vascular integrity factors,
[20]
thereby contributing to cancer-related processes .
Several authors described the role of hyperinsulinemia,
IGF-I, and hyperleptinemia in the association between
[20-23]
adiposity and CRC
(Figure 3). A common pathway
has also been suggested, in which these factors increase
PI3K/Akt activity, which in turn regulates downstream
targets, leading to reduced apoptosis, increased
cell proliferation and survival, and promotes the cell
[24]
cycle . In addition, a recent paper reports that, among
adipocyte-secreted hormones, the most relevant to
colorectal tumorigenesis are adiponectin, leptin, resistin,
and ghrelin. All these molecules have been involved in
cell growth, proliferation, and tumor angiogenesis, and
their expression changes from normal colonic mucosa
[25]
to adenoma and adenocarcinoma .
In our study, although a trend was observed, we
found no significant association between CRC, MS,
2
and BMI ≥ 30 kg/m . The association between waist
circumference and CRC risk has been generally more
[15-18]
consistent than for BMI
. In fact, abdominal obesity
has a higher risk for colon cancer than BMI, because
the former reflects visceral fat deposition, which is
associated with insulin resistance and higher circulating
[26]
levels of IGF-I, as described above . Women tend to
accumulate less visceral abdominal fat than men, which
may explain the gender differences in the association
[15,21]
between obesity and risk of CRC
. There are several
studies that have provided evidence that obesity was
associated with CRC. These studies showed a significant
positive association between obesity and CRC, although
the effect was relatively modest, with an increased
[26,27]
risk of about 1.5 to 3 times
. A meta-analysis of
6 studies found a 3% increase (95%CI: 2%-4%) in

MS: Metabolic syndrome.

consumption had more colorectal adenomas (33%
vs 30%, p = 0.231) and adenocarcinoma (32% vs
24%, p = 0.102), than those without. However, this
was not statistically significant. In addition, smokers
had more adenomas (33% vs 26%, p = 0.146) and
adenocarcinoma (30% vs 24%, p = 0.087) than nonsmokers; this relation was also not significant. This
relationship was found when we compared obese
2
patients (BMI ≥ 30 kg/m ) with non-obese patients
2
(BMI < 30 kg/m ): 30% vs 24% for adenomas (p =
0.078); 26% vs 20% for adenocarcinoma (p = 0.065).

DISCUSSION
MS is becoming increasingly common worldwide
because of the epidemic of obesity and sedentary
lifestyles.
The biological plausibility of the association between
MS and CRC may be mediated by dysregulation of
growth signals [including insulin, insulin growth factor
I (IGF-I), downstreaming signaling pathways, and
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With MS
(group 1)
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Metabolic syndrome

Proinflammatory state

↓ Level of adiponectin

Hyperinsulinaemia
High leptin

↑ Cytokine levels
(TNF-α)

Aggravation of
the course Insulin
resistance

Hyperinsulinaemia
↑ IGF-1
↓ IGFBP-3

↑ Angiogenesis
Colorectal
cancer

Cancer cell proliferation
Antiapoptotic effect
(↓ p53 dependent apoptosis
↑ Level of VEGF)

Figure 3 Biological mechanisms of the association between metabolic syndrome and colorectal cancer. In Muhidin S. Journal of Obesity, 2012 (adapted).
TNF: Tumor necrosis factor; IGF: Insulin growth factor; IGFBP: Insulin growth factor binding peptide; VEGF: Vascular endothelial growth factor.

the risk of CRC per one unit increase in BMI. A metaanalysis of 31 studies with 70000 cases reported a
dose-response relationship between BMI and CRC; a
5-unit increase in BMI was related to an increased risk
of colon cancer in both men (RR = 1.30) and women
(RR = 1.12). In addition, obesity has been more closely
[17]
associated with CRC in men than in women . In a
14-year multicentric cohort study, the authors reported
a positive association between MS and CRC in men, but
[28]
not in women . A recent meta-analysis showed a 19%
increase in colorectal cancer risk in individuals with a
higher BMI or increased waist circumference; however,
[18]
overweight and obese patients were pooled together .
It is well-documented that diabetes contributes to
incidence and mortality of CRC. In a Korean prospective
study, the authors reported that higher fasting blood
sugar levels (≥ 140 mg/d) increased the risk of all
[29,30]
types of cancer by up to 1.29 times
. A metaanalysis with 29 studies indicated an increased risk of
CRC in type 2 diabetes patients (OR = 1.29 for men
[31]
and 1.34 for women) . Furthermore, several largescale prospective studies have provided evidence
[17,18]
that diabetes was associated with CRC
. A recent
study investigated the association between markers of
glucose metabolism, MS, and the presence of colorectal
adenomas in South Korea. The authors concluded
that increasing levels of glucose, insulin resistance,
hemoglobin A1c, and C-peptide are significantly
[32]
associated with the prevalence of adenomas .
Contrary to obesity and diabetes, the role of
hypertension, hypertriglyceridemia, and low-HDL
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cholesterol in CRC is poorly investigated. The results
for studies that have examined hypertension and
hypertriglyceridemia in relation to risk of CRC have
[18]
been inconsistent , although some recent large
prospective studies reported a significant association
[33,34]
with high triglyceride levels
. However, according to
a more recent meta-analysis, neither high triglyceride
nor low HDL-cholesterol levels were associated with
[18]
colorectal cancer risk . A retrospective cohort study
revealed that hypertension is an important predictor
of recurrent colorectal adenoma after screening
[35]
colonoscopy with adenoma polypectomy .
In our study, we focused on the associations not only
in MS and CRC, but also in colorectal adenomas, which
is a premalignant lesion that develops into CRC via
the adenoma-carcinoma sequence. In our population,
MS was associated with colorectal adenomas (p =
0.004) and CRC (p = 0.027), which is in agreement
with previous studies. Moreover, we found that this
association is significant for multiple (≥ 3) lesions (p =
0.024).
There are few studies that have examined the
relation between MS and colorectal adenomas.
[9]
Wang et al showed that MS was associated with
rectosigmoid adenomas; moreover, when the individual
components of MS were examined separately, BMI and
hypertriglyceridemia were associated with the age- and
sex-adjusted OR of rectosigmoid adenomas (OR = 1.32;
95%CI: 1.05-1.66 and OR = 1.33; 95%CI: 1.09-1.63,
respectively). Said study had several limitations: only
adenomas at the rectosigmoid (not at the entire colon)
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were examined, only BMI (not the waist circumference)
was measured, and there was no data on smoking
or alcohol consumption. Another study showed that
MS was associated with a moderately increased risk
of colorectal adenoma with an OR of 1.48 (95%CI:
[11]
1.13-1.93) . An increased risk was more evident for
the proximal colon than for distal colon adenomas, and
this was almost exclusively observed for large polyps (≥
5 mm). This study also had several limitations: firstly,
all subjects were male and secondly, data on lifestyle
[12]
habits were not collected. A study by Kim et al
had
methodological advantages: they included both male
and female patients, total colonoscopy was performed,
and lifestyle factors related to MS (including smoking
and alcohol consumption) were collected. In this large
Korean cross-sectional study, an increased risk of
colorectal adenoma was associated with MS, particularly
for proximal lesions, multiple adenomas, and advanced
adenomas. The authors also found that only waist
circumference was associated with the development of
colon adenomas when the individual components of MS
were analyzed separately on multiple logistic regression
[12]
[36]
analyses . Lee et al
reported that adenomatous
polyps were significantly associated with increased
BMI, and that subjects with even one component
of MS had a significantly higher risk for developing
adenomatous polyps compared to those subjects
without any such components. In a Korean study by
[14]
Pyo et al
showed that subjects with a high BMI and
high levels of triglycerides and fasting blood glucose
have an increased prevalence of developing colorectal
adenomas. A recent study of a Chinese population
revealed that an increased likelihood of colorectal
adenoma was associated with MS. Central obesity and
dyslipidemia were independently increased for colorectal
[10]
adenoma risk .
The role played by each single component of
MS on CRC risk is still unclear, as is whether the risk
associated with the full syndrome is greater than the
sum of its parts. Defining the risk conveyed by any
single component, as compared with that of the full
syndrome, may help with choosing the best way for
identifying individuals at risk for CRC. In addition, the
association between MS and CRC death has never
been extensively investigated. A recent meta-analysis
of 17 studies reported that MS was associated with an
increased risk of CRC incidence and mortality in both
[18]
sexes . The risk estimates changed little depending on
the type of study, cancer site, populations, or definition
of the syndrome. Moreover, the risk estimates for any
single factor of the syndrome were significant for higher
values of BMI/waist, hyperglycemia, and higher blood
[18]
pressure .
Alcohol is one of the well-established risk factors
[37]
for development of CRC . After oral ingestion of
alcohol, acetaldehyde can accumulate locally in the
colon through the microbial oxidation of alcohol,
resulting in tissue injury, DNA damage, and a decrease
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in free radical scavengers . Another mechanism
of alcohol-related carcinogenesis is its interaction
[38]
[39]
with retinoids . Bardou et al
reported that
excessive alcohol intake (> 50 g/d) is a risk factor
for the development of adenoma with high-grade
dysplasia and colorectal cancer. Moreover, Maekawa
[38]
et al
found that excessive alcohol intake might
be an independent risk factor for synchronous CRC.
Our study tried to evaluate an association between
excessive alcohol intake and colorectal neoplasms, but
the results for this were not statistically significant.
Several limitations may explain this fact: the relatively
small number of patients and a lack of data concerning
drinking duration, cumulative alcohol intake, and the
types of alcoholic beverages consumed.
It has also been reported that smoking is associated
with increased risk of CRC or colorectal adenoma,
but this association is observable only in studies with
[40,41]
adequately long reference periods
. This suggests
that the putative causal role of smoking is limited in
earlier stages of colorectal carcinogenesis. In our study,
smoking was not found to be associated with colorectal
cancer or adenomas. Again, the relatively small number
of patients may explain this finding.
In our population, MS was associated with adenomas
and CRC. Among the single components of the
syndrome, the best evidence from the literature is the
association between hyperglycemia and increased waist
circumference. Based on these findings, we may speculate
that these factors are the major components of the
association between MS cluster and colorectal neoplasms.
Patients may need special attention for motivating
them to undertake appropriate colorectal screening.
Recommendations for CRC screening in patients
with MS may need to be different from the average
risk population; this is based on the heads-up data
concerning the relationship between MS and colorectal
neoplasms. However, there is not enough information
in western European countries to justify screening in
patients with this syndrome.
To our knowledge, no previous study has evaluated
this association in Portuguese patients. Results should
be replicated in other Western countries with high
incidences of MS. In the meantime, it is never too late
to implementing healthy lifestyle changes which can
help combat MS and, thus, CRC.
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and adenomas in Chinese, Japanese, Korean, and Taiwan populations.
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applicable to western European countries. The authors aimed to investigate the
association between MS and colorectal neoplasms, as well as obesity, smoking,
and alcohol consumption, in a Portuguese population. No previous study has
evaluated this association in Portuguese patients.

12

Applications

13

MS is positively associated with colorectal cancer and adenomas.
Recommendations for CRC screening in patients with MS may need to be
different from the average risk population, with respect to this relationship.
However, there is not enough information in European countries to justify
screening in patients with this syndrome. Results should therefore be replicated
in other countries. Healthy life-style modifications are worthwhile.

14

Peer-review

It is very well-written and elaborately justified. Both the abstract and the main
body of the manuscript are very nicely written and very explanatory. This
manuscript deals with a very interesting issue: the association of metabolic
syndrome to colorectal adenomas and colorectal cancer.
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Abstract
AIM: To assess the sampling quality of four different
forceps (three large capacity and one jumbo) in
patients with Barrett’s esophagus.
METHODS: This was a prospective, single-blind
study. A total of 37 patients with Barrett’s esophagus
were enrolled. Targeted or random biopsies with all
four forceps were obtained from each patient using a
diagnostic endoscope during a single endoscopy. The
following forceps were tested: A: FB-220K disposable
large capacity; B: BI01-D3-23 reusable large capacity;
C: GBF-02-23-180 disposable large capacity; and
jumbo: disposable Radial Jaw 4 jumbo. The primary
outcome measurement was specimen adequacy,
defined as a well-oriented biopsy sample 2 mm or
greater with the presence of muscularis mucosa.
RESULTS: A total of 436 biopsy samples were
analyzed. We found a significantly higher proportion of
adequate biopsy samples with jumbo forceps (71%)
(p < 0.001 vs forceps A: 26%, forceps B: 17%, and
forceps C: 18%). Biopsies with jumbo forceps had
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the largest diameter (median 2.4 mm) (p < 0.001
vs forceps A: 2 mm, forceps B: 1.6 mm, and forceps

biopsies is presently considered as the gold standard
[4]
for BE surveillance .
For biopsy, the choice of forceps has traditionally
been among standard, large-capacity, or jumbo
forceps. While the standard and large-capacity forceps
are used with a standard diagnostic endoscope,
the jumbo forceps are recommended for use with
a therapeutic endoscope with a larger (3.2 mm)
channel. However, the new Radial Jaw 4 (RJ4; Boston
Scientific, Natick, MA, United States) jumbo forceps
have been successfully tested with standard diagnostic
[5-7]
endoscope .
Most of the studies found jumbo forceps superior to
standard or large capacity forceps in terms of specimen
[5,6,8-10]
quality, adequacy, or diagnostic yield
. A recent
study challenged the requirement for jumbo forceps
[11]
over large-capacity forceps in patients with BE . The
authors found similar rates of adequate specimens
with the large-capacity forceps (used with a diagnostic
endoscope) when compared with the jumbo forceps
(used with a therapeutic endoscope). The insufficient
quality of biopsy specimen collected by jumbo forceps
used with a therapeutic endoscope can be explained
by the fact that maneuvering and taking biopsies from
the esophagus with a larger therapeutic endoscope are
more difficult as compared to a standard endoscope.
Here we present a study comparing the per
formances of three types of large-capacity forceps and
one type of jumbo forceps (all forceps were used with
a diagnostic endoscope) in terms of quality of biopsy
specimen in patients with BE. We hypothesized that
the use of jumbo forceps with a diagnostic endoscope
provides more adequate specimens compared to largecapacity forceps.

C: 2mm). There was a trend for higher diagnostic
yield per biopsy with jumbo forceps (forceps A: 0.20,
forceps B: 0.22, forceps C: 0.27, and jumbo: 0.28).
No complications related to specimen sampling were
observed with any of the four tested forceps.
CONCLUSION: Jumbo biopsy forceps, when used
with a diagnostic endoscope, provide more adequate
specimens as compared to large-capacity forceps in
patients with Barrett’s esophagus.
Key words: Barrett’s esophagus; Barrett’s esophagusrelated neoplasia; Biopsy forceps; Jumbo forceps;
Specimen adequacy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Good quality biopsy specimens are required
for reliable diagnosis of early neoplasia in patients with
Barrett’s esophagus. It remains controversial whether
the use of jumbo forceps provides an advantage over
large-capacity forceps. We compared the sampling
quality using four different biopsy forceps. Biopsies were
obtained using a diagnostic endoscope during a single
endoscopy. We found a significantly higher proportion
of adequate biopsy samples with jumbo forceps as
compared to the three large capacity forceps. Thus,
jumbo biopsy forceps, when used with a diagnostic
endoscope, provide more adequate specimen as
compared to large-capacity forceps.
Martinek J, Maluskova J, Stefanova M, Tuckova I, Suchanek
S, Vackova Z, Krajciova J, Kollar M, Zavoral M, Spicak J.
Improved specimen adequacy using jumbo biopsy forceps in
patients with barrett’s esophagus. World J Gastroenterol 2015;
21(17): 5328-5335 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5328.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5328

MATERIALS AND METHODS
The study was begun in January 2012 at the University
Military Hospital in Prague, but later completed in
the Institute for Clinical and Experimental Medicine
in Prague, where the principal investigator moved in
November 2012. The study was continued through
March 2013. The study was approved by the
institutional review boards of both institutions. Neither
financial support nor any free commercial devices were
received.

INTRODUCTION
Barrett’s esophagus (BE) is a precancerous lesion, and
the patients with BE should be included in surveillance
programs involving regular endoscopic examinations
with biopsies. The aim of such surveillance is an early
[1]
detection of intraepithelial neoplasia (IEN) or cancer .
If detected early, IEN or esophageal adenocarcinoma
can completely be cured using endoscopic methods
such as endoscopic resection and ablation. For patients
with BE without IEN, a surveillance endoscopy with
four-quadrant biopsies at 2-cm intervals performed
every three to five years is commonly recommended,
[2]
though it is not evidence based . Despite the
promising results of advanced imaging modalities with
[3]
targeted biopsies , a traditional protocol with random

WJG|www.wjgnet.com

Study design

This was a prospective clinical trial. Two experienced
physicians performed all endoscopic examinations.
They were not blinded because the four types of
forceps are visually different; however, the two
pathologists, who evaluated the histologic specimens,
were blinded with respect to the type of forceps used.
For collecting biopsy specimens, all four tested forceps
were used in a random order in each patient (the order
of the four tested forceps was provided in a sealed
opaque envelope for each patient before starting the
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reliable detection of suspect areas or visible lesions,
the whole esophagus was first flushed with water,
followed by the careful examination with tri-modal
imaging (autofluorescence, narrow-band imaging,
high-resolution endoscopy).
According to the length of the Barrett’s segment,
the total number of biopsies was estimated and
consequently, the approximate number of biopsies to be
taken with each forceps was determined. For example,
in a patient with BE C6M6, the total estimated number
of biopsies was 16 (four biopsies each at 0 cm, 2 cm, 4
cm, and 6 cm). Therefore, four biopsies were taken by
each of the tested forceps; the first set of four biopsies
was taken with one forceps, followed by a second set of
four biopsies taken with another forceps, etc.
In patients with a visible lesion (type 0-IIb) or
mucosal irregularities, the targeted biopsies only were
taken in separate containers. In patients without
targeted biopsies, standard random four-quadrant
biopsy samples according to the Seattle protocol were
obtained for every 2 cm for the entire length of BE.
Biopsies were started at the gastroesophageal junction
and then continued proximally. Thus, we performed
part of the Seattle protocol with each forceps in turn.
The specimens were collected in separate containers
according to the type of forceps (every container
contained specimens taken by only one type of forceps)
and the level of esophagus.
The biopsies were taken using a “turn and suck”
technique. After the esophageal mucosa was positioned
in front of the endoscope, the forceps were opened,
and the suction was applied. Thereafter, the forceps
were closed, suction was revealed, and after the visual
control, specimens were finally taken one at a time.
The biopsy tissues were formalin fixed and processed
for paraffin embedding. Specimens were not mounted
before immersion fixation. Five-micron tissue sections
were cut and stained with hematoxylin and eosin for
histopathologic evaluation.

Figure 1 Easy passage of jumbo Radial Jaw 4 forceps through a 2.8 mm
channel.

endoscopy).

Patients

All consecutive patients examined in our department
during the study period, with endoscopic finding of BE
with a metaplastic segment longer than 2 cm, were
invited to participate. Although a total of 51 patients
matching the inclusion criteria were invited, 37 patients
were finally enrolled in the study. All the participants
provided informed written consent. Exclusion criteria
include: inability to give informed consent, prominent
or depressed macroscopically visible lesion (exception
being the patients with flat lesions of type 0-IIb), an
upper gastrointestinal endoscopy with biopsies two
months prior to enrollment, esophagitis, previous
diagnosis of esophageal carcinoma, previous en
doscopic resection or ablation therapy, participation
in another clinical trial, esophageal varices, and
treatment with anticoagulants (the use of antiplatelet
agents was permitted).

Biopsy forceps

Following are the four different types of forceps
(with spikes) used for this study: A: FB-220K large
capacity disposable biopsy forceps (Olympus Corp.,
Tokyo, Japan) with an outer diameter of 2.45 mm;
B: BI01-D3-23 large capacity reusable biopsy forceps
(Medwork, GmbH, Höchstadt/Aisch, Germany) with an
outer diameter of 2.3 mm; C: GBF-02-23-180 large
capacity disposable biopsy forceps (Medi-Globe GmbH,
Rosenheim, Germany) with an outer diameter of 2.3
mm; and jumbo: RJ4 disposable jumbo biopsy forceps
with an outer diameter of 2.84 mm. The RJ4 jumbo
forceps can safely be used with a standard diagnostic
endoscope (Figure 1).

Pathologic assessment

Two expert pathologists independently evaluated each
sample and settled all discrepancies by consensus.
For each biopsy specimen, the following data were
collected: size including the largest diameter, deepest
tissue layer present, and quality of specimen ori
entation. Good orientation was defined as having two
or more tissue layers with correct depth order in linear
fashion. The histopathologic diagnosis of each specimen
was recorded along with the presence or the absence of
intestinal metaplasia. Additionally, we also recorded the
overall diagnosis for each patient based on the highest
degree of intraepithelial neoplasia.

Upper gastrointestinal endoscopy and biopsy protocol

All endoscopies were performed using a diagnostic
endoscope (GIF FQ 260 Z, Olympus Corp., Tokyo,
Japan). An intravenous sedation with midazolam
(3-5 mg) was administered if judged necessary. BE
was classified using the Prague C and M criteria. For

WJG|www.wjgnet.com

Study outcomes

We used the same definition of the primary outcome as
[11]
was used by Gonzalez et al , and the authors defined
the primary outcome as the specimen adequacy for
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Figure 2 Esophageal biopsy with jumbo Radial Jaw 4 forceps and a large defect after the biopsy, without bleeding.

each forceps for detecting 15% difference between
any two forceps in main outcome parameter (specimen
adequacy) with study power of 80% and overall
significance level of p < 0.05.

Table 1 Principal results of the study n (%)
Variable

Total
(n = 436)

Adequate
specimen
Median size,
mm
Muscularis
mucosa
present
Good
orientation

Forceps type
Large-capacity

Jumbo
(n = 92)
A
B
C
(n = 121) (n = 115) (n = 108)

136 (31)

32 (26)

20 (17)

19 (18)

65 (71)b,d,f

2

2

1.6

2a

2.4b,d,f

205 (47)

54 (45)a

26 (23)

51 (47)a

74 (80)b,d,f

269 (62)

74 (61)h

51 (44)

73 (66)h

71 (77)d

RESULTS
Patients and endoscopy

A total of 37 patients with a median age of 61 years
(range: 27-72 years, male: 31, female: 6) were
enrolled in the study. The median length of BE
segment was 6 cm (range: 2-12 cm). All endoscopies
were performed as an outpatient procedure without
adverse events such as bleeding or perforations,
and the patients did not experience any delayed
complications such as bleeding. All minor bleedings
after biopsies resolved spontaneously. Patients did not
complain of any pain or increased discomfort during or
after the procedure.
Neither of the endoscopists experienced any
problems getting through the diagnostic channel with
the jumbo RJ4 forceps; there was sufficient space
around the forceps (Figure 1). One issue we found
while taking the biopsies with jumbo forceps was
that often, large mucosal defects were created in the
esophagus, even though clinically the patients did not
come to harm (Figure 2).

b

P < 0.001 vs A; dP < 0.001 vs B; fP < 0.001 vs C; aP < 0.005 vs B; hP < 0.01 vs B.

histologic assessment; an adequate biopsy sample
was defined a priori as a well-oriented specimen of
2 mm or greater diameter with at least the presence
of muscularis mucosa. Secondary outcomes included
detection of intestinal metaplasia and/or intraepithelial
neoplasia (diagnostic yield) and adverse events.

Statistical analysis

Data are presented as mean ± SD or median with
ranges or appropriate percentiles. The four forceps
were compared by performing the overall Fisher’s
exact tests for categorical data, analysis of variance for
normally distributed data, and Kruskal-Wallis tests for
non-normally distributed data. Normality was assessed
by the Skewness-Kurtosis test. If the overall testing
showed a significant difference among groups (p <
0.05), then pair-wise comparisons between groups
were performed by using the Fisher’s exact test and
Wilcoxon rank-sum test with Bonferroni correction for
multiple comparisons (n = 6, statistical significance
for pair-wise comparisons was defined as p < 0.008).
Overall diagnostic yield (per biopsy analysis) was
calculated as the number of biopsy samples with
IEN divided by the total number of biopsy specimens
obtained with the respective forceps.
In this study, at least 90 biopsies were taken by
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Quality of biopsy specimens

Table 1 and Figure 3 present the summaries of the
principal results. A total of 436 biopsies were taken;
this represents on average 11.8 biopsies per patient
(range: 4-25).
More than two-thirds of biopsies taken with
jumbo forceps, were adequate (71%), which was
significantly more compared to the large-capacity
forceps (P < 0.001). Muscularis mucosae were present
in 80% of the samples obtained by jumbo forceps.
We obtained significantly larger specimens (2.4 mm)
using the jumbo forceps (P < 0.001 vs large-capacity
forcepts). Specimens taken with jumbo forceps and
large-capacity forceps A and C were well-oriented in
60%-70% of samples, whereas 66% of specimens
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Size

Table 2 Detection of intestinal metaplasia and intraepithelial
neoplasia n (%)

mm
6

< 0.001

Variable

< 0.001

5
0.8

4

< 0.001

0.07

3

0.003

Intestinal
metaplasia
No IEN
Low-grade
IEN
High-grade
IEN
Diagnostic
yield (per
biopsy)

2
1
0

A

Total
(n = 436)

B

C

D-Jumbo

Figure 3 Specimen sizes obtained with large-capacity (A-D) and jumbo
forceps. Box-Whisker plot.

Forceps type
Large-capacity

Jumbo
(n = 92)
A
B
C
(n = 121) (n = 115) (n = 108)

386 (89)

103 (85)

99 (86)

98 (91)

86 (93)

332 (76)
91 (21)

97 (80)
22 (18)

90 (78)
22 (19)

79 (73)
26 (24)

66 (72)
21 (23)

13 (3)

2 (2)

3 (3)

3 (3)

5 (5)

0.24

0.20

0.22

0.27

0.28

IEN: Intraepithelial neoplasia.

obtained with forceps B were not well-oriented. Figure
4 presents the photomicrographs of adequate and
inadequate biopsy samples.

of forceps in terms of the followings factors: (1) in
obtaining adequate surveillance biopsies in patients
[8]
with inflammatory bowel disease ; (2) in obtaining
[6]
accurate diagnosis of submucosal lesion ; (3) in
[9]
removing small, sessile colorectal polyps ; and (4) in
[5,10]
tissue acquisition in patients with BE
. In the study
[5]
by Komanduri et al , RJ4 jumbo forceps provided
79% adequate samples and large-capacity forceps
collected 16% of adequate samples.
Similar to our study, there have been two other
[5,11]
studies
comparing the performance of RJ4 jumbo
forceps with other forceps; however, different types
of endoscopes were used for biopsies with jumbo
[5]
forceps. As with the present study, Komanduri et al
studied the performance of RJ4 jumbo forceps with
a standard diagnostic endoscope (channel 2.8 mm)
and obtained 79% adequate samples. On the other
[11]
hand, Gonzalez et al
examined RJ4 jumbo forceps
with a therapeutic endoscope with a larger channel
(3.2 mm), but obtained only 25% adequate samples.
Manipulation and maneuvering with a therapeutic
endoscope in the esophagus is difficult compared to
a standard endoscope. The “turn and suck technique”
requires directing the tip of the endoscope against
the esophageal wall in an appropriate angle; for
a therapeutic endoscope, such alignment is more
problematic. This might explain the higher percentage
of biopsy specimens with an improper orientation (and
consequently the low percentage of adequate samples)
[11]
in the study by Gonzalez et al .
Jumbo forceps have traditionally been recommended
for use with therapeutic endoscopes, which was the
[12]
basis of the original Seattle biopsy protocol . However,
similar to our study, there are two other reports where
the authors also used RJ4 jumbo forceps successfully
[5-6]
with a standard diagnostic endoscope , and we, like
others, did not experience any difficulties in introducing
the jumbo forceps through the smaller channel.
The main aim of the surveillance of patients
with BE is the early detection of IEN or esophageal

Detection of intestinal metaplasia, intraepithelial
neoplasia, and diagnostic yield

Intestinal metaplasia was detected in all patients, but
not in all (89%) biopsy specimens. Thirteen patients
(35%) had BE without IEN, whereas low-grade IEN
was detected in 20 (54%) and high-grade IEN was
detected in four patients (11%). Despite the trend
for a higher diagnostic yield with jumbo forceps, we
did not find any significant differences in detecting
intestinal metaplasia or IEN among the four studied
forceps (Table 2).

DISCUSSION
In this study, we obtained a significantly higher
proportion of adequate biopsy samples with jumbo
RJ4 forceps as compared to the biopsy specimens
obtained with the other three large-capacity forceps.
Larger specimens containing muscularis mucosae
(in 80% of samples) were obtained using the jumbo
forceps; among the collected specimens, 77% were
well-oriented. We chose a percentage of adequate
specimens defined a priori as the main outcome
parameter, similar to other studies comparing
[11]
standard, large-capacity, and jumbo (RJ4) forceps .
Surprisingly, in this study, the authors found that
standard or large-capacity forceps produced ade
quate specimens in 38% and 32% of samples,
respectively, which were significantly more than the
samples collected with RJ4 jumbo forceps used with a
therapeutic endoscope (25%). The specimens obtained
with jumbo forceps had the largest diameter but the
[11]
lowest proportion of well-oriented specimens (44%) .
Many other studies have reported that jumbo
forceps collect superior quality biopsy specimens
[5,6,8-10]
compared to standard or large-capacity forceps
.
Jumbo forceps (RJ4) is superior than other types
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A

B

Figure 4 Specimen orientation. Hematoxylin and eosin-stained examples of an adequate, well-oriented specimen (A) and an inadequate specimen due to the bad
orientation (B).

adenocarcinoma, allowing less-invasive endoscopic
treatment. Although any benefit has yet to be de
monstrated in a randomized control trial (one is
underway in the UK at this time), endoscopic surveillance
is recommended. Nevertheless, several studies
have suggested that patients with BE who undergo
surveillance benefit from early-stage cancer diagnosis
[13-15]
and improved survival
; however, no association was
found between reduced risk of death from esophageal
[16]
adenocarcinoma and endoscopic surveillance .
The surveillance of patients with BE is still based
on random four-quadrant biopsies every 1-2 cm with
[2]
large-capacity forceps performed every 3-5 years .
Although the type of forceps undoubtedly influences
specimen adequacy, a majority of available guidelines
do not recommend any particular type of forceps to be
[1,4,17]
used for surveillance biopsies
. The random biopsy
protocol is time consuming, and an increasing length
of BE segment decreases physician adherence to the
[18]
protocol . Therefore, multiple modern advanced
imaging modalities (e.g., narrow-band imaging) have
been developed and tested to allow targeted biopsy
strategies, which have been shown to increase the
[3,19]
diagnostic yield of BE neoplasia
. Despite these
results, a random biopsy protocol still remains the
gold standard of care with patients with BE, and all
recent guidelines recommend strict adherence to this
protocol.
The key question is whether a more adequate
biopsy specimen increases the detection of IEN.
[5]
Komanduri et al demonstrated that the use of RJ4
jumbo forceps improved the detection of IEN. Gonzalez
[11]
et al
did not compare the diagnostic yields of three
types of forceps (every patient underwent biopsy with
only one type of forceps). Our study was not primarily
designed to compare the diagnostic yield among the
tested forceps. At present, there is no clear evidence to
establish that improving specimen adequacy increases
detection of IEN. Although not evidence based, a more
adequate specimen is likely to yield better diagnostic
accuracy. Larger-sized specimens provide a larger
surface area for examination, which might lead to an
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increased likelihood in detecting neoplastic changes.
Specimen adequacy is also an important issue
in patients undergoing post-radiofrequency ablation
surveillance. One study (with large-capacity forceps)
demonstrated insufficient specimen adequacy, as
a majority of samples did not contain subepithelial
[20]
structures . The second study (with jumbo forceps)
found that almost 80% of samples were adequate for
[21]
evaluation of subsquamous buried glands . These
results also suggest a superiority of jumbo forceps in
patients undergoing esophageal biopsy.
There have been concerns about the safety of
using a jumbo forceps. A large proportion of patients
(35%) experienced significant bleeding after biopsy
[6]
with jumbo forceps for subepithelial lesions . However,
in patients with BE, neither severe bleeding nor other
serious adverse events have been reported with
[5,11,12]
jumbo forceps
. In our study, none of the patients
experienced any significant bleeding after any biopsy
nor any other adverse events. There is only one
published case report of severe life-threatening bleeding
following BE surveillance biopsies so far; the report did
[22]
not mention the type of the forceps used .
The current study has several limitations. Firstly,
we investigated specimen adequacy as a primary
endpoint and diagnostic yield as a secondary outcome.
Second, there was a selection bias; we detected a
high proportion of patients with IEN (both low and
high grade IEN; 65%). Our department is a referral
center providing endoscopic treatment for patients
with BE; hence, this explains higher percentage
of patients with IEN as compared to other studies
[5]
[11]
[19]
(19% , 40% , and 49% ). In addition, the use of
tri-modal endoscopy with targeted biopsies (in some
patients) may also explain the higher frequency of
IEN detection. However, the selection bias did not
influence our primary endpoint in any way. Third, the
endoscopists were not blinded with respect to forceps
(all forceps are visually different).
In summary, to obtain diagnostically adequate
biopsy specimens in patients with BE, the jumbo
biopsy forceps, when used with a standard diagnostic
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endoscope, showed superior performance compared to
the other three studied large-capacity forceps.

5
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Abstract
AIM: To investigate the expression and prognostic role
of pyruvate dehydrogenase (PDH) in gastric cancer
(GC).
METHODS: This study included 265 patients (194 male,
71 female, mean age 59 years (range, 29-81 years) with
GC who underwent curative surgery at the First Affiliated
Hospital of China Medical University from January 2006
to May 2007. All patients were followed up for more
than 5 years. Patient-derived paraffin embedded GC
specimens were collected for tissue microarrays (TMAs).
We examined PDH expression by immunohistochemistry
in TMAs containing tumor tissue and matched nonneoplastic mucosa. Immunoreactivity was evaluated
independently by two researchers. Overall survival (OS)
rates were determined using the Kaplan-Meier estimator.
Correlations with other clinicopathologic factors were
2
evaluated by two-tailed χ tests or a two-tailed t -test.
The Cox proportional-hazard model was used in
univariate analysis and multivariate analysis to identify
factors significantly correlated with prognosis.
RESULTS: Immunohistochemistry showed that 35.47%
of total cancer tissue specimens had cytoplasmic
PDH staining. PDH expression was much higher in
normal mucosa specimens (75.09%; P = 0.001). PDH
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expression was correlated with Lauren grade (70.77%
in intestinal type vs 40.0% in diffuse type; P = 0.001),
lymph node metastasis (65.43% with no metastasis
vs 51.09% with metastasis; P = 0.033), lymphatic
invasion (61.62% with no invasion vs 38.81% with
invasion; P = 0.002), histologic subtypes (70.77% in
intestinal type vs 40.0% in diffuse type; P = 0.001)
and tumor-node-metastasis (TNM) stage (39% in
poorly differentiated vs 65.91% in well differentiated
and 67.11% in moderately differentiated; P = 0.001) in
GC. PDH expression in cancer tissue was significantly
associated with higher OS (P < 0.001). The multivariate
analysis adjusted for age, Lauren classification, TNM
stage, lymph node metastasis, histological type, tumor
size, depth of invasion and lymphatic invasion showed
that the PDH expression in GC was an independent
prognostic factor for higher OS (HR = 0.608, 95%CI:
0.504-0.734, P < 0.001).

declining, it is still ranked as the fourth most common
cancer and the second leading cause of cancer-related
[1,2]
mortality worldwide . Despite advances in early
diagnosis and therapy, metastases are a common
[3,4]
cause of death . Among the prognostic factors for
GC that are now available, the most important is the
tumor-node-metastasis (TNM) stage. However, the
[5]
prognosis varies among patients of the same stage .
Therefore, novel molecular markers need to be defined
to better identify different subsets of the disease
and assist in the implementation of individualized
therapeutic regimens.
The Warburg effect, also known as aerobic gly
colysis, is one of the characteristics of tumor cells in
which a high rate of glycolysis occurs, even in the
[6-8]
presence of adequate oxygen . The surprisingly high
rate of glucose uptake and lactate production in tumors
in the presence of oxygen led Warburg to speculate
that an aberrant metabolism could be the cause of
[9]
many cancers . It has been a belief that the glycolytic
phenotype of cancer cells is attributable to defects in
mitochondrial oxidative phosphorylation (OXPHOS).
However, recent results have revealed that most tumor
cells have a substantial reserve capacity to produce
adenosine triphosphate by OXPHOS when glycolysis
is suppressed, showing that the high rate of glycolysis
exhibited by most tumors is required to support cell
growth rather than to compensate for defects in
[10]
mitochondrial function . Because reactive oxygen
species are natural by-products of mitochondrial
respiration, it has been proposed that the conversion
of glucose to lactate may protect cancer cells from
[11]
oxidative stress . Therefore, taking advantage of
the glycolytic characteristics of cancer cells and the
activating function of mitochondrial OXPHOS may
serve as a significant strategy for cancer therapy.
Pyruvate dehydrogenase (PDH) is a mitochondrial
enzyme that plays a central role in aerobic energy
metabolism by catalyzing the irreversible oxidation of
glucose-derived pyruvate to acetyl-CoA. Acetyl-CoA
then enters the tricarboxylic acid cycle, where it reacts
with oxaloacetate to form citrate. In cancerous cells
the inhibition of PDH activity via the over-expression
of pyruvate dehydrogenase kinase (PDK) leads to the
energetic switch from mitochondrial glucose oxidation
[12]
to cytoplasmic glycolysis . Therefore, PDH serves
as a gate-keeper enzyme link between glycolysis and
[13,14]
the mitochondrial citric acid cycle
. Several studies
have found that the activation of PDH shifts cancer
cell metabolism from glycolysis to glucose oxidation
and thus decreases the mitochondrial membrane
potential and lactate production, augments reactive
oxygen species, and is associated with the induction
of apoptosis and reduction in tumor cell proliferation
[12-17]
without any harmful effects in normal cells
. Recent
research showed that the normalization of glucose
metabolism by stimulating PDH in cancer cells restored
their susceptibility to anoikis and impaired their

CONCLUSION: Our study indicated that PDH expression
is an independent prognostic factor in GC patients and
that positive expression of PDH may be predictive of
favorable outcomes.
Key words: Pyruvate dehydrogenase; Gastric carcinoma;
Tissue microarray; Prognosis; Immunohistochemical
analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first reported study to evaluate
the prognostic role of pyruvate dehydrogenase (PDH)
expression in gastric cancer (GC). This study showed
that reduced PDH expression was correlated with
Lauren grade, lymph node metastasis, lymphatic
invasion, histologic subtype and TNM stage in GC. We
propose that increased PDH expression may contribute
to a decrease in the proliferation and development of
GC. In particular, PDH protein expression was found
to positively correlate with survival in GC patients,
and a high level of PDH expression was found to be
associated with better overall survival in patients with
resected GC. In conclusion, this study showed that
PDH expression is an independent prognostic factor in
gastric carcinomas.
Sun XR, Sun Z, Zhu Z, Guan HX, Li CY, Zhang JY, Zhang
YN, Zhou H, Zhang HJ, Xu HM, Sun MJ. Expression of
pyruvate dehydrogenase is an independent prognostic marker in
gastric cancer. World J Gastroenterol 2015; 21(17): 5336-5344
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i17/5336.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
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INTRODUCTION
Although the incidence of gastric cancer (GC) is
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[18]

metastatic potential . However, the expression status
in GC, the relation of PDH expression with progression,
and the prognosis of patients remains unknown. In
this study, we first examined the expression of PDH
in GC and then correlated its expression with clinical
pathological parameters and overall survival (OS). Our
results demonstrate that the loss of PDH expression
is a marker of tumor aggressiveness and that a high
expression of PDH in GC may be predictive of favorable
outcomes.

The sections (4 μm thick) were consecutively cut from
each tissue microarray block, and HE staining was
performed on the tissue microarrays (TMAs) to confirm
tumor and NNM tissue. Immunohistochemical analysis
was performed on the TMA sections, and pressure
cooker-mediated antigen retrieval was performed
in citrate buffer (pH 6.0) for 10 min. The sections
were incubated with a 1:100 dilution of pyruvate
dehydrogenase (C54G1) in Rabbit mAb (Cell Signaling)
overnight at 4 ℃, and then incubated with goat antimouse or anti-rabbit Envision System Plus-HRP (Dako
Cytomation) for 30 min at room temperature. After
rinsing three times in PBS for 10 min each, the sections
were incubated with DAB for 1 min, counterstained
with Mayer’s hematoxylin, dehydrated, rinsed and
mounted. The same protocol with the omission of the
primary antibody was used as a negative control.

MATERIALS AND METHODS
Patients

The present study included 265 patients with GC who
received curative surgery from January 2006 to May
2007 at the First Affiliated Hospital of China Medical
University. There were 194 males and 71 females, with
a mean age of 59 years (range, 29-81 years). None of
the patients underwent chemotherapy or radiotherapy
before surgery. Follow-up information was collected
from all patients. The Institutional Review Board at
the First Affiliated Hospital of China Medical University
approved this study.

Follow-up after surgery

The patients underwent close clinical observation,
including chest/abdominal/pelvic computed tomo
graphic imaging, measurement of carcinoembryonic
antigen level, blood testing at 2- to 3-mo intervals,
and a yearly gastroscopy. Follow-up was in accordance
with National Comprehensive Cancer Network Practice
Guidelines for Gastric Cancer. OS rate was defined as
the interval from the initial surgery to death. The end
date of follow-up for conducting the analysis was June
29, 2012.

Ethics statement

Ethical approval for this research was obtained from
the Research Ethics Committee of China Medical
University, China. All patients providing tumor tissue as
well as normal gastric tissue samples signed a consent
form prior to surgical removal of the gastric carcinoma
to allow this research to be undertaken.

Evaluation of immunohistochemical staining

All patient-derived formalin-fixed and paraffinembedded GC specimens and matched nonneoplastic mucosa (NNM) specimens (from at least 2
cm away from the carcinoma) were collected during
surgical resection and archived under protocols
that were approved by the Institutional Review
Board of the University. The histologic diagnosis and
other microscopic characteristics were confirmed
by pathologists, and the TNM stage of each gastric
carcinoma was evaluated according to the Union for
International Cancer Control system for the extent
[19]
of tumor spread . The histologic architecture of
the gastric carcinoma was expressed using Lauren’s
[20,21]
classification
and the World Health Organization
[22]
(WHO) classification . Tumor size, depth of invasion,
and lymphatic invasion were also determined.

Immunoreactivity was evaluated independently by two
researchers who were blinded to the patient outcomes.
The evaluation was based on the staining intensity for
PDH and was scored as 0 (-) negative; 1 (+) weak; 2
(++) moderate; or 3 (+++) strong. If heterogeneity
was detected by cell immunohistochemical staining,
the proportion of positive cells was considered as
follows: 0, negative; 1, positive in ≤ 10% of cells;
2, positive > 10% and ≤ 50%; 3, positive > 50%
and ≤ 80%; and 4, positive in > 80% of cells. The
two scores were then multiplied, and the expression
was graded as follows: negative, score = 0 (-); weak
expression, score = 1-4 (+); moderate expression,
score = 5-8 (++); or strong expression, score = 9-12
(+++). These specimens were divided into two groups
according to their scores: 0-4 was the negative group,
and 5-12 was the positive group. In the event of a
discrepancy in scoring, both pathologists re-examined
the slides under a microscope.

Tissue microarray and immunohistochemistry

Statistical analysis

Tissue samples and pathology

All statistical analyses were performed using SPSS
17.0 software (SPSS Inc, Chicago, IL, United States).
OS rates were determined using Kaplan-Meier curves,
and an event was defined as death from cancerrelated causes. The log-rank test was used to identify
the differences between survival curves. In univariate

Representative areas of solid tumors and adjacent
NNM were identified in hematoxylin and eosin (HE)stained sections of the selected cases. A 1.5 mm
diameter tissue core per donor block was punched out
using a 1.5 mm diameter punch and then transferred
to a recipient block with a maximum of 200 cores.

WJG|www.wjgnet.com

5338

May 7, 2015|Volume 21|Issue 17|

Sun XR et al . PDH expression in GC

A

B

C

D

Figure 1 Immunohistochemical staining of pyruvate dehydrogenase in gastric samples. The typical diffuse cytoplasmic staining of the protein can be found
in many gastric carcinoma and normal gastric tissues. A: PDH positivity was observed in the cytoplasm of NNM; B: PDH negativity was observed in NNM; C: PDH
positivity was observed in the cytoplasm of well-differentiated gastric cells; D: Low expression of PDH was observed in gastric well-differentiated cancer cells. PDH:
Pyruvate dehydrogenase; NNM: Non-neoplastic mucosa.

Table 1 Expression of pyruvate dehydrogenase in non-neoplastic mucosa and cancerous tissues in gastric cancer
n

Tissue sample
Adjacent normal mucosa
Primary cancer tissue

265
265

P value1

PDH
-

+-

Total

+

++

Total

PR (%)

χ 2 test

46
50

20
68

66
118

159
102

40
45

199
147

75.09
55.47

0.001

1

Pearson χ 2 test. PDH: Pyruvate dehydrogenase.

analysis, a two-tailed χ test or a two-tailed t-test was
used for statistical comparisons. The Cox proportionalhazard model was used in univariate analysis and
multivariate analysis to identify the significant factors
that were correlated with prognosis. For all analyses, P
values < 0.05 were considered significant.
The statistical methods of this study were reviewed
by Wu Wei from the Statistics Teaching and Research
section of China Medical University.

the NNM tissues (Table 1; P = 0001). Figure 2 shows
the PDH expression level in GC and NNM tissues
from the same patient. The results showed that 123
+
+
patients had PDH co-expression (GC /NNM ), 24
+
patients had GC /NNM single expression, 76 patients
+
had GC /NNM single expression, and 42 patients had
double-PDH negative expression.

RESULTS

As summarized in Table 2, we found that decreased
expression of PDH was significantly associated with
GC Lauren grade, lymph node metastasis, lymphatic
invasion, and TNM stage (P < 0.05), but not with age,
sex, tumor size or depth of invasion (P > 0.05). Among
the WHO histologic subtypes, the poorly differentiated
subtype displayed a lower PDH expression than did
the well differentiated, moderately differentiated and
mucinous carcinoma subtypes (P < 0.05; Table 3). In
addition, PDH expression was significantly inversely
correlated with TNM stage and the depth of invasion
of differentiated carcinomas (P < 0.05; data not
shown) and was significantly inversely correlated with
the depth of invasion, Lauren grade and TNM stage
of undifferentiated carcinomas (P < 0.05; data not
shown).

2

Clinicopathological variables in 265 cases of gastric
cancer

PDH expression in human GC tissue

We graded stained sections of the TMAs of GC and
NNM tissue cores according to their cytoplasmic
immunohistochemical staining intensity against PDH
protein, and the percentage of positive cells was
determined when HE staining had heterogeneity. The
readable samples included 265 GC and matched NNM
samples. The typical diffuse cytoplasmic staining of the
protein can be found in many GC and NNM tissues, as
shown in Figure 1.
Of the 265 GC tissue specimens, 147 (55.47%)
showed positive cytoplasmic PDH staining (102
moderate positive and 45 strong positive), and 118
(44.53%) displayed negative staining (68 weak
staining and 50 negative staining). In contrast, PDH
expression was much higher in NNM specimens
with positive staining in 199 (75.09%) specimens
(40 strong positive and 159 moderate positive) and
negative staining in 66 (24.91%) specimens (20 weak
staining and 46 negative staining). A comparative
analysis of the immunohistochemistry results of
the TMAs indicated that PDH was differentially
downregulated in the GC specimens compared with

WJG|www.wjgnet.com

Survival analysis

The 5-year OS rate of the 265 patients with primary GC
was 46% (122/265), with 143 deaths observed during
the follow-up period. The median duration of followup was 50 mo (range, 9-78 mo). Kaplan-Meier survival
curves and the log-rank test demonstrated that patients
with positive expression of PDH in GC tissue had better
OS than did patients with negative PDH expression in
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120

NNM+++

Table 2 Relationship between pyruvate dehydrogenase
expression and clinicopathological features of gastric carcinomas

NNM++
100

16

NNM+
Clinicopathologic
variable

NNM-

80

40

67

8

20

4

9
10

19
0

a (Tumor-)

6

39

19

6
13

34
41

b (Tumor+) c (Tumor++) d (Tumor+++)

Figure 2 Relationship between pyruvate dehydrogenase expression level in
cancer and non-neoplastic mucosa tissue from the same patient. The results
showed that 123 patients had pyruvate dehydrogenase (PDH) co-expression
(GC+/NNM+), 24 patients had GC+/NNM- single expression, 76 patients had GC-/
NNM+ single expression, and 42 patients had double PDH negative expression;
147 cases (55.47%) showed positive PDH staining (Tumor ++ and Tumor +++)
and 118 (44.53%) specimens displayed negative staining (Tumor - and Tumor +).
PDH expression was much higher in the NNM tissue with positive staining in 199
(75.09%) specimens and negative staining in 66 (24.91%) specimens; P < 0.001.
NNM: Non-neoplastic mucosa; GC: Gastric cancer.

the tumor (P < 0.001; Figure 3A). The 5-year survival
rate of patients with positive expression was significantly
higher than that of patients with negative expression
(65.8% vs 28.0%, respectively). In addition, the
expression of PDH in NNM had a predictive prognostic
role (P = 0.008; Figure 3B). We combined the
expression of PDH in GC and in NNM and then divided
+
+
the patients into a co-expression group (GC /NNM ), two
+
+
single-expression groups (GC /NNM and GC /NNM ),
and a double-PDH negative group. The co-expression
group had a significantly longer survival time than did
the double-PDH negative group (P < 0.001; Figure 3C).
Because GC can be classified into different subtypes, we
also analyzed the prognostic value of PDH in different
subtypes stratiﬁed by Lauren grade (intestinal-type and
diffuse-type), histological classification (differentiated
type and undifferentiated type), and TNM stage (ⅠⅣ). The results showed that stronger PDH staining was
significantly associated with better OS in each subtype
of GC (P < 0.05; Figure 3D-K).
Multivariate analysis was performed using the Cox
proportional hazards model for all of the significant
variables in the univariate analysis. Table 4 shows
the analysis, adjusted for age, Lauren classification,
TNM stage, lymph node metastasis, histological type,
tumor size, depth of invasion and lymphatic invasion
covariates, and that PDH expression in GC was an
independent prognostic factor for higher OS (HR =
0.608, 95%CI 0.504-0.734, P < 0.001).

-

+

PR (%)

118

147

55.47

34
84

37
110

52.11
56.7

60
58

73
74

54.89
56.06

32
87

48
98

60.00
52.97

7
111

18
129

72.00
53.75

38
81

92
54

70.77
40.00

8
110

30
117

78.95
51.54

28
90

53
94

65.43
51.09

76
41

122
26

61.62
38.81

P value1
0.577

0.902

0.347

0.093

0.001

0.010

0.033

0.002

1
Pearson χ 2 or Fisher’s exact test. PR: Positive rate; PDH: Pyruvate dehy
drogenase

Table 3 Association of PDH expression with different subtypes
of gastric adenocarcinoma according to WHO classification
Tissue Sample
Well-differentiated
Moderately
differentiated
Poorly differentiated
Mucinous
Signet ring cell
Total

n

PDH

PR (%)

-

+-

+

++

44
76

6
9

9
16

12
36

17
15

65.91
67.11

100
30
15
265

30
2
3
50

31
6
6
68

31
17
6
102

8
5
0
45

391
73.33
40
55.50

1

Compared with well-differentiated P = 0.004, moderately differentiated
P < 0.001, or mucinous. P value obtained from Pearson χ 2 test. PDH:
Pyruvate dehydrogenase.

strated that, as a result of multiple adaptive me
chanisms, cancer cells take up glucose at higher rates
than do normal cells and produce energy primarily
by aerobic glycolysis rather than by the mitochondrial
oxidation of pyruvate for their energy requirements.
The important function of aerobic glycolysis in tumor
[23,24]
progression has been recognized
, though the
molecular mechanisms leading to this phenotype
and its functional significance in cancer development
remain unknown. PDH is a mitochondrial enzyme that
catalyzes the conversion of pyruvate into acetyl-CoA.
In tumor cells, the inhibition of PDH activity can inhibit
mitochondrial OXPHOS and promote tumor aerobic

DISCUSSION
A striking discovery was made in a tumor metabolism
study in the 1920s by Warburg. The study demon
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PDH expression

265
Sex
Female
71
Male
194
Age (yr)
< 60
133
≥ 60
132
Tumor size (cm)
<4
80
≥4
185
Depth of invasion
Tis-1
25
T2-4
240
Lauren grade
Intestinal type
130
Diffuse type
135
TNM Stage
0-Ⅰ
38
227
Ⅱ-Ⅳ
Lymph node metastases
Negative
81
Positive
184
Lymphatic invasion
Absent
198
Present
67

10

60

n
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0.4

n = 118
0.2

P < 0.001

0.0
0

20
40
60
Survival time (mo)

Cumulative survival rate

0.8
0.6
0.4

n = 38
0.2

20
40
60
Survival time (mo)

n = 66

0.2

P = 0.008
0

E

1.0
0.8

P < 0.001
0

0.4

80

n = 92

0.0

n = 199

0.6

0.0

D 1.0

20
40
60
Survival time (mo)

0.4

n = 81
0.2

20
40
60
Survival time (mo)

0.8

Cumulative survival rate

H 1.0
n = 69

0.6
0.4

n = 78
0.2

P < 0.001

0.0

0.2

80

J

1.0

K 1.0

0.8

n = 48

0.6
0.4

n = 48

0.2

P < 0.001

0.0
0

20
40
60
Survival time (mo)

P = 0.012
0

Cumulative survival rate

20
40
60
Survival time (mo)

n =8

0.4

Cumulative survival rate

0

20
40
60
Survival time (mo)

F

1.0
0.8

L3, n = 76

L1 or L2 vs L3 or L4, P < 0.05
20
40
60
Survival time (mo)

n = 77

0.6
0.4

n = 41
0.2

P < 0.001
0

I

1.0
0.8

20
40
60
Survival time (mo)

80

n = 41

0.6

n = 34
0.4
0.2

P = 0.030

0.0
80

80

0

20
40
60
Survival time (mo)

80

PDH expression
Negative expression
Positive expression
Negative expression censored
Positive expression censored

0.8

n = 27

0.6
0.4

L1, cancer+ and NNM+
L2, cancer+ and NNML3, cancer- and NNM+
L4, cancer- and NNM-

n = 28

0.2

P < 0.001

0.0
80

L4, n = 42

0.2

80

0.8

0.0

0.4

0.0

n = 30

0.6

L2, n = 24

0

P < 0.001
0

L1, n = 123

0.6

80

0.6

80

0.8

0.0

n = 54

0.0

G 1.0
Cumulative survival rate

Cumulative survival rate

0.6

0.8

Cumulative survival rate

n = 147

C 1.0

Cumulative survival rate

0.8

B 1.0

Cumulative survival rate

Cumulative survival rate

A 1.0

Cumulative survival rate
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20
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60
Survival time (mo)

80

Figure 3 Correlation between pyruvate dehydrogenase expression and prognosis of gastric cancer patients. Kaplan-Meier curves for cumulative survival of
patients with gastric cancer (GC) according to GC tissue pyruvate dehydrogenase (PDH) expression shows that PDH expression in GC (A), in non-neoplastic mucosa
(NNM) (B) and in both GC and NNM (C) was significantly associated with better overall survival. The Kaplan-Meier curves for cumulative survival rate stratified by
Lauren grade, histological type and tumor-node-metastasis (TNM) stage also show that PDH expression was significantly associated with a better overall survival in
each subtype of GC: intestinal-type GC (D), diffuse-type GC (E), differentiated type GC (F), undifferentiated type GC (G), and TNM stage Ⅰ (H), Ⅱ (I), Ⅲ (J), and Ⅳ (K)
subgroups.

glycolysis. Nevertheless, the expression of PDH in GC
remains unknown. Therefore, we hypothesized that
tumor cell inhibition of the activity of PDH and the
resultant altered expression of PDH in cancer cells may

WJG|www.wjgnet.com

represent a potential prognostic biomarker in patients
who are at risk of developing metastasis or recurrence
with gastric carcinoma.
To our knowledge, this is the first reported study to
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Table 4 Univariate and multivariate analysis for overall survival after surgery using Cox relative risk
Variable

Univariate analysis
RR (95%CI)

PDH expression in tumor (positive vs negative)
PDH expression in NNM (positive vs negative)
Age (≥ 60 yr vs < 60 yr)
Tumor size (< 4 cm vs ≥ 4 cm)
Depth of invasion (Tis-1 vs T2-4)
Lauren grade (intestinal-type vs diffuse-type)
TNM Stage (0-Ⅰ vs Ⅱ-Ⅳ)
Lymph node metastasis (positive vs negative)
Lymphatic invasion (positive vs negative)
Histological type (differentiated vs undifferentiated)

0.552 (0.462-0.658)
0.830 (0.699-0.987)
1.446 (1.030-2.032)
2.297 (1.505-3.504)
5.114 (1.889-13.843)
1.978 (1.396-2.803)
1.809 (1.504-2.176)
3.146 (1.989-4.977)
2.041 (1.424-2.924)
1.460 (1.033-2.063)

Multivariate analysis

P value
1

< 0.001
0.035
0.033
< 0.0011
0.0011
< 0.0011
< 0.0011
< 0.0011
< 0.0011
0.032

RR (95%CI)

P value

0.608 (0.504-0.734)
0.869 (0.727-1.039)
1.447 (1.010-2.073)
1.492 (0.956-2.329)
1.683 (0.567-4.995)
1.574 (1.081-2.292)
1.512 (1.191-1.920)
1.733 (1.061-2.830)
1.271 (0.875-1.847)
1.058 (0.667-1.678)

< 0.0011
0.123
0.044
0.078
0.348
0.0181
0.0011
0.0281
0.208
0.811

1

Significant difference. RR and 95%CI were assessed using univariate and multivariate Cox regression analysis. RR: Relative risk.

investigate PDH expression in vitro in a large series of
human GC specimens. An important finding was that
PDH protein expression significantly correlated with
survival in OS patients and that increased expression
of PDH was found to be associated with good survival
in GC patients.
We examined the expression of PDH in tumor tissue
from 265 GC patients, and presented its correlation with
clinicopathological parameters and patients’ prognosis.
Our study revealed that immunohistochemical staining
of PDH was detected in GC and NNM, and it was
interesting to find that PDH expression was significantly
downregulated in GC specimens compared with
adjacent NNM tissues. These results may be consistent
with a previous study that found that aberrant
[9]
metabolism could be the cause of many cancers . Our
study also showed that tumor tissue PDH expression
was strongly inversely correlated with the following GC
clinicopathologic characteristics: Lauren grade, lymph
node metastasis, lymphatic invasion, histologic subtypes
and TNM stage. Therefore, we propose that the loss
of PDH expression may contribute to the proliferation
and development of GCs. In addition, we analyzed the
prognostic role of PDH on OS of patients with GC and
found a significant association between PDH expression
(in GC or NNM) and OS of patients, and patients with
stronger PDH staining had a longer survival time. When
we combined the expression of PDH in GC and NNM
and divided patients into a co-expression group, two
single-expression groups and a double-PDH negative
group, the co-expression group patients had a much
longer survival time than did the double-PDH negative
group. We also analyzed the prognostic value of PDH
in different subtypes stratiﬁed by TNM stage, Lauren
classification and histological classification separately.
The results showed that stronger PDH staining was
significantly associated with better OS in each subtypes
of GC. Our results suggest that the expression of PDH
is an independent prognostic factor of OS and indicate
that PDH might have an anticancer role in tumor
development.
PDH is widely expressed in the mitochondrial
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matrix of mammalian cells and provides a link
between glycolysis and the tri-carboxylic acid cycle
by catalyzing the conversion of pyruvate into acetylCoA. The activity of PDH depends on the integrity
of a multienzyme complex, which is comprised of
PDH(E1), dihydrolipoamide acetyltransferase (E2)
and dihydrolipoamide dehydrogenase (E3), and two
[25]
regulatory components, PDK and PDH phosphatase .
PDK-1 is a Ser/Thr kinase that negatively regulates PDH
[26]
activity by phosphorylating the PDHA1 subunit . A
study demonstrated that the mitochondrial metabolism
of tumor cells is increased by the pharmacologic
[27]
inhibition of PDK-1 . In cancer cells, lactate
dehydrogenase A has been shown to play a critical
role in glycolysis by converting pyruvate to lactate,
and a high level of lactate is associated with a poor
[28]
prognosis in a number of tumors . Maintaining the
glycolysis pathway may be a more important aspect of
[9,29]
[30]
the inhibition of PDH
. Ozden et al
reported that
SIRT3 interacts with PDH(A1) and directs its enzymatic
activity via changes in protein acetylation and links
[31]
glycolysis to respiration. Kikuchi et al
revealed that
prolyl-hydroxylase regulates PDH activity in cells by
physically interacting with the PDH complex. The above
studies and our research suggested that a decrease in
the quantity and quality of PDH may occur during the
development of tumorigenesis. Recent research showed
that stimulating PDH in cancer cells restored their
susceptibility to anoikis and impaired their metastatic
[18]
potential . In our study, the correlation between the
expression of PDH and OS in GC patients may provide
important evidence that a decrease in the quantity and
quality of PDH is implicated in cancer metabolism in the
process of GC development. However, the mechanism
remains obscure and is a subject for further study.
In conclusion, these results indicate that the
expression of PDH is significantly inversely correlated
with clinical pathological characteristics of GC.
Moreover, the expression of PDH may be useful in
predicting outcomes as a strong molecular marker in
GC patients, and may be associated with a negative
carcinogenic regulatory role. Nevertheless, it remains
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3

to be determined how the expression of PDH is
regulated and what the relationship is between the
expression of PDH and the activity of PDH in tumor
cells. In addition, our results could not explicitly
explain why a certain number of patients expressed
PDH in tumor tissue but not in their NNM tissue.
The hypothesis that we proposed to account for this
phenomenon is that normal tissues could have a
lower expression of PDH when they have an abundant
oxygen supply, which could not be detected by
immunohistochemistry. We also do not know whether
the PDH expression in NNM inhibits the growth and
metastasis of the tumor cells. These biological roles
of PDH in the progression of these tumors need to be
further elucidated.
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could promote glycolysis. The aerobic glycolysis process showed that high
rates of glucose uptake and lactate production in tumors facilitated cancer
proliferation. The inhibition of PDH activity is linked to the promotion of cancer
aerobic glycolysis.

Innovations and breakthroughs

14

Applications

15

This is the first reported study to evaluate the prognostic role of PDH expression
in cancer. The purpose of this study was to clarify the expression of PDH in GC
and its potential impact on the development and prognosis in GC.
The expression of PDH may be useful in predicting outcomes in GC patients as
a strong molecular marker associated with a negative carcinogenic regulatory
role.

16

Terminology

The Warburg effect, also known as aerobic glycolysis, is one of the
characteristics of tumor cells in which a high rate of glycolysis occurs even in
the presence of adequate oxygen. PDH is a mitochondrial enzyme that plays
a central role in aerobic energy metabolism by catalyzing the irreversible
oxidation of glucose-derived pyruvate to acetyl-CoA. Acetyl-CoA then goes into
the tricarboxylic acid cycle where it reacts with oxaloacetate to form citrate.

17

Peer-review

18

This is a study in which the authors analyzed the expression of PDH in gastric
cancers. The results suggest that positive expression of PDH was independent
prognostic factors in cancer tissue, and PDH expression was significantly
associated with higher overall survival.
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AIM: To investigate the feasibility and clinical value of
magnetic resonance imaging (MRI)-MRI image fusion
in assessing the ablative margin (AM) for hepatocellular
carcinoma (HCC).
METHODS: A newly developed ultrasound workstation
for MRI-MRI image fusion was used to evaluate the AM
of 62 tumors in 52 HCC patients after radiofrequency
ablation (RFA). The lesions were divided into two
groups: group A, in which the tumor was completely
ablated and 5 mm AM was achieved (n = 32); and
group B, in which the tumor was completely ablated but
5 mm AM was not achieved (n = 29). To detect local
tumor progression (LTP), all patients were followed
every two months by contrast-enhanced ultrasound,
contrast-enhanced MRI or computed tomography (CT)
in the first year after RFA. Then, the follow-up interval
was prolonged to every three months after the first
year.
RESULTS: Of the 62 tumors, MRI-MRI image fusion
was successful in 61 (98.4%); the remaining case had
significant deformation of the liver and massive ascites
after RFA. The time required for creating image fusion
and AM evaluation was 15.5 ± 5.5 min (range: 8-22
min) and 9.6 ± 3.2 min (range: 6-14 min), respectively.
The follow-up period ranged from 1-23 mo (14.2
± 5.4 mo). In group A, no LTP was detected in 32
lesions, whereas in group B, LTP was detected in 4 of
29 tumors, which occurred at 2, 7, 9, and 15 mo after
RFA. The frequency of LTP in group B (13.8%; 4/29)
was significantly higher than that in group A (0/32, P =
0.046). All of the LTPs occurred in the area in which the
5 mm AM was not achieved.
CONCLUSION: The MRI-MRI image fusion using
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an ultrasound workstation is feasible and useful for
evaluating the AM after RFA for HCC.

index tumor from the surrounding hepatic parenchyma
in the ablative area. In addition, the original position of
the index tumor in the ablative area cannot be clearly
determined after RFA. Thus, accurately determining
whether the ablative area overlaps with the entire AM
range using routine imaging methods is difficult.
The recent development of new image fusion
techniques has made it possible to accurately assess
[21,22]
the AM and therapeutic responses to RFA for HCC
.
[21]
Kim et al
quantitatively assessed the ablative area
and margins using 3D CT image fusion before and
after RFA for HCC. Their study demonstrated that the
minimal AM should be ≥ 3 mm for preventing LTP.
[22]
Fujioka et al
evaluated the therapeutic response to
RFA for HCC using image registration of preoperative
and postoperative CT. They found that this imaging
technique can facilitate illustrating the relationship
between tumor and ablation zone. More recently,
[23]
Su et al
assessed the HCC AM after ablation using
3DCEUS-CT/MRI image fusion with encouraging results
that also indicated the promising value of image
fusion in determining the AM. Compared with CT and
CEUS, MRI is more sensitive and frequently used in
the evaluation of liver lesions and tumor treatment
response. To the best of our knowledge, the use of
MRI-MRI image fusion for evaluating the AM after RFA
has not been reported.
This study aimed to explore the feasibility and
clinical value of a newly developed MRI-MRI image
fusion method in assessing AM after RFA for HCC.

Key words: Hepatocellular carcinoma; Radiofrequency
ablation; Image fusion; Magnetic resonance image;
Ablative margin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: One of the major factors that impact the
therapeutic effectiveness of radiofrequency ablation
(RFA) for hepatocellular carcinoma (HCC) is local tumor
progression (LTP), which is primarily attributed to
insufficient ablative margins (AMs). Traditional image
evaluation methods, including contrast-enhanced
ultrasound and side-by-side comparison with computed
tomography/magnetic resonance imaging (MRI)
images, cannot quantitatively determine the AM in
three dimensions. Our study was the first to report the
feasibility of MRI-MRI image fusion using a commercial
ultrasound workstation to assess the RFA AM for HCC.
The results demonstrated that this method specifically
describes the direction of the insufficient ablative zone
and would be helpful for the early detection of LTP.
Wang XL, Li K, Su ZZ, Huang ZP, Wang P, Zheng RQ.
Assessment of radiofrequency ablation margin by MRI-MRI
image fusion in hepatocellular carcinoma. World J Gastroenterol
2015; 21(17): 5345-5351 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i17/5345.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5345

MATERIALS AND METHODS
Patients and tumors

The study was approved by the Institutional Review
Board, and written informed consent was obtained
from all patients. Between October 2009 and
September 2011, 52 patients (46 men and 6 women,
aged 50.2 ± 17.5 years, range: 27-74 years) with
62 HCC tumors who underwent RFA with confirmed
complete ablation by MRI in the first month after RFA
were enrolled into this study. All of the 62 liver lesions
[24]
were pathologically or clinically diagnosed as HCC .
The baseline characteristics of the patients are shown
in Table 1.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the third most common cause of
cancer deaths in the world. Radiofrequency ablation
(RFA) has been widely performed as a minimally
invasive treatment modality for HCC with a high
success rate of complete tumor ablation. However,
recent studies reported high incidences (1.7%-41%)
[1-10]
of local tumor progression (LTP) after RFA for HCC
.
The main risk factors for LTP include large tumor
size, insufficient ablative margins (AMs) and poor
[11-17]
histological grade
. In previous studies, the AM
was assessed by comparing the axial images of
computed tomography (CT)-magnetic resonance
imaging (MRI) or contrast-enhanced ultrasound
(CEUS) obtained before and after RFA using a side-by[18-20]
side approach
. These approaches are somewhat
subjective and have limited ability to accurately
assess the AM. Commonly, the index tumor and its
surrounding hepatic parenchyma are mixed after
ablation and appear on routine CT/MRI or CEUS, an
area that lacks contrast enhancement. No conventional
imaging methods can be used to differentiate the

WJG|www.wjgnet.com

RFA procedure

All RFA procedures were performed by using a CoolTip radiofrequency system (Radionics Inc, Burlington,
MA) under ultrasound guidance (My Lab Twice,
Esoate, Genoa, Italy). A total of 59 lesions in 49
patients underwent percutaneous RFA, whereas 3
cases underwent laparotomy RFA. RFA combined
with percutaneous ethanol injection treatment (PEIT)
was performed in 3 cases, and transcatheter hepatic
arterial chemoembolization (TACE) 3 wk before
RFA was performed in 6 cases. All procedures were
performed by 2 experienced ultrasound physicians
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acquired. For the gadolinium enhanced dynamic study,
a multiphase dynamic study including arterial, portal,
and delayed phases was performed before unenhanced
MR imaging. The parameters of enhanced study
were as follow: repetition time/echo time, 3.89/1.51
ms; number of sections, 52; field of view, 420 mm;
matrix, 144 × 384; flip angle, 25°; gap, 20%; section
thickness, 3 mm; one signal acquired. Gadolinium
(Primovist; Bayer, Shanghai, China) at 8 mol/kg (0.016
mL/kg) was injected through the antecubital vein using
a power injector, followed by a bolus administration of
20 ml saline at the same injection rate. An axial T2*weighted image was performed by using the threedimensional (3D) sensitivity-encoding water-excitation
multishot echo-planar (SWEEP) sequence 10 mn later.
A commercially available image fusion system (My
Lab Twice, Esoate, Genoa, Italy) was used to perform
MRI-MRI image fusion. One series of MRI images
before RFA with clearly demonstrated hepatic vessels,
as well as HCC lesions in the portal vein phase or
late phase, were selected, and the images in DICOM
format were imported into the image fusion system.
Another series of MRI images one month after RFA
with clearly demonstrated hepatic vessel and ablative
area in DICOM format were also imported into the
image fusion system. Then, the system automatically
displayed 6 pictures in 2 rows; the upper row included
the transaction, coronal and vertical plane MRI images
before RFA, and the lower row demonstrated the
corresponding MRI images after RFA. The HCC lesion
in the MRI before RFA was outlined manually, and
then, a 5 mm AM was set automatically. The system
marked the HCC lesion and AM using different colors
(Figures 1 and 2).
Image registration was performed by aligning 2
overlaid MRI images with 6 parameters; translation
and rotation were performed in 3 reformed planes
to maximize image similarity around the HCC lesion
and ablation area. The hepatic vein, hepatic arteryportal complex and hepatic contour near the lesion
were used as landmarks for fine adjustments to obtain
satisfactory registration. The pre- and post-RFA MRI
images were then overlapped to assess whether the
ablative area could cover the HCC lesion and 5 mm
AM. If multiple tumors were present in the same
patient, the above image processing of the registration
was repeated for each tumor. The standards of
complete registration include that three corresponding
anatomic landmarks adjacent to the tumor were fully
matched, and the offset was less than 5 mm in each
plane. Failure of registration was assigned if the above
standard was not met after three attempts. The time
spent on registration for each lesion was recorded.
After image registration, post-RFA image was
fused to the pre-RFA one in three different planes,
then the relationship between the tumor/AM and
ablation zone in three dimensions was clearly observed
(Figure 3). Based on the results of the evaluation of
the RFA procedure by image fusion, the lesions were

Table 1 Clinical characteristic of the study subjects n (%)
Variable

Value

Hepatocellular carcinoma
Age (mean ± SD)
Sex
Male
Female
AFP
≥ 200 μg/L
< 200 μg/L
HbsAg
Positive
Negative
Child-Pugh classification
A
B
Tumor size cm (mean ± SD)
Multiple tumors
Yes
No
Tumor location
Liver segment Ⅰ
Liver segment Ⅱ
Liver segment Ⅲ
Liver segment Ⅳ
Liver segment Ⅴ
Liver segment Ⅵ
Liver segment Ⅶ
Liver segment Ⅷ
Background liver cirrhosis
Present
Absent

n = 52
50.2 ± 17.5
46 (88.5)
6 (11.5)
32 (61.5)
20 (38.5)
52 (100)
0 (0)
35 (67.3)
17 (32.7)
2.0 ± 1.0 (1.0-3.1)
10 (19.2)
42 (80.8)
0 (0)
3 (4.8)
7 (11.3)
7 (11.3)
9 (14.5)
11 (17.7)
12 (19.4)
13 (21.0)
46 (88.5)
6 (11.5)

who had at least 5 years of experience with the
RFA procedure. For early evaluation of the possible
complications, ultrasound examination was performed
within 24 h after ablation.

Image fusion procedure

Before and one month after RFA, contrast-enhanced
MRI was performed for all the patients using a 1.5-T
MR imaging unit (Gyroscan Intera; Philips Medical
Systems, Best, The Netherlands). If MRI at one month
after RFA showed that the lesion had been completely
ablated, AM was further evaluated using MRI-MRI
image fusion.
All MR imaging was performed by using a 1.5
T MR scanner (Signa Excite; GE Medical Systems,
United States) with an 8-channel torso phased-array
coil. Imaging included an axial T1-weighted fast field
echo (FFE), axial T2-weighted single-shot turbo spinecho (SSTSE), axial in-phase and out-phase chemical
shift GRE T1-weighted images, and a gadolinium
enhanced dynamic study. The parameters of FFE
were as follow: repetition time/echo time, 129/238
and 476 ms; number of sections, 60; field of view,
380 mm; matrix, 158 × 256; flip angle, 70°; gap,
15%; section thickness, 3 mm; two signals acquired.
The parameters of SSTSE were as follow: repetition
time/echo time, 2100/84 ms; number of sections, 60;
field of view, 350 mm; matrix, 207 × 384; flip angle,
150°; gap, 10%; section thickness, 3 mm; one signal
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A

B

C

Figure 1 Outlined tumor (blue line) in the magnetic resonance imaging images is displayed in different planes. A, B, C: The coronal, transaction and vertical
planes.

A

B

C

Figure 2 Ablative margin (yellow line) of 5 mm around the tumor is displayed automatically in the image fusion system. A, B, C: The coronal, transaction and
vertical planes.

A

B

C

Figure 3 Ablation zone completely covering the tumor and the ablative margin is displayed on the three distinct dimensions in the image fusion system. A,
B, C: The coronal, transaction and vertical planes.

divided into two groups: (1) the tumor and AM were
completely covered by the ablation zone (group A);
and (2) the tumor was completely covered by the
ablation zone but an AM was not ensured (group B). To
describe the position of the unachieved AM, the tumor
was divided into 8 quadrants by three orthogonal
planes (axial, coronal and vertical planes) crossing at
the center of the tumor. The 4 cephaled quadrants of
the 8 total quadrants were numbered 1-4, and the
4 caudal quadrants were numbered 5-8, both in a
clockwise direction. The time spent on evaluating the
AM for each lesion was recorded.

3 mo after the first year. LTP was diagnosed when
a follow-up MRI or CT revealed the development
of the tumor adjacent to the ablative area with
arterial hypervascularity and wash-out in the early or
delayed venous phase. The LTP position was recorded
according to the 1-8 quadrants mentioned above. The
unachieved AM and LTP were considered consistent
when they were observed in the same quadrant.

Statistical analysis

The patient data were exported into Microsoft Excel,
where the mean ± SD was calculated. Statistical
analyses were performed using the commercially
available SPSS software package version 13.0 (SPSS,
Inc, Chicago, IL). Categorical variables were compared
2
using χ test. All P-values were two sided. The
difference was considered significant at P < 0.05.

Follow-up procedure

The patients were followed every 2 mo in the first
year after RFA by CEUS, contrast-enhanced MRI or CT.
Then, the follow-up interval was extended to every
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One of the major impacting factors on the thera
peutic effectiveness of ablation for HCC is LTP, which
is primarily ascribed to insufficient AM. Therefore,
the assessment of AM plays an important role in RFA
[16-18]
scheduling
. If tumors with insufficient AM are
detected in a timely manner using precise image
evaluation, an effective method could be implemented
to improve the therapeutic effectiveness or determine
whether closer follow-up is required. Traditional image
evaluation methods, including CEUS and side-by-side
comparison with CT/MRI images, cannot quantitatively
[19,20]
determine the AM in three dimensions
.
In previous studies, the results of CT image fusion
with a CT workstation demonstrated the feasibility of
the image fusion technique in the assessment of the
[21,22]
RFA procedure for HCC
. In this study, we used a
commercially available ultrasound workstation for the
MRI-MRI image fusion before and after RFA. Of the
62 lesions in 52 HCC patients, the image fusion failed
in only one case due to the significant deformation of
the liver and massive ascites after RFA. The success
rate of MRI-MRI image fusion was 98.4% (61/62). The
total time required for the creation of fusion images
was approximately 15 min in 40 all cases. The success
rate of the MRI-MRI image fusion was similar to those
[21,22]
based on other image fusion methods
.
In the new image fusion system, an AM around
the tumor and the performed image fusion after the
image registration could be determined. The system
automatically and simultaneously displays the ablative
zone and AM in the same fusion image. Thus, whether
the AM was achieved in all directions could be directly
and easily assessed.
Similar to the other image fusion techniques,
the accuracy of the MRI-MRI image fusion in this
workstation was also dependent on the quality of
the MRI volume data. To reduce the influence of liver
deformation, the interval between RFA and subsequent
collection of follow-up image data should be limited.
To enhance the consistency of consecutive MRI
localization, respiratory gating and image matching
techniques can be adopted to reduce the influence of
relative movement of the abdominal organs.
Our study demonstrated that the frequency of LTP
in patients without a 5 mm AM was significantly higher
than that in those with a 5 mm AM. All LTPs occurred
in the section in which the AM was not confirmed. In
one case, the fusion image showed that the tumor
was not included within the ablation zone after the first
RFA intervention, and this case exhibited incomplete
ablation. A second RFA session combined with TACE
was performed in this patients. In this second session,
the tumor was completely ablated, however still, the
th
AM could not be ensured at the 5 district. Therefore,
we closely followed the patient and detected LTP in the
unachieved AM area 4 mo later. Another session of RFA
combined with TACE was performed on the patient.
Our results demonstrated that the MRI-MRI image
fusion technique could precisely describe the direction

RESULTS
MRI-MRI image fusion was accurately achieved in 61
of the 62 tumors; the case without fusion was due
to significant deformation of the liver and massive
ascites after RFA. The success rate of MRI-MRI image
fusion was 98.4% (61/62). Examples of the image
registration and MRI-MRI image fusion before and
after RFA are shown in Figures 1, 2 and 3. The total
time required for the creation of image fusion was 15.5
± 5.5 min (range: 8-22 min) in all cases.
At one month after RFA, MRI revealed that 61 of
the 62 tumors had been completely ablated. Another
session of RFA combined with TACE was performed
in the case without complete ablation 5 wk after the
first session of RFA. One month after the second RFA
session, MRI revealed complete ablation; in this case,
the second RFA instead of the first RFA session was
enrolled.
Of the 61 lesions in 51 HCC patients, 32 tumors
were completely ablated and 5 mm AM was achieved
(group A), whereas 29 tumors were completely
ablated but 5 mm AM was not achieved (group B). Of
the 29 tumors in the group B, 23 cases were attributed
to hepatic vessel-induced indentation of the ablation
zone, and 6 cases were due to the insufficient ablation
extent. The total time spent on AM evaluation was 9.6
± 3.2 min (range: 6-14 min).
Of the 51 HCC patients, 4 were lost to followup because of an incorrect phone number or postal
address or noncooperation; these patients included 2
in group A (at 1 mo and 7 mo after RFA, respectively)
and 2 in group B (at 2 mo after RFA). The follow-up
period ranged from 1 to 23 mo (14.2 ± 5.4 mo). In
group A, no LTP was detected in 32 lesions, whereas
in group B, LTP was detected in 4 of 29 tumors
which occurred at 2, 7, 9, and 15 mo after RFA.
The frequency of LTP in group B (13.8%; 4/29) was
significantly higher than that in group A (0/32, P =
0.046). All of the LTPs occurred in the area in which
the 5 mm AM was not achieved. Among the patients,
distant intrahepatic metastatic lesions were detected in
17 cases, 10 in group A and 7 in group B.

DISCUSSION
Hepatectomy, liver transplantation and ablation were
well accepted as potentially curative interventions
for early stage HCC. However, only 5%-40% of HCC
patients were eligible for hepatectomy due to late
clinical presentation or serious impairment of liver
[24,25]
function
. For liver transplantation, only a few
patients have such opportunities due to the shortage
of liver donators. Thus, ablation has become the first
choice for patients with early stage HCC in whom
the cirrhotic liver cannot tolerate hepatectomy. A
randomized control trial has showed that RFA can
achieve survival rates similar to those achieved by liver
[26]
resection in patients with HCC ≤ 5 cm in diameter .
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a 5 mm AM was achieved. In cases in which the entire visible tumor was
ablated but a 5 mm AM was not established, a closer follow-up schedule is
recommended for the early detection of tumor recurrence. Thus, cases in which
the optimal intervention window was missed could benefit from the possible
salvage treatment.

of the insufficient ablative zone, and would be helpful
for the early detection of LTP.
However, this study had three disadvantages. First,
a relatively small sample size and short-term followup in the present study may limit its external validity,
which may require enrollment of more patients and
follow-up extension. Second, the diagnosis of HCC in
most cases was made clinically without pathological
confirmation; thus, solid validation of relationship
between AM and LTP remained inconclusive. Third, our
research initially intended to evaluate the feasibility of
MRI-MRI image fusion technique for determining AM
through a pilot study. Future validation experiment
using tissue mimicking phantoms or animals and
including conventional side-by-side comparison me
thods and other image fusion methods are necessary
to quantitatively determine AM and further confirm our
results.
The present study showed that image fusion
using pre- and post-RFA MRI images can evaluate
the treatment outcome of RFA in HCC. We also
demonstrated that this imaging technique can facilitate
illustrating tumor and ablation zone simultaneously,
and determining if a 5-mm AM was achieved.
In patients in whom the entire visible tumor was
ablated and a 5-mm AM was not established, a closer
follow-up schedule is recommended for the early
detection of tumor recurrence. Thus, cases in which
the optimal intervention window was missed could
benefit from the possible salvage treatment.

Terminology

Radiofrequency ablation: coagulation induction from all electromagnetic energy
sources with frequencies less than 30 MHz. Complete ablation: the tumor was
treated according to protocol and completely covered by the ablation zone.
Ablative margin: in HCC, the ablation of the appropriate margins beyond the
borders of tumor is necessary to achieve complete tumor destruction. The term
ablative margin is proposed to describe the 0.5-1.0 cm-wide region that should
ideally be ablated in these cases. Local tumor progression: the appearance
over follow-up of foci of untreated disease in tumors previously considered to
be completely ablated.

Peer-review

This is a good study in which the authors investigated the clinical usefulness of
MRI-MRI image fusion method in evaluating the ablative margin in HCC lesions
treated by RFA. Sixty-two lesions from 52 patients were investigated in this
study. The results are interesting and suggest that this image fusion technique
could precisely describe the direction of the insufficient ablative zone and would
be helpful in the early detection of LTP.
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Abstract

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

AIM: To investigate the safety and efficacy of adding
bevacizumab to first-line chemotherapy in metastatic
colorectal cancer patients with peritoneal disease.

Core tip: This report is an analysis of three prospective
studies including a randomized clinical trial. We
analysed the rates of gastrointestinal perforation
in patients with metastatic colorectal cancer and
peritoneal disease receiving bevacizumab and
systemic therapy. Previous reports had raised concerns
regarding the risk of gastrointestinal perforation in
this population. Our reports suggest that the absolute
risk is not elevated and in addition clinicians appear
to be confident in using bevacizumab in patients
with colorectal cancer and peritoneal disease. We
recommend that the presence of peritoneal disease is
not a contraindication to the use of bevacizumab and
systemic therapy.

METHODS: We compared rates of gastrointestinal
perforation in patients with metastatic colorectal cancer
and peritoneal disease receiving first-line chemotherapy
with and without bevacizumab in three distinct
cohorts: (1) the AGITG MAX trial (Phase Ⅲ randomised
clinical trial comparing capecitabine vs capecitabine
and bevacizumab vs capecitabine, bevacizumab
and mitomycinC); (2) the prospective Treatment of
Recurrent and Advanced Colorectal Cancer (TRACC)
registry (any first-line regimen ± bevacizumab); and
(3) two cancer centres in New South Wales, Australia
[Macarthur Cancer Therapy Centre and Liverpool
Cancer Therapy Centre (NSWCC) from January 2005 to
Decenber 2012, (any first-line regimen ± bevacizumab).
For the AGITG MAX trial capecitabine was compared
to the other two arms (capecitabine/bevacizumab
and capecitabine/bevacizumab/mitomycinC). In the
AGITG MAX trial and the TRACC registry rates of
gastrointestinal perforation were also collected in
patients who did not have peritoneal metastases.
Secondary endpoints included progression-free survival,
chemotherapy duration, and overall survival. Time-toevent outcomes were estimated using the Kaplan-Meier
method and compared using the log-rank test.

Roohullah A, Wong HL, Sjoquist KM, Gibbs P, Field K, Tran B,
Shapiro J, Mckendrick J, Yip D, Nott L, Gebski V, Ng W, Chua
W, Price T, Tebbutt N, Chantrill L. Gastrointestinal perforation
in metastatic colorectal cancer patients with peritoneal
metastases receiving bevacizumab. World J Gastroenterol 2015;
21(17): 5352-5358 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5352.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5352

INTRODUCTION

RESULTS: Eighty-four MAX, 179 TRACC and 69
NSWCC patients had peritoneal disease. There were
no gastrointestinal perforations recorded in either the
MAX subgroup or the NSWCC cohorts. Of the patients
without peritoneal disease in the MAX trial, 4/300
(1.3%) in the bevacizumab arms had gastrointestinal
perforations compared to 1/123 (0.8%) in the
capecitabine alone arm. In the TRACC registry 3/126
(2.4%) patients who had received bevacizumab had a
gastrointestinal perforation compared to 1/53 (1.9%)
in the chemotherapy alone arm. In a further analysis
of patients without peritoneal metastases in the TRACC
registry, the rate of gastrointestinal perforations was
9/369 (2.4%) in the chemotherapy/bevacizumab group
and 5/177 (2.8%) in the chemotherapy alone group.
The addition of bevacizumab to chemotherapy was
associated with improved progression-free survival
in all three cohorts: MAX 6.9 m vs 4.9 m, HR = 0.64
(95%CI: 0.42-1.02); P = 0.063; TRACC 9.1 m vs 5.5 m,
HR = 0.61 (95%CI: 0.37-0.86); P = 0.009; NSWCC 8.7
m vs 6.8 m, HR = 0.75 (95%CI: 0.43-1.32); P = 0.32.
Chemotherapy duration was similar across the groups.

Peritoneal spread from colorectal cancer occurs in
10%-15% of patients with metastatic colorectal
[1]
cancer (mCRC) . These patients typically have a high
disease burden with increased morbidity and a worse
[2-4]
prognosis than patients without peritoneal disease .
Gastrointestinal perforation is a well-documented
side effect of bevacizumab, a humanized monoclonal
antibody and occurs at a rate of 1%-2%. In the BRITE
[5]
registry , 37 of 1953 metastatic colorectal patients
had a gastrointestinal perforation. On multivariate
analysis, risk factors associated with gastrointestinal
perforation included intact primary tumour and prior
adjuvant radiotherapy. The risk of gastrointestinal
perforation may be enhanced in the presence of
chemotherapy related gastrointestinal toxicity or by
bevacizumab induced changes in tumour vasculature.
A meta-analysis found gastrointestinal perforation
occurs with the use of bevacizumab in other tumour
types with the highest relative risk seen with intraabdominal cancers including colorectal, ovarian,
pancreatic and renal cell cancers compared to breast,
[6]
lung and glioblastoma .
The rates of gastrointestinal perforation in phase
Ⅲ trials have been reported in ovarian cancer which
like colorectal cancer has a predilection for peritoneal
[7]
[8]
spread. In the OCEANS trial and the AURELIA trial
the rate of gastrointestinal perforation was 0.8% and
2.2% respectively, in patients receiving bevacizumab

CONCLUSION: Patients with peritoneal disease do
not appear to have an increased risk of gastrointestinal
perforations when receiving first-line therapy with
bevacizumab compared to systemic therapy alone.
Key words: Peritoneal neoplasms; Colorectal neoplasms;
Bevacizumab; Intestinal perforation; Capecitabine
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and chemotherapy. In a univariate analysis of patients
[9]
receiving bevacizumab in the GOG 0218 trial inflammatory bowel disease, small bowel surgery or
large bowel surgery at time of primary resection was
associated with an increased risk of gastrointestinal
perforation. The increased risk of gastrointestinal
perforation in patients with intra-abdominal tumours,
bowel surgery or bowel obstruction have led some
investigators to urge caution in using bevacizumab in
[6,10,11]
patients with peritoneal metastases
.
Our study aimed to assess the gastrointestinal
safety outcomes of bevacizumab and systemic
chemotherapy in mCRC patients with peritoneal
disease in three cohorts, including both clinical trial and
non-trial patients. The Australasian Gastrointestinal
[12]
Trials Group (AGITG) MAX trial
included patients
with peritoneal disease and hence was an ideal study
for our analysis.

December 2012.

Data collection

Baseline information was collected including site of
tumour, distribution of metastatic disease, height,
weight, age, gender and performance status.
Treatment information was collected: chemotherapy
regimen, number of completed chemotherapy
cycles (≥ 90% of each prescribed dose), abdominal
adverse events of grade ≥ 2 occurring during first
line treatment (abdominal pain, ascites, fistula,
gastrointestinal perforations, gastrointestinal
obstruction and tumour related haemorrhage) and
CT assessments. Progression was determined by
radiological or clinical progression using RECIST 1.0
Criteria.

Statistical analysis

The primary endpoint of this analysis of all three
cohorts was the rate of gastrointestinal perforation.
Secondary endpoints included progression-free survival
(PFS), duration of chemotherapy and overall survival
(OS). PFS was defined as the time from baseline to
progression or death. For all cohorts bevacizumab and
chemotherapy was compared to chemotherapy alone.
Toxicity and treatment duration were analysed
by treatment received. Survival analyses were by
intention-to-treat in the MAX trial and by treatment
received in the other cohorts. Survival endpoints were
analysed by Kaplan-Meier curves and compared using
unadjusted log rank tests. The statistical methods of
this study were reviewed by the biostatistician-Prof Val
Gebski of the NHMRC Clinical Trials Centre.

MATERIALS AND METHODS
Patient population

Adult patients with histological or radiological evidence
of colorectal peritoneal metastases were identified
[12]
from three sources: the AGITG MAX study , the
TRACC registry (Treatment of Recurrent and Advanced
Colorectal Cancer) and two community cancer centres
in New South Wales, Australia (NSWCC).

AGITG MAX study

The MAX study was an international phase Ⅲ, open
label, randomised clinical trial with three arms: (1)
capecitabine; (2) capecitabine and bevacizumab; and
(3) capecitabine, mitomycinC and bevacizumab. Data
was collected prospectively in detailed case report
forms and patients were recruited between July 2005
and June 2007. Inclusion and exclusion criteria have
[12]
been previously published .

RESULTS
Patient population

In the MAX trial there were 84 patients with peritoneal
disease with a median follow up of 30.8 mo. Thirtythree received capecitabine alone and 51 received
chemotherapy/bevacizumab. There were no significant
clinicopathological differences between the two
bevacizumab arms and the capecitabine arm.
In the TRACC registry, 179 patients with peritoneal
disease were identified with a median follow up of 26.3
mo. Fifty-three patients had chemotherapy alone and
126 patients had chemotherapy/bevacizumab. There
were relevant differences in clinicopathological factors
such as higher age, worse performance status, less
use of doublet chemotherapy and more non- resected
primaries in the chemotherapy alone arm (Table 1).
In the NSWCC patients there were 69 patients
identified, 52 received chemotherapy alone and 17
received chemotherapy/bevacizumab. In the NSWCC
patients who received chemotherapy alone, 23/52
(44.2%) had a documented relative contraindication
to bevacizumab. Of those without a contraindication
16/29 (55.2%) were treated with chemotherapy

TRACC registry

The TRACC registry is a multi-site prospective clinical
registry established by BioGrid Australia in 2009 and
supported by Roche Australia Pty Ltd. A consensus
dataset, developed by a panel of clinicians, is used
to capture comprehensive clinical, treatment and
outcome data for consecutive patients with mCRC.
Data are entered directly by clinicians into an electronic
[13]
database . Patient enrolment is ongoing at 24 sites
across Australia. For this analysis, data was available
from 16 sites.

NSWCC cohort

The NSWCC cohort was identified from two cancer
centres in New South Wales - Macarthur Cancer
Therapy Centre and Liverpool Cancer Therapy Centre.
A search of the electronic medical records was
performed to identify patients who had started any
first line chemotherapy between January 2005 and
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Table 1 Baseline characteristics of all three cohorts
MAX

TRACC

NSWCC cohort

July 2005 to June 2007

July 2009 to June 2014

Jan 2005 to Dec 2012

Chemo alone

Chemo + Bev

Chemo alone

Chemo + Bev

Chemo alone

Chemo + Bev

33

51

53

126

52

17

70
47-84

67
39-83

72
31-91

64
30-87

66
38-83

60
21-79

15
18

30
21

22
31

71
55

35
17

11
6

14
17
2
NA
NA

29
15
7
NA

8
28
14
3

45
61
17
3

35
12
5
NA
NA

13
3
1
NA

33
14
6

89
33
4

n
Age (yr)
Median
Range
Sex
Male
Female
ECOG
PS 0
PS 1
PS 2
PS 3
CCI
0
1-2
≥3
Primary site
Colon
Rectum
Occult
Prior adjuvant Rx
Yes
No
Primary resected
Yes
No
No. of met sites
1
2
≥3
Chemo regimen
Single-agent FP
Oxaliplatin-based doublet
Irinotecan-based doublet
Single-agent Irinotecan
Other

29
4

44
7

48
5

107
14
5

47
5

15
2

5
28

11
40

10
43

34
92

11
41

4
13

28
5
NA

39
12

24
29

80
46

34
18
NA

16
1

15
17
21

30
45
51

19
25
6
0
3

12
87
18
3
6

NA

NA

N/A: Not availiable; Chemo: Chemotherapy; Bev: Bevacizumab.

Gastrointestinal perforations

6%
Chemotherapy
5%

There were no gastrointestinal perforations recorded
in either the MAX subgroup or the NSWCC cohorts.
Of the patients without peritoneal disease in the MAX
trial, 4/300 (1.3%) in the bevacizumab arms had
gastrointestinal perforations compared to 1/123 (0.8%)
in the capecitabine alone arm. In the TRACC registry
3/126 (2.4%) patients who had received bevacizumab
had a gastrointestinal perforation compared to 1/53
(1.9%) in the chemotherapy alone arm. In a further
analysis of patients without peritoneal metastases
in the TRACC registry, the rate of gastrointestinal
perforations was 9/369 (2.4%) in the chemotherapy/
bevacizumab group and 5/177 (2.8%) in the
chemotherapy alone group (Figure 1).
In the MAX trial 9/33 (27.3%) patients in the
capecitabine arm had grade ≥ 2 diarrhoea compared
to 21/51 (41.2%) in the two bevacizumab arms. There
was one patient with tumour associated haemorrhage
event in the capecitabine arm and one patient in the
bevacizumab arms.

Chemotherapy/bevacizumab

4%
3%
2%
1%
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Figure 1 Rate of gastrointestinal perforation.

alone prior to 2009 when bevacizumab was not
publicly funded. Table 1 summarises the baseline
characteristics.
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A
1.0

0.8

0.8

Chemo alone
Chemo + Bev

0.6

0.4

0.2

0.0

Median OS: Chemo + Bev 14.3 mo vs Chemo alone 17.3 mo
HR = 0.89 (0.55-1.45), P = 0.065

1.0

Proportion surviving

Proportion not progressing

B

Median PFS: Chemo + Bev 6.9 mo vs Chemo alone 4.9 mo
HR = 0.64 (0.42-1.02), P = 0.063

Chemo alone
Chemo + Bev

0.6

0.4

0.2

0

3

6

9
12
15
18
Months from randomization

21

24

27

0.0

0

3

6

9
12
15
18
Months from randomization

21

24

27

Figure 2 Progression-free survival (A) and overall survival (B) in the MAX trial patients with peritoneal disease: chemotherapy and bevacizumab vs
chemotherapy alone. Chemo: Chemotherapy; Bev: Bevacizumab.

Survival outcomes

no gastrointestinal perforations were seen in the
patients with peritoneal disease in the MAX study
and the NSWCC cohort, and in the TRACC registry
bevacizumab use was not associated with an increased
rate of gastrointestinal perforation. The addition of
bevacizumab to standard first-line chemotherapy is
associated with longer PFS in patients with peritoneal
disease treated in the trial and non-trial settings. There
was a consistent PFS benefit seen across studies,
with the hazard ratios ranging from 0.61 to 0.75, with
statistical significance only seen in the TRACC registry.
However, the AGITG MAX clinical trial was not powered
to detect statistically significant improvements in PFS
within the peritoneal subgroup. Significant differences
in prognostic variables, as well as selection bias
may have led to the significant survival differences
associated with bevacizumab use in the TRACC registry
and the NSWCC cohort. Both the TRACC registry
and NSWCC cohorts demonstrated a > 50% usage
of bevacizumab alongside a range of chemotherapy
regimens by clinicians.
Multiple risk factors have been associated with
an increased risk of gastrointestinal perforations.
Intra-abdominal tumours such colorectal, ovarian,
pancreatic and renal cell cancers have been associated
with an elevated risk of gastrointestinal perforation
compared to non-abdominal cancers such as breast
[6,11]
[5]
and lung cancers
. In the BRITE registry the
rate of gastrointestinal perforation in all patients with
mCRC was 1.9% with an elevated risk on multivariate
analysis seen in patients with an intact primary tumour
and prior adjuvant radiation. Given the increased risk
of gastrointestinal perforations in patients with mCRC
investigators have postulated various mechanisms
including predisposing GI toxicity from chemotherapy,
pelvic irradiation, intact primary tumour, peritoneal
metastases and bevacizumab-induced changes in
tumour vasculature. To our knowledge the risk of
gastrointestinal perforation in patients with peritoneal

In the MAX trial median PFS was 6.9 mo in the two beva
cizumab arms compared to 4.9 mo in the capecitabine
alone arm with a HR = 0.64, (95%CI: 0.42-1.02); P =
0.063 (Figure 2A). In the TRACC registry the median
PFS was 9.1 mo in the chemotherapy/bevacizumab
group compared to 5.5 mo in the chemotherapy alone
group; HR = 0.61, (95%CI: 0.37-0.86); P = 0.009.
In the NSWCC cohort the median PFS was 8.7 mo in
the chemotherapy/bevacizumab group compared to
6.8 mo in the chemotherapy alone group; HR = 0.75,
(95%CI: 0.43-1.32); P = 0.32.
In the MAX trial median OS was 14.3 mo in the
two bevacizumab arms compared to 17.3 mo in the
capecitabine alone arm; HR = 0.89, 95%CI: 0.55-1.45;
P = 0.65 (Figure 2B). In the TRACC registry the median
OS was 20.0 mo in the chemotherapy/bevacizumab
group compared to 14.7 mo in the chemotherapy
alone arm; HR = 0.60, 95%CI: 0.34-0.88; P = 0.013.
In the NSWCC cohort the median OS was 23.4 mo in
chemotherapy/bevacizumab group compared to 13.7
mo in the chemotherapy alone group, HR = 0.62,
95%CI: 0.33-1.17; P = 0.14.
In the MAX trial the median number of chemo
therapy cycles in the two bevacizumab arms was 8
cycles and 6 cycles in the capecitabine arm. In the
NSWCC cohort the median duration of chemotherapy
in the chemotherapy/bevacizumab group was 21 wk
compared to 14 wk chemotherapy alone group.

DISCUSSION
Despite the advances in the treatment of metastatic
colorectal cancer, the prognosis of patients with
peritoneal disease remains poor. This analysis suggests
that the addition of bevacizumab to chemotherapy
does not increase the rate of gastrointestinal
perforations in patients with metastatic colorectal
cancer and peritoneal metastases. Specifically,
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disease has been poorly described. The AGITG MAX
trial is the only randomised Phase Ⅲ trial comparing
a bevacizumab containing arm to a non-bevacizumab
containing arm where the outcomes of peritoneal
disease patients are described. Although others
have performed analyses of patients with peritoneal
metastases in randomised trials, these were not
comparisons of the addition of bevacizumab to
[3,4,14]
chemotherapy
. In most cases safety analyses
were not reported.
Our analysis presents outcomes of patients in a
clinical trial as well as outcomes in patients treated
in typical community cancer centres. Rates of
gastrointestinal perforations were available from all
three cohorts and indicate that bevacizumab appears
to be as safe in the peritoneal disease subgroup as
compared to patients without peritoneal disease.
Furthermore, despite previous series suggesting an
[6,10,11]
elevated risk
, clinicians appear to be comfortable
in using bevacizumab in patients with peritoneal
disease as reflected in the number of patients with
peritoneal disease recruited to MAX and the proportion
of bevacizumab-treated patients in the TRACC registry
not being impacted by the presence or absence of
peritoneal disease. The weaknesses of the analysis
include the small patient numbers in each cohort. In
Australia, bevacizumab has been publicly funded since
2009 and thus the numbers of patients with peritoneal
disease who had access to bevacizumab in the NSWCC
were small. Nevertheless, this analysis represents
the largest analysis of gastrointestinal perforations in
patients with peritoneal disease.
There is significant discordance seen in the OS
effects. The median OS in the MAX trial is longer in
the capecitabine alone arm, however, the curves cross
before and after the median with a HR = 0.89. Use
of post-progression therapy was minimal in the MAX
trial, suggesting imbalances in subsequent therapy
do not explain the discordance between the impact
on PFS and OS. Nonetheless, the OS findings of the
subgroup of patients with peritoneal metastases are
consistent with the overall MAX trial results. While a
statistically significant improvement in OS was seen
in the TRACC registry, this may be due to differences
in prognostic factors between the bevacizumab and
non-bevacizumab treated patients given the nonrandomised nature of the registry, which likely account
for at least some of this gain. Such an imbalance in
patient prognostic factors may also have explained the
[15]
inconsistency in data from the BRITE registry , which
showed a far larger survival gain with bevacizumab
beyond progression in all patients with metastatic
colorectal cancer than was seen in the randomised
[16]
TML trial . Although the difference in survival is large
in the NSWCC cohort there are known significant
baseline differences between the groups and these
factors may account for the difference seen.
Alternative routes of bevacizumab administration
may be helpful for patients with peritoneal disease,
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with case reports of intraperitoneal administration of
bevacizumab with significant symptomatic benefit
[17-19]
mainly in ovarian cancer patients
. However, we are
unaware of any data related to the safety and efficacy
of this approach in metastatic colorectal cancer. The
[20]
results of ongoing trials are eagerly awaited .
In conclusion, this analysis of metastatic colorectal
cancer patients with peritoneal disease reveals similar
findings across a clinical trial and routine practice
cohorts. The combination appears to be safe to
use, without an increase in rate of gastrointestinal
perforations observed in any of the cohorts. From our
analysis, patients with metastatic colorectal cancer to
the peritoneum should not be excluded from receiving
bevacizumab.
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Abstract
AIM: To study the clinical efficacy and safety of Fecal
microbiota transplantation (FMT). We systematically
reviewed FMT used as clinical therapy.
METHODS: We searched MEDLINE, EMBASE, the
Cochrane Library and Conference proceedings from
inception to July, 2013. Treatment effect of FMT was
calculated as the percentage of patients who achieved
clinical improvement per patient category, on an
intention-to-treat basis.
RESULTS: We included 45 studies; 34 on Clostridium
difficile -infection (CDI), 7 on inflammatory bowel

disease, 1 on metabolic syndrome, 1 on constipation,
1 on pouchitis and 1 on irritable bowel syndrome
(IBS). In CDI 90% resolution of diarrhea in 33 case
series (n = 867) was reported, and 94% resolution
of diarrhea after repeated FMT in a randomized
controlled trial (RCT) (n = 16). In ulcerative colitis
(UC) remission rates of 0% to 68% were found (n =
106). In Crohn’s disease (CD) (n = 6), no benefit was
observed. In IBS, 70% improvement of symptoms
was found (n = 13). 100% Reversal of symptoms was
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observed in constipation (n = 3). In pouchitis, none
of the patients (n = 8) achieved remission. One RCT
showed significant improvement of insulin sensitivity in
metabolic syndrome (n = 10). Serious adverse events
were rare.

[2]

colitis in 1958 . Since that time several case series
on FMT have been published mainly on refractory and
recurrent Clostridium difficile infection (CDI), but also
for other intestinal diseases such as ulcerative colitis
[3-6]
(UC) and irritable bowel syndrome (IBS) . From the
1990’s FMT has been reported in chronic constipation,
Crohn’s disease (CD), pouchitis, metabolic syndrome,
chronic fatigue syndrome, idiopathic thrombocytopenic
[7-13]
purpura and even in multiple sclerosis
.
By performing a systematic review we aimed to
provide a comprehensive assessment of the efficacy
and safety of fecal microbiota transplantation used as
clinical therapy for various diseases and pre-clinical
conditions. Clinical efficacy of FMT was presented per
indication. In addition, we described safety data, route
of administration and criteria used for selection and
screening of donors.

CONCLUSION: FMT is highly effective in CDI, and holds
promise in UC. As for CD, chronic constipation, pouchitis
and IBS data are too limited to draw conclusions. FMT
increases insulin sensitivity in metabolic syndrome.
Key words: Fecal microbiota transplantation; Microbiota;

Clostridium difficile infection; Inflammatory bowel
disease; Metabolic syndrome

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

Core tip: Aberrancies in the host’s microbiota have
been found in several diseases. The most radical way
to modulate the microbiota is by fecal microbiota
transplantation (FMT). FMT is already used for various
diseases while evidence from randomized studies is
only just emerging. We systematically reviewed the
efficacy of FMT in Clostridium difficile infection (CDI),
inflammatory bowel disease, constipation, irritable
bowel syndrome, pouchitis, and metabolic syndrome.
FMT could be incorporated in clinical practice for CDI;
patients with other indications should currently only be
treated in clinical trials. Upcoming randomized studies
on the long-term efficacy and safety of FMT will be
helpful in the implication of FMT in clinical practice.

MATERIALS AND METHODS
This study was executed according to 27 items included
in The PRISMA statement for reporting systematic
[14]
reviews . All available articles in the English language
on clinical efficacy and safety of FMT used as clinical
therapy in human subjects were included in this
systematic review. These studies included randomized
controlled trials (RCTs) that compared FMT with
standard medical therapy or other active comparators,
placebo or no intervention. Observational studies
including case-control, cohort studies and case-series
(number of patients treated greater than one) were also
included. The search was not restricted to disease type,
pre-clinical condition, year of publication, publication
status or length of follow-up (FU). FMT was defined as
administration of a suspension of donor feces (either
fresh or frozen) into the gastrointestinal tract. If an
unclear definition of treatment was given, studies were
not included; bacteriotherapy with a suspension of
specific bacterial groups was not regarded as FMT. This
systematic review was not registered a priori nor was
a protocol published prior to the start of the study. In
the nature of this study, no request was performed for
ethics committee approval.

Rossen ng, MacDonald jk, de Vries EM, D’Haens GR,
de Vos WM, Zoetendal EG, Ponsioen CY. Fecal microbiota
transplantation as novel therapy in gastroenterology: A systematic
review. World J Gastroenterol 2015; 21(17): 5359-5371
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i17/5359.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i17.5359

INTRODUCTION

Outcome measures

Interest is growing rapidly worldwide for fecal
microbiota transplantation (FMT) as a ‘‘natural’’ therapy
from both patients’- and physicians’ perspective. FMT
is popular among some patients because it is not
associated with adverse effects from regular medicinal
therapy. Apart from offering a potentially efficacious
therapy, FMT provides an ideal human model to study
the influence of modulating the microbiota in various
(pre-)disease states. The oldest account of FMT dates
th
back to the 4 century, when a Chinese physician
named Ge Hong produced a paper, in which he advised
to consume fresh stool from a healthy neighbour when
[1]
suffering from severe diarrhea . The first report in the
medical literature concerned four patients who were
successfully treated with FMT for pseudomembranous
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Efficacy of FMT was assessed by clinical improvement
as defined by the authors in the included studies.
Clinical improvement was defined as a resolution of
diarrhea in CDI and, if available, the proportion of
patients free from relapse during the follow-up period,
clinical remission and/or clinical improvement in UC and
CD, and clinical improvement in pouchitis, constipation
and IBS. In metabolic syndrome, clinical improvement
after FMT was defined as the effect on peripheral
insulin sensitivity. Secondary outcomes included: the
proportion of patients who experienced any adverse
event (AE), withdrawal due to adverse events, serious
adverse events (SAE’s) (deaths or hospitalization)
and adverse events potentially associated with fecal
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[16]

transplantation including perforation, post-transplant
sepsis or bacteremia, and transmission of communicable
disease.

al . These criteria address both quality of reporting
as risk of bias. Each study was assessed for: adequate
reporting of eligibility criteria, representative patient
population, reporting measures of variability, reporting
of loss to follow-up, follow-up of at least 90% of the
included patients, prospective inclusion, consecutive
recruiting of patients and relevant prognostic factors.
These items were rated as “yes” or “no” resulting in an
overall rating of “good”, if the answer was ‘‘yes’’ to all
eight criteria; “satisfactory”, if the answer was ‘‘yes’’ to
criteria 2, 4-7 and “poor”, if the answer was not ‘‘yes’’
to one or more of the criteria listed for ‘‘satisfactory.’’

Search strategy and selection criteria

We searched MEDLINE, EMBASE, and the Cochrane
Library from inception to July 2013 using the search
terms “feces”, “faeces”, “stool”, or “microbiota”
combined with, “donor”, “donation”, “transplantation”,
“therapy”, “infusion” or “bacteriotherapy” with assistance
of a clinical librarian. Conference proceedings: European
Crohn’s and Colitis Organization (ECCO 2009 to 2013);
the United European Gastroenterology Week (UEGW
2010 to 2013); the European Congress of Clinical
Microbiology and Infectious Diseases (ECCMID 2012 to
2013); the Infectious Diseases Society of America (IDSA
2003 to 2012); Digestive Disease Week (DDW 1979 to
2013); and the American College of Gastroenterology
(ACG from 2010 to 2013) were searched to identify
abstract publications. The search was limited to human
subjects and English written articles. References from
review articles were also searched to identify applicable
studies that may have been missed by the database
searches.

Statistical analysis

The efficacy of treatment was compared across
studies per treatment category. If more than one
RCT was available per indication, a meta-analysis on
efficacy of treatment was performed as appropriate.
We intended to pool the data for meta-analyses if
the patient groups, outcomes and interventions were
sufficiently similar. This was determined by consensus.
For case series, a summary of efficacy of treatment
was reported. The overall treatment effect of FMT was
calculated as the percentage of patients who received
FMT and achieved clinical improvement per treatment
category. All analyses were carried out on an intentionto-treat (ITT) basis. As such, dropouts or withdrawals
before the completion of the studies were considered
to be treatment failures. If possible, the presence of
heterogeneity among studies was assessed using the
χ 2 test, the I2 statistic was used to assess the degree
[17]
of inconsistency between the trials . Sensitivity
analyses were performed to investigate statistically
significant heterogeneity. A sensitivity analysis was
conducted to determine the impact of trial quality on
the overall results. Trials deemed to be at high risk
of bias were excluded from the analysis to see if the
results changed. Efficacy of FMT was compared per
route of administration (nasogastric or nasoduodenal
tube infusion vs infusion into the colon vs retention
enema). Data were analyzed using the SPSS statistics
20 software.

Data extraction

Records were imported into a bibliographic database
and duplicates were removed manually. Where possible,
those with potential overlaps in patient populations
were identified before the analysis. In case of any
uncertainty of duplicate data or where missing data
were encountered, the author was contacted. Two
authors (NGR and EMdV) independently assessed
articles by title and abstract to determine eligibility. Full
text articles were obtained for all studies deemed to be
potentially eligible. Disagreements were resolved by
discussion and consensus. The first author extracted
data on the patient group (P), intervention (I),
comparison (C) and outcome (O). Included studies
were categorized according to indication for FMT. If
patients received FMT for multiple indications [e.g.,
inflammatory bowel disease (IBD) and CDI] patients
were categorized according to the condition for which
the primary endpoint of the study was established.

RESULTS
Study selection

Methodological quality of included studies

After duplicate removal, the search yielded 2029
records. Based on screening of title and abstract 1817
records were excluded, mainly because the topic did
not pertain to FMT. For the remaining 212 records,
reasons for exclusion are shown in figure 1. Forty-five
studies met the inclusion criteria and were included
in the review. Only two RCTs were found, all other
studies were retrospective series or pilot studies.

The Cochrane risk of bias tool was used to assess the
methodological quality of the included RCT’s, each
study was assessed for sequence generation, allocation
concealment, blinding, handling of incomplete outcome
data, selective outcome reporting and other sources
[15]
of bias . These items were rated as low (e.g., the
study was double-blind and an identical placebo was
used), high (e.g., study was open label), or unclear
risk of bias (e.g., procedures for blinding were not
adequately described). As no validated tool for the
assessment of risk of bias in observational studies
was available, we used the eight criteria for quality
assessment of case series, published by Chambers et
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Risk of bias within studies

A quality assessment of included case series is
presented in Table 1. Forty-two case series were rated
as “poor”, only one of the included case series was
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Records identified
through EMBASE search
n = 1705

Records identified through
MEDLINE search
n = 1059

Records identified through
COCHRANE
n = 172

Records after duplicates removal
n = 2029

Article screened on basis of title and abstract
n = 212

Included in analyses n = 45

Clostridium difficile 34
IBD 7
Constipation 1
Metabolic syndrome 1
Pouchitis 1
IBS 1

Records identified through
other sources
n = 54

Records excluded (n = 167) Based on
Comment on article 		
Article not in English language
Interview 		
Full text could not be obtained
Review or meta-analysis
Opinion or expert panel
Unclear definition of treatment
Protocol 			
Case report 		
No clinical outcome 		
Duplicate data 		

26
5
4
11
62
13
2
5
21
7
11

Figure 1 Identification, screening, eligibility and inclusion of studies. IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome.
[2,50]

rated as “satisfactory”. None of the case series was
considered to be of “good” quality. In 15 of the 43 case
series, patients were prospectively included. Quality
assessment of two included randomised studies is
shown in Table 2. The study performed by Vrieze et
[10]
al
was rated as high methodological quality on four
[18]
out of five items, the study by van Nood et al
was
rated as “high” methodological quality on three items.
A sensitivity analysis to determine the impact of trial
quality on the overall results could not be properly
executed, due to the overall “poor” assessed quality of
the included case series. Excluding the 32 case-series
deemed to be at high risk of bias for sub-analyses of
efficacy of fecal transplantation in CDI would result
in determination of treatment effect in only one case
series qualified as “satisfactory” compared to the only
RCT included for this indication. In IBD, all included 7
studies were assessed equally as “poor” quality, which
made further comparison between studies impossible.

and not routinely used in 1981
. Assessment of
Clostridium toxin in the stool was not performed in all
studies to confirm the diagnose CDI before treatment,
nor to assess whether there was adequate clearance
of CDI after treatment. Most of the studies measured
clinical response with regard to patients’ symptoms.
The diagnoses of IBD was confirmed by pathology
[5,53,55]
in three studies
, the other four studies did not
confirm the diagnoses of IBD beyond clinical diagnoses
[51,52,54,56]
[57]
by the treating physician
. Pinn et al
did not
describe criteria for the diagnoses of IBS and included
patients with diarrhea-predominant, constipationpredominant and IBS patients with alternating stool
[9]
pattern. Landy at al confirmed chronic refractory
pouchitis clinically, endoscopically and histologically.
[58]
Borody et al
defined chronic constipation as a stool
frequency of once every four to seven days associated
[10]
with symptoms. Vrieze et al
used the following
criteria for recruiting patients with a metabolic
2
syndrome: a body mass index > 30 kg/m or waist
circumference > 102 cm and a fasting plasma glucose
level > 5.6 mmol/L.
Follow-up varied between ten days to eight
years in CDI, 12 wk to 16.5 years in IBD, six to 18
mo in IBS, four weeks in pouchitis, one to 28 mo in
constipation and six weeks in metabolic syndrome. Of
the 45 included studies, two were randomised trials of
FMT for CDI and metabolic syndrome, in which FMT
was compared with active comparators or placebo
[18]
respectively. van Nood et al
conducted an openlabel, RCT in patients with CDI in which the infusion
of donor feces was preceded by a short regimen of
vancomycin and bowel lavage, a standard vancomycin

Patients, treatment information, and donor screening

The studies were published between 1958 and 2013.
A total number of 1029 patients underwent FMT. The
clinical efficacy of FMT was assessed in patients with:
[2,19-50]
[5,51-56]
[57]
CDI
(n = 883), IBD
(n = 112), IBS
(n
[9]
[58]
= 13), pouchitis (n = 8), constipation
(n = 3)
[10]
and metabolic syndrome
(n = 10 randomised to
the donor feces arm). Age of the included patients
varied widely from 6 to 94 years. Two studies on
fecal transplantation in pseudomembranous colitis
published in 1958 and 1981 were regarded as fitting
the diagnoses of CDI although determination of
Clostridium toxin was not available in the first study
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Table 1 Quality assessment of selected case series according to the Chambers criteria
Indication for
FMT
CDI

IBD

IBS
Pouchitis
Constipation

Author

Year

Publication
type (J, CA)

1

2

3

4

5

6

7

8

Case series quality
rating

Aas
Arkkila
Aroniadis
Bansal
Bobo
Borody
Bowden
Brandt
Byrne
Eisman
Elopre
Fischer
Garborg
Hamilton
Ihunnah
Jorup-Rönström
Kassam
Kelly
Khanna
Louie
MacConnachie
Mattila
Mellow
Miller
Neelakanta
Newton
Potakamuri
Rohlke
Rubin
Shiekh Sroujieh
Silverman
Yoon
Youngster
Angelberger
Borody
Greenberg
Kump
Kump
Kunde
Vermeire
Pinn
Landy
Borody

2003
2010
2013
2013
2013
2013
1981
2012
2008
1958
2013
2013
2010
2012
2013
2012
2010
2012
2013
2013
2009
2012
2010
2010
2011
2013
2013
2010
2013
2012
2010
2010
2013
2012
2012
2013
2013
2013
2013
2012
2013
2013
2001

J
J
J
J
CA
CA
J
J
CA
J
J
CA
J
J
CA
J
CA
J
CA
CA
J
J
J
J
J
CA
CA
J
J
CA
J
J
CA
J
CA
CA
CA
J
J
CA
CA
CA
J

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+2
-1
+
+
+
+
+
-

+
+
+
?
+
?
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
?
+
+
+
+
+
+
+
+2
-1
+
+
+
+
+
+
+

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

+
+
+
-

+
+
+
+
+
+/-

Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Good
Poor
Poor
Satisfactory
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor

1

Sixteen out of 21 treated patients were successfully contacted for FU; 262 patients with FU results were included. Chambers criteria: (1) were selection/
eligibility criteria adequately reported? (2) was the selected population representative of that seen in normal practice? (3) was an appropriate measure of
variability reported? (4) was loss to follow-up reported or explained? (5) were at least 90% of those included at baseline followed up? (6) were patients
recruited prospectively? (7) were patients recruited consecutively? and (8) did the study report relevant prognostic factors? J: Journal article; CA:
Conference abstract. ?: Unknown; CDI: Clostridium difficile-infection; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome.

Table 2 Methodological quality of included randomised trials
Ref.
Vrieze et al[10]
van Nood et al[18]

Random sequence
generation

Allocation concealment

Blinding

Incomplete outcome
data

Selective reporting

Low1
Low1

Unclear2
Unclear2

Low3
High3

Low4
Low

Low
Low

1

Automated biased coin minimization, computer generated randomisation not in the paper but verified by the first author; 2Not described; rated as unclear
for this item; 3Patients were randomised to either allogenic or autologous feces a, open label design; 4All patients completed the study; two subjects were
excluded from analyses because of antibiotic use during the trial unrelated to the microbial infusion, all except one patient (due to a clinically driven
protocol deviation) were taken into the intention to treat analyses.
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regimen, or a standard vancomycin regimen with
[10]
bowel lavage. Vrieze et al
conducted a doubleblind placebo controlled trial, which compared the
infusion of fecal intestinal microbiota from lean
donors to autologous microbiota infusion in male
recipients with metabolic syndrome. The remaining
43 included studies were uncontrolled case series,
in which patients were treated with FMT via the
upper gastrointestinal tract (tube infusion via the
stomach, duodenum or jejunum or oral ingestion of
gelatin coated capsules containing microbes after
centrifugation of a suspension of donor feces) or via
the lower gastrointestinal tract or colon (infusion via
the endoscope channel into the terminal ileum, coecum
or sigmoid or rectal infusion by enema’s). Infusion via
the upper GI route supposedly leads to more profound
replacement of the microbiota in the small bowel and
proximal colon. The mode of infusion for each study
was categorized into administration via the upper GI
e
tract (U), colon (C) or retention enema (C ) Table 3.
The amount of fresh feces prepared for infusion or the
amount of infused fecal suspension was reported in
23 studies and varied from 30 to 250 g of fresh stool,
20 ml to 350 ml of fresh stool, 6 to 8 tablespoons of
fresh stool in studies in which the amount of prepared
feces per treatment was reported and 30 to 700 ml
fecal infusion if the amount of infused suspension after
adding saline solution was reported. FMT regiments
varied between single treatments to 14-d regiments
(Table 3). Different donors were used among studies;
donors could be family friends, partners, relatives,
friends or unrelated healthy subjects. Relation of the
donor to the patient was expressed in 3 categories:
st
nd
“genetically related” (e.g., 1 or 2 degree relative),
“sharing the same household”; (e.g., partner) or
“other” (e.g., healthy volunteer) (Table 3). Table
4 shows the protocol for screening of fecal donors
[10,18]
as used in the two RCT’s
. In 2013, already an
optimized screening protocol for fecal donors was
[59]
published by the same authors , which concerns not
only the risk for transmission of infectious diseases,
but also to the risk of transmitting other (autoimmune)
diseases with regard to several conditions that may be
transferred through feces.

patients enrolled, additional clinical data on patient
group, duration of follow-up, primary outcome and
the percentage of included patients free from relapse
during follow-up are shown in Table 5.
IBD: Of patients treated with FMT for IBD, six patients
were treated for CD and 106 for UC; four UC patients
[56]
treated by Greenberg et al . had concomitant CDI.
All patients had active disease at inclusion varying
from mild disease activity to therapy refractory
disease. Location of IBD was reported in three out of
seven studies. CD was located ileocolonic (n = 3) and
restricted to the colon (n = 1) in the series published
[55]
by Vermeire et al . Extent of disease in UC was
[52,53]
mostly a pancolitis
. Response to therapy was
measured by five different assessments in UC: patient
reporting of symptoms on a questionnaire comparing
[56]
[53,60]
pre- and post-FMT data ; (clinical) Mayo score
;
[51]
the total Mayo score ; the Paediatric UC Activity Index
[52]
[5]
in children ; and the modified Powell-Tuck index . In
CD, two different clinical evaluation tools were used:
“patient reporting of symptoms on a questionnaire
[56]
comparing pre- and post-FMT data”
and the Crohn’s
[55]
Disease Activity Index . Five of the included studies
used endoscopy for evaluation of mucosal response.
Patients underwent endoscopy shortly after treatment
[51,53,54]
(range 1 d to 90 d)
, or on the longer term
(1-198 mo, 34% of the patients were evaluated by
[5]
endoscopy) in UC . CD patients were evaluated by
[55]
endoscopy eight weeks after FMT .
Clinical outcome data (measured by different
standards) for FMT in IBD are shown in Table 6. In
three of six studies on UC in which clinical remission
was reported the percentage of patients who achieved
[5,52,53]
clinical remission varied between 0% and 68%
.
Clinical improvement was reported in six studies and
[5,51-54,56]
varied between 20% and 92%
.
In CD, the four patients treated by Vermeire et
[55]
al did not experience clinical improvement after FMT.
[56]
Greenberg et al
reported “improved frequency of
disease flares” in 63% of the patients; combined for
both UC and CD, results for “improvement of diarrhea”
were reported separately, and one out of two treated
CD patients reported a decrease in diarrhea frequency.
In the four CD patients in whom an endoscopy was
performed 8 wk after treatment, no endoscopic benefit
[55]
was observed .

Efficacy of FMT in CDI and IBD

CDI: In 33 case series published on CDI, the efficacy
of FMT (defined as “resolution of diarrhea”) ranged
from 87.8% to 90.0% in repeated FMT’s, comparable
to a treatment effect of 81% to 94% in repeated
FMT's in the single published RCT. Treatment efficacy
> 80% was achieved in severe and complicated
[47]
[45]
CDI , hospitalized patients , immunocompromised
[26,41]
patients
, patients with > 3 episodes of CDI in
[32]
their medical history
and patients with underlying
[38,44]
IBD
. Resolution of diarrhea and relapse-free
FU (reported in 21 out of 34 studies) was 80.9%
(range 46% to 100%). Number, age and gender of
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FMT in other indications

In total, three patients were treated for chronic
constipation as part of a case series on FMT in both
[58]
chronic constipation and UC . In 100% of the
patients there was complete reversal of constipation;
defecation occurred one to two times per day without
laxatives with an accompanying resolution of most
associated symptoms such as episodic nausea and
vomiting, bloating and abdominal pain, after FMT.
[57]
Pinn et al
treated 13 IBS patients, resolution or
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CDI

CDI

Indication

2003
2010
2013
2013
2013
2013
1981
2012

2008
1958
2013
2013
2010
2012
2013
2012

2010
2012
2013
2013
2009
2012

2010
2010
2011
2013
2013
2010

2013
2012
2010
2013
2010
2013

Byrne
Eisman
Elopre
Fischer
Garborg
Hamilton
Ihunnah
Jorup-Rönström

Kassam
Kelly
Khanna
Louie
MacConnachie
Mattila

Mellow
Miller
Neelakanta
Newton
Potakamuri
Rohlke

Rubin
Shiekh Sroujieh
Silverman
Van Nood
Yoon
Youngster

Year

Aas
Arkkila
Aroniadis
Bansal
Bobo
Borody
Bowden
Brandt

First author
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N
NM
N
Y
NM
NM

NM
NM
NM
NM
NM
Y

N
Y
NM
Y
N
Y

N
N
NM
Y
N
Y
NM
NM

NM
Y
NM
NM
NM
NM
N
NM

U
U or C
Ce
U
C
U or C

C
C
C
NM
NM
C

Ce
C
C
U
U
C

Ce
Ce
U
C
U or C
C
NM
Ce

U
C
NM
U and C
U and Ce
NM
Ce and U
C

1
1
1-2
1-2
1
1-2

1
1
1
NM
1-5
1

1-2
1
1
24-34 caps
1
1

1-3
4
1
1-2
1
1-2
1-2
1-3

1
1-2
1-2
NM
1-2
1-42
1
1

25 mL
30-50 g
50 mL
> 50 g
NM
NM

NM
NM
pt 1: 250 g, pt2: NM
NM
NM
NM

NM
6-8 tablespoons
50 g
50 g
30 g
20-30 mL

300-500 g
NM
NM
NM
50-100 g
50 g
NM
30 cc suspension

30 g
20-30 mL
NM
NM
NM
NM
NM
NM

Pre-treatment
Route of
Number of
Amount of fresh
1
with bowel administration transplantations stool per treatment
lavage? (Y/N )
(n )
(mL/g/tablespoons)

Table 3 Treatment information on fecal microbiota transplantation, summarised for all studies

NM
NM
NM
NM
NM
NM
NM
300-700 cc
infused
NM
NM
NM
NM
NM
NM
NM
30 cc
suspension
NM
NM
NM
NM
NM
100 mL
suspension
NM
NM
NM
NM
NM
200-350 mL
infused
NM
NM
NM
NM
NM
NM

Suspension
infused
(cc or mL)

O
NM
G and H
G and H and O
G and H
NM

NM
G and H
G or H
NM
NM
G and H and O

NM
R
NM
R
O
G and H and O

G and H and O
O
G
O
G and H and O
G and H and O
NM
O

G and O
G or H? and O
NM
G or H? and O
NM
NM
H and O
G and H and O

2

Donor

0
0
47
15'
0
0

0
NM
NM
NM
NM
NM

0
0
0
NM
0
0

4
0
0
0
0
155
5
0

0
NM
NM
NM
NM
0
0
0

ae (n )

0
0
0
0
0
NM

0
0
NM
NM
NM
NM

0
0
0
NM
0
0

0
0
0
0
0
0
NM
0

0
NM
NM
NM
NM
0
0
0

Withdrawal due
to ae (n )

0
0
0
158
0
0

0
NM
NM
NM
NM
NM

0
0
0
NM
0
0

0
0
0
0
0
0
0
0

0
0
0
NM
NM
0
0
0

Ae potentially
associated with
3
fmt (n )

0
0
0
16
0
NM

34
NM
NM
34
2 (14, 16)
NM

0
0
0
NM
NM
144

0
0
0
0
54
0
24 , 86
0

24
14
14
NM
NM
0
34
0

Sae (n )
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2013

2013
2012
2013
2013
2013
2012
2013
2013
2001
2012

Angelberger

Greenberg
Borody
Kump
Kump
Kunde
Vermeire
Pinn
Landy
Borody
Vrieze

NM
NM
NM
Y
N
Y
NM
N
Y
Y

Y

U or C + Ce
NM
C
C
Ce
U
NM
U
Ce
U

U and Ce

>1
NM
2-5
1
511
3
1-3
1
5-14
1

3

NM
NM
NM
100-150 g
90 g (70-113)
200 g
NM
30 g
NM
NM

NM

23.8 g
(16.7-25)U,
20 g (6-21.7)C
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
O
O
G and O
NM
NM
NM
NM
O

O

3
NM
NM
1
9
3
NM
NM
NM
NM

5

0
NM
0
0
112
0
NM
NM
NM
NM

0

0
NM
NM
110
210
310
NM
NM
NM
NM

29

0
0
0
0
0
0
NM
NM
NM
NM

0
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SAE’s were reported in 34 out of 45 studies. In total, 35 (3.4%, all CDI cases) of 1029 patients, were reported to have died and 10 (0.97%) (out-)patients were
hospitalised during FU. The number of AE’s, withdrawal due to AE’s, AE’s potentially associated with FMT and SAE’s are reported in (Table 3). One patient died from
[37]
aspiration during sedation for FMT administered via colonoscopy, which was considered to be related to the FMT procedure . Four patients were reported to have
died from complicated CDI with small bowel involvement confirmed at autopsy (n = 1), a toxic megacolon due to persistent CDI one month after FMT (n = 1), and
[39,48,50]
[49]
complicated CDI not further specified (n = 2)
. A severely ill patient treated with FMT for CDI, died of a peritonitis which could be related to treatment . In the
other 29 patients the cause of death was not related to CDI illness or of unknown cause. Reasons for hospitalisation included: cecal perforation during FMT treated with
[18,25,37]
colectomy (n = 1), symptomatic choledocholithiasis (n = 1) and not further specified in eight patients
. Reported AE’s associated with FMT (Table 3) were mostly
self-limiting and occurred frequently within hours after infusion. Intestinal reported symptoms were: bloating, flatulence, belching and abdominal cramps, remaining
IBS-like symptoms after CDI clearance post FMT, abdominal discomfort, irregularity of bowel movements and vomiting. In 11 patients (all treated for IBD; three for CD
[51-53,55]
and eight for UC) fever, without other clinical symptoms or signs of sepsis, was reported during and up to one day after FMT
. No causative agents were identified
by blood culture, but a rise in CRP was measured in some of these patients. Fever disappeared within three days in all patients. Withdrawal due to treatment intolerance
[52]
(leaking of enemas for three days) occurred in one adolescent . Less likely related reported AE’s were: fatigue, itchiness, erythema, paraesthesia on the hip, collapse,
and blisters on the tongue. A superficial mucosal tear caused by the FMT via colonoscopy was reported. Transmission of communicable diseases due to FMT did not
occur in any patient.

Safety of fecal transplantation

improvement of symptoms was reported in 70%, including abdominal pain (72%), bowel habit (69%), dyspepsia (67%), bloating (50%), and flatus (42%). Eight
[9]
pouchitis patients were treated by Landy et al , none of these patients achieved clinical remission after FMT measured by the pouch disease activity index, but two
patients demonstrated a change to a ciprofloxacin sensitive bacteria following FMT. In a series of 18 male subjects diagnosed with a metabolic syndrome there was a
statistically significant increase in peripheral insulin sensitivity measured by Hyperinsulinemic-Euglycemic Clamp (median rate of glucose disappearance changed from
[10]
26.2 to 45.3 μmol/kg per minute; P < 0.05) of recipients treated with donor feces compared to placebo .

1
Route of administration: Upper GI tract (U), colon (C) or colon per enema (Ce); 2Genetic related (G), sharing the same household (H) or other (O); 3Perforation, post-transplant spesis/ bacteriemia/ transmission of communicable
diseases; 4Death, both unrelated and related; 5Some irregularity of bowel movements and excessive flatulence during the first couple of weeks following the procedure; 6Hospitalised; 7Post infectious IBS (1). antibiotic treatment
for urinary tract infections (2). Antibiotics for perioperative prophylaxis of a hip replacement (1). None of these 3 patients relapsed with CDI despite the antibiotic therapy; 8(94%) had diarrhea, cramping (31%) and belching
(19%): symptoms resolved within 3 h. During FU 3 patients who were treated with donor feces (19%) had constipation; 9Fever: blood cultures were taken, but no bacterial pathogen was detectable (2); 10Fever; 11Intolerance with
immediate leaking of enemas for 3 consecutive days; 12Daily for 5 d. NM: Not mentioned; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome.

IBS
Pouchitis
Constipation
Metabolic
syndrome

IBD
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Table 4 Donor screening for fecal microbiota transplantation
Screening questionnaire1
A questionnaire addressing risk factors for potentially transmissible diseases
Fecal test
Parasites, including Blastocystis hominis and Dientamoeba fragilis
Clostridium difficile, and enteropathogenic bacteria
Serology
Antibodies to HIV, human T-cell lymphotropic virus types 1 and 2, hepatitis A, B, and C, Cytomegalovirus, Epstein-Barr virus
Treponema pallidum, Strongyloides stercoralis, and Entamoeba histolytica
1

Screening according to van Nood et al[18] and Vrieze et al[10].

Table 5 Studies on fecal microbiota transplantation in Clostridium difficile -infection, outcome data
First author

Year

Patients
enrolled
(n )

Age (mean ± SD or
median, range/IQR)

Male sex
(n )

FU

Primary
endpoint

Resolution of
diarrhea

Resolution of diarrhea +
free from relapse during
FU

Aas
Arkkila
Aroniadis
Bansal
Bobo
Borody
Bowden
Brandt
Byrne
Eisman
Elopre
Fischer
Garborg
Hamilton
Ihunnah
Jorup-Rönström
Kassam
Kelly
Khanna
Louie
MacConnachie
Mattila
Mellow
Miller
Neelakanta
Newton
Potakamuri
Rohlke
Rubin
Shiekh Sroujieh
Silverman
Van Nood
Yoon
Youngster

2003
2010
2013
2013
2013
2013
1981
2012
2008
1958
2013
2013
2010
2012
2013
2012
2010
2012
2013
2013
2009
2012
2010
2010
2011
2013
2013
2010
2013
2012
2010
2013
2010
2013

181
37
132
12
214
285
16
77
45
4
26
127
39
435
668
32
141
26
135
259
151
701
131
2
25
176
13
19
741,8
68
7
161,10
12
12

73 ± 9
69 (24-90)
70 (38-89)
70 (31-96)
70.9 ± 11.9
F:36 ± 18.1 M: 31 ± 16
56 (14-85)
65 ± 17
62 (30-91)
45-68
48, 48
46 ± 17
75 (53-94)
69 ± 21

5

90 d

3
4
10
17
7
21
12
3
1
7
18
12

3 mo
12 mo
15 mo (1-42)
3 mo
1 mo

\
86%
50%
\
\

75 (27–94)
65.3 (26-87)
59 (19-86)
27 (21-48)

12
7
2
8

81.5 (68-95)
70 (22-90)
67 (32-87)
34-50
27-39

14
28
7
0
1

73.8 ± 18.8
49 (29-82)
63 (6-94)
66 (16-93)
72 (30-88)
73 ± 13
66 (30-86)

2
2
26

94%
92%
84%, 92%3
92%
95%
86%
81%
91%
96%
100%
100%
75%/, 92%/3
73%, 83%3
86%, 95%3
78%, 89%3
69%
100%
92%
50%
100%
73%, 80%3
94%
92%
100%
50%
94%
92%
95%, 100%3
79%
100%
100%
81%, 94%3
100%
92%

4
8
3

12 d
17 mo (3-68)
12 mo
< 10 d
5 yr and 6 wk
30 d
3 mo
2 mo
12 mo (3-51)
26 mo (1-68)
7 mo
11 mo (2-30)
6 mo
4 mo (1-6)
12 mo
5 mo (1-10)
9 mo, 1 mo
12 mo, 5 mo
90 d
5 wk- 18 mo
27.2 yr (6-65)
2 mo
100 d
4- 14 mo
2.5- 5 mo
3 wk- 8 yr
2 mo

1-7 d
> 90 d
30 d
12 d
90 d
24-48 h
1d
7d
80 d
1-2 mo

24 h
post FMT
1-14 d
5-24 wk
12 wk
30 d
9 mo, 1 mo
2 wk, post FMT
post FMT
> 1 mo
6 mo
60 d
1-4 d
post FMT
10 wk
3-5 d
8 wk

\
81%
100%
100%
75%
\
78% after 12 wk

85%
100%
67%
89%
85%
\
50%
76%
46%
79%
58%
100%
100%
81%
100%
\

1

Recurrent/refractory CDI. Aas et al (18), Kassam et al (7), MacConnachie et al (15), Mattila et al (70), Mellow et al (13), Rubin et al (74), van Nood et al
(16); 2Severe CDI 84%, complicated CDI 92%; 3Resolution of diarrhea (% of the patients) after 2 FMT's; 4All patients were hospitalised at inclusion; 5IBD.
Hamilt et al (14): CD (6), UC (4), lymphocytic colitis (4). Neelak et al (1 UC, 1 CD). Khanna et al CD (7), UC (6). Borody et al CD (14), UC (14); 6Patients
were immunocompromised: upon review of their medical history, Newton et al (7) based on HIV Elopre et al (2); 7Other diagnoses (12): UC (3), UC and
livertransplant for PSC (1), CD(3), multivisceral transplant (2), multiple myeloma (1), lung transplant (1), renal transplant (1); 8Cases included 5 pediatric
(Ihunnah et al) and 2 pediatric patients (Rubin et al); 9> 3 episodes (25); 10Amount of patients randomised to intervention (FMT) arm. /: Outcome defined
as negative stool test (PCR) after FMT only; \: No further follow up after archivieving the primary endpoint. FMT: Fecal microbiota transplantation; FU:
Follow-up.

Additional analyses

88.5% (n = 102) was comparable, p = 0.26. In the
majority of UC patients (72%), mode of administration
of FMT was not reported. In CD, not from all six
patients the route of administration was reported and
a comparison of efficacy of treatment according to

In CDI patients, the proportion of patients who
achieved resolution of diarrhea after administration
of FMT via the upper GI tract: 84.2% (n = 150), into
the colon: 89.4% (n = 326) and per retention enema:
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2012

2013

2013
2013
2013
2012

Borody

Greenberg

Kump
Kump
Kunde
Vermeire

9
6
103
4

16

62

5

Patients
enrolled (n )

Refractory UC
Refractory UC
Active UC4
Refractory CD

Refractory CD (2)/
UC (14)2

Active UC

Refractory UC

Diagnose, disease
activity

NM
36 (17-52)
(7-20)
37.5 (29-50)

M: 42.3 ± 11.5
F: 48.45 ± 16.49
39 (20-75)

27 (22-51)

NM
3
6
1

9

40

3

3
12
3
2

4.5-30

1-1981

7

Age (mean ± SD Male
FU
or median,
sex (n ) (mo)
range/ IQR)

5-asa (7), 6MP (4), steroids (3)

Steroids (10), antitnf (4), 6MP
(1)

5-asa (3), Immunosuppressive
therapy stopped prior to FMT

Medication use during study
(n )

3
3
0.25
2

After FMT

NM

3

Timepoint
primary
endpoint
(mo)

56%
33%
70%
0%

63%

92%

20%

Clinical
improvement

0%
30%
0%

68%

Clinical remission

0

Steroids: stopped (4/10),
decreased dose (3/10).
anti-TNF stopped (1/4)

0

Cessation of medication during
FU (n /total number of patients
on the drug)
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The results from 33 case series suggest that fecal transplantation is a highly effective therapy for CDI with response rates up to 90% resolution of diarrhea. This
is corroborated with a treatment effect of 81% to 94% in repeated FMT in the only randomized trial to date. All included studies reported > 50% efficacy, even
in immunocompromised, severely ill and elderly patients, which was much higher than the 31% efficacy reported in patients treated with a standard regimen of
[18]
vancomycin for CDI in the comparative arm of the randomized trial . Comparable results were achieved for infusion of fecal content into either the upper GI tract,
the colon or per retention enema. Studies on FMT in UC reported remission rates between 0% and 68%. Clinical improvement varied between 20% and 92%, but was
[5]
measured using five different scales in six studies. The high response rate of 92% reported by Borody et al is exceptional. This was a retrospective study, which is
prone to inherent selection bias. Based on only six patients reported in the literature from two series, no clinical benefit of FMT has been observed in CD. In the single
randomized trial to date on FMT in male subjects diagnosed with metabolic syndrome there was a statistically significant increase in insulin sensitivity of recipients
[10]
treated with donor feces compared to placebo . Positive results were achieved in small case series on chronic constipation (complete reversal of the disease in all three
treated patients) and IBS (resolution or improvement of symptoms in 70% of 13 patients). FMT did not result in clinical remission in eight chronic refractory pouchitis
cases, but in two patients a change in ciprofloxacin sensitivity was observed in cultures from coliform bacteria after FMT.
FMT was accompanied by mild, self-limiting gastrointestinal symptoms in the majority of patients. Transient fever was reported in 11 patients, with the striking
finding that this occurred only in CD and UC patients. In 1029 treated patients, two possible related deaths occurred: one patient died from aspiration during sedation
for FMT administered via colonoscopy and a severely ill CDI patient died of a peritonitis which could be possibly related to treatment. Transmission of communicable
diseases due to FMT was not observed in any patient. In our own experience with more than 120 FMT’s via the nasojejunal route, as described in literature, transient
fever only occurred in two UC patients and not occur in patients with CDI or metabolic syndrome. As long as the tip of the nasojejunal catheter is checked prior to

DISCUSSION

infusion manner could not be made. A comparison of efficacy in age groups < 65 and > 65 years could not be executed due to a wide range and large overlap in age of
the patients in the included case series.

Endoscopic follow-up (n = 21); 2Concomitant CDI was present in 4 UC patients; 3Ref Kunde: 1 subject did not tollerate treatment, this subject was considered to be a treatment failure. Endpoint data of the study was adjusted in
this table; 4Active disease diagnosed by colonoscopy < 6 mo before the enrollment. UC: Ulcerative colitis; FMT: Fecal microbiota transplantation; CD: Crohn’s disease; FU: Follow-up; NM: Not mentioned.

1

2013

Publication
year

Angelberger

Author

Table 6 Studies on fecal microbiota transplantation in inflammatory bowel disease, treatment and outcome data
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infusion for adequate position in the duodenum,
aspiration of fecal contents does not constitute a
problem. Furthermore, we have not encountered
transmission of microbial pathogens. In our opinion,
FMT could be incorporated in clinical practice for CDI if
there is adequate in house facilities. Currently, patients
with IBD should only be treated in clinical trials, since
there is a paucity of evidence in these patients.
The evidence for FMT in this systematic review
is mostly based on case series of poor quality, with
the exception of two RCT’s in CDI and metabolic
syndrome, both from our own institution. Worldwide,
FMT became quickly part of clinical care rather than
an experimental treatment in series on CDI and IBD.
Follow-up data were retrospectively collected in a
selection of patients up to 16.5 years after treatment in
65% of the included series, which could have resulted
in publication and selection bias. After agreement
with the authors, four studies were excluded because
of duplicate data (overlap of conference proceedings
and corresponding full publication or overlap between
[58,61-63]
patient populations)
. In four articles, the first
authors could not confirm overlap between patient
populations and we choose not to exclude these studies,
which could have led to over- or underestimation of
primary and secondary outcome data presented in this
[24,29,37,43]
review
. The strength of our study also harbors
its limitation. By including conference proceedings
we strived to collect all available data on this novel
treatment modality. However these abstract reports
were brief and lacked details on the methods used for
screening and FMT treatment. This approach bears the
risk of reporting on studies that have not gone through
the process of peer review.
More robust data on FMT will become available
in the next two to three years. Currently, there are
12 trials on IBD; seven on UC, two on CD and three
on IBD in general, and ten trials on CDI registered
on clinical trials.gov. Fifteen of these studies are
randomized trials. Single studies are registered for
metabolic syndrome, IBS, pouchitis and healthy
volunteers examining the restoration of the patient’
s fecal microbiota after antimicrobial exposure. All of
these trials will give rise to new research questions
including preferred route of administration, and the
number of FMT’s needed to attain remission or cure. In
addition, by using FMT as a highly informative human
model of the interaction between the gut microbiome
and the host, a wealth of data will be generated
regarding the pathophysiology of several diseases.
In conclusion, FMT appears to be highly effective in
Clostridium difficile-infection and may be a promising
therapy in ulcerative colitis. Infusion of donor feces
significantly increased insulin sensitivity in male patients
with a metabolic syndrome. As for Crohn’s disease,
chronic constipation, pouchtis and IBS data are still
too limited to draw conclusions. FMT is performed
according to not yet standardized treatment protocols
and despite the absence of infectious complications

WJG|www.wjgnet.com

in 1029 patients reported in this review, vigilant
surveillance of adverse events is needed. More
randomized controlled data on the long-term efficacy
of FMT as well as translational data on the impact of
modulating the patient’s microbiota by the infusion of
donor feces and all its contents are still warranted.

COMMENTS
COMMENTS
Background

Fecal Microbiota transplantation (FMT) was first reported in the literature in
1958. Since that time, approximately 500 patients who received FMT were
reported in the literature for different indications: infectious diarrhea [Clostridium
difficile-infection (CDI)], gastro-intestinal diseases [inflammatory bowel disease
(IBD), irritable bowel syndrome (IBS), pouchitis, constipation) and Metabolic
Syndrome. The majority these patients received FMT for CDI, which was
proven as a more effective therapy when compared to treatment with antibiotics
in a randomized controlled trial. FMT is widely used as clinical therapy for a
wide range of indications whereas the available evidence in the literature is
scarce.

Research frontiers

In order to accurately assess the application of FMT, the authors systematically
reviewed the clinical efficacy and safety of FMT in different indications.

Innovations and breakthroughs

FMT is highly effective in CDI, and holds promise in ulcerative colitis. As for
Crohn’s disease, chronic constipation, pouchitis and IBS data are too limited
to draw conclusions. FMT increases insulin sensitivity in metabolic syndrome.
Based on the current results, FMT can be considered as a safe treatment in the
studied population.

Applications

Vigilant surveillance of adverse events is needed, since FMT is performed
according to not yet standardized treatment protocols. More randomized
controlled data on the long-term efficacy of FMT as well as translational data on
the impact of modulating the patient’s microbiota by the infusion of donor feces
and all its contents are still warranted.

Peer-review

This paper reviewed the clinical efficacy and safety of FMT on CDI,
inflammatory bowel disease, metabolic syndrome, constipation, pouchitis
and IBS. Promising results were obtained and further studies are needed to
elucidate the mechanisms of FMT and to guard the adverse effects in large
population of the patients.
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METHODS: MEDLINE, EMBASE, Cochrane Library,
CINAHL, Academic Search Premier, and Web of Science
databases were searched for human experimental
and observational cohort studies conducted between
January 1990 and June 2014. The keywords used for
the literature search were fiber, prebiotics and enteral
nutrition. English language studies with adult patient
populations on exclusive EN were selected. Abstracts
and/or full texts of selected studies were reviewed
and agreed upon by two independent researchers
for inclusion in the meta-analysis. Tools used for the
quality assessment were Jadad Scale and the Scottish
Intercollegiate Guidelines Network Critical Appraisal of
the Medical Literature.
RESULTS: A total of 456 possible articles were retrieved,
and 430 were excluded due to lack of appropriate data.
Of the 26 remaining studies, only eight investigated
the effects of prebiotics. Results of the meta-analysis
indicated that overall, fiber reduces diarrhea in patients
receiving EN (OR = 0.47; 95%CI: 0.29-0.77; P =
0.02). Subgroup analysis revealed a positive effect of
fiber supplementation in EN towards diarrhea in stable
patients (OR = 0.31; 95%CI: 0.19-0.51; P < 0.01),
but not in critically ill patients (OR = 0.89; 95%CI:
0.41-1.92; P = 0.77). Prebiotic supplementation in EN
does not improve the incidence of diarrhea despite its
manipulative effect on bifidobacteria concentrations
and SCFA in healthy humans. In addition, the effect of
fiber and/or prebiotic supplementation towards fecal
microbiota and SCFA remain disputable.
CONCLUSION: Fiber helps minimize diarrhea in
patients receiving EN, particularly in non-critically ill
patients. However, the effect of prebiotics in moderating
diarrhea is inconclusive.

Abstract

Key words: Bifidobacteria; Diarrhea; Enteral nutrition;
Fiber; Prebiotics; Short-chain fatty acids

AIM: To investigate fiber and prebiotic supplementation
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fiber was gradually introduced in EN in response to
accumulating evidence of its effects in modulating gut
function and improving immune, blood glucose, and
[12]
serum lipid regulation . A meta-analysis showed that
the introduction of fiber into the enteral formula was
[13]
beneficial in reducing the incidence of diarrhea .
Physiologic effects exerted by the chemical
composition of fiber are determined by its properties:
viscosity, fermentability, and solubility. Fibers also
include prebiotics that are fermentable, which lead to
specific changes in the composition and/or activity of
gut microbiota that benefit the well-being and health
[14]
of the host . For example, prebiotics that include
fructo-oligosaccharides (FOS), oligofructose, and inulin
were shown in multiple human studies to increase the
[15]
concentrations of bifidobacteria . A similar positive
result was also demonstrated in healthy adults when
fiber and oligosaccharides were added to the enteral
[16]
formulas . However, the effect was not clearly observed
[17]
in patients receiving EN containing prebiotics .
[18]
Schneider et al
reported a favorable effect of
fiber on short chain fatty acids (SCFAs). Bacterial
fermentation of the ingested fiber in the colon produces
SCFAs, primarily acetic, propionic and butyric acid.
These SCFAs provide various health benefits to the
host, such as supplying fuel to colonocytes, regulating
proliferation and differentiation of epithelial cells,
increasing colonic blood flow, reducing colonic pH,
stimulating pancreatic secretions, other gut hormones
and the autonomic nervous system, promoting sodium
and water absorption, and possibly affecting gut
[19]
motility .
Currently, there are three reviews investigating
fiber in EN that have reported on the various types
of fiber used, and the effect on healthy individuals
[13,20,21]
and patients
. The aim of this review and metaanalysis was to evaluate recent evidence regarding the
effect of dietary fiber and prebiotic supplementation
in enteral formulas on diarrhea, fecal microbiota, and
SCFAs.

Core tip: Despite the importance of enteral nutrition
(EN) for patients, diarrhea is a common complication
in those receiving EN. Meta-analysis conducted in
this review revealed that fiber supplementation in EN
reduces diarrhea incidence. However, the positive effect
is only seen in stable patients, and is not observed in
critically ill patients. In addition, the effect of fiber and
prebiotic supplementation towards fecal microbiota
and short-chain fatty acids remain disputable due
to the mixed findings. The heterogeneity of study
populations, antibiotics therapies, and variation of
the dosage for fiber and prebiotics likely explain such
outcomes.
Kamarul Zaman M, Chin KF, Rai V, Majid HA. Fiber and
prebiotic supplementation in enteral nutrition: A systematic
review and meta-analysis. World J Gastroenterol 2015;
21(17): 5372-5381 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5372.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5372

INTRODUCTION
Enteral nutrition (EN) is a beneficial support given
to patients who are malnourished or at risk for
malnutrition via oral nutritional supplements or tube
feeding. Provision of nutrition through EN helps to
[1]
maintain gut function by preventing mucosal atrophy ,
[2]
reducing endotoxin translocation , and preserving gut
[3]
immunity . However, despite its importance, diarrhea
remains a common complication, affecting 2%-95% of
[4]
patients who consume EN , with a higher incidence in
[5]
critical care settings , depending on subjects and how
[6]
diarrhea is defined . Diarrhea not only inconveniences
patients and their caretakers, but it also contributes to
negative clinical consequences.
There are a number of factors involved in the
pathogenesis of diarrhea during EN, including enter
opathogenic infection, use of antibiotics, and altered
[4]
physiologic response . Enteral formulas used in EN
are rich in nutrients and provide an excellent medium
for bacteria proliferation, including pathogens. Poor
handling during the preparation and administration of
[7]
EN can contaminate the feed and cause infection .
Similarly, antibiotic treatment is strongly associated
[8]
with diarrhea in patients receiving EN . In fact,
[9]
antibiotic use alters gut microbiota , which leads to
[10]
increased risk of pathogen overgrowth . In addition,
the EN might also contribute to the occurrence of
diarrhea by altering physiologic responses of the
ascending colon where water is secreted into the
[11]
lumen . Traditionally, formulas used in EN were not
comprised of a fiber component, thus allowing the
gut to rest and preventing tube obstruction. However,

WJG|www.wjgnet.com

MATERIALS AND METHODS
Literature search

Literature published between January 1990 to June
2014 that described the effect of EN supplemented
with fiber on diarrhea, fecal microbiota, and SCFAs
were systematically identified by searching MEDLINE,
EMBASE, The Cochrane Library, CINAHL, Academic
Search Premier and Web of Science databases. The
following keywords and MeSH terms were used:
artificial nutrition/feeding, nutritional support, enteral
alimentation/formula, tube feeding, chemically defined
diets, sips feeds, oral nutritional supplements, nutrition
therapy, and dietary supplements. Additionally, fiber/
fibre and specific types of fiber terms were searched
individually: roughage, wheat brans, oligosaccharides,
oligofructose, inulin, fructo-oligosaccharides, nonstarch polysaccharides, soy polysaccharides, lignin,
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resistant starch, pectin, arabic gum, pectin, guar
gum acacia gum, cellulose, pea fiber, oat, inulintype fructans, and prebiotics. Lastly, local journals,
follow-up reference lists of key papers, and relevant
reviews were also hand-searched to locate additional
publications that were not accessible through electronic
databases.

score representing studies of better quality. The SIGN
Critical Appraisal of The Medical Literature implements
the Grading of Recommendations Assessment, Deve
lopment and Evaluation approach within its guideline
[23]
development . The quality assessment for controlled
trials in SIGN incorporates ten items: focused research
question, randomization, adequate concealment, blinding
of subjects and investigators, similar group characteristics,
methodology of measuring relevant outcomes, study drop
out, intention to treat analysis, and comparable results
for multicenter research. Studies were assigned to one of
three groups (high quality, acceptable or unacceptable)
based on the methodology quality to minimize bias.

Study selection

Two reviewers independently assessed potentially
relevant articles for eligibility after eliminating
duplications. The selection of articles underwent three
stages: selection based on titles, followed by abstract
consideration, and finally by assessing the full text.
Disagreements were resolved through discussion.
Inclusion criteria for this review were: (1) primary
research of randomized controlled trial (RCT), nonRCT studies, and observational cohort study designs;
(2) studies conducted on adult patients of any health
or nutritional status receiving EN; (3) studies assessing
effects of fiber in EN on diarrhea and/or fecal microbiota
and/or SCFAs; and (4) studies conducted from January
1990 to June 2014. Exclusion criteria included studies
that: (1) did not use enteral formula as the sole or main
source of nutrients, either orally or through a tube;
(2) involved supplementation of synbiotics (prebiotics
and probiotics) in the enteral formula; and (3) involved
animal or in vitro experiments or were case control and
cross-sectional studies, review articles or dissertations.
This review also was limited to published and available
full articles in the English language.

Statistical analysis

Binary outcomes were combined using the MantelHaenszel method with results presented as odds ratios
(ORs) and 95%CIs. An OR > 1 indicates that fiber
supplementation in EN is associated with higher odds
of outcome, i.e., diarrhea. Statistical heterogeneity
2
was evaluated using the I statistic, an estimation of
variation in the effect of treatment beyond chance. An
2
I > 50% was regarded as substantial heterogeneity,
in which case a random effects model was used with
subgroup analysis, otherwise a fixed effects model was
used. A visual appraisal of a Funnel plot was used to
indicate the possibility of publication bias. A P < 0.05
was considered as statistically significant.

RESULTS
The literature search identified 538 records. Forty-one
studies were retrieved after excluding duplicates and
titles that were not relevant to the research questions.
A flow diagram describing the selection of studies is
shown in Figure 1. Twenty-two experimental studies
and four observational cohort studies that met the
[17,18,24-47]
inclusion criteria were used for this review
.
Characteristics of these studies are presented in
Table 1. Eight studies were conducted on critically
ill patients, 16 in mixed wards inclusive of medical,
surgical and geriatrics wards, two in outpatient
clinics, and two included studies did not explicitly
mention the departments/units where the patients
were hospitalized. SIGN methodological assessment
classified two studies as unacceptable, which were
therefore not used in this review.
Most studies that investigated fiber supplementation
in EN used soy polysaccharide (n = 7), followed by
mixed fiber (n = 6), partially hydrolyzed guar gum
(n = 3), psyllium (n = 3), oat and soy fiber (n =
2), FOS (n = 1), inulin (n = 1), banana flakes (n =
1), and galactomannan (n = 1); one study did not
mention the type of fiber used. Fiber was administered
as an integrated component of the enteral formula
in 14 studies, and added as supplementation in 10
studies. Two studies used fiber containing enteral
formula with additional fiber supplementation as part

Data extraction and outcome measures

Following the initial search, reference lists were
imported to reference manager software (EndNote
version 7.1; Thomson Reuters Corp., New York, NY,
United States). Two reviewers extracted the data from
each selected study, including: population descriptions
(location, inclusion and exclusion criteria, method of
recruitment, and consent), methodology (aim, design,
study duration, and ethical approval), risk of bias
assessment, participants (number of randomized,
withdrawals and exclusions, and characteristics of the
study participants), interventions (timing and delivery
of EN, formula used, and fiber dosage and type), and
outcomes (diarrhea incidence, fecal microbiota, and
SCFA concentrations).

Quality assessment

Two reviewers independently assessed the methodological
quality of the included studies using the Jadad Scale
for Reporting Randomized Controlled Trials and the
Scottish Intercollegiate Guidelines Network (SIGN)
Critical Appraisal of The Medical Literature; disputes were
resolved by discussion. The Jadad Scale considers criteria
relating to randomization, blinding, withdrawals, and
[22]
dropouts . Scores ranging from 0 to 5 were given
based on fulfillment of criteria addressed, with a higher
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529 records identified through database searching
(MEDLINE, EMBASE, Cochrane Library, CINAHL, Academic Search Premier, Web of Science)

447 records after duplicates
removed

9 additional records identified
through other sources

456 records screened on basis
of title and/or abstract

415 records excluded due to:
Irrelevant reports
Animal/in vitro studies
Review/meta-analysis
Subjects were children
Subjects were healthy people

41 full-text articles assessed
for eligibility

26 studies included in
qualitative synthesis

15 full-text articles excluded due to:
Full text not available
Full text in foreign language
Study design
No outcome measured
Intervention was synbiotics
Subjects not on exclusive EN
Poor methodology quality

14 studies included in quantitative
synthesis (meta-analysis)

Figure 1 Flow diagram of included and excluded studies for the systematic review. EN: enteral nutrition.
[17,28]

of the intervention
, for which diarrhea incidence
among adult patients receiving EN ranged from 10.5
to 90.0%. There was variability in the definition of
diarrhea among studies, taking into account partly or
all of the stool properties: volume, consistency, and
frequency. Diarrhea definitions were based on diarrhea
score, number of liquid stools per day and/or volume,
number of loose or watery stools, with a scale based on
consistency and frequency, and use of stool chart, i.e.,
Bristol and King’s stool chart.
Fourteen experimental studies with data on
diarrhea incidence during EN (fiber-containing EN
vs fiber-free EN) were included for meta-analysis.
As shown in Figure 2, pooling of the studies under
a random effects model confirmed the protective
effect of fiber in reducing incidence of diarrhea
among adult patients requiring EN (P < 0.01).
Subgroup analysis was conducted due to statistically
2
significant heterogeneity of the data (I = 54%).
The analysis revealed homogeneity among studies
2
conducted in non-critically ill patients (I = 28%), but
studies conducted among critically ill patients were
2
heterogeneous (I = 52%). Additionally, a positive
effect of fiber supplementation during EN on reducing
the incidence of diarrhea was not seen in the critically
ill patients, but was significant in the non-critically ill

WJG|www.wjgnet.com

patients (P < 0.01).
Asymmetry presentation of the funnel plot in Figure
3 revealed that inter-study heterogeneity existed and
this may be an indication of potential publication bias.
Of the 26 studies investigating the effect of fiber in
EN on the three main outcomes, only eight studies
had prebiotics in the intervention. An additional metaanalysis failed to indicate any protective effect of
prebiotic supplementation in EN against the incidence
of diarrhea (Figure 4).
The effect of fiber supplementation in EN to
wards fecal microbiota was only investigated in
[17,18,40,44]
four studies
(Table 2). Only one study had
shown a significant increase in total bacteria when
patients were given fiber (mixed fiber with prebiotics)[18]
supplemented EN . Likewise, the same study found no
changes in regard to the composition of the dominant
bacteria group (gram positive/negative, aerobic and
anaerobic). On the contrary, the study by Nakao et
[40]
al
reported a significant decrease in aerobic bacteria
with galactomannan supplementation. There were no
reports of significant changes in fecal bifidobacteria
concentrations in patients receiving fiber-supplemented
[17,18,44]
EN
.
Five studies investigated the effect of fiber
[17,18,34,40,46]
supplementation in EN on SCFAs
(Table
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Table 1 Characteristics of included studies (1990-2013)
Ref.

Study design

Dobb et al[24], 1990
Shankardass et al[25], 1990

Guenter et al[26], 1991
de Kruif et al[27], 1993
Collier et al[28], 1994

Homann et al[29], 1994
Zarling et al[30], 1994

Reese et al[31], 1996

Heather et al[32], 1991

Belknap et al[33], 1997

Sobotka et al[34], 1997

Emery et al[35], 1997
Khalil et al[36], 1998

Cockram et al[37], 1998

Schultz et al[38], 2000

Spapen et al[39], 2001

Nakao et al[40], 2002
Rushdi et al[41], 2004
Vandewoude et al[42], 2005

Schneider et al[18], 2006

Shimoni et al[43], 2007

Wierdsma et al[44], 2009

Chittawatanarat et al[45], 2010

Study population

Double-blind
RCT
Double-blind,
cross-over RCT

91 adult patients in ICU, The Royal
Perth Hospital, Australia
28 long-term EN patients, Multicenter:
Chedoke-McMaster Hospital, Queen
Elizabeth Hospital, Riverdale Hospital,
Sunnybrook Medical Centre, University
of Toronto, Toronto, Ontario, Canada
Non-RCT
100 ICU patients, Graduate Hospital
Pennsylvania, United States
RCT
60 surgical patients, University Hospital,
Netherlands
Pre-post
57 surgical patients, Regional Medical
observational
Centre, Memphis Tennessee, United
study
States
Double-blind
100 surgical and medical patients,
RCT
Germany
Cross-over RCT 10 recovering stroke patients, Extended
Care facilities, Hines VA Hospital,
Illinois, United States
Double-blind
80 surgical patients (head and neck
RCT
cancer), University of Iowa Hospital,
United States
RCT

Dose and type of fiber

Study duration

SIGN
category

Jadad
score

High
quality
Acceptable

4

Soy polysaccharide, 14.4 Not mentioned Acceptable
g/L
Soy polysaccharide, 20
5d
Acceptable
g/L
Soy polysaccharide, 21 Not mentioned
NA
g/L

0

Soy polysaccharide, 21 Max of 18 d/
g/L
discharge ICU
Soy polysaccharide, 12.8
12 wk
g/1000 kcal

5376

3
0

Partially hydrolyzed
guar gum, 20 g/L
Oat and soy fiber, 14.4
g/L

10 d

Acceptable

2

23 d

Acceptable

2

Soy polysaccharide, 7 or
14 g/L

Until patient
changed
to oral/
discharged
6d

High
quality

5

Acceptable

2

Acceptable

3

Acceptable

0

Acceptable

0

Acceptable

2

Acceptable

2

High
quality

4

High
quality

4

Acceptable

0

High
quality
Acceptable

5

High
quality

3

Acceptable

1

Acceptable

3

High
quality

4

49 mixed wards patients, Portland
Psyllium, 15 g/d
Veterans Affairs Medical Centre,
Portland, United States
RCT
60 medical, surgical, and ICU patients,
Psyllium hydrophilic
7d
Department of Veterans Affairs Medical
mucilloids, 14 g/d
Center, Oklahoma, United States
Single-blind,
9 patients, Charles University, Hradec
Inulin 15 g/L
2 wk
pre-post single
Krdlove, Czech Republic
group trial
RCT
31 ICU patients, Pennsylvania Hospital, Banana flakes, 1.5 g/d
7d
United States
Single-blind 16 surgical patients, National University
Oat and soy
10 d
RCT
Hospital, Singapore
polysaccharides, 14.4
g/L
Single-blind
79 hemodialysis patients from three
FOS, 15.4 g/L
3 wk
RCT
outpatients hemodialysis clinics, United
States
Double-blind, 44 critically ill patients, Maine Medical Mixed fiber1 and pectin,
9d
2 × 2 factorial
Center, Portland, United States
up to 17 g/d, inclusive
RCT
of 10 g/L FOS
Double-blind,
25 critically ill patients, Academic
Partially hydrolyzed
21 d/
RCT
Hospital, Vrije, Brussels, Belgium
guar gum, 22 g/L
withdrawal of
EN
Pre-post single 20 geriatric patients, Nagoya University Galactomannan, 7-28
6 wk
group trial
Hospital, Japan
g/d
Double-blind
20 critically ill patients, Teaching
Guar gum, 22 g/L
4d
RCT
Hospital, Cairo University, Egypt
RCT
172 geriatric patients, Universitair
Mixed fiber2, 30 g/d Not mentioned,
Centrum Geriatrie, Belgium
inclusive of inulin
measured
weekly
Double-blind,
15 long-term EN patients, University
Mixed fiber3, 15 g/L
5 wk
cross-over, RCT
Hospital, Nice, France
inclusive of 3.45 g/L of
FOS
Non-RCT
148 elderly patients from
Soy polysaccharides,
5d
general internal medicine wards,
13.6 g/1000 kcal
Gastroenterology Laniado Hospital,
Natanyia, Ramat Aviv, Israel
Double-blind 19 patients, Outpatients Clinic of the VU Mixed fiber1, 17.6 g/L
8 wk
RCT
University Medical Centre, Amsterdam, inclusive of 7 g of FOS
The Netherlands
Double-blind
34 septic patients in ICU, Maharaj
Mixed fiber2, 15.1 g/L
14 d, ≥ 5 d
RCT
Nakorn Chiang Mai Hospital, Thailand inclusive of 5.3 g of FOS
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Kato et al[46], 2012
Bittencourt et al[47], 2012

Majid et al[17], 2013

Pre-post single
15 patients from medical wards of
group trial
Kameyama Kaisei Hospital, Japan
Sequential and 110 adult patients, São Joaquim Hospital
observational
of Beneficência Portuguesa, Brazil
study
Double-blind
22 critically ill patients, Guy’s and
RCT
St Thomas’ NHS Foundation Trust
and King’s College Hospital NHS
Foundation Trust, London, United
Kingdom

Psyllium, 5.2 g/d

4 wk

Acceptable

0

Soluble and insoluble
fiber3, 15 g/L

≥5d

NA

0

Mixed fiber4, 15 g/L
and additional 7 g/d
oligofructose/inulin

7-14 d

High
quality

5

1

Oat, soy polysaccharide, gum arabic, cellulose, and FOS; 2Cellulose, hemicellulose A, pectin, hemicellulose B, and inulin; 3Cellulose, lignin, hemicellulose,
pectin, and FOS; 4Soy polysaccharide, alpha-cellulose, arabic gum, inulin, oligofructose, and resistant starch. EN: Enteral nutrition; FOS: Fructooligosaccharides; ICU: Intensive care unit; RCT: Randomized controlled trial; SIGN: Scottish Intercollegiate Guidelines Network; NA: Not available.

Table 2 Studies investigating the effect of fiber supplementation in enteral nutrition on fecal microbiota
Ref.
Nakao et al[40], 2002
Schneider et al[18], 2006

Wierdsma et al[44], 2009

Majid et al[17], 2013

Total microbiota
Dominant group
count
No change
↓ in aerobic bacteria
↑
No change in composition of
aerobic and anaerobic, gram
positive and gram negative
bacteria
Not measured

No change

Not measured

No change

Bifidobacteria

Others

Not measured
No change

Not measured
↑ in the numbers of enterococci at the
end of the fiber-free EN

↓ In patients compared to healthy
controls
Concentration remained stable in
the FOS group but ↓ in the non-FOS
group during intervention
No change

↑ in the numbers of bacteroides at the
end of the mixed fiber EN
Not measured

↓ Faecalibacterium prausnitzii and
Bacteroides-Prevotella in the prebiotics
group

EN: Enteral nutrition; FOS: Fructo-oligosaccharides.

Table 3 Studies investigating the effect of fiber supplementation in enteral nutrition towards short-chain fatty acids
Ref.

Total SCFA

Acetate

Propionate

Butyrate

Sobotka et al[34], 1997
Nakao et al[40], 2002
Schneider et al[18], 2006
Kato et al[46], 2012
Majid et al[17], 2013

No change
No change
↑
↑
No change

No change
↑
↑
↑
No change

No change
↑
No change
No significant amount detected
No change

No change
No change
↑
No significant amount detected
No change

EN: Enteral nutrition; SCFA: Short-chain fatty acid.

3). Fiber supplementation increased total SCFA in
[18,46]
two studies
, whereas three studies found no
[17,34,40]
changes in the SCFA concentration
. In addition,
prebiotic supplementation in EN did not increase the
[17,34]
concentration of SCFA
, with the exception of one
[18]
positive result .

emerged as the most extensively studied fiber in EN
for patients. Likewise, it is also the most common
fiber added in the enteral formula. The mechanisms
of action for minimizing diarrhea incidence include the
[48]
[49]
ability of fiber to hold water , increase bulk , and
[12]
improve gut barrier function . However, this effect of
[13]
fiber varies based on the type of patients studied .
Subgroup analysis conducted in this current review
shows that the incidence of diarrhea was only reduced
in non-critically ill patients, consistent with previous
[13,21]
reviews
. It is possible that the severity of illness
and the antibiotics therapy undertaken by the critically
ill patients counters the beneficial effect of fiber
supplementation. The use of antibiotics or antifungal
drugs is an independent factor that contributes to

DISCUSSION
The results of this updated meta-analysis of pro
spective studies confirm previous evidence showing
that fiber supplementation decreases diarrhea
[13]
incidence for adult patients requiring EN . The dosage
of fiber used in the included studies ranged from 5.2
[41,46]
to 39.0 g/d
. In this review, soy polysaccharide
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Fiber
Fiber-free
Odds ratio
Study or subgroup
Events Total Events Total Weight M-H, Random, 95%CI
1.3.1 critically Ⅲ patients
Belknap et al , 1997
8
37
7
23
6.9%
0.63 [0.19, 2.06]
Chittawatnarat et al , 2010
4
17
8
17
5.6%
0.35 [0.08, 1.51]
Dobb and Towler, 1990
16
45
13
46
8.3%
1.40 [0.58, 3.40]
Guenter et al , 1991
13
50
17
50
8.5%
0.68 [0.29, 1.61]
Schultz et al , 2000
1
11
1
11
2.3%
1.00 [0.05, 18.30]
Schultz et al , 2000
4
11
1
11
3.1%
5.71 [0.52, 62.66]
Schultz et al , 2000
6
11
1
11
3.1%
12.00 [1.12, 128.84]
Spapen et al , 2001
6
13
11
12
3.2%
0.08 [0.01, 0.79]
Subtotal (95%CI)
195
181 40.9%
0.89 [0.41, 1.92]
Total events
58
59
2
2
2
Heterogeneity: Tau = 0.55; χ = 14.45, df = 7 (P = 0.04); I = 52%
Test for overall effect: Z = 0.29 (P = 0.77)
1.3.2 not critically Ⅲ patients
Cockram et al , 1998
3
26
3
26
4.8%
Collier et al , 1994
6
57
11
51
7.4%
de Kruif et al , 1993
8
30
14
30
7.3%
Homann et al , 1994
2
15
6
15
4.5%
Khalil et al , 1998
1
8
2
8
2.6%
Reese et al , 1996
5
27
11
28
6.6%
Reese et al , 1996
5
25
11
28
6.6%
Sharkandass 1990
6
28
26
28
4.8%
Shimoni et al , 2007
11
41
20
37
8.0%
Shimoni et al , 2007
4
37
10
33
6.4%
Subtotal (95%CI)
294
284 59.1%
Total events
51
114
2
2
2
Heterogeneity: Tau = 0.18; χ = 12.54, df = 9 (P = 0.18); I = 28%
Test for overall effect: Z = 4.60 (P < 0.00001)

1.00
0.43
0.42
0.23
0.43
0.35
0.39
0.02
0.31
0.28
0.31

[0.18,
[0.15,
[0.14,
[0.04,
[0.03,
[0.10,
[0.11,
[0.00,
[0.12,
[0.08,
[0.19,

Odds ratio
M-H, Random, 95%CI

5.48]
1.26]
1.23]
1.41]
5.98]
1.20]
1.33]
0.11]
0.80]
1.00]
0.51]

Total (95%CI)
489
465 100.0%
0.47 [0.29, 0.77]
Total events
109
173
2
2
2
Heterogeneity: Tau = 0.54; χ = 36.81, df = 17 (P = 0.004); I = 54%
Test for overall effect: Z = 3.03 (P = 0.002)
2
2
Test for subgroup differences: χ = 5.13, df = 1 (P = 0.02); I = 80.5%

0.01

0.1
Favors fiber

1

10

100

Favors fiber-free

Figure 2 Meta-analysis of the effect of fiber supplementation in enteral nutrition on incidence of diarrhea.
0

SE (log[OR])

significant implications for health care professionals,
and advocates the use of fiber-containing over fiberfree enteral formulas to other groups of patients.
Prebiotic components of fiber meet three distinct
criteria: (1) are resistant to gastric acidity, hydrolysis
by mammalian enzymes, and gastrointestinal
absorption; (2) can by fermented by intestinal
microbiota; and (3) selectively stimulate the growth
and/or activity of intestinal bacteria associated with
[52]
health and well-being . Our results show that
prebiotic supplementation in enteral formulas did not
minimize the incidence of diarrhea in adult patients
receiving EN. The prebiotic dosage reported by studies
included in this meta-analysis ranged from 5.3 to 15.4
[37,45]
g/L of FOS
. Two of the three studies included in
the meta-analysis were conducted in an intensive care
unit setting, which may explain the lack of a significant
benefit from prebiotic supplementation in EN for
diarrhea.
Ingested fiber influences the intestinal microbiota
by providing the required substrate for colonic
fermentation, and consequently assists in microbiota
proliferation. Over the years, reports revealed that the
introduction of prebiotics in healthy humans increases

Subgroups
Critically Ⅲ patients
Not critically Ⅲ patients

0.5

1

1.5

2
0.01

0.1

1

10

100

OR

Figure 3 Funnel plot for the effect of fiber supplementation in enteral
nutrition on incidence of diarrhea.
[50]

higher prevalence of diarrhea in critically ill patients .
Moreover, critically ill patients often suffer from
gastrointestinal dysfunction with abnormal motility
[51]
patterns and impaired barrier integrity . Although
the potential benefits are not clearly observed in the
critically ill patients, the main finding of this review has
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Prebiotics
Study or subgroup
Events Total
Chittawatnarat et al , 2010
4
17
Cockram et al , 1998
3
26
Schultz et al , 2000
6
11
Schultz et al , 2000
1
11

Prebiotics-free
Events Total Weight
8
17
32.7%
3
26
29.4%
1
11
21.3%
1
11
16.6%

Total (95%CI)
65
65 100.0%
Total events
14
13
2
2
2
Heterogeneity: Tau = 1.12; χ = 6.28, df = 3 (P = 0.10); I = 52%
Test for overall effect: Z = 0.25 (P = 0.81)

Odds ratio
M-H, Random, 95%CI
0.35 [0.08, 1.51]
1.00 [0.18, 5.48]
12.00 [1.12, 128.84]
1.00 [0.05, 18.30]

Odds ratio
M-H, Random, 95%CI

1.20 [0.28, 5.14]
0.01

0.1

1

Favors prebiotics

10

100

Favors prebiotics-free

Figure 4 Meta-analysis of the effect of prebiotics supplementation in enteral nutrition on incidence of diarrhea.

the concentrations of bifidobacteria when EN is given
[16]
as the sole source of nutrition . However, the effect of
fiber and prebiotic supplementation on fecal microbiota
in adult patients receiving EN could not be concluded
[17,18,40,44]
due to conflicting findings
. These inconsistent
results might be due to the heterogeneity of study
populations, e.g. the inclusion of stable and critically ill
patients. Additionally, concurrent use of antibiotics with
EN might alter the colonic microbiota composition.
Most antibiotics alter the bacterial composition of gut
microbiota as reflected by the suppression of anaerobic
bacteria and an increased incidence of Clostridium
[10]
difficile-associated diseases . However, by controlling
the confounding factor, antibiotics therapy remains
difficult, as it is part of a medical treatment received
by patients who are critically ill. The range of prebiotics
dosages (5.20-13.75 g/d) may also have contributed
to the lacking of a bifidogenic effect. Healthy
people require 10 g of prebiotics to increase fecal
[53]
bifidobacteria concentration , thus patients might
require a higher dosage to exert such an effect. Most
studies that investigated prebiotics were conducted in
patients receiving EN supplemented with a mixture of
various types of fiber (inclusive of prebiotics) instead
of a single source of fiber; only two studies used FOS
[34,37]
as its sole source of fiber in the intervention
.
Due to the limited numbers of RCTs, a meta-analysis
investigating the role of fiber, specifically prebiotics on
fecal bifidobacteria, other microbiota, and SCFAs, could
not be conducted.
Fermentation of fiber yields SCFAs, which are a
source of nutrients for colonic mucosal cells. Therefore,
the luminal acidity produced by the increased
concentrations of SCFAs helps maintain an environment
with a low pH for the colonic microbiota, subsequently
[19]
preventing an enteropathogenic infection . While
provision of fermentable fiber increases SCFAs in healthy
[54]
humans , mixed results emerged in this review for
studies investigating the effect of fiber supplementation
in EN in patients. Despite two studies displaying no
changes in SCFA concentrations, a significant increase in
SCFA concentrations was observed in studies conducted
on stable patients (geriatrics, long-term EN, and
[18,40,46]
medical patients)
. Similarly, supplementation of
fiber in EN given to the critically ill patients did not cause
[17]
an increase in the SCFA concentration . According to
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a recent study, critically ill patients suffered from a low
SCFA concentration as compared to healthy individuals,
possibly due to the reduction in total obligate anaerobes
[55]
throughout the intensive care unit admission .
Moreover, fiber fermentation varies depending on the
[56]
source of fibers used in the studies ; different fibers
yield different concentrations of total SCFA.
The main limitation of this review is the hetero
geneity of the patients, such as the inclusion of
patients with varying severity of illness, mainly the
critically ill and the non-critically ill patients, and
the use of antibiotics, which could confound the
results. However, these factors are inevitable when
conducting research in patients. Secondly, this review
also lacks uniformity with regard to the definition
[57,58]
of diarrhea
, for which objective and subjective
considerations might influence the results of the
studies in terms of the incidence of diarrhea. As such,
the use of a validated tool in defining diarrhea should
be considered in future research. Some studies were
excluded from the meta-analysis, as the definition
of diarrhea was not mentioned explicitly despite
indicating a measurable outcome. Lastly, this review
only incorporates publications written in English, and
therefore may introduce language bias to the review.
This systematic review demonstrates that fiber
assists in minimizing diarrhea in adult patients
receiving EN, particularly those who are not critically ill.
However, prebiotics (part of the fiber component) may
not provide the same impact as fiber based on current
evidence. Therefore, the alteration of microbiota and
SCFAs using fiber and/or prebiotics in minimizing
diarrhea remains inconclusive.

COMMENTS
COMMENTS
Background

Enteral nutrition (EN) provides nutrients crucial for patient recovery. However,
diarrhea is one of the common complications of EN. Fiber supplementation in
EN has been shown to regulate bowel function. The undigested fiber increases
proliferation of colonic microbiota, including bifidobacteria, and its fermentation
yields short chain fatty acids (SCFAs), which enhance the absorption of water
and sodium in the colon.

Research frontiers

Even though fiber is considered to improve diarrhea during EN, the effect of
prebiotics remains unknown. To the best of our knowledge, this is the first
systematic review to investigate the effect of both fiber and prebiotics in
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minimizing diarrhea in EN. Additionally, the impact of fiber supplementation in
EN on fecal microbiota and SCFA was also explored.

Innovations and breakthroughs

11

Fiber added in EN has been shown to reduce the incidence of diarrhea in noncritically ill, tube-fed patients. This effect can be due to alterations in SCFAs
and colonic microbiota. However, such an effect was not seen if prebiotics
are added in EN, despite the fact that prebiotics increase bifidobacteria
concentrations in healthy human subjects who consumed at least 10 g/d. Thus,
the evidence to support the use of fiber and/or prebiotics in the manipulation of
fecal microbiota and SCFA in patients receiving EN is limited.

12

Applications

13

Terminology

14

Fiber-containing enteral formulas should be considered for patients receiving
EN to help minimize diarrhea, and the use of prebiotics as first-line feeding
management requires further scientific evidence.
Prebiotics are selectively fermented ingredients that allow specific changes,
both in the composition and/or activity of the gut microbiota, thereby conferring
benefits upon host well-being and health.

Peer-review

This is a good review in which the authors conducted meta-analyses of the
effects of fiber or prebiotic supplementation on diarrhea observed in patients
receiving EN. It was concluded that fiber alleviates diarrhea in non-critically ill
patients, and prebiotics may not provide the same impact as fiber, based on
the current evidence. The results are interesting and suggest that the alteration
of microbiota and SCFAs using fiber and/or prebiotics in minimizing diarrhea
remains inconclusive.
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Proton pump inhibitors in prevention of low-dose
aspirin-associated upper gastrointestinal injuries
Chen Mo, Gang Sun, Ming-Liang Lu, Li Zhang, Yan-Zhi Wang, Xi Sun, Yun-Sheng Yang
METHODS: We searched MEDLINE, EMBASE and the
Cochrane Controlled Trials Register from inception to
December 2013, and checked conference abstracts of
randomized controlled trials (RCTs) on the effect of
PPIs in reducing adverse GI events (hemorrhage, ulcer,
perforation, or obstruction) in patients taking LDA.
The preventive effects of PPIs were compared with the
control group [taking placebo, a cytoprotective agent,
or an H2 receptor antagonist (H2RA)] in LDA-associated
upper GI injuries. The meta-analysis was performed
using RevMan 5.1 software.
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RESULTS: We evaluated 8780 participants in 10 RCTs.
The meta-analysis showed that PPIs decreased the risk
of LDA-associated upper GI ulcers (OR = 0.16; 95%CI:
0.12-0.23) and bleeding (OR = 0.27; 95%CI: 0.16-0.43)
compared with control. For patients treated with dual
anti-platelet therapy of LDA and clopidogrel, PPIs were
able to prevent the LDA-associated GI bleeding (OR =
0.36; 95%CI: 0.15-0.87) without increasing the risk
of major adverse cardiovascular events (MACE) (OR =
1.00; 95%CI: 0.76-1.31). PPIs were superior to H2RA
in prevention of LDA-associated GI ulcers (OR = 0.12;
95%CI: 0.02-0.65) and bleeding (OR = 0.32; 95%CI:
0.13-0.79).
CONCLUSION: PPIs are effective in preventing LDAassociated upper GI ulcers and bleeding. Concomitant
use of PPI, LDA and clopidogrel did not increase the
risk of MACE.
Key words: Proton pump inhibitor; Low dose aspirin;
Peptic ulcer; Gastrointestinal bleeding; Meta-analyses;
Randomized controlled trial

Abstract

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

AIM: To determine the preventive effect and safety
of proton pump inhibitors (PPIs) in low-dose aspirin
(LDA)-associated gastrointestinal (GI) ulcers and
bleeding.

WJG|www.wjgnet.com

Core tip: Ten randomized controlled trials on the preventive
effect and safety of proton pump inhibitors (PPIs) in
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low-dose aspirin (LDA)-associated gastrointestinal tract
injuries were included in this meta-analysis. Based on
the data collected and presented, the authors conclude
that PPIs are effective in preventing LDA-associated
upper gastrointestinal tract ulcers and bleeding, without
increasing the risk of major adverse cardiovascular events.
The findings further confirm and extend the observations
already published.

and upper gastrointestinal bleeding, and the incidences
of the major adverse cardiovascular events (MACE)
and diarrhea in the 2 groups were observed. Only
studies published in English were included.

Exclusion criteria

Non-RCTs, cohort studies, case-control studies,
pharmacokinetic experiments and case reports were
excluded from this study.

Mo C, Sun G, Lu ML, Zhang L, Wang YZ, Sun X, Yang YS.
Proton pump inhibitors in prevention of low-dose aspirinassociated upper gastrointestinal injuries. World J Gastroenterol
2015; 21(17): 5382-5392 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i17/5382.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5382

Search strategy

We conducted a comprehensive literature search of
MEDLINE and EMBASE databases, and the Cochrane
Central Register of Controlled Trials (CENTRAL) from
their inception to December 31, 2013. The following
keywords were used: aspirin, acetylsalicylic, low-dose
aspirin, LDA, proton pump inhibitor, PPI, esomeprazole,
pantoprazole, omeprazole, rabeprazole, lansoprazole,
and randomized controlled trial. The search strategy for
MEDLINE was as follows: (1) aspirin OR acetylsalicylic
OR low-dose aspirin OR LDA; (2) proton pump
inhibitor OR PPI OR omeprazole OR esomeprazole OR
lansoprazole OR pantoprazole OR rabeprazole; and (3)
controlled trial; and (4) #1 AND #2 AND #3.

INTRODUCTION
With the wide use of low-dose acetylsalicylic acid
(LDA) for the primary and secondary prevention of
cardiovascular and cerebrovascular diseases, the
incidence of LDA-associated upper gastrointestinal
(GI) injuries, including gastric mucosal erosions,
peptic ulcers, and bleeding has been increasing. The
American College of Cardiology Foundation (ACCF),
American College of Gastroenterology (ACG), and
American Heart Association (AHA) established an
expert consensus document on reducing the GI risks
of anti-platelet therapy and NSAID use in 2008, and
indicated that proton pump inhibitors (PPIs) were the
preferred agents for the treatment and prophylaxis of
[1]
NSAID- and LDA-associated GI injuries .
There have been several randomized controlled
trials (RCTs) and observational studies to verify the
effect of PPIs on the prevention of LDA-associated GI
injuries, but there has been no meta-analysis on this
subject to date. This meta-analysis aims to determine
the preventive effect and safety of PPIs against LDAassociated GI ulcers and bleeding, and to provide the
best evidence for clinical practice.

Study selection

In this meta-analysis, we aimed to evaluate the
preventive effect of PPIs against GI injuries in longterm LDA users, therefore, we did not include
pharmacokinetic studies, and studies with short-term
or intermittent use of LDA. Two independent reviewers
(Mo C and Lu ML) used a predefined relevance criteria
form to screen the studies. After scrutinized the
title and abstract, papers not meeting the inclusion
criteria and duplicate papers were eliminated. The
remaining full-text papers were screened for inclusion.
Discrepancies were resolved through discussion with a
third reviewer (SG).

Data extraction

Data were extracted after reading the full-text. Two
independent reviewers (Mo C and Lu ML) extracted the
data. A third independent reviewer (Sur G) reviewed the
data abstraction and resolved any discrepancies. When
multiple publications reported the data from the same
population, the trial reporting the primary outcome of
interest was considered the major publication.

MATERIALS AND METHODS
Methods

This systematic review was performed based on the
Preferred Reporting Items for Systematic Reviews and
[2]
Meta-Analyses (PRISMA) statement revised in 2009 .

Data items

The extracted data included the following items:
authors and publication year, the country or region of
the study, medical condition or risk factor, sample size,
intervention measures, GI ulcer or bleeding events,
adverse events including cardiovascular events and
diarrhea, and statistical methods.

Eligibility criteria

Patients eligible for inclusion were adults (aged ≥
18 years) who used LDA for at least 2 continuous
weeks. RCTs were included regardless of the combined
medication used, medical condition, and comorbidities
in the patients. Oral PPIs were used in the experimental
group and placebo, cytoprotective agents or histamine
2 receptor antagonists (H2RA) were used as the
controls. The incidences of LDA-related peptic ulcer

WJG|www.wjgnet.com

Risk of bias in individual studies

Risks of bias in individual studies were assessed using
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157 titles found in
medline

16 titles found in
EMBASE

58 titles found in
Cochrane Central register
of controlled trials

Duplicated
68 studies
163 titles for preliminary screening
Excluded
31 studies investigated non-aspirin NSAIDs
17 studies investigated ulcers with no relation to LDA or NSAIDs
15 studies investigated esophagus or intestinal injuries
23 studies investigated GERD treatment
21 pharmacokinetic experiments
56 remaining articles

Excluded
21 studies were not RCTs
11 studies investigated the therapy effect of PPI
14 studies without providing data for GI endpoints

10 articles with RCTs design,
in English language, included
in the final analysis

Figure 1 Flow chart of the meta-analysis, summarizing retrieved, included and excluded studies. LDA: low-dose aspirin; NSAID: nonsteroidal antiinflammatory drug; RCT: randomized controlled trials; GI: gastrointestinal.

the Cochrane Risk of Bias tool. This tool assesses six
domains of bias: sequence generation (low risk, high
risk, and unclear risk of bias), allocation concealment
(low risk, high risk, and unclear risk of bias), blinding
of outcome assessment (low risk, high risk, and
unclear risk of bias), incomplete outcome data (low
risk, high risk, and unclear risk of bias), selective
outcome reporting (low risk, high risk, and unclear risk
of bias), and other sources of bias (low risk, high risk,
and unclear risk of bias). The two reviewers (Mo C and
Lu ML) assessed study quality independently and the
assessments were verified by the third reviewer (SG).

RESULTS
Study selection

The literature search identified 58 articles in the
Cochrane Controlled Trial Register, 16 articles in
EMBASE and 157 articles in MEDLINE that met the
search criteria. Figure 1 shows the flow chart of the
retrieved studies and studies excluded, with the
reasons for exclusion. Finally, 10 RCTs published in
[3-12]
English were included
. Of these, 5 RCTs compared
[3-6,8]
the preventive effect of PPIs with placebo
; 2
[7,9]
compared PPIs with gefarnate , and 3 compared
[10-12]
PPIs with famotidine
.

Statistical analysis

Study characteristics

For dichotomous data, summary statistics are
expressed as an odds ratio (OR) with 95%CI. A
statistically significant level was considered as α
= 0.05. Statistical heterogeneity in the included
2
studies was examined using I statistics. If P ≥ 0.10
in the heterogeneity test, a fixed effects model was
used for the meta-analysis; if P < 0.10, the sources
of heterogeneity were further investigated. If no
obvious clinical heterogeneity and no clear statistical
heterogeneity occurred, a random effects model was
used for the meta-analysis. If the clinical heterogeneity
was too large, data synthesis was abandoned and
a single analysis used instead. All analyses were
conducted using Review Manager Version 5.1.

All the included studies were published in the United
States or Japan between 2002 and 2012. Demographic
and clinical characteristics of the studies included in this
meta-analysis are summarized in Table 1. The number
of participants in the experimental group ranged from
62 to 1876, and the duration of follow-up from 4 to 52
wk. The PPIs used were esomeprazole, pantoprazole,
omeprazole, rabeprazole and lansoprazole, at doses
ranging from 10 to 40 mg/d. The number of participants
in the control group ranged from 61 to 1885 and the
duration of follow-up from 4 to 52 wk. The drugs used
in the control group included placebo, cytoprotective
agents (gefarnate 100 mg/d) and H2RA (famotidine
20-80 mg/d). The populations varied across the
included RCTs, but all had a high risk of gastrointestinal
[3,7,9,12]
bleeding. Of these studies, 4 RCTs
included

Assessment of publication bias

Publication bias was determined by the funnel plot.

WJG|www.wjgnet.com
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Table 1 Characteristics of the studies included in the meta-analysis
Ref.

Country/ Risk factors
region

Lai et al[3]

Hong
Kong

Yeomans
et al[4]
Bhatt et al[5]

Ren et al[6]

Scheiman
et al[8]
Sugano et al[9]

Sanuki et al[7]

Ng et al[12]

Ng et al[11]

Yano et al[10]

ADAinduced
ulcers
H. pylori
eradicated
10
Aged ≥ 60,
countries without
ulcer
15
Combined
countries
with
clopidogrel
China
Combined
with
clopidogrel
20
H. pyloricountries negative,
high risk
Japan
With a
history of
ulcer
Japan
With a
history of
ulcer
Hong
AspirinKong
related
ulcers/
erosions
Hong
Combined
Kong
with
clopidogrel
Japan
Combined
with
clopidogrel

Ppis
Drug

Control

n

Dose
(mg/d)

Drug

n

Peptic ulcer

UGIB

MACE

Diarrhea

Dose PPI Control PPI Control PPI Control PPI Control
(mg/d)

Lansoprazole

62

30

Placebo

61

-

1

9

0

8

-

-

-

-

Esomeprazole

493

20

Placebo

498

-

8

27

2

4

8

14

-

-

Omeprazole 1876

20

Placebo

1885

-

2

6

8

26

55

54

56

34

Omeprazole

20

Placebo

86

-

-

-

0

2

22

22

-

-

20-40

Placebo

804

-

19

53

1

3

1

1

48

18

86

Esomeprazole 1623

Lansoprazole

226

15

Gefarnate

235

100

6

53

2

9

-

-

19

2

Rabeprazole

176

10-20

Gefarnate

85

100

9

20

0

1

-

-

-

-

Pantoprazole

65

20

Famotidine

65

80

0

6

0

5

-

-

-

-

Esomeprazole

163

20

Famotidine 148

40

1

5

3

12

7

5

-

-

Omeprazole

65

10

Famotidine

20

-

-

3

1

8

11

-

-

65

PPIs: Proton pump inhibitors; UGIB: Upper gastrointestinal bleeding; MACE: Major adverse cardiovascular events; H. pylori: Helicobacter pylori.

the control group (taking placebo, gefarnate and
H2RA). There was no statistical heterogeneity among
2
the research results (I = 0; P = 0.67), and the fixed
effects model was used for the meta-analysis. The
result showed that PPIs were superior to the control
drugs (OR = 0.16; 95%CI: 0.12-0.23) in prevention of
LDA-associated peptic ulcer (Figure 4).
Subgroup analysis was used in different control
groups. Four RCTs compared the incidence of LDAassociated ulcer after a PPI and placebo, 2 after a PPI
and gefarnate, and 2 after a PPI and famotidine. The
results showed that PPIs were superior to placebo
(OR = 0.20; 95%CI: 0.13-0.30), gefarnate (OR =
0.12; 95%CI: 0.07-0.22), and famotidine (OR = 0.12;
95%CI: 0.02-0.65) in prevention of LDA-associated
peptic ulcer (Figure 5).

patients who suffered from ulcer/erosion or with a
[3,8,12]
history of peptic ulcer, 3 RCTs
included Helicobacter
pylori (H. pylori)-negative patients or patients whose
[4,5,7,9]
infection had been eradicated, 4 RCTs
performed
hierarchical analysis according to the infection status
[5,6,10,11]
of H. pylori, 4 RCTs
included patients with acute
coronary syndrome and myocardial infarction who
were treated with dual anti-platelet therapy of PPIs and
[3,4,7,12]
clopidogrel, 4 RCTs
performed endoscopy in the
[5,8,9,11]
patients before and after treatment, and 4 RCTs
only conducted endoscopy after treatment.

Risk of bias within studies

The risks of bias within the 10 studies included in this
meta-analysis are summarized in Table 2 and Figures
2 and 3.

Comparison of preventive effect of PPI and control in
LDA-associated GI bleeding

RESULTS
Comparison of preventive effect of PPIs with control in
LDA-associated ulcer

All 10 included studies reported the incidence of LDAassociated GI bleeding in a PPI group and a control
group. There was no statistical heterogeneity among
2
the research results (I = 0; P = 0.60), and the fixed

Eight of the 10 included studies reported the incidence
of LDA-associated peptic ulcer in the PPI group and

WJG|www.wjgnet.com
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Table 2 Bias risk evaluation of the studies included in the meta-analysis
Ref.

Lai et al[3]
Yeomans et al[4]
Bhatt et al[5]
Ren et al[6]
Scheiman et al[8]
Sugano et al[9]
Sanuki et al[7]
Ng et al[12]
Ng et al[11]
Yano et al[10]

Random
sequence
generation

Allocation
blinding

Blinding of
participants and
personnel

Blinding of
outcome
assessment

Imcomplete
outcome data

Selective
reporting

Other bias

Low risk
Low risk
Low risk
Unclear risk
Low risk
Low risk
Unclear risk
Low risk
Low risk
Low risk

Unclear risk
Unclear risk
Unclear risk
Unclear risk
Low risk
Unclear risk
Unclear risk
Low risk
Low risk
Unclear risk

Low risk
Low risk
Low risk
Unclear risk
Low risk
Low risk
Low risk
Low risk
Low risk
Unclear risk

Low risk
Low risk
Low risk
Unclear risk
Low risk
Low risk
Low risk
Low risk
Low risk
Unclear risk

Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk

Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk

Low risk
Low risk
high risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk

Low risk of bias

Random sequence generation (selection bias)

Unclear risk of bias

Allocation concealment (selection bias)

High risk of bias

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias
0%

25%

50%

75%

100%

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (attrition bias)

Other bias

Blinding of participants and personnel (performance bias)

Figure 2 Risks of bias graph.

Bhatt DL 2010

+

?
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+

+

-

Lai KC 2002

+

?
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+
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Ng FH 2010
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+

+

+

Ng FH 2012
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effects model was used for the meta-analysis. The
result showed that PPIs were superior to the control
drugs (OR = 0.27; 95%CI: 0.16-0.43) in prevention of
LDA-associated GI bleeding (Figure 6).
Subgroup analysis was also used according to
the different control groups. Five RCTs compared the
incidence of LDA-associated GI bleeding after PPI and
placebo, 2 after PPI and gefarnate, and 3 after PPI and
famotidine. The results showed that PPIs were superior
to placebo (OR = 0.26; 95%CI: 0.14-0.49), gefarnate
(OR = 0.21; 95%CI: 0.05-0.86), and famotidine (OR
= 0.32; 95%CI: -0.13-0.79) in prevention of LDAassociated GI bleeding (Figure 7).

Comparison of the incidence of GI bleeding and
cardiovascular adverse events in patients treated with
dual anti-platelet therapy with PPI and with control

Four RCTs reporting dual anti-platelet therapy with
LDA and clopidogrel were included in this meta[5,6,10,11]
analysis
. There were 2190 patients in the
PPI group treated with omeprazole or esomeprazole
and 2184 patients in the control group. There was
2
no statistical heterogeneity between the groups (I
= 30%; P = 0.23) and the fixed effects model was
used for the meta-analysis. The results showed that
PPIs were superior to control drugs (OR = 0.36;
95%CI: 0.15-0.87) in prevention of dual anti-platelet
drug-associated GI bleeding (Figure 8). At the same
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Figure 3 Risks of bias summary.
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Study or subgroup
Bhatt DL 2010
Lai KC 2002
Ng FH 2010
Ng FH 2012
Sanuki T 2012
Scheiman 2011
Sugono K 2011
Yeomans N 2008

PPI
Events Total
2
1876
1
62
0
65
1
163
9
176
19
1623
6
226
8
493

Control
Events Total
6
1885
9
61
6
65
5
148
20
85
53
804
53
235
27
498

Weight
3.0%
4.5%
3.2%
2.6%
12.8%
35.2%
25.4%
13.3%

Total (95%CI)
4684
3781 100.0%
Total events
46
179
2
2
Heterogeneity: χ = 4.89, df = 7 (P = 0.67); I = 0%
Test for overall effect: Z = 10.52 (P < 0.00001)

Odds ratio
M-H, fixed, 95%CI
0.33 [0.07, 1.66]
0.09 [0.01, 0.77]
0.07 [0.00, 1.27]
0.18 [0.02, 1.53]
0.18 [0.08, 0.40]
0.17 [0.10, 0.29]
0.09 [0.04, 0.22]
0.29 [0.13, 0.64]

Odds ratio
M-H, fixed, 95%CI

0.16 [0.12, 0.23]
0.01

0.1

1

Favours PPI

10

100

Favours control

Figure 4 Comparison of the effects of proton pump inhibitors and control drugs in prevention of low-dose aspirin-associated upper gastrointestinal ulcer.
LDA: Low-dose aspirin; PPIs: Proton pump inhibitors.
PPI
Control
Study or subgroup
Events Total Events Total
1.1.1 PPI vs placebo
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4054
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Total events
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2
2
Heterogeneity: χ = 2.10, df = 3 (P = 0.55); I = 0%
Test for overall effect: Z = 7.54 (P < 0.00001)
1.1.2 PPI vs gefarnate
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9
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20
Sugono K 2011
6
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53
Subtotal (95%CI)
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Total events
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2
2
Heterogeneity: χ = 1.08, df = 1 (P = 0.30); I =
Test for overall effect: Z = 6.88 (P < 0.00001)
1.1.3 PPI vs H2RA
Ng FH 2010
0
65
6
Ng FH 2012
1
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5
Subtotal (95%CI)
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Total events
1
11
2
2
Heterogeneity: χ = 0.26, df = 1 (P = 0.61); I =
Test for overall effect: Z = 2.45 (P = 0.01)
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235
320

Weight

Odds ratio
M-H, fixed, 95%CI

3.0%
4.5%
35.2%
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55.9%

0.33 [0.07, 1.66]
0.09 [0.01, 0.77]
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0.29 [0.13, 0.64]
0.20 [0.13, 0.30]

12.8%
25.4%
38.2%

0.18 [0.08, 0.40]
0.09 [0.04, 0.22]
0.12 [0.07, 0.22]

3.2%
2.6%
5.9%

0.07 [0.00, 1.27]
0.18 [0.02, 1.53]
0.12 [0.02, 0.65]

Odds ratio
M-H, fixed, 95%CI

8%

65
148
213
0%

Total (95%CI)
4684
3781 100.0%
0.16 [0.12, 0.23]
Total events
46
179
2
2
Heterogeneity: χ = 4.89, df = 7 (P = 0.67); I = 0%
Test for overall effect: Z = 10.52 (P < 0.00001)
2
2
Test for subgroup differences: χ = 1.95, df = 2 (P = 0.38); I = 0%
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1

10

100
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Figure 5 Comparison of the effects of proton pump inhibitors and 3 different control drugs in prevention of low-dose aspirin-associated upper
gastrointestinal ulcer. LDA: Low-dose aspirin; PPIs: Proton pump inhibitors.

time, no significant difference (OR = 1.00; 95%CI:
0.76-1.31) in cardiovascular adverse events in the
4 RCTs was found between PPI and control drugs
(Figure 9).

DISCUSSION
It has been confirmed that long-term LDA use increases
[13]
the risk of GI injury and bleeding . The mechanism
of LDA-associated GI injuries involves both topical and
[1]
systemic effects, and the latter is the main cause .
Aspirin is a relatively soluble, weak acid which is
deionized and becomes fat-soluble, diffusing back into
the mucosal cells when pH < 3.5. On the other hand,
LDA blocks production of prostaglandins via the COX-1

Publication bias

Funnel plot analysis of the 10 RCTs of PPIs and controls
drugs in the prevention of LDA-associated GI bleeding
indicated an asymmetric distribution that suggested
the presence of publication bias (Figure 10).
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Study or subgroup
Bhatt DL 2010
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Yeomans N 2008

PPI
Events Total
8
1876
0
61
0
65
3
163
0
86
0
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1
1623
2
226
3
65
2
493

Control
Events Total
26
1885
8
61
5
65
12
148
2
86
1
85
3
804
9
235
1
65
4
498

Weight
34.8%
11.4%
7.4%
16.6%
3.3%
2.7%
5.4%
11.8%
1.3%
5.3%

Total (95%CI)
4834
3932 100.0%
Total events
19
71
2
2
Heterogeneity: χ = 7.41, df = 9 (P = 0.60); I = 0%
Test for overall effect: Z = 5.31 (P < 0.00001)

Odds ratio
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0.31 [0.14, 0.68]
0.05 [0.00, 0.91]
0.08 [0.00, 1.55]
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0.16 [0.02, 1.59]
0.22 [0.05, 1.05]
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Odds ratio
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Figure 6 Comparison of the effects of proton pump inhibitors and control drugs in prevention of low-dose aspirin-associated upper gastrointestinal
bleeding. LDA: Low-dose aspirin; PPIs: Proton pump inhibitors.
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0.50
0.26
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0.16 [0.01, 3.96]
0.22 [0.05, 1.05]
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0.08 [0.00, 1.55]
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Odds ratio
M-H, fixed, 95%CI
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[0.09, 2.76]
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65
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65
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60%
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3932 100.0%
0.27 [0.16, 0.43]
Total events
19
71
2
2
Heterogeneity: χ = 7.43, df = 9 (P = 0.59); I = 0%
Test for overall effect: Z = 5.31 (P < 0.00001)
2
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Test for subgroup differences: χ = 0.28, df = 2 (P = 0.87); I = 0%
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1
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Figure 7 Comparison of the effects of proton pump inhibitors and control drugs in prevention of low-dose aspirin-associated upper gastrointestinal
bleeding. LDA: Low-dose aspirin; PPIs: Proton pump inhibitors.

pathway. The inhibition of prostaglandins impairs
protective factors such as gastric acid, pepsin, and bile
salts, resulting in a gastric environment that is more
[1]
susceptible to topical attack . In theory, synthetic
prostaglandin replacement therapy can reduce the GI
toxicity of LDA. In addition, misoprostol has been shown
to be superior to placebo in preventing the recurrence

WJG|www.wjgnet.com

of gastric ulcers among patients with a history of
[14]
gastric ulcer who were receiving LDA and NSAID .
However, misoprostol is associated with side effects
such as diarrhea and abdominal pain that often restrict
its clinical use. Acid suppressors are able to inhibit the
acid secretion, and lower the pH in the stomach, thus
reducing mucosal injury and bleeding complications.
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PPI
Events Total
8
1876
3
163
0
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3
65

Study or subgroup
Bhatt DL 2010
Ng FH 2012
Ren YH 2011
Yano H 2012

Control
Events Total
26
1885
12
148
2
86
1
65

Weight
49.4%
30.2%
7.7%
12.7%

Total (95%CI)
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2184 100.0%
Total events
14
41
2
2
2
Heterogeneity: Tau = 0.25; χ = 4.27, df = 3 (P = 0.23); I = 30%
Test for overall effect: Z = 2.28 (P = 0.02)

Odds ratio
M-H, random, 95%CI
0.31 [0.14, 0.68]
0.21 [0.06, 0.77]
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Figure 8 Comparison of the preventive effects of proton pump inhibitors and control drugs in the dual anti-platelet medication-associated upper
gastrointestinal ulcer. PPIs: Proton pump inhibitors.
PPI
Events Total
55
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7
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8
65
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Ren YH 2011
Yano H 2012

Control
Events Total
54
1885
5
148
22
86
11
65

Weight
58.5%
5.7%
23.9%
11.9%

Total (95%CI)
2190
2184 100.0%
Total events
92
92
2
2
Heterogeneity: χ = 0.74, df = 3 (P = 0.86); I = 30%
Test for overall effect: Z = 0.02 (P = 0.98)

Odds ratio
M-H, random, 95%CI
1.02 [0.71, 1.48]
1.27 [0.41, 3.92]
1.00 [0.60, 1.66]
0.73 [0.31, 1.69]

Odds ratio
M-H, random, 95%CI

1.00 [0.76, 1.31]

0.01

0.1
1
10
100
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Figure 9 Comparison of proton pump inhibitors and control drugs on major adverse cardiovascular events of dual anti-platelet medication. PPIs: Proton
pump inhibitors; MACE: Major adverse cardiovascular events.

0

[17]

esophagitis in patients taking LDA .
The studies in the prevention of LDA-associated
GI injuries have focused on PPIs. The OITA-GF study
indicated that about one-third of asymptomatic
patients taking LDA had been found to have gastric
and duodenal ulcers/erosions during the 3-mo followup, and PPI use was the only independent factor for
gastroduodenal ulcers/erosions (OR = 0.35; 95%CI:
[18]
[19]
[20]
0.14-0.86; P = 0.02) . Chin et al , Ng et al , and
[21]
Yasuda et al
reported that PPI reduced upper GI
bleeding after percutaneous coronary intervention.
[13]
Lanas et al
included 3 RCTs in their meta-analysis
evaluating the preventive effect of PPIs in long-time
LDA users, and concluded that PPIs reduced the risk of
major GI bleeding in patients given LDA (OR = 0.34;
95%CI: 0.21-0.57).
Five RCTs comparing the preventive effect of
PPIs with placebo in LDA users were included in this
meta-analysis, and the result indicated that PPIs
were effective in preventing LDA-associated GI ulcers
compared with placebo.
[22]
Gilard et al
first discovered in an in vitro
experiment that PPI diminished the biological action
of clopidogrel in coronary revascularization patients,
and confirmed in the subsequent RCT that omprazole
decreased the P2Y12 inhibition of clopidogrel
[23]
[24]
significantly . Ho et al discovered in an retrospective
cohort trial that patients with acute coronary syndromes
who used clopidogrel and a PPI concomitantly had an
increased risk of adverse cardiovascular outcomes than
those who used clopidogrel without a PPI (15.5% vs

SE (log[OR])

0.5

1

1.5

2
0.01

0.1

1

10

100

OR

Figure 10 Funnel plot analysis of proton pump inhibitors and control
drugs in prevention of upper gastrointestinal bleeding.

H2RA can prevent LDA-associated GI injuries
[15]
effectively, although data are limited. Nakashima
indicated in a retrospective study that H2RA were
effective for the prevention of LDA-induced peptic
ulcer, similar to the effects of PPIs, compared with
[16]
cytoprotective anti-ulcer drugs. Lanas discovered in
a case control study that H2RA reduced the risk of GI
bleeding induced by LDA and clopidogrel (relative risk:
0.65; 95%CI: 0.50-0.85). The FAMOUS trial evaluated
the effect of a standard dose of famotidine in the
prevention of ulcers and esophagitis induced by LDA,
and concluded that famotidine was effective in the
prevention of gastric and duodenal ulcers, and erosive
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11.9%; OR = 1.49; 95%CI: 1.30-1.71), suggesting
that use of a PPI may be associated with attenuation
of the benefits of clopidogrel with acute coronary
syndromes. In view of the results above, the FDA
suggested in January 2009 that a combination of
a PPI and clopidogrel should be avoided. However,
subsequent clinical trials did not support this suggestion.
[25]
Ray et al
found in a retrospective cohort trial of
20596 patients with coronary heart disease that
concomitant use of a PPI and clopidogrel decreased the
occurrence of GI bleeding (95%CI: 11.7-36.9), and
did not increase MACE (95%CI: 0.82-1.19). GHOST
and FAST-MI trials also concluded that concomitant
use of a PPI and clopidogrel did not increase the risk of
[26,27]
[28]
MACE
. Charlot et al
found that PPIs increased
the risk of MACE in myocardial infarction patients after
discharge whether clopidogrel was used or not, and
indicated that a PPI was the independent risk factor
of MACE. Kwok included 7 observational studies in his
meta-analysis and found that either concomitant use of
a PPI and clopidogrel or sole use of a PPI increased the
risk of MACE. He concluded that a PPI was an important
confounding factor and that the clinical hypothesis of
a PPI-clopidogrel interaction remained to be further
[29]
verified .
Our study included 4 RCTs investigating dual antiplatelet therapy with a PPI and clopidogrel and the
preventive effect of PPIs against GI injuries and the
incidence of MACE. The results showed that PPIs
were able to prevent the dual anti-platelet therapyassociated GI bleeding, and at the same time, PPIs
did not increase the risk of MACE. Our study aimed to
evaluate the preventive effect of PPIs, so the number
of studies we included may be insufficient, selection
bias may exist and the interpretation of the results
needs further verification.
Considering the debate regarding the PPI-clopidogrel
interaction, the ACC/AHA/SCAI consensus indicated that
H2RA may be a reasonable alternative for a lower risk of
[30]
[17]
GI bleeding . The FAMOUS trial suggested that high
dose H2RA may be an alternative to PPI to prevent LDAassociated GI bleeding. However, some scholars doubt
the effects of H2RA and believe that H2RA are inferior to
PPIs in the prevention of LDA-associated GI injuries. The
OITA-GF2 study indicated that lansoprazole (15 mg/d)
was superior to famotidine (40 mg/d) in the prevention
[31]
of LDA-associated GI injuries . Our meta-analysis
included 3 RCTs to evaluate the preventive effects of PPI
and H2RA in LDA-associated ulcers and bleeding, and
the results indicated that PPIs were superior to H2RA in
preventing both ulcers (OR = 0.12; 95%CI: 0.02-0.65)
and bleeding (OR = 0.32; 95%CI: 0.13-0.79). Since
the studies we included are all published in English, the
number of studies is small and selection bias may exist,
and better designed RCTs are needed to support our
results.
Although this study is the first systematic review
regarding the preventive effect of PPIs in LDA-
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associated GI injuries, there are some limitations as
we did not include studies published in languages other
than English. Furthermore, we searched for unpublished
material, but were unable to identify any relevant
papers. So there may be selection bias. We only
included 4 RCTs related to the interactions of PPIs and
clopidogrel because we focused on the adverse events
but not the therapeutic effects, and studies which did
not report GI endpoints events were not included in our
meta-analysis. Publication bias was also found from the
funnel plot with an asymmetric distribution.
In conclusion, PPIs are able to prevent LDAassociated upper GI ulcers and bleeding effectively.
Concomitant use of a PPI, LDA and clopidogrel did not
increase the risk of cardiovascular adverse events, so
PPIs are safe in the prevention of LDA-associated GI
injuries. Given the selection bias and publication bias,
our results should be interpreted with caution.
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mucosal erosions, peptic ulcers, and bleeding has been increasing. The aim
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AIM: To compare the results of transvaginal cho
lecystectomy (TVC) and conventional laparoscopic
cholecystectomy (CLC) for gallbladder disease.
METHODS: We performed a literature search of
PubMed, EMBASE, Ovid, Web of Science, Cochrane
Library, Google Scholar, MetaRegister of Controlled
Trials, Chinese Medical Journal database and Wanfang
Data for trials comparing outcomes between TVC
and CLC. Data were extracted by two authors. Mean
difference (MD), standardized mean difference
(SMD), odds ratios and risk rate with 95%CIs were
calculated using fixed- or random-effects models.
2
Statistical heterogeneity was evaluated with the χ
test. The fixed-effects model was used in the absence
of statistically significant heterogeneity. The randomeffects model was chosen when heterogeneity was
found.
RESULTS: There were 730 patients in nine controlled
clinical trials. No significant difference was found
regarding demographic characteristics (P > 0.5),
including anesthetic risk score, age, body mass index,
and abdominal surgical history between the TVC
and CLC groups. Both groups had similar mortality,
morbidity, and return to work after surgery. Patients in
the TVC group had a lower pain score on postoperative
day 1 (SMD: -0.957, 95%CI: -1.488 to -0.426, P <
0.001), needed less postoperative analgesic medication
(SMD: -0.574, 95%CI: -0.807 to -0.341, P < 0.001)
and stayed for a shorter time in hospital (MD: -1.004
d, 95%CI: -1.779 to 0.228, P = 0.011), but had longer
operative time (MD: 17.307 min, 95%CI: 6.789 to
27.826, P = 0.001). TVC had no significant influence
on postoperative sexual function and quality of life.
Better cosmetic results and satisfaction were achieved
in the TVC group.
CONCLUSION: TVC is safe and effective for gallbladder
disease. However, vaginal injury might occur, and
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further trials are needed to compare TVC with CLC.

reducing pain and convalescence after intra-abdominal
[29]
[24]
operations , while Noguera et al
showed no
significant differences in postoperative pain between
TVC and CLC. It is reported that better aesthetic
effects can be achieved by TVC compared with
[27,31,32]
CLC
, although this still needs to be confirmed in
future research. For patients who are concerned about
the aesthetic benefits, TVC might be recommended.
Some studies have reported that patients who have
undergone TVC with no dyspareunia would recommend
[35]
the procedure to their family and friends . However,
the choice of transvaginal access, with its possible
effect on sex life and fertility, is not restricted entirely
to women. Partners mostly oppose or dissuade
against TVC because of the potential complications
[36]
that threaten sexual activity and procreation . Thus,
there is continuing controversy regarding feasibility,
safety and effectiveness of TVC, and further research
is needed to ensure the safety and efficacy of TVC and
dispel any misconceptions.
To date, many studies have reported experience
of TVC and compared outcomes with those of
[23,24,27-34]
CLC
. However, the results of these studies
concerning short- and long-term outcomes and
potential side effects were not consistent, and the
studies had small sample sizes. The safety and
[37]
effectiveness of TVC require further assessment ,
and whether TVC is superior to CLC needs to be strictly
evaluated. This systematic review was designed to
investigate the feasibility of TVC and establish whether
TVC is superior to CLC by comparing short-term and
long-term outcomes.

Key words: Transvaginal cholecystectomy; Conventional
laparoscopic cholecystectomy; Natural orifice; Endoscopic
surgery; Meta-analyses
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transvaginal cholecystectomy (TVC) is a new
surgical method for gallbladder disease. We compared
TVC and conventional laparoscopic cholecystectomy
for gallbladder disease. Patients in the TVC group had
a lower pain score on postoperative day 1, needed less
postoperative analgesic medication, stayed in hospital
for a shorter time, but had longer operative time. TVC
had no significant influence on postoperative sexual
function and quality of life. Better cosmetic results and
satisfaction were achieved in the TVC group. TVC is
safe and effective for gallbladder disease.
Xu B, Xu B, Zheng WY, Ge HY, Wang LW, Song ZS, He B.
Transvaginal cholecystectomy vs conventional laparoscopic
cholecystectomy for gallbladder disease: A meta-analysis. World
J Gastroenterol 2015; 21(17): 5393-5406 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i17/5393.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i17.5393

INTRODUCTION
Natural orifice transluminal endoscopic surgery
(NOTES) has recently gained considerable attention as
a potential new surgical method. NOTES techniques
[1-9]
in animal models
have sparked interest in their
feasibility in humans. From laboratory to clinic, Nau
[10]
et al
has reported that transgastric NOTES is a safe
alternative approach to accessing the peritoneal cavity
in humans. Until now, the feasibility of NOTES has been
[11]
[12-14]
reported in peritoneoscopy , appendectomy
,
[15-17]
[18,19]
colorectal resection
, gastrectomy
, hepatic
[20]
[21]
cystectomy , splenectomy
and gynecological
[20]
surgery . Conventional laparoscopic cholecystectomy
(CLC) was often considered as a gold standard for benign
gallbladder diseases, but now it has been challenged by
NOTES and hybrid NOTES techniques.
Cholecystectomy has also been performed by pure
or hybrid NOTES through transvaginal or transgastric
[22-25]
access
. The most common approach of NOTES is
[26]
transvaginal ; probably as the vagina appears to be
the most practical and widely used site of specimen
[17]
extraction and adjunct access . In recent years,
transvaginal cholecystectomy (TVC) has been reported
[23,24,27-34]
widely
. The flexible endoscope makes the
surgical field clear, without non-viewing angles during
TVC, but it is difficult to maneuver. TVC may require
a longer operative time and learning curve for young
surgeons. A NOTES approach offers the potential of
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MATERIALS AND METHODS
Search strategy

According to the proposed MOOSE (Meta-Analysis of
[38]
Observational Studies in Epidemiology) guidelines
for meta-analyses, we performed a search of PubMed,
EMBASE, Ovid, Web of Science, Cochrane Library,
Google Scholar, metaRegister of Controlled Trials
and Chinese electronic databases (VIP, WanFang and
CNKI) from their inception to May 24, 2013. Text key
words were “hybrid cholecystectomy” or “Transvaginal
cholecystectomy” or “NOTES transvaginal”. Reference
lists of relevant retrieved articles were manually
searched for additional studies. Language was
restricted to English and Chinese. Results were limited
to human studies.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) population:
patients who needed to undergo cholecystectomy; (2)
intervention: TVC; (3) control: CLC; (4) outcomes:
morbidity, conversion rate, operative time, postoperative
pain score, hospital stay, and postoperative dyspareunia;
(5) types of studies: randomized controlled trials (RCTs),
cohort study or case-control study; and (6) when
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two studies were published by the same institution or
authors, either the one of higher quality according to
[39]
modified Jadad Score for RCTs, and Newcastle-Ottawa
Scale (NOS) for cohort studies, or the most recent article
was included.
Studies were excluded from the analysis if: (1) it
was impossible to extract the appropriate data; (2)
there was considerable overlap between authors,
institutes, or patients; (3) the measured outcomes
were not clearly presented; (4) abstracts, letters,
comments, editorials, expert opinions, reviews without
original data, and case reports; (5) < 5 cases in the
control or experimental groups; (6) articles were not in
English or Chinese; (7) studies lacked a control group;
or (8) animal studies.

significant heterogeneity, the fixed-effects model was
used to combine the results. When heterogeneity
was confirmed, the random-effects model was used
[41]
according to DerSimonian and Laird . Data analysis
was performed by comparing TVC with CLC. Funnel
plots were introduced to evaluate potential publication
bias, based on the postoperative morbidity. P < 0.05
was considered statistically significant.

RESULTS
Study selection

Our initial search yielded 1040 potential literature
citations. If no information about comparing TVC and
CLC for patients with gallbladder diseases was obtained
in titles and abstracts, the articles were excluded. Nine
hundred and seventy-two citations were excluded
after scanning the titles and abstracts, leaving 68
citations for full-text assessment. After reviewing the
full text, most studies were excluded largely because
[23,27]
of a lack of control data. Bulian et al
reported
their data from the same sample in two articles. They
reported different results in the two papers, therefore,
we chose the results we needed from both papers
without reusing overlapping data. Finally, nine studies
from 10 original articles comparing TVC with CLC were
considered suitable for the meta-analysis (Figure 1).

Quality assessment

Quality assessment was evaluated using modified
[39]
Jadad Score for the RCTs with a possible score of 0-7
(highest level of quality), and “good” was defined as a
Jadad score of 4-7; and “poor” as a Jadad score of ≤
3. The NOS was used to assess the quality of the other
studies. Maximum score on this scale was 9. “Good”
was defined as a total score of 7-9; “fair” as 4-6; and
“poor” as < 4.

Data extraction

Two authors independently screened, identified
and extracted the search findings. The titles and
abstracts of the search findings were first screened
for potentially eligible studies. Relevant full articles
were obtained for detailed evaluation. When studies
were reported by the same institution, either the study
of better quality or the more recent publication was
included. The potential variables assessed included
first author, year of publication, study period, sample
size, study type, patients’ baseline characteristics [e.g.,
age, body mass index (BMI) and previous operative
history], operative methods, perioperative mortality
and morbidity, postoperative complications, and shortand long-term outcomes. Study quality assessment
[39]
was evaluated by Jadad score (for RCTs) or NOS (for
cohort and case-control studies). When differences
occurred between the two reviewers, both of them rereviewed the corresponding articles. The differences
were resolved by consensus.

Demographic characteristics and quality of the trials

The nine included studies consisted of seven pro
[23,24,27-30,33,34]
[31,32]
spective
and two retrospective
studies.
[24]
One of the seven prospective studies was an RCT, and
the others were prospective control studies. One study
was conducted in China, two in the United States, one
in Spain, and five in Germany. These studies included
730 patients with cholecystectomy recruited to either
TVC (363, 49.73%) or CLC (367, 50.27%). The patient
characteristics are summarized in Tables 1 and 2. There
was no significant difference between the TVC and CLC
groups with respect to age (MD: -1.136, 95%CI: -2.739
to 0.468, P = 0.165; Figure 2A), BMI (MD: -0.179,
95%CI: -0.975 to 0.618, P = 0.660; Figure 2B), and
abdominal surgical history (OR: 0.90, 95%CI: 0.644 to
1.257, P = 0.537; Figure 2C).

Mortality

Mortality data were not available in six of nine
[23,28,30-32,34]
[24,29,33]
studies
. The other three studies
included 42 TVC patients who showed that TVC was
safe with zero mortality. No difference was identified
between TVC and CLC regarding mortality due to zero
mortality in both groups.

Statistical analysis

The meta-analysis was performed using Comprehensive
Meta Analysis (version 2.2.064). Mean difference (MD),
standardized mean difference (SMD), odds ratio (OR)
and risk rate (RR) with 95% confidence intervals (CIs)
were calculated using fixed- or random-effects models
to evaluate relevant clinical outcomes. Statistical
2
heterogeneity was evaluated with the χ test (P <
0.100 considered to represent a significant difference)
2
2
and the I statistic. I ≥ 50% indicated the presence
[40]
of heterogeneity . In the absence of statistically
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Morbidity

There was a similar incidence of complications among
2
all studies, with low heterogeneity (P = 0.917, I =
0.000%). There was no significant difference in the
overall complication rate among all the studies. Surgical
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Relevant articles from initial search (n = 1040)

Aritcles excluded n = 972
Duplicated articles
Letter, reviews, case reports, abstracts,
editorials and expert opinions
Irrelevant articles

Aritcles retrieved for more detailed
evaluation (n = 68)
Aritcles excluded n = 58
No control
Experimental studies
Insufficient data
Duplicated articles from the same institution
Non-english or non-chinese articles
Studies included in analysis
(n = 9)
Randomized clinical trials
(n = 1)
Non-randomized control clinical studies
(n = 8)

Figure 1 The flowchart for systematic review.
Model

Study name

Borchert, 2012
Bulian, 2013
Hensel, 2011
Kilian, 2011
Noguera, 2012
Santos, 2012
Solomon, 2012
Zorning, 2011
Fixed

Statistics for each study
Difference Lower
Upper P -value
in means
limit
limit
-1.800
-6.054
2.454
0.407
2.500
-3.499
8.499
0.414
-2.000
-9.212
5.212
0.587
-4.250
-13.189
4.689
0.351
6.600
-8.597 21.797
0.395
4.000
-5.939 13.939
0.430
-2.000
-4.780
0.780
0.159
-1.000
-3.772
1.772
0.480
-1.136
-2.739
0.468
0.165

2

2

Heterogeneity: χ = 4.428, df = 7 (P = 0.729); I = 0.00%
Test for overall effect: Z = -1.388 (P = 0.165)
Meta-analysis for age (TVC vs CLC)
Model

Study name

Borchert, 2012
Bulian, 2013
Hensel, 2011
Kilian, 2011
Noguera, 2012
Santos, 2012
Solomon, 2012
Zorning, 2011
Random

Statistics for each study
Difference Lower
Upper P -value
in means
limit
limit
-0.700
-2.304
0.904
0.392
2.000
-0.132
4.132
0.066
-1.000
-4.358
2.358
0.559
0.750
-1.228
2.728
0.457
0.100
-0.050
0.250
0.192
2.000
-3.238
7.238
0.454
-2.600
-4.051 -1.149
0.000
0.000
-0.950
0.950
1.000
-0.179
-0.975
0.618
0.660

2

2

Heterogeneity: χ = 18.575, df = 7 (P = 0.010); I = 62.314%
Test for overall effect: Z = -0.440 (P = 0.660)
Meta-analysis for BMI (TVC vs CLC)
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Difference in means and 95%CI

-100.00 50.00
Favours TVC

0.00

50.00 100.00
Favours CLC

Difference in means and 95%CI

-12.00
-6.00
Favours TVC
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Model

Study name

Borchert, 2012
Bulian, 2013
Hensel, 2011
Kilian, 2011
Niu, 2011
Santos, 2012
Solomon, 2012
Zornig, 2011
Fixed

Odds
ratio
1.116
2.190
1.313
1.385
0.771
0.533
0.786
0.459
0.900

Statistics for each study
Lower
Upper P -value
limit
limit
0.590
2.109
0.736
0.954
5.028
0.064
0.472
3.653
0.603
0.172
11.147
0.760
0.187
3.182
0.720
0.058
4.912
0.579
0.014
42.842
0.906
0.260
0.810
0.007
0.644
1.257
0.537

2

2

Heterogeneity: χ = 11.183, df = 7 (P = 0.131); I = 37.402%
Test for overall effect: Z = -0.617 (P = 0.537)
Meta-analysis for abdominal surgical history (TVC vs CLC)

OR and 95%CI

0.01
0.1
Favours TVC

1

10
100
Favours CLC

Figure 2 Demographic characteristics between transvaginal cholecystectomy and conventional laparoscopic cholecystectomy. TVC: Transvaginal
cholecystectomy; CLC: Conventional laparoscopic cholecystectomy.
Model

Statistics for each study
Event
Lower
Upper P -value
rate
limit
limit
Borchert, 2012
0.009
0.001
0.058
0.000
Bulian, 2013
0.010
0.001
0.138
0.001
Kilian, 2011
0.031
0.002
0.350
0.017
Niu, 2011
0.011
0.001
0.157
0.002
Noguera, 2012
0.024
0.001
0.287
0.009
Santos, 2012
0.063
0.004
0.539
0.064
Solomon, 2012
0.071
0.010
0.370
0.013
Zornig, 2011
0.005
0.000
0.074
0.000
Fixed
0.020
0.008
0.046
0.000
Random
0.020
0.008
0.046
0.000
2
2
Heterogeneity: χ = 4.556, df = 7 (P = 0.714); I = 0.000%
Test for overall effect: Z = -8.616 (P < 0.001)
Meta-analysis for conversion (TVC vs CLC)
Model

Study name

Statistics for each study
Event
Lower
Upper P -value
rate
limit
limit
Borchert, 2012
0.009
0.001
0.058
0.000
Bulian, 2013
0.010
0.001
0.138
0.001
Hensel, 2011
0.016
0.001
0.211
0.004
Kilian, 2011
0.031
0.002
0.350
0.017
Niu, 2011
0.011
0.001
0.157
0.002
Noguera, 2012
0.024
0.001
0.287
0.009
Santos, 2012
0.063
0.004
0.539
0.064
Solomon, 2012
0.033
0.002
0.366
0.019
Zornig, 2011
0.005
0.000
0.074
0.000
Fixed
0.016
0.007
0.037
0.000
Random
0.016
0.007
0.037
0.000
2
2
Heterogeneity: χ = 2.791, df = 8 (P = 0.947); I = 0.000%
Test for overall effect: Z = -9.148 (P < 0.001)
Meta-analysis for conversion (TVC vs open surgery)

Event rate and 95%CI

Weight (fixed)
Relative Relative Relative
weight weight weight
20.45
20.45
10.21
10.21
9.99
9.99
10.20
10.20
10.07
10.07
9.67
9.67
19.15
19.15
10.26
10.26

Total
1/117
0/50
0/15
0/43
0/20
0/7
1/14
0/100

-0.25

Study name

-0.13

0.00

0.13

0.25

Event rate and 95%CI

Weight (fixed)
Relative Relative Relative
weight weight weight
20.25
20.25
10.11
10.11
10.05
10.05
9.90
9.90
10.10
10.10
9.97
9.97
9.58
9.58
9.87
9.87
10.16
10.16

Total
1/117
0/50
0/30
0/15
0/43
0/20
0/7
1/14
0/100

-0.25

-0.13

0.00

0.13

0.25

Figure 3 Meta-analysis for overall postoperative complications. Transvaginal cholecystectomy vs conventional laparoscopic cholecystectomy.
[28]
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[31]

device , and wound infection , and only one case
needed reoperation because of Douglas pouch abscess
[31]
[24]
at 3 wk postoperatively . Noguera et al
reported,
during a mean follow-up period of 16 mo (range: 13-20
mo), no incision hernias in any TVC patient, which
agreed with the long-term results reported by Bulian et
[27]
al . Cumulative analysis showed a trend for a lower
morbidity rate in the TVC group, but there was no
evidence of any significant difference in the incidence of
complications between the two groups (TVC vs CLC):
RR = 0.521 (95%CI: 0.245-1.110, P = 0.091; Figure 3).

complications were reported in 95 TVC cases, but not
in 84 TVC cases used to evaluate other characteristics
[30]
[32]
in the study of Borchert et al . Niu et al
reported
no complications in 43 TVC and 48 CLC cases. Because
zero values cause problems with calculation of estimates
and standard errors, 0.5 was added to each cell of the
[32]
2 × 2 table in the study of Niu et al . So, 374 patients
in nine studies underwent TVC. There were three
[29,23,30]
cases of urinary bladder injury
, two of bile duct
[30,33]
injury
, and one each of bleeding at the transvaginal
[24]
access site , dislodged intrauterine contraceptive

5397

May 7, 2015|Volume 21|Issue 17|

Xu B et al . Transvaginal vs conventional laparoscopic cholecystectomy
Model

Statistics for each study
Event
Lower
Upper P -value
rate
limit
limit
Borchert, 2012
0.009
0.001
0.058
0.000
Bulian, 2013
0.010
0.001
0.138
0.001
Kilian, 2011
0.031
0.002
0.350
0.017
Niu, 2011
0.011
0.001
0.157
0.002
Noguera, 2012
0.024
0.001
0.287
0.009
Santos, 2012
0.063
0.004
0.539
0.064
Solomon, 2012
0.071
0.010
0.370
0.013
Zornig, 2011
0.005
0.000
0.074
0.000
Fixed
0.020
0.008
0.046
0.000
Random
0.020
0.008
0.046
0.000
2
2
Heterogeneity: χ = 4.556, df = 7 (P = 0.714); I = 0.000%
Test for overall effect: Z = -8.616 (P < 0.001)
Meta-analysis for conversion (TVC vs CLC)
Model

Study name

Statistics for each study
Event
Lower
Upper P -value
rate
limit
limit
Borchert, 2012
0.009
0.001
0.058
0.000
Bulian, 2013
0.010
0.001
0.138
0.001
Hensel, 2011
0.016
0.001
0.211
0.004
Kilian, 2011
0.031
0.002
0.350
0.017
Niu, 2011
0.011
0.001
0.157
0.002
Noguera, 2012
0.024
0.001
0.287
0.009
Santos, 2012
0.063
0.004
0.539
0.064
Solomon, 2012
0.033
0.002
0.366
0.019
Zornig, 2011
0.005
0.000
0.074
0.000
Fixed
0.016
0.007
0.037
0.000
Random
0.016
0.007
0.037
0.000
2
2
Heterogeneity: χ = 2.791, df = 8 (P = 0.947); I = 0.000%
Test for overall effect: Z = -9.148 (P < 0.001)
Meta-analysis for conversion (TVC vs open surgery)

Event rate and 95%CI

Weight (fixed)
Relative Relative Relative
weight weight weight
20.45
20.45
10.21
10.21
9.99
9.99
10.20
10.20
10.07
10.07
9.67
9.67
19.15
19.15
10.26
10.26

Total
1/117
0/50
0/15
0/43
0/20
0/7
1/14
0/100

-0.25

Study name

-0.13

0.00

0.13

0.25

Event rate and 95%CI

Weight (fixed)
Relative Relative Relative
weight weight weight
20.25
20.25
10.11
10.11
10.05
10.05
9.90
9.90
10.10
10.10
9.97
9.97
9.58
9.58
9.87
9.87
10.16
10.16

Total
1/117
0/50
0/30
0/15
0/43
0/20
0/7
1/14
0/100

-0.25

-0.13

0.00

0.13

0.25

Figure 4 Conversion rate during transvaginal cholecystectomy. TVC: Transvaginal cholecystectomy; CLC: Conventional laparoscopic cholecystectomy.

Conversion rate

finding was associated with significant heterogeneity
2
among studies (P < 0.001, I = 92.647) (Figure 5A).
Nine studies were divided into two groups according
to the type of endoscope used: flexible endoscope
[24,28,29,32]
[23,30,31,33,34]
group
and rigid instruments group
.
Subgroup analysis showed that the operative time
for TVC using a flexible endoscope was longer (MD:
34 min, 95%CI: 20-48) compared with CLC (Figure
5B). However, there was no significant difference in
operative time between TVC using rigid instruments
and CLC (Figure 5C). Heterogeneity still existed in
2
the flexible endoscope group (I = 89%) and rigid
2
instruments group (I = 53%).

Data about conversion from TVC to CLC were not
[34]
available in the study of Hensel et al . One conversion
to open cholecystectomy and one to CLC were reported
in 117 TVC cases, but not in 84 TVC cases used to
evaluate other characteristics in the study of Borchert
[30]
et al . So, there were 366 patients who underwent
TVC in eight studies, and there were two cases that
[28,30,37]
needed to convert to CLC due to adhesions
. The
pooled conversion rate for TVC to CLC was 2% (95%CI:
0.8-4.6%). Test for heterogeneity was negative (P
2
= 0.714, I = 0.000%), indicating low variation in
the risk differences for conversion from TVC to CLC
among studies. One of 296 cases switched to open
[30,37]
surgery from TVC due to abdominal adhesions
,
so the pooled conversion rate for TVC to open surgery
was 1.6% (95%CI: 0.7%-3.7%) without significant
2
heterogeneity (P = 0.947, I = 0.00%) (Figure 4).

Negligible vaginal bleeding

Data regarding negligible vaginal bleeding were not
[23,29-31,33]
reported in five studies
, and the other four
studies reported the rate of negligible vaginal bleeding
after TVC. No negligible vaginal bleeding occurred
[28,32]
after TVC in two studies
. The pooled rate using a
random-effects model for negligible vaginal bleeding
after TVC was 6.7% (95%CI: 1.4%-26.1%) (Figure
[34]
6). It could be stopped spontaneously
or by direct
[24]
compression with gauze .

Operative time

The forest plot showed two clusters: one with studies
reporting a longer operative time for TVC, and the
other showing no significant difference. Meta-analysis
of nine studies using a random-effects model indicated
that the operative time was significantly longer in
the TVC group than the CLC group (MD: 17.307 min,
95%CI: 6.789-27.826, P = 0.001). However, this
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Additional trocar needed in TVC

TVC was successfully completed in the majority of
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Table 1 Characteristics and quality of the studies
Ref.
Bulian et al[23,27]
Solomon et al[28]
Santos et al[29]
Noguera et al[24]
Borchert et al[30]
Zornig et al[31]
Niu et al[32]
Kilian et al[33]
Hensel et al[34]

Country

Publish Year

Study Period

Approach

Scopy

Follow up

Design

Quality assessment

Germany
United States
United States
Spain
Germany
Germany
China
Germany
Germany

2013
2012
2012
2012
2012
2011
2011
2011
2011

2008-2010
2009-2010
2009-2010
2009-2010
2007-2009
2007-2009
2009-2010
2008-2009
2010-2010

V+A
V+A
V+A
V+A
V+A
V+A
V+A
V+A
V+A

Rigid instruments
Flexible endoscope
Flexible endoscope
Flexible endoscope
Rigid instruments
Rigid instruments
Flexible endoscope
Rigid instruments
Rigid instruments

1.04-3.14 yr
1 mo
3 mo
13-20 mo
1 mo
3-10 mo
2-11 mo
Null
3 mo

Prospective
Prospective
Prospective
RCT
Prospective
Retrospective
Retrospective
Prospective
Prospective

Good
Fair
Fair
Good
Good
Good
Good
Fair
Fair

Quality assessment was evaluated using modified Jadad Score39 for the randomized controlled trials with a possible score of between 0 and 7 (highest level
of quality), and “Good” was defined as a Jadad score of 4-7; and “poor” defined as a Jadad score of ≤ 3. The Newcastle Ottawa Scale was used to assess the
quality of other studies. Maximum score on this scale was a total of 9. “Good” was defined as a total score of 7-9; “fair” defined as a total score of 4-6; and
“poor” defined as a total score of < 4. V + A: Vaginal and abdominal; RCT: Randomized clinical trial.

Table 2 Demographic characteristics of studies
Ref.

Sample

ASA
TVC

Bulian et al[23]
Bulian et al[27]
Solomon et al[28]
Santos et al[29]
Noguera et al[24]
Borchert et al[30]
Zornig et al[31]
Niu et al[32]
Kilian et al[33]
Hensel et al[34]

50
50
14
7
20
84
100
43
15
30

50
50
11
7
20
81
100
48
20
30

NSD
NSD
NA
NSD
NSD
NSD
NA
NA
NSD
NSD

2

Age (yr)
46.3
46.3
33.5 ± 3
38 ± 6
40.6
52.9 ± 12.6
49
47.2 ± 9.6
50.7 ± 12.4
54

BMI (kg/m )

Abdominal operative history

CLC

TVC

CLC

TVC

CLC

48.8
48.8
35.5 ± 4.1
34 ± 12
47.2
54.7 ± 15.2
50
NA
55 ± 14
56

26.7
26.7
28.8 ± 1.5
29 ± 5
27.5
27.1 ± 4.9
26
21.5 ± 6.2
25.5 ± 2.5
27

28.7
28.7
31.4 ± 2.2
27 ± 5
27.4
27.8 ± 5.6
26
NA
24.7 ± 3.2
28

46
46
0
28.6
NA
65.5
35
NA
13.3
46.7

28
28
0
42.8
NA
63
54
NA
10
40

TVC: Transvaginal cholecystectomy; CLC: Conventional laparoscopic cholecystectomy; NA: Not availiable; NSD: No significant difference.

95%CI: -0.807 to -0.341, P < 0.001) in the TVC
group. Pooled analysis also indicated that there was no
significant difference regarding pain score between the
TVC and CLC groups at 2 d and 1 mo postoperatively
(Figure 8).

cases. However, for some difficult cases, an additional
abdominal 3- or 5-mm trocar was introduced. Five
[23,24,29,31,33]
studies
showed a need to use an additional
trocar to obtain clear exposure of the surgical field.
The pooled rate (random-effects model) for the need
for an additional trocar in TVC was 8.6% (95%CI:
3.2%-20.8%) (Figure 7).

Hospital stay

Two of nine studies did not have sufficient information
on postoperative hospital stay in the TVC or CLC
[24,28]
[29]
group
. Santos et al
reported that there was no
difference regarding postoperative hospital stay and
outpatient surgery between the TVC and CLC groups.
There was high heterogeneity among the studies
2
regarding hospital stay (I > 90%). Four studies found
a significant difference between the TVC and CLC
[23,31,33,34]
groups; all favoring shorter stay in the former
.
Meta-analysis using a random-effects model showed
a significant difference between the two methods:
MD was -1.004 d (95%CI: -1.779 to 0.228), favoring
a shorter hospital stay in the TVC group (P = 0.011)
(Figure 9).

Pain score and postoperative consumption of
analgesics

Four studies evaluated postoperative pain using a
[24,29,30,32]
visual analog scale
, four using a numeric
[23,28,33,34]
rating scale
, and one study had insufficient
[31]
information about postoperative pain . Different
studies reported the pain score at different times.
[32]
Niu et al
demonstrated a smaller postoperative
pain score in the TVC group compared with the CLC
group (P < 0.05), but a definite time point was not
[24]
shown. Noguera et al
showed long-term results of
postoperative pain and no significant differences were
found between the TVC and CLC groups at 6 mo and
12 mo. Consumption of analgesics indirectly reflects
the extent of postoperative pain. Meta-analysis showed
a lower pain score on postoperative day 1 (SMD:
-0.957, 95%CI: -1.488 to -0.426, P < 0.001) and less
postoperative analgesic medication (SMD: -0.574,
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Return to work

[28,29,31]

Three studies reported return to work after TVC
.
[28]
Solomon et al
showed patients who underwent
TVC experienced a significantly more rapid return to
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Model

Study name

Borchert, 2012
Bulian, 2013
Hensel, 2011
Kilian, 2011
Niu, 2011
Santos, 2012
Solomon, 2012
Zornig, 2011
Noguera, 2012
Random

Statistics for each study
Difference
Lower
Upper P -value TVC CLC
in means
limit
limit
0.009
-7.402
9.202 0.832
84 81
0.000
-19.482 19.482 1.000
50 50
2.000
-3.900
7.900 0.506
30 30
-2.750
-17.746 12.246 0.719
15 20
26.500
18.146 34.854 0.000
43 48
94.000
67.476 120.524 0.000
7
7
24.700
21.620 27.780 0.000
14 11
17.000
7.025
26.975 0.001 100 100
17.810
4.937
30.683 0.007
20 20
17.307
6.789
27.826 0.001

2

2

Heterogeneity: χ = 108.798, df = 8 (P = 0.000); I = 92.647%
Test for overall effect: Z = 3.225 (P = 0.001)
Meta-analysis for overall operation time (TVC vs CLC)
Model

Study name

Niu, 2011
Noguera, 2012
Santos, 2012
Solomon, 2012
Random

-50.00 -25.00
Favours TVC

Statistics for each study
Difference Lower
Upper P -value TVC CLC
in means
limit
limit
26.500
18.146
34.854 0.000 43 48
17.810
4.937
30.683 0.007 20 20
94.000
67.476 120.524 0.000
7
7
24.700
21.620
27.780 0.000 14 11
33.939
19.696
48.182 0.000

2

2

-100.00 -50.00
Favours TVC

Study name

Statistics for each study
Difference Lower
Upper P -value TVC CLC
in means
limit
limit
Borchert, 2012
0.009
-7.402
9.202 0.832
84 81
Bulian, 2013
0.000
-19.482 19.482 1.000
50 50
Hensel, 2011
2.000
-3.900
7.900 0.506
30 30
Kilian, 2011
-2.750
-17.746 12.246 0.719
15 20
Zornig, 2011
17.000
7.025 26.975 0.001 100 100
Random
4.117
-2.542 10.777 0.226
2

2

Heterogeneity: χ = 8.432, df = 4 (P = 0.077); I = 52.564%
Test for overall effect: Z = 1.212 (P = 0.226)
Meta-analysis for operation time using rigid instruments (TVC vs CLC)

0.00

Weight (fixed) Random
Relative
Relative
weight
weight
7.73
12.25
1.40
9.11
15.32
12.73
2.37
10.45
7.64
12.24
0.76
7.19
56.20
13.11
5.36
11.85
3.22
11.06

25.00
50.00
Favours CLC

Difference in means and 95%CI

Heterogeneity: χ = 27.295, df = 3 (P = 0.000); I = 89.009%
Test for overall effect: Z = 4.670 (P < 0.001)
Meta-analysis for operation time using flexible endoscope (TVC vs CLC)
Model

Difference in means and 95%CI

0.00

50.00 100.00
Favours CLC

Difference in means and 95%CI

-100.00 -50.00
Favours TVC

0.00

Weight (fixed) Random
Relative Relative Relative
weight weight weight
11.26
28.55
4.74
25.16
1.12
15.09
82.88
31.20

Weight (fixed)
Random
Relative Relative Relative
weight
weight
weight
24.03
25.09
4.36
9.10
47.59
31.09
7.37
13.33
16.65
21.39

50.00 100.00
Favours CLC

Figure 5 Meta-analysis for operative time between transvaginal cholecystectomy and conventional laparoscopic cholecystectomy. TVC: Transvaginal
cholecystectomy; CLC: Conventional laparoscopic cholecystectomy.

Model

Study name

Event
rate
Hensel, 2011
0.233
Niu, 2011
0.011
Noguera, 2012
0.050
Santos, 2012
0.033
Fixed
0.144
Random
0.067
2
Heterogeneity: χ = 7.943, df = 3 (P
Test for overall effect: Z = -3.238 (P

Statistics for each study
Lower Upper Z -value P -value
limit
limit
0.116 0.415 -2.756 0.006
0.001 0.157 -3.140 0.002
0.007 0.282 -2.870 0.004
0.002 0.366 -2.341 0.019
0.075 0.258 -4.819 0.000
0.014 0.261 -3.238 0.001
2
= 0.714); I = 62.229%
< 0.001)

Event rate and 95%CI

Weight (fixed)
Relative Relative
weight
weight
73.57
6.78
13.02
6.63

Total
7/30
0/43
1/20
1/14

-0.50

-0.25

0.00

0.25

Relative
weight
37.89
18.50
25.35
18.26

0.50

Figure 6 Negligible vaginal bleeding rate post-transvaginal cholecystectomy. TVC: Transvaginal cholecystectomy.
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Model

Study name

Statistics for each study
Event
Lower Upper P -value Total
rate
limit
limit
Bulian, 2013
0.200
0.111 0.333 0.000 10/50
Kilian, 2011
0.067
0.009 0.352 0.011
1/50
Noguera, 2012
0.024
0.001 0.287 0.009
0/20
Santos, 2012
0.143
0.020 0.581 0.097
1/7
Zornig, 2011
0.040
0.015 0.102 0.000 4/100
Fixed
0.113
0.070 0.177 0.000
Random
0.086
0.032 0.208 0.000
2
2
Heterogeneity: χ = 10.140, df = 4 (P = 0.038); I = 60.554%
Test for overall effect: Z = -4.507 (P < 0.001)

Event rate and 95%CI

-2.00

-1.00

0.00

1.00

Weight (fixed)
Relative Relative
weight
weight
56.66
6.61
3.46
6.07
27.20

Relative
weight
32.29
15.33
9.94
14.56
27.88

Weight (fixed)
Relative Relative
weight
weight
39.73
24.40
13.65
7.54
9.53
2.68
2.47

Relative
weight
18.06
17.38
16.14
14.28
15.09
9.72
9.33

Weight (fixed)
Relative Relative
weight
weight
58.11
28.95
12.94

Relative
weight
58.11
28.95
12.94

Weight (fixed)
Relative Relative
weight
weight
71.90
17.07
11.03

Relative
weight
44.83
30.44
24.73

Weight (fixed)
Relative Relative
weight
weight
42.48
34.31
19.27
3.94

Relative
weight
37.61
33.38
22.94
6.07

2.00

Figure 7 The rate of using an additional trocar during transvaginal cholecystectomy. TVC: Transvaginal cholecystectomy.

Model

Statistics for each study
Std
Lower Upper P -value
diff
limit
limit
Borchert, 2012
-0.122
-0.433 0.189 0.442
Bulian, 2013
-0.455
-0.852 -0.058 0.025
Hensel, 2011
-0.895
-1.426 -0.364 0.001
Kilian, 2011
-0.961
-1.675 -0.246 0.008
Noguera, 2012
-0.640
-1.276 -0.005 0.048
Santos, 2012
-1.569
-2.767 -0.371 0.010
Solomon, 2012
-3.484
-4.732 -2.237 0.000
Fixed
-0.543
-0.739 -0.347 0.000
Random
-0.957
-1.488 -0.426 0.000
2
2
Heterogeneity: χ = 34.479, df = 6 (P = 0.000); I = 82.598%
Test for overall effect: Z = -3.533 (P < 0.001)
Meta-analysis for pain levels on postoperative day 1 (TVC vs CLC)
Model

Study name

Statistics for each study
Std
Lower Upper P -value
diff
limit
limit
Borchert, 2012
-0.266
-0.585 0.054 0.103
Hensel, 2011
-0.000
-0.453 0.452 0.999
Kilian, 2011
-0.008
-0.685 0.669 0.982
Fixed
-0.156
-0.399 0.088 0.210
Random
-0.156
-0.399 0.088 0.210
2
2
Heterogeneity: χ = 1.093, df = 2 (P = 0.579); I = 0.000%
Test for overall effect: Z = -1.252 (P = 0.210)
Meta-analysis for pain levels on postoperative day 2 (TVC vs CLC)
Model

-2.00
-1.00
Favours TVC

Study name

Statistics for each study
Std
Lower Upper P -value
diff
limit
limit
Borchert, 2012
-0.207
-0.516 0.103 0.191
Noguera, 2012
0.640
0.005 1.276 0.048
Solomon, 2012
-0.135
-0.926 0.655 0.737
Fixed
-0.054
-0.317 0.208 0.686
Random
0.069
-0.471 0.609 0.803
2
2
Heterogeneity: χ = 5.557, df = 2 (P = 0.062); I = 64.009%
Test for overall effect: Z = 0.249 (P = 0.803)
Meta-analysis for pain levels on postoperative one month (TVC vs CLC)
Model

Std diff in means and 95%CI

0.00

1.00
2.00
Favours CLC

Std diff in means and 95%CI

-2.00
-1.00
Favours TVC

Study name

0.00

1.00
2.00
Favours CLC

Std diff in means and 95%CI

-2.00
-1.00
Favours TVC

Study name

0.00

1.00
2.00
Favours CLC

Statistics for each study
Std diff in means and 95%CI
Std
Lower Upper P -value
diff
limit
limit
Borchert, 2012
-0.416
-0.774 -0.059 0.023
Bulian, 2013
-0.490
-0.888 -0.092 0.016
Hensel, 2011
-0.895
-1.426 -0.364 0.001
Santos, 2012
-1.433
-2.607 -0.259 0.017
Fixed
-0.574
-0.807 -0.341 0.000
Random
-0.612
-0.913 -0.312 0.000
2
2
Heterogeneity: χ = 4.380, df = 3 (P = 0.223); I = 31.500%
-2.00
-1.00
0.00
1.00
2.00
Test for overall effect: Z = -4.827 (P < 0.001)
Favours TVC
Favours CLC
Meta-analysis for postoperative consumption of analgesics (TVC vs CLC)

Figure 8 Meta-analysis for pain score and postoperative consumption of analgesics. Transvaginal cholecystectomy vs conventional laparoscopic
cholecystectomy. TVC: Transvaginal cholecystectomy; CLC: Conventional laparoscopic cholecystectomy.
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Model

Study name

Borchert, 2012
Bulian, 2013
Hensel, 2011
Kilian, 2011
Niu, 2011
Zornig, 2011
Random

Statistics for each study
Difference Lower
Upper P -value
in means
limit
limit
-0.001
-0.099
0.097
0.984
-0.700
-1.104
-0.296
0.001
-1.000
-1.565
-0.435
0.001
-1.000
-1.772
-0.228
0.011
-3.200
-3.616
-2.784
0.000
-0.200
-0.399
-0.001
0.049
-1.004
-1.779
-0.228
0.011

2

Difference in means and 95%CI
TVC

CLC

84
50
30
15
43
100

81
50
30
20
48
100

2

Heterogeneity: χ = 233.259, df = 5 (P = 0.000); I = 97.856%
Test for overall effect: Z = -2.536 (P = 0.011)
Model

Study name

Borchert, 2012
Bulian, 2013
Hensel, 2011
Kilian, 2011
Niu, 2011
Santos, 2012
Zornig, 2011
Random

Std
diff
-0.003
-0.679
-0.895
-0.867
-3.167
0.000
-0.279
-0.871

Statistics for each study
Lower
Upper
limit
limit
-0.308
0.302
-1.082
-0.275
-1.426
-0.364
-1.567
-0.168
-3.784
-2.549
-1.651
1.651
-0.557
-0.000
-1.552
-0.190

2

-2.00
-1.00
Favours TVC

0.00

1.00
2.00
Favours CLC

Std diff in means and 95%CI

P -value
0.984
0.001
0.001
0.015
0.000
1.000
0.050
0.012

2

Heterogeneity: χ = 88.23, df = 6 (P = 0.000); I = 93.2%
Test for overall effect: Z = -2.508 (P = 0.012)

-2.00
-1.00
Favours TVC

Weight (fixed)
Relative
Relative
weight
weight
71.43
17.63
4.16
16.87
2.13
16.16
1.14
15.04
3.93
16.82
17.21
17.48

0.00

Weight (fixed)
Relative Relative
weight
weight
27.98
16.04
16.04
15.67
9.25
15.06
5.33
14.11
6.84
14.59
0.96
8.40
33.60
16.13

1.00
2.00
Favours CLC

Figure 9 Meta-analysis for postoperative hospital stay. Transvaginal cholecystectomy vs conventional laparoscopic cholecystectomy. TVC: Transvaginal
cholecystectomy; CLC: Conventional laparoscopic cholecystectomy.
Model

Study name

Statistics for each study
Lower
Upper
limit
limit
Santos, 2012
-0.780
-1.867
0.306
Solomon, 2012
-5.489
-7.204
-3.775
Zornig, 2011
0.271
-0.234
0.775
Fixed
-0.286
-0.728
0.156
Random
-1.875
-4.551
0.801
2
2
Heterogeneity: χ = 40.868, df = 2 (P = 0.000); I = 95.106%
Test for overall effect: Z = -1.374 (P = 0.170)
Std diff

Std diff in means and 95%CI

P -value
0.159
0.000
0.293
0.205
0.170
-4.00
-2.00
Favours TVC

0.00

Weight (fixed)
Relative Relative
weight
weight
16.54
33.68
6.65
31.11
76.81
35.21

2.00
4.00
Favours CLC

Figure 10 Meta-analysis for return to work. Transvaginal cholecystectomy vs conventional laparoscopic cholecystectomy. TVC: Transvaginal cholecystectomy;
CLC: Conventional laparoscopic cholecystectomy.

work, but the other two studies showed no significant
difference between TVC and CLC. Pooled analysis also
showed that there was no significant difference for
return to work after surgery between the two groups
(SMD: -1.875, 95%CI: -4.551 to 0.801, P = 0.170)
(Figure 10).

survey (SF-36) and/or gastrointestinal quality of life
[29]
(GIQoL) questionnaires. Santos et al
showed that
the SF-36 Physical Component Score (PCS) and Mental
Component Score (MCS) were similar between the
TVC and CLC groups at 1 and 3 mo postoperatively.
Similarly, there was no difference between the groups
in the change from baseline of the PCS or MCS at 1
[30]
or 3 mo. Borchert et al
reported that there was no
difference in any of the four domains of the GIQoL or
eight SF-36 domains.

Postoperative sexual function and dyspareunia

It was reported that TVC had no significant influence on
[27,29,30]
postoperative sexual function
. Six studies reported
postoperative dyspareunia, and no dyspareunia occurred
[24,27,29-31,34]
in 252 cases
. Pooled predictive postoperative
dyspareunia rate from a meta-analysis was 1.5%
(95%CI: 0.5%-4.6%) (Figure 11).

Better scar formation and patient satisfaction

TVC had ideal cosmetic results with no visible
[27,31,32]
[31]
scarring
. Zornig et al
reported that 10% of
patients were not satisfied with their scars after CLC,
but no similar complaints occurred in the TVC group.
[32]
Niu et al
also supported better cosmetic results for
[31]
[27]
TVC. Most TVC patients (96% -100.0% ) were
satisfied with TVC and its effectiveness and would
recommend the technique.

Quality of life

Two of nine studies reported postoperative quality of
[29,30]
life
, and there was no difference between the TVC
and CLC groups. Quality of life was assessed using
the medical outcomes study item short from health
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Model

Study name

Borchert, 2012
Bulian, 2013
Hensel, 2011
Noguera, 2012
Santos, 2012
Zornig, 2011
Fixed
Random

Statistics for each study
Event
Lower Upper P -value
rate
limit
limit
0.006
0.000 0.087 0.000
0.014
0.001 0.182 0.003
0.016
0.001 0.211 0.004
0.024
0.001 0.287 0.009
0.063
0.004 0.539 0.064
0.007
0.000 0.097 0.000
0.015
0.005 0.046 0.000
0.015
0.005 0.046 0.000

2

Event rate and 95%CI

Weight (fixed)
Relative Relative Relative
weight
weight
weight
16.93
16.93
16.80
16.80
16.76
16.76
16.63
16.63
15.97
15.97
16.92
16.92

Total
0/84
0/36
0/30
0/20
0/7
0/75

2

Heterogeneity: χ = 1.927, df = 5 (P = 0.859); I = 0.000%
Test for overall effect: Z = -7.157 (P < 0.001)

-0.50

-0.25

0.00

0.25

0.50

Figure 11 Predictive postoperative dyspareunia rate after transvaginal cholecystectomy. TVC: Transvaginal cholecystectomy.

only one of 396 cases that switched to open surgery,
due to abdominal adhesions. The pooled conversion
rate to laparotomy was 1.6% in the TVC group and
there was no significant difference compared with the
CLC group. The above results partially demonstrated
the feasibility of TVC. Technical problems regarding
TVC include creating transvaginal access and ma
neuvering the endoscope. In initially performing
TVC, gynecologists might be invited, because of
their experience with performing colpotomy and
subsequent closure. Maneuvering the endoscope is
an important issue, which could affect the operative
time in TVC. Results suggested a longer operative
time of 34 min (95%CI: 20-48) in the TVC group
when using a flexible endoscope, but not when using
rigid instruments. So, the use of the endoscope was
responsible for the increase in operative time during
cholecystectomy. Heterogeneity still existed in the TVC
flexible endoscope group, but this could be explained
[29]
by different types of flexible endoscope , surgeons,
[37]
and surgical experience . For difficult cases due to
severe abdominal adhesions and/or difficult exposure
in gallbladder triangles, an additional trocar might
be needed, which occurred in about 8.6% (95%CI:
3.2%-20.8%) of TVC cases. Vaginal bleeding might
also be an issue in TVC. Current data showed that
there was no severe intra- or postoperative vaginal
bleeding. Sometimes, negligible vaginal bleeding
occurred after TVC, with a pooled predictive rate of
about 6.7% (95%CI: 1.4%-26.1%), but it could be
stopped spontaneously or by direct compression with
gauze.
Regarding short-term outcomes of TVC, our
meta-analysis showed that there was no significant
difference in postoperative morbidity between TVC
and CLC. We further proved the feasibility and safety
of the TVC procedure. No mortality was seen among
[43]
714 NOTES procedures reported by Pollard et al .
Our study also showed that mortality in TVC was 0%.
In 374 TVC cases, the most serious complications
[30,33]
were bile duct injuries
in two cases, which
were resolved by endoscopic bile duct stenting and
conventional four-trocar laparoscopy. Only one case
needed reoperation because of Douglas pouch abscess

Funnel plot of precision by log OR

Precision (1/Std Err)

2.0

1.5

1.0

0.5

0.0
-3

-2

-1

0

1

2

3

log OR

Figure 12 Funnel plot based on the incidence of postoperative morbidity.

Publication bias

The funnel plot based on the incidence of postoperative
morbidity is shown in Figure 12. Egger’s regression
intercept was 1.357 (95%CI: -0.181 to 2.896, P =
0.075). Begg and Mazumdar rank correlation also
showed no significant publication bias was identified (Z
= 1.563, P = 0.117).

DISCUSSION
NOTES is considered to be a revolution in minimally
invasive surgery and an alternative to traditional
surgical approaches. However, it currently remains
at a stage of clinical and experimental research. The
transvaginal approach appears to be the most practical
and widespread access for both pure and hybrid
[17,42]
procedures (54% of reported NOTES cases)
. In
human trials, transvaginal NOTES cholecystectomy is
a novel procedure that is in a developmental stage.
Much work is needed to verify its safety, confirm its
efficacy, and resolve existing controversy. Our metaanalysis showed that TVC was feasible and safe for
humans and it was not inferior to CLC.
TVC is technically feasible, but might take a
longer time. Our meta-analysis based on similar
baseline characteristics between TVC and CLC showed
conversion to CLC from TVC was 2%. There was
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[31]

at 3 wk postoperatively . Long-term follow-up
[24,27]
showed no incisional hernias in any patient
. Funnel
plot showed that there was no publication bias in the
included studies, which improved the reliability of the
pooled results. This meta-analysis indicated a trend
for less morbidity in the TVC group, but no significant
difference was identified. Pooled overall morbidity rate
was 3.8%, and no significant difference was identified
when compared with CLC (6.7%). Controversy exists
with regard to postoperative pain and hospital stay
between the two groups. Current studies showed no
significant differences in postoperative pain, except
for less pain in the TVC group on postoperative day 1.
Less postoperative analgesic medication and shorter
hospital stay were also identified in the TVC group. So,
TVC might be a good alternative for uncomplicated
gallbladder disease, according to the above short-term
outcomes.
Many authors have reported that transvaginal
[12,44]
surgery does not affect female sexual function
, and
[45]
even significantly improves sexual activity . Linke et
[46]
al
reported at 6 wk postoperatively that there were
fewer dyspareunia symptoms than preoperatively.
Our study showed no cases of postoperative
[24,27,29-31,34]
dyspareunia
, and the pooled predictive rate
of postoperative dyspareunia based on 252 cases from
six studies was about 1.5% (95%CI: 0.5%-4.6%).
This rate should be further evaluated with large
sample size RCTs. Postoperative normal quality of life
and better cosmetic results and satisfaction were also
achieved in the TVC group. Patients who underwent
TVC would recommend it to their friends and family.
No impact on quality of life and postoperative sexual
function in TVC patients underlined this new procedure
as a feasible approach in female patients. However,
there was still a lack of comprehensive evaluation
of quality of life, sexual function, cosmetic results,
and patient satisfaction. Data are urgently needed
from a large TVC sample regarding quality of life and
sexual function, prospectively evaluated using an
internationally recognized and comprehensive healthrelated quality of life and sexual function assessment.
The current study was based on seven prospective
and two retrospective controlled clinical studies and
only one study was a RCT. Our results need to be
further confirmed with more RCTs. Blinding and
randomization are sometimes difficult in medical
practice, especially from an ethical viewpoint. Most
studies included in our meta-analysis had considerable
methodological limitations, including not justifying
sample sizes based on calculation, poorly detailing
the allocation, poorly blinding patients and assessors
to the method of outcomes, and no adequate followup. These limitations should be considered in future
design to improve the evidence. Our results might also
have been affected by publication bias, heterogeneity
between available studies, and imperfect and noncomprehensive retrieval. Some outcomes were
assessed with small cohorts, which might have been
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affected by type Ⅱ statistical errors. Considerable
heterogeneity, small number of patients, and lack of
unified evaluation criteria were pertaining to quality
of life, sexual function, cosmetic benefits and patient
satisfaction in our study. So, it might be inappropriate
to use these results based on the current systematic
analysis. Standard evaluation and definition of various
clinical characteristics in future TVC clinical trials,
especially concerning quality of life and postoperative
sexual function, are necessary to decrease the
heterogeneity and increase reliability of the merged
results.
In conclusion, this study demonstrated that TVC
was a feasible and safe procedure with a comparable
risk of classic LC, which was not inferior to CLC in
either effectiveness or safety due to less pain, shorter
hospital stay and better cosmetic results and patient
satisfaction. New TVC procedures still face several
forms of bias, including patients, doctors and peer
[30,47]
groups
. The rate of negligible vaginal bleeding was
low, and it could be stopped spontaneously or by direct
compression with gauze. No more severe intra- or
postoperative vaginal bleeding was identified compared
to CLC. Due to limitations in the current study, vaginal
injury still needs to be carefully evaluated and further
well-designed RCTs are required. Given the limitations
identified in the current studies, both scientific and
educational efforts are needed to prove the safety and
efficacy of TVC. Well-designed RCTs with large samples
need to be conducted, so that patients and doctors can
make a reasonable decision together.
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Background

Conventional laparoscopic cholecystectomy (CLC) is still considered as a gold
standard for treatment of benign gallbladder diseases, but it has recently been
challenged by transvaginal cholecystectomy (TVC). TVC is a novel technique
for gallbladder disease, which offers the potential of reducing pain, shorter
convalescence, and better aesthetic benefits compared to CLC.

Research frontiers

Previous studies have different conclusions about the superiority of TVC
to CLC. The results of these studies were not consistent. The safety and
effectiveness of TVC require further assessment, and whether TVC is superior
to CLC needs to be strictly evaluated.

Innovations and breakthroughs

Longer operative time was identified in the TVC group, but less postoperative
pain, less postoperative analgesic medication, and shorter hospital stay were
found. In addition, TVC had no significant influence on postoperative sexual
function and quality of life, and better cosmetic results and patient satisfaction
were achieved in the TVC group. TVC was not inferior to CLC, although vaginal
injury needs to be carefully evaluated.

Applications

TVC is safe and effective for gallbladder disease, based on current available
data.

Terminology

TVC is a procedure in which the gallbladder is removed by endoscopy through
the vagina.

Peer-review

The main core of the article is that TVC is an effective surgical therapy for
gallbladder disease. The surgeon could choose TVC or CLC according to
their relative merits, patients’ underlying disease and patients’ preference of
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TVC or CLC. The topic is very interesting, the results are applicable and the
conclusions are valuable.
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AIM: To investigate whether Helicobacter pylori (H.
pylori ) infection is associated with glycemic control

RESULTS: A total of 21 relevant publications were
identified. A meta-analysis of 11 studies with 513
patients with diabetes mellitus (DM) showed significantly
lower glycosylated hemoglobin (HbA1c) levels in the H.
pylori -negative than H. pylori -positive DM participants
(WMD = 0.43, 95%CI: 0.07-0.79; P = 0.02). In children
and adolescents with type 1 DM (T1DM), there was
a positive association between H. pylori infection and
HbA1c level (WMD = 0.35, 95%CI: 0.05-0.64; P = 0.02),
but there was no difference in those with type 2 DM
(T2DM, WMD = 0.51, 95%CI: -0.63-1.65; P = 0.38). A
meta-analysis of six studies with 325 T2DM participants
showed a significant difference in the fasting plasma
glucose levels between H. pylori -positive and H. pylori negative participants (WMD = 1.20, 95%CI: 0.17-2.23;
P = 0.02). Eradication of H. pylori did not improve
glycemic control in the T2DM participants in a threemonth follow-up period (HbA1c decrease: WMD =
-0.03, 95%CI = -0.14-0.08; P = 0.57; fasting plasma
glucose decrease: WMD = -0.06, 95%CI: -0.36-0.23;
P = 0.68). Glycemic control was significantly better
in T1DM participants who were not reinfected than
in those who were reinfected (HbA1c: WMD = 0.72,
95%CI: 0.32-1.13: P = 0.00).

METHODS: The databases of PubMed, Cochrane

CONCLUSION: H. pylori infection is associated with
poorer glycemic control in T1DM patients, but eradication
may not improve glycemic control in DM in a short-term

Abstract
and whether hyperglycemia is modified by eradication
therapy.
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follow-up period.

patients and whether eradication of H. pylori can
improve their glycemic control remain controversial.
Thus, we performed a systematic review with the aim
of assessing whether H. pylori infection is associated
with glycemic control in patients with DM and whether
hyperglycemia in diabetics is modified by eradication
of H. pylori.

Key words: Diabetes mellitus; Eradication; Glycemic
control; Helicobacter pylori ; Meta-analysis; Reinfection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Infection with Helicobacter pylori (H. pylori )
has been suggested to play a pathogenic role in
diabetes mellitus. The association between H. pylori
and glycemic control in diabetics remains controversial.
Our systematic review suggests a positive association
between H. pylori and glycemic control in diabetics,
especially in patients with type 1. While a shortterm follow-up analysis demonstrated that H. pylori
eradication does not improve glycemic control in
diabetics, the long-term effects of eradication treatment
remain unknown. Thus, the question remains as to
whether the indication for H. pylori eradication in
diabetic patients should be extended.

MATERIALS AND METHODS
Search strategy

The PubMed, Cochrane Library, Chinese BioMedicine
Web Base and Chinese Science and Technology
Journals databases were systematically searched
from inception to June 2014 for relevant studies.
No language restriction was used. The search terms
included: “Helicobacter pylori”[Mesh] or “Helicobacter
pylori” or “H. pylori” and “Diabetes mellitus”[Mesh]
or “diabetes mellitus” or “diabetes” or “diabetic” or
“hyperglycemia” and “glucose” or “sugar” or “glucose
control” or “glycemic control” or “glycaemic control”
or “insulin” or “insulin sensitivity.” We also performed
manual searches and screenings of the reference lists
of each article identified by the electronic search.

Dai YN, Yu WL, Zhu HT, Ding JX, Yu CH, Li YM. Is
Helicobacter pylori infection associated with glycemic control
in diabetics? World J Gastroenterol 2015; 21(17): 5407-5416
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i17/5407.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i17.5407

Selection criteria

Cross-sectional studies, case-control studies, cohort
studies and randomized controlled trials (RCTs)
examining the association between H. pylori infection
and glycemic control and/or the effect of eradication
treatment on glycemic control in diabetic humans were
considered eligible for study inclusion. Letters were
also selected for use in our systematic review and
meta-analysis. Two reviewers independently judged
the eligibility of each study identified by the electronic
and manual searches, and disagreements were
resolved by consulting a third reviewer.
To be accepted for study inclusion, articles had to
meet the following criteria: (1) study of subjects that
had received previous diagnosis of DM [either type
1 (T1) or type 2 (T2)]; (2) measurement of fasting
plasma glucose (FPG), HbA1c, insulin or C-peptide,
and/or other parameters reflecting glycemic control
in H. pylori-positive vs H. pylori-negative patients,
in patients with H. pylori reinfection vs those who
were not reinfected after successful eradication,
in patients with successful H. pylori eradication
treatment vs patients with H. pylori infection that was
not eradicated, or in patients before and after an H.
pylori eradication treatment; (3) H. pylori infection
was confirmed by methods that were either invasive
(histology, culture, or rapid urease test) or noninvasive
13
(serologic test, C-urea breath test, stool antigen
test). Age and gastrointestinal symptoms of the
subjects at the time of enrollment were not considered
as inclusive/exclusive criteria for study inclusion.
Articles were excluded if they provided no sufficient
information of H. pylori infection or parameters refle
cting glycemic control. Case series were also excluded.

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative,
spiral-shaped, microaerophilic bacterium that plays a
major pathogenic role in gastric diseases, including,
but not limited to, chronic gastritis, peptic ulcer
disease, gastric cancer, and mucosa-associated
[1-3]
lymphoid tissue-associated lymphoma
. Studies
published in the literature over the past two decades
have suggested potential associations for H. pylori and
several extragastric manifestations, such as idiopathic
thrombocytopenic purpura, iron deficiency anemia, and
[4,5]
atherosclerotic disease , as well as cardiovascular
disease, diabetes mellitus (DM), nonalcoholic fatty liver
[6-9]
disease, and other metabolic syndromes .
It has been suggested that infection with H.
pylori is potentially linked to DM in many aspects.
Various studies have reported a higher prevalence of
[10-13]
[12-16]
H. pylori infection
, a lower eradication rate
[12,13,17-19]
and a more frequent reinfection prevalence
in diabetic patients vs controls. Moreover, H. pylori
infection is considered to be associated with metabolic
[6,7,20]
[20]
control in diabetics
. Chen et al
found that H.
pylori seropositivity was positively associated with
glycosylated hemoglobin (HbA1c) levels through a
large-scale cross-sectional analysis, which indicated a
role of H. pylori in impaired glucose tolerance in adults.
However, the questions of whether H. pylori infection
is associated with poorer glycemic control in diabetic

WJG|www.wjgnet.com

5408

May 7, 2015|Volume 21|Issue 17|

Dai YN et al . H. pylori infection and glycemic control

Data extraction and quality assessment

[17-19,28-45]

selected for study
, including 14 studies that
investigated the association between H. pylori and
glycemic control in diabetics (11 examined HbA1c
[17,28-37]
[29,32,35,37-39]
level
, 6 examined FPG
, and 2
[36,40]
examined the levels of insulin and C-peptide
in H.
pylori-positive and H. pylori-negative diabetic patients),
6 studies of the effect of eradication treatment (2 trials
that compared glycemic control in H. pylori-eradicated
[41,42]
and noneradicated diabetic patients
, and 4 trials
that compared glycemic control before and after
[33,43-45]
H. pylori eradication treatment in diabetics
),
and two studies of the association between H. pylori
[18,19]
reinfection and glycemic control
.
The principal characteristics of the selected trials,
as well as the quality score of each study, are shown
in Table 1. All observational studies scored ≥ 7,
and the Jadad scores of the two RCTs were both 3,
which represented moderate to high quality. The
basic information of the population is shown in Table
2. There were no significant differences in diabetes
duration or gastrointestinal symptoms between the
subjects in the experimental and control groups of
each study, except for those denoted in the table, or
those studies with data that were unavailable.

A data extraction sheet was developed and pilot-tested
using randomly selected studies, the results of which
were used to refine the sheet accordingly. Data were
extracted by two reviewers working independently.
The following information was extracted from each
included paper: (1) study characteristics, including
author and year of publication, location of the study,
sample size, study design, and type of intervention;
(2) population information, including age, sex, type
of DM, H. pylori status, duration of DM, presence
or absence of dyspeptic symptoms, type of therapy
for DM; (3) outcome data, including mean change
and standard deviation in FPG, HbA1c, insulin or
C-peptide, and other parameters reflecting glycemic
control; (4) diagnosis of H. pylori infection; and (5)
eradication treatment schedules and follow-up time.
Disagreements were resolved by discussion.
The quality of included studies was also assessed
by two reviewers working independently. Observational
studies were assessed using standards by reference to
[21]
Quality Assessment Forms that ranged from 0 to 11
points, concerning the selection and representativeness
of subjects, the diagnosis of DM and H. pylori infection,
the comparability of the experimental group and the
control group, the measurement of parameters, the
loss of follow-up, and many other factors. RCTs were
[22]
assessed by the Jadad scale , which ranged from 0
to 5 points, with higher scores indicating better quality.

H. pylori infection and glycemic control

[17,28-37]

Eleven of the included publications
measured
plasma HbA1c level in H. pylori-positive and H.
pylori-negative patients with DM, including five
[17,28,31,33,34]
studies
involving children and adolescents
[29,32,35-37]
with T1DM, five studies
involving T2DM
[30]
patients, and one study
in which the T1DM and
T2DM patients were not distinguished. Overall, the
pooled mean difference in HbA1c level showed a
positive association with H. pylori infection (WMD =
0.43, 95%CI: 0.07-0.79; P = 0.02). Through the
subgroup analysis, we found that the HbA1c level was
significantly higher in the H. pylori-positive children and
adolescents with T1DM than in their H. pylori-negative
counterparts (WMD = 0.35, 95%CI: 0.05-0.64; P =
0.02). However, there was no significant difference
in the HbA1c levels between H. pylori-positive and
H. pylori-negative patients with T2DM (WMD = 0.51,
95%CI: -0.63-1.65; P = 0.38). Overall, the studies
included were heterogeneous (I² = 72%: P < 0.01).
But significant homogeneity was observed among the
studies on children and adolescents with T1DM (I² =
25%; P = 0.26), whereas the studies on T2DM patients
were heterogeneous (I² = 83%; P < 0.01; Figure 1).
[29,32,35,37-39]
Six observational studies
assessed FPG
in H. pylori-positive and H. pylori-negative T2DM
patients, the meta-analysis of which showed a positive
association between H. pylori infection and FPG (WMD
= 1.20, 95%CI: 0.17-2.23; P = 0.02). The included
studies did not show homogeneity (I² = 70%; P < 0.01;
Figure 2).
[36,40]
Two observational studies
assessed the
association of H. pylori infection and plasma insulin

Statistical analysis

The outcome measures were continuous and are
presented as weighed mean differences (WMD)
with 95% confidence intervals (CIs). Statistical
heterogeneity was assessed by the Cochran Q test
2
and the I statistic. Heterogeneity was considered
2
significant by the Cochran Q test for P < 0.05 or I
[23,24]
> 50%
. A fixed or random effects model was
adopted, depending on the absence or presence of
[25]
heterogeneity. Funnel plots
were generated to
initially assess publication bias, after which publication
[26]
[27]
bias was confirmed using Egger’s
and Begg’s
tests. The meta-analyses were conducted using
Review Manager software, version 5.2, while the
Egger’s and Begg’s tests were carried out using Stata
software, version 12.0.
In cases when the study design and population
characteristics varied markedly, we decided not to
combine studies but instead to show outcome data of
each study in a table form or to describe the conclusion
of each study.

RESULTS
Study selection, quality, and characteristics

The electronic searches yielded 193 publications
with potential relevancy. After each publication was
reviewed, only 21 met our inclusion criteria and were
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Table 1 Characteristics of the selected studies in our systematic review
Ref.

Location

Study design and type of
intervention

de Luis et al[43], 2000

Spain

Arslan et al[28], 2000

Turkey

Observational;
before and after eradication
(6-mo-follow-up)
Observational;
HP+ vs HPObservational;
HP+ vs HPObservational;
HP+ vs HPObservational;
reinfected vs not reinfected
(1-yr-follow-up)
Observational;
HP+ vs HPObservational;
HP+ vs HPObservational;
HP+ vs HPbefore and after eradication
(6-mo-follow-up)
Observational;
HP+ vs HPRCT
eradication vs non-eradication
(3-mo-follow-up)
Observational;
reinfected vs not reinfected
(5-yr-follow-up)
Observational;
HP+ vs HPObservational;
before and after eradication
(12-mo-follow-up)
Observational;
HP+ vs HPObservational;
HP+ vs HPObservational;
HP+ vs HPObservational;
HP+ vs HPObservational;
HP+ vs HPRCT;
eradication vs noneradication
(6-mo-follow-up)
Observational;
HP+ vs HPObservational;
before and after eradication
(6-mo-follow-up)

Ko et al[29], 2001
Jones et al[30], 2002

Hong Kong,
China
Australia

Ojetti et al[18], 2002

Italy

Candelli et al[31], 2003

Italy

Wang et al[32], 2003

China

Candelli et al[33], 2004

Italy

Agrawal et al[38], 2005

India

Moghimi et al[41], 2007

Iran

Ojetti et al[19], 2007

Italy

Toporowska-Kowalska
et al[34], 2007
Khalil et al[44], 2007

Belgium

Demir et al[35], 2008

Turkey

Lu et al[40], 2010

China

Candelli et al[17], 2012

Poland

Italy

Wei[39], 2012

China

Zhou et al[36], 2012

China

Vafaeimanesh et al [42],
2013

Iran

Peng et al[37], 2013

China

Wada et al[45], 2013

Japan

DM patients,

Diagnosis of

Parameter(s)
measured

Glycemic
control
(HP+ vs HP-)

Quality
2
score

13 (13/13)

UBT and serologic
test

HbA1c

ND

9

88 (49/39)

Serologic test

HbA1c

ND

8

63 (32/31)

RUT

ND

9

63 (15/48)

Serologic test

HbA1c and
FPG
HbA1c

ND

9

34 (13/21)

UBT and histology

HbA1c

Worse

7

121 (34/87)

HbA1c

ND

8

94 (75/19)

UBT and serologic
test
Serologic test

ND

8

58 (29/29)

UBT

HbA1c and
FPG
HbA1c

ND

8

80 (50/30)

RUT

FPG

Worse

8

41 (22/19)

UBT

ND

3
(Jadad score)

Worse

7

n (HP+/HP-)1

40 (11/29)

H. pylori

HbA1c
decrease and
FPG decrease
UBT and histology
HbA1c

198 (48/150)

UBT

HbA1c

Worse

7

100 (49/51)

UBT

HbA1C

ND

7

141 (87/54)

RUT and histology

ND

9

80 (49/31)

UBT and histology

Worse

8

69 (17/52)

UBT

HbA1c and
FPG
Insulin and
C-peptide
HbA1c

ND

8

68 (38/30)

RUT

FPG

Worse

7

180 (84/96)

Serologic test

ND

8

ND

3
(Jadad score)

Worse

7

ND

7

93 (46/47)

85 (43/42)
72 (72/72)

HbA1c, insulin
and C-peptide
UBT
HbA1c
decrease and
FPG decrease
RUT and histology HbA1c and
FPG
UBT and histology
HbA1c

1

HP+ includes those who did not receive/failed eradication treatment, and those who were reinfected; HP- includes those who received successful
eradication treatment; 2Quality score is presented in each study by reference to Quality Assessment Forms, except for the two RCTs assessed using the
Jadad Scale. DM: Diabetes mellitus; FPG: Fasting plasma glucose; HbA1c: Glycosylated hemoglobin; HP+: Helicobacter pylori-positive; HP-: H. pylorinegative; ND: No difference; RCT: Randomized controlled trial; RUT: Rapid urease test; UBT: 13C-urea breath test.

and C-peptide levels in patients with DM. We did not
perform a meta-analysis for these parameters due to
insufficient data and varied population characteristics.
[40]
The study by Lu et al
found that fasting and 1-h
and 2-h postprandial insulin was significantly lower

WJG|www.wjgnet.com

in the T1DM patients with H. pylori positivity than in
those with H. pylori negativity (P < 0.05). The study
[36]
by Zhou et al
found no significant difference in the
fasting C-peptide levels of T2DM patients with H. pylori
positivity and H. pylori negativity (P > 0.05).
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Table 2 Population information of the selected studies
DM type

Age (yr)

Sex (M/F, n )

DM duration (yr)

Type of therapy for
DM

GI symptoms, n

de Luis et al[43], 2000

T1DM

44.9 ± 15.5

4/9

Insulin

10 with dyspepsia

Arslan et al[28], 2000

T1DM

12.6 ± 4.2

36/52

Insulin

5 had upper GI symptoms

Ko et al[29], 2001

T2DM

49.9 ± 12.0

29/34

Irrespective

29 had upper GI symptoms

T1DM and
T2DM
T1DM
T1DM

44.7 ± 2.99

25/38

13.49 ± 7.0
(1-33)
HP+: 3.85 ± 3.62;
HP-: 2.30 ± 2.12 (P = 0.02)1
(0-13)
HP+: 5.2 ± 5.7;
HP-: 7.3 ± 6.6 (NS)
(1-26; median: 3)
16.6 ± 1.4

Insulin; oral drugs

42 ± 9
15 ± 6

18/16
65/56

NA
6.6 ± 4.6

Insulin
Insulin

Wang et al[32], 2003

T2DM

(28-83)

44/50

Candelli et al[33], 2004
Agrawal et al[38], 2005
Moghimi et al[41], 2007

T1DM
T2DM
T2DM

13.35 ± 3.62
52.8 ± 11.1
NA

28/30
62/18
NA

Ojetti et al[19], 2007
Toporowska-Kowalska
et al[34], 2007
Khalil et al[44], 2007
Demir et al[35], 2008

T1DM
T1DM

48 ± 9
14.38 ± 3.75

23/17
NA

HP+: 5.8 ± 2.2;
HP-: 9.3 ± 6.5 (P < 0.05)1
NA
NA
No difference in two
groups
27.5 ± 12.5
(0.5-16)

Insulin and oral
drugs
Insulin
NA
Insulin and oral
drugs
Insulin
Insulin

GI symptoms occurred
frequently
None had GI symptoms
A proportion had GI
symptoms
A proportion had GI
symptoms2
35 had GI symptoms
36 had GI symptoms
NA

T1DM
T2DM

14.2 ± 2.8
52.0 ± 8.2

56/44
44/97

Lu et al[40], 2010

T1DM

18.6 ± 10.6

45/35

Candelli et al[17], 2012

T1DM

41/28

Wei[39], 2012
Zhou et al[36], 2012
Vafaeimanesh et al[42],
2013
Peng et al[37], 2013

T2DM
T2DM
T2DM

16.8 ± NA
(9-21)
50.0 ± 11.2
59.22 ± 2.57
55.3 ± 10.4

6.2 ± 2.3
6.1 ± 5.9
HP+: 5.9 ± 6.1;
HP-: 6.28 ± 5.9 (NS)
No difference in two
groups
NA

36/32
87/93
50/43

NA
NA
NA

NA
NA
Non-insulin users

T2DM

50.1 ± 10.3

51/34

Wada et al[45], 2013

T2DM

63.7 ± 1.1

55/17

No difference in two
groups
NA

Ref.

Jones et al[30], 2002
Ojetti et al[18], 2002
Candelli et al[31], 2003

NA
NA

Insulin
45 had vague abdominal pain
Insulin, oral drugs or
All had GI symptoms
diet alone
Insulin

NA

Insulin

NA

A proportion had GI
symptoms
NA
NA
A proportion had GI
symptoms
NA

NA

NA

1

Significant difference in the duration of diabetes for the HP+ vs HP-; 2Prevalence of GI symptoms was higher in the HP+ group than in the HP- group.
Data are presented as mean ± SD (range). DM: Diabetes mellitus; HP+: Helicobacter pylori–positive; HP-: H. pylori–negative; GI: Gastrointestinal; NA: Not
available; NS: Not significant; T1DM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus.

Effect of eradication

0.68). The included studies were homogeneous (HbA1c
decrease: I² = 0%; P = 0.76; FPG decrease: I² = 0%;
P = 0.52; Figure 3).
[33,43-45]
Four observational studies
compared plasma
HbA1c levels in H. pylori-positive diabetic patients
before and after eradication treatment. Because the
populations were heterogeneous in age, type of DM,
gastrointestinal symptoms and so on, we did not
perform meta-analysis and instead listed the results
of each study in Table 3. All four studies suggested
that eradication therapy for H. pylori does not affect
glycemic control according to short-term follow-up
(3-12 mo) in diabetic subjects.

[41,42]

Two RCTs
assessed the effect of H. pylori eradication
on HbA1c and FPG decreases in T2DM patients, after
[41]
3 or 6 mo of follow-up. Moghimi et al
compared
H. pylori-positive patients with or without eradication
[achieved by omeprazole (40 mg), azithromycin (500
mg), bismuth subcitrate (480 mg), and metronidazole
[42]
(1000 mg) for 10 d]. Vafaeimanesh et al
compared
H. pylori-positive patients with successful eradication
to those who failed to achieve eradication treatment
[by omeprazole (40 mg), metronidazole (1000 mg),
amoxicillin (2000 mg) and bismuth subcitrate (480
mg), or by omeprazole (40 mg), clarithromycin (1000
mg), and amoxicillin (2000 mg) for 14 d]. Meta-analysis
of these studies indicated no significant difference
of glycemic control in the eradication group vs the
noneradication group at 3 mo after treatment (HbA1c
decrease: WMD = -0.03, 95%CI: -0.14-0.08, P = 0.57;
FPG decrease: WMD = -0.06, 95%CI: -0.36-0.23; P =
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Reinfection with H. pylori and glycemic control
[18,19]

Two cohort studies
assessed plasma HbA1c
levels in H. pylori reinfected T1DM patients after H.
pylori eradication compared to those who were not
reinfected. Glycemic control was significantly better in
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H. pylori (+)
Study or subgroup

Mean

SD

H. pylori (-)

Total

Mean

SD

Total

1.1.1 T1DM (children and adolescents)
Arslan, 2000
11.08
3.17
49
10.32
2.6
39
Candelli, 2003
8.3
1.1
34
8.2
1.5
87
Candelli, 2004
8.25
1.06
29
8.4
1.7
29
Candelli, 2012
8.8
0.8
17
8.4
0.7
52
Toporowska 2007
7.87
1.51
48
7.17
1.46
150
Subtotal (95%CI)
177
357
2
2
2
Heterogeneity: Tau = 0.03; χ = 5.31, df = 4 (P = 0.26); I = 25%
Test for overall effect: Z = 2.30 (P = 0.02)

Mean difference

Mean difference

Weight

IV, Random, 95%CI

IV, Random, 95%CI

5.6%
12.2%
9.5%
12.8%
12.2%
52.3%

0.76 (-0.45, 1.97)
0.10 (-0.39, 0.59)
-0.15 (-0.88, 0.58)
0.40 (-0.03, 0.83)
0.70 (0.21, 1.19)
0.35 (0.05, 0.64)

1.1.2 T2DM
Demir, 2008
7.9
1.8
87
8.7
7.1
54
2.8%
Ko, 2001
8.09 2.11
32
8.42
2.37
31
6.2%
Peng, 2013
9.35 1.96
43
7.08
1.53
42
9.3%
Wang, 2003
11.6
2.2
75
11
3
19
4.4%
Zhou, 2012
8.45 2.46
84
8.18
2.13
96
10.0%
Subtotal (95%CI)
321
242
32.8%
2
2
2
Heterogeneity: Tau = 1.32; χ = 23.95, df = 4 (P < 0.0001); I = 83%
Test for overall effect: Z = 0.88 (P = 0.38)
1.1.3 undistinguished
Jones, 2002
8.8
0.4
15
Subtotal (95%CI)
15
Heterogeneity: Not applicable
Test for overall effect: Z = 1.87 (P = 0.06)

8.6

0.2

48
48

-0.80 (-2.73, 1.13)
-0.33 (-1.44, 0.78)
2.27 (1.52, 3.02)
0.60 (-0.84, 2.04)
0.27 (-0.41, 0.95)
0.51 (-0.63, 1.65)

14.9%
14.9%

0.20 (-0.01, 0.41)
0.20 (-0.01, 0.41)

Total (95%CI)
513
647
100.0%
2
2
2
Heterogeneity: Tau = 0.21; χ = 35.59, df = 10 (P < 0.0001); I = 72%
Test for overall effect: Z = 2.35 (P = 0.02)
2
2
Test for subgroup differences: χ = 0.81, df = 2 (P = 0.67); I = 0%

0.43 (0.07, 0.79)
-2
-1
0
  1
2
Favours [H. pylori (+)]
Favors [H. pylori (-)]

Figure 1 Helicobacter pylori infection and glycosylated hemoglobin levels in diabetic patients. The forest plot demonstrates the positive association between
Helicobacter pylori infection and HbA1c levels in children and adolescents with type 1 diabetes mellitus (T1DM) but not type 2 diabetes mellitus (T2DM). IV: Inverse
variance.
H. pylori (+)
Study or subgroup

Mean

SD

Agrawal, 2005
Demir, 2008
Ko, 2001
Peng, 2013
Wang, 2003
Wei, 2012

9.73
9.17
9.2
10.85
10.6
12.12

2.03
3.59
3.6
2.97
3.8
3.74

H. pylori (-)

Total

Mean

SD

50
87
32
43
75
38

7.7
8.9
9.8
8.11
10.5
10.1

2.19
3.44
4.2
2.69
3.2
3.31

Mean difference

Mean difference

Total

Weight

IV, Random, 95%CI

IV, Random, 95%CI

30
54
31
42
19
30

20.2%
18.5%
13.2%
18.4%
14.9%
14.9%

2.03 (1.07, 2.99)
0.27 (-0.92, 1.46)
-0.60 (-2.53, 1.33)
2.74 (1.54, 3.94)
0.10 (-1.58, 1.78)
2.02 (0.34, 3.70)

Total (95%CI)
325
206
100.0%
2
2
2
Heterogeneity: Tau = 1.12; χ = 16.81, df = 5 (P = 0.005); I = 70%
Test for overall effect: Z = 2.29 (P = 0.02)

1.20 (0.17, 2.23)
-4
-2
0
  2
4
Favours [H. pylori (+)]
Favors [H. pylori (-)]

Figure 2 Helicobacter pylori infection and fasting plasma glucose levels in type 2 diabetes mellitus patients. The forest plot demonstrates the positive
association between Helicobacter pylori infection and fasting plasma glucose levels in type 2 diabetes mellitus patients. The studies included were not homogeneous.
IV: Inverse variance.

those who were not reinfected (WMD = 0.72, 95%CI:
0.32-1.13; P < 0.01). Significant homogeneity was
observed among the studies (I² = 15%; P = 0.28;
Figure 4).

0.350, respectively. For studies on FPG in H. pyloripositive vs H. pylori-negative patients, the P-values
of Egger’s and Begg’s tests were 0.631 and 0.452,
respectively.

Publication bias

DISCUSSION

Examination of the funnel plots (Figure 5) suggested
some publication bias, but the results of Egger’s and
Begg’s tests showed no evidence of significant bias in
the studies considered. For studies on HbA1c level in
H. pylori-positive and H. pylori-negative patients, the
P-values of Egger’s and Begg’s tests were 0.365 and
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The results of the systematic review and metaanalyses suggest that H. pylori infection is associated
with higher HbA1c levels in T1DM children and
adolescents, which indicates poorer glycemic control.
However, further studies are needed to prove whether

5412

May 7, 2015|Volume 21|Issue 17|

Dai YN et al . H. pylori infection and glycemic control

A

Non-eradication
Study or subgroup

Mean

Moghimi, 2007
0.019
Vafaeimanesh, 2013 0.250

Mean difference

Mean difference

SD

Total

Mean

Eradication
SD

Total

Weight

IV, Fixed, 95%CI

IV, Fixed, 95%CI

0.22
0.85

22
46

0.057
0.230

0.16
0.91

19
47

90.4%
9.6%

-0.04 (-0.15, 0.08)
0.02 (-0.34, 0.38)

66

100.0%

-0.03 (-0.14, 0.08)

Total (95%CI)
68
2
2
Heterogeneity: χ = 0.09, df = 1 (P = 0.76); I = 0%
Test for overall effect: Z = 0.57 (P = 0.57)

B

Non-eradication
Study or subgroup

Mean

Moghimi, 2007
0.664
Vafaeimanesh, 2013 0.528

-0.5
-0.25
0
  0.25
0.5
Favours (Non-eradication)
Favors (Eradication)
Mean difference

Mean difference

SD

Total

Mean

Eradication
SD

Total

Weight

IV, Fixed, 95%CI

IV, Fixed, 95%CI

3.382
0.795

22
46

0.167
0.606

2.197
0.673

19
47

2.9%
97.1%

0.50 (-1.23, 2.22)
-0.08 (-0.38, 0.22)

66

100.0%

-0.06 (-0.36, 0.23)

Total (95%CI)
68
2
2
Heterogeneity: χ = 0.41, df = 1 (P = 0.52); I = 0%
Test for overall effect: Z = 0.41 (P = 0.68)

-2
-1
0
1
2
Favours (Non-eradication)
Favors (Eradication)

Figure 3 Effect of Helicobacter pylori eradication on glycemic control in type 2 diabetes mellitus patients. A: Glycosylated hemoglobin decrease (%); B:
Fasting plasma glucose decrease (mmol/L). The forest plot demonstrates that eradication of Helicobacter pylori did not improve glycemic control in type 2 diabetes
mellitus patients in a 3-mo follow-up period. IV: Inverse variance.
Re-infected
Study or subgroup

Mean

Ojetti, 2002
Ojetti, 2007

7.25
8.26

SD
1
0.7

Mean difference

Mean difference

Total

Mean

Not re-infected
SD

Total

Weight

IV, Fixed, 95%CI

IV, Fixed, 95%CI

13
11

6.8
7.35

0.8
0.9

21
29

40.3%
59.7%

0.45 (-0.19, 1.09)
0.91 (0.38, 1.44)

50

100.0%

0.72 (0.32, 1.13)

Total (95%CI)
24
2
2
Heterogeneity: χ = 1.18, df = 1 (P = 0.28); I = 15%
Test for overall effect: Z = 3.48 (P = 0.0005)

-1
-0.5
0
  0.5
1
Favours (Re-infected)
Favors (Not re-infected)

Figure 4 Helicobacter pylori reinfection and glycosylated hemoglobin levels in type 1 diabetes mellitus patients. The forest plot demonstrates the positive
association between Helicobacter pylori re-infection and glycosylated hemoglobin levels in type 1 diabetes mellitus patients. IV: Inverse variance.

Table 3 Glycosylated hemoglobin levels in Helicobacter pylori -positive diabetics before and after eradication treatment
Ref.

Eradication regimen

de Luis et al[43], 2000
Candelli et al[33], 2004
Khalil et al[44], 2007
Wada et al[45], 2013

A: 2000 mg, C: 1000 mg, O: 40 mg; 10 d
< 14 yr: A: 50 mg/kg, C: 30 mg/kg, R: 2 mg/kg; 7 d
> 14 yr: A: 2000 mg, C: 750 mg, R: 20 mg; 7 d
Two antibiotics among A, C or M; O; 7 d
A: 1500 mg, C: 800 mg, L: 60 mg or O: 40 mg or R: 40 mg; 7 d

P value

Before
treatment

3 mo

After treatment
6 mo

12 mo

7.7 ± 1.4
8.2 ± 1.0

NA
NA

7.3 ± 1.0
8.3 ± 1.0

NA
NA

> 0.05
> 0.05

7.4 ± 1.3
6.9 ± 0.1

NA
7.0 ± 0.1

NA
7.0 ± 0.1

7.9 ± 1.1
NA

> 0.05
> 0.05

Data are presented as mean ± SE. A: Amoxicillin; C: Clarithromycin; L: Lansoprazole; M: Metronidazole; NA: Not available; O: Omeprazole; R: Rabeprazole.

H. pylori infection is associated with glycemic control in
patients with T2DM because significant heterogeneity
exists among the studies that have assessed HbA1c
level and the studies that have assessed FPG level in H.
pylori-positive and H. pylori-negative T2DM patients.
We found that the subjects with T2DM in our selected
studies may differ in several ways that affect glycemic
control, including type of therapy for diabetes, diabetes
duration, dyspeptic symptoms, and the compliance
for glycemic control. These inconsistencies result in
heterogeneity among the studies assessing glycemic
control in T2DM patients. In contrast, the subjects
with T1DM in our selected studies were all dependent

WJG|www.wjgnet.com

upon insulin therapy, and as a result, no significant
heterogeneity was seen in these studies.
[40]
Lu et al
reported that fasting and postprandial
insulin secretions were significantly higher in H. pylorinegative T1DM patients than in their H. pylori-positive
counterparts. Although there was a limitation of small
sample size in that study, the previous finding is
consistent with our current finding of better glycemic
control occurring in H. pylori-negative T1DM patients
compared to the H. pylori-positive patients with T1DM.
The results from the current systematic review
also support the conclusion that eradication of H.
pylori may not improve glycemic control in diabetic
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B

0.0

0.0

0.2

0.2

0.4

0.4

SE (MD)

SE (MD)

A

0.6
0.8
1.0

T1DM (children and adolescents)
T2DM
Undistinguished

0.6
0.8

-2

-1

0
MD

1

2

1.0

-4

-2

0
MD

2

4

Figure 5 Funnel plots for publication bias. Each dot represents the mean difference for glycosylated hemoglobin level (A) or fasting plasma glucose level (B) in
Helicobacter pylori-positive and Helicobacter pylori-negative diabetics.

patients in a short-term follow-up period. Because the
number of studies was limited and the follow-up time
of the studies was short, further studies are needed to
confirm the effect of H. pylori eradication on glycemic
control in both T1DM and T2DM patients. Furthermore,
results from our meta-analysis showed that H. pylori
reinfection is associated with poorer glycemic control
in T1DM patients.
A recent meta-analysis performed by another
group that assessed the association of H. pylori and
glycemic control in diabetics showed that H. pylori
carriers did not have higher HbA1C levels than the
[46]
noncarriers . The authors concluded that H. pylori
infection did not worsen glycemic control in patients
with DM. Nevertheless, their meta-analysis did not
estimate the quality of each included study. Moreover,
the authors only examined a single parameter (HbA1C
level) to estimate glycemic control of the subjects.
The different search strategy used in our current
meta-analysis, as well as the different databases that
were searched and the different inclusion criteria that
were applied, may have led to different conclusions.
However, considering the relatively limited population
in the current meta-analysis, we appeal for further
large-scale observational studies to verify this
association. On the other hand, our systematic review
further assessed the effects of H. pylori eradication
treatment and reinfection with H. pylori on glycemic
control in diabetic humans, which may have some
value for clinical practice.
The overall quality of the selected articles is
moderate to high. Many of the studies evaluated
confounding factors that may affect glycemic control,
such as age, sex, duration of DM and gastrointestinal
symptoms; in those studies, however, the cases and
controls were comparable based upon the consistent
measures of the potential confounders. Nevertheless,
a few studies observed differences among the
confounders in their comparative analyses, without
any adjustments. The sample sizes of the selected
studies were also small, which represents a major
limitation. Furthermore, most of the selected articles
were descriptive studies, which precluded their ability
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to determine the causal relationship between H. pylori
and glycemic control.
The mechanisms linking H. pylori and glycemic
control in diabetics are complicated. It is well known
that T1DM occurs because of the autoimmune
destruction of pancreatic islets (the micro-organ in
which insulin production and secretion occur), whereas
insulin resistance is a central pathogenic factor in
T2DM. H. pylori might condition the pathophysiology
of autoimmune response and insulin resistance
syndrome by pathologic consequences through
chronic inflammation outside the stomach, by which
the bacterium affects glycemic control in diabetic
[9,13,47,48]
patients
. In another aspect, gastrointestinal
conditions related to H. pylori infection could delay
gastric emptying, consequently favoring poor glucose
[13,43]
[49]
control
. Furthermore, Ibrahim et al demonstrated
that infection with cytotoxin-associated gene A antigenpositive strains of H. pylori is strongly associated with
poor glycemic control in T2DM patients. This finding
suggests that the more pathogenic type of H. pylori,
which expresses the cytotoxin-associated gene A
antigen and the vacuolating cytotoxin-associated gene
antigen, may play a major pathogenic role in DM
through its interactions with factors related to the host
inflammatory response.
Although H. pylori seems to be a pathogenic factor
for DM, eradication of H. pylori does not benefit all
[50]
diabetic patients. Khamaisi et al
reported a case
of an 80-year-old man with end-stage renal disease
and well-controlled T2DM, who developed severe
hypoglycemia after administration of clarithromycin
due to a clarithromycin-repaglinide drug interaction.
[51]
Otsuka
reported the case of an 82-year-old man
with insulin-controlled T2DM who experienced severe
hypoglycemia during triple drug therapy. These
collective findings remind us that clinicians should be
aware of possible drug interactions that may occur
in diabetics while undergoing H. pylori eradication
therapy, so as to be careful to avoid adverse events.
Nowadays, the indications for treatment of H. pylori
include peptic ulcer, mucosa-associated lymphoid
tissue, functional dyspepsia, long-term nonsteroidal
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anti-inflammatory drug use, gastric cancer, irondeficiency anemia and idiopathic thrombocytopenic
[4]
purpura . Since our study has suggested a positive
association between H. pylori and glycemic control in
diabetics, there should be a debate about whether we
need to extend the H. pylori eradication indications for
patients with DM. Since this systematic review does
not allow for a conclusion about the long-term effect of
H. pylori eradication on glycemic control in diabetics,
further studies with large populations are needed to
observe glycemic control in diabetics after eradication
therapy in a longer follow-up period.

2
3
4

5

COMMENTS
COMMENTS

6

Background

Helicobacter pylori (H. pylori) is potentially related to a series of extragastric
diseases, including diabetes mellitus (DM). DM is a major health burden
worldwide, and glycemic control in DM is an issue of great public concern. The
findings regarding the association between H. pylori and glycemic control in
diabetics have been largely inconsistent. Therefore, the authors conducted a
systematic review to explore the relationship between H. pylori and glycemic
control in DM.

7
8

Research frontiers

H. pylori is known to play a role in autoimmune disease and insulin resistance
through complex processes. A large-scale survey has suggested an association
between H. pylori and impaired glucose tolerance in adults. Consequently, a
current hotspot in DM research is the association between H. pylori infection
and glycemic control, as well as the effect of eradication treatment on glycemic
control.

9
10

Innovations and breakthroughs

Previous studies have indicated that DM is linked to a higher prevalence of
H. pylori, a lower eradication rate, and a higher incidence of reinfection. In
addition, it is believed that H. pylori is associated with metabolic control in DM.
However, the association between H. pylori and glycemic control in diabetics
remains controversial. This systematic review has evaluated this potential
association from a comprehensive perspective, including infection, eradication,
reinfection with H. pylori and glycemic control. Meta-analyses were performed
to examine the overall effect.

11

12
13

Applications

The results of this study indicate that H. pylori infection is associated with poorer
glycemic control in type 1 DM patients and that eradication of H. pylori may
not improve glycemic control in the short-term (3-12 mo). These findings may
provide insights into clinical therapy and promote discussions as to whether the
H. pylori eradication indications should be extended for DM patients.

14
15

Terminology

H. pylori is a gram-negative, spiral-shaped, microaerophilic bacterium that
is related to gastric diseases in humans. Infection with H. pylori remains a
worldwide threat to human health. DM is a common metabolic disease, which is
characterized by high plasma glucose levels for a prolonged period. Type 1 DM
results from the insufficient secretion of insulin, while type 2 DM is due to insulin
resistance.

16

Peer-review

This is an interesting meta-analysis about the relation between H. pylori and
glycemic control in diabetics. The title clearly states the purpose of the study.
The study selection criteria were broad and included letters. The results section
is clearly presented. The authors concluded that H. pylori infection is associated
with poorer glycemic control in type 1 DM patients and that eradication of H.
pylori may not improve glycemic control in diabetic patients over a short-term
period. The fact that the authors found no improvement in HbA1c before and
after eradication confirms the uncertainty of the relationship.
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Weber-Christian disease (WCD) is an inflammatory
disease whose main histological feature is lobular
panniculitis of adipose tissue. The location of
panniculitis determines the clinical presentation, being
the subcutaneous adipose tissue the most frequent one,
followed by liver, spleen, bone marrow and mesenteric
adipose tissue. Systemic corticosteroids are first line
treatment, but other options should be considered
if systemic symptoms are observed or in case of
refractory clinical situation. We report herein a case
with WCD showing orbital, mesenteric and ileocolonic
involvement, which required surgical treatment and
also developed postoperative recurrence. Symptoms
were resolved by administration of thalidomide and,
afterwards, infliximab. To our knowledge, this is the
first report of Weber-Christian disease with luminal
ileocolonic involvement, treated with infliximab.
Key words: Weber-Christian disease; Idiopathic lobular
panniculitis; Crohn’s disease; Infliximab; Ileocecal
resection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Weber-Christian disease is an autoimmune
panniculitis affecting most frequently subcutaneous
adipose tissue; liver, spleen, bone marrow and
mesenteric adipose tissue might be also involved. We
report a case of this uncommon disease with luminal
ileocolonic involvement, mimicking Crohn’s Disease,
which required hemicolectomy and distal ileum
resection. As the intestinal inflammation and symptoms
recurred after surgery infliximab was started, leading to
an improvement in clinical and radiological signs.
Miranda-Bautista J, Fernández-Simón A, Pérez-Sánchez
I, Menchén L. Weber-Christian disease with ileocolonic
involvement successfully treated with infliximab. World J
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INTRODUCTION
Weber-Christian disease (WCD) was first described
by Pfeifer in 1892, and established in the 1920s
by Weber and Christian. Its etiology is unknown
and it can be described as an autoinflammatory
disease affecting adipose tissue. Its main histological
feature-and the key for the diagnosis - is lobular
panniculitis. The location of panniculitis determines
the clinical presentation, being the subcutaneous
adipose tissue the most frequent one. Therefore, the
disease is characterized in most of the patients by
the development of painful subcutaneous nodules,
usually located in limbs and torso; systemic symptoms
and signs such as relapsing fever episodes, fatigue
and polyarthralgia are also frequent. Other locations
such as liver, spleen, bone marrow and mesenteric
adipose tissue might be affected; such cases have
[1-3]
been associated with a significant mortality
.
Most patients respond to corticosteroid therapy;
nevertheless other treatment options must be
considered, especially when systemic manifestations or
steroid-dependencedevelop. We report herein a case
with WCD showing orbital, mesenteric and ileocolonic
involvement, which required surgical treatment and
also developed postoperative recurrence. Symptoms
were resolved by administration of thalidomide and,
afterwards, infliximab.

Figure 1 Abdominal computed tomography scan image of ileocecal
inflammation. Thickening of cecal and terminal ileum wall, with associated
enhancement of mesenteric adipose tissue.

PAS, Ziehl) were negative. On this basis, diagnosis of
lobular panniculitis (probable WCD) was made and
oral administration of 1 mg/kg per day prednisone
started, followed by a gradual tapering and switch
to cyclosporine (8 mg/kg per day). Fever and orbital
inflammation improved rapidly, and clinical remission
was achieved; 3 mo later cyclosporine treatment
was stopped. Eight months after the first episode the
patient was readmitted because of a 24-h history of
fever and abdominal pain. Laboratory findings showed
raised inflammatory markers (C-reactive protein
(C-RP) 13.7 mg/dL) and pancytopenia (hemoglobin
10.6 gr/dL, platelets 103000/mL, leucocytes 2200/mL,
neutrophils 1600/mL, lymphocytes 530/mL). Renal
function, liver biochemistry, lactate dehydrogenase,
creatin-phosphokinase, pancreatic amylase were
normal. 1-antitrypsin was normal. Antinuclear and antidouble stranded DNA were negative. An abdominal CT
scan demonstrated thickening of cecal and terminal
ileum wall, with associated enhancement of mesenteric
adipose tissue (Figure 1). Colonoscopy showed alarge
cecal ulcer covered with fibrin and nodular, hyperemic
and friable margins; terminal ileum intubation was
not possible because of ileocecal valve inflammation
and stenosis. In this setting, differential diagnosis
between Crohn’s Disease, Non-Hodgkin Lymphoma,
infectious ileocolitis, luminal involvement of WCD or
other systemic inflammatory disease as lupus was
proposed. Histological analysis of the endoscopic
biopsies showed a chronic, non-specific inflammatory
infiltrate of the lamina propria. All cultures were
sterile, however a 15-d meropenem treatment was
performed. As increasing suspicions of inflammatory
mediated disease, intravenous cyclosporine (1
mg/kg) was started again aswell as prednisone (1
mg/kg); after failure of medical treatment and the
development of obstructive symptoms two weeks
later, laparoscopic right hemicolectomy and distal
ileum resection with ileostomy was performed.
Histological study of the surgical specimen (Figure
2) revealed lobular lympho-histiocytic panniculitis
+
(CD68 histiocytesand non cytotoxic lymphocytes

CASE REPORT
A 42-year-old, Latin American woman was admitted
into our hospital, presenting a 72-h history of
fever and right exophthalmos. She was evaluated
since childhood because recurrent urinary tract
infections, amigdalytis and oral aphtoid ulcers. She
referred an episode of pancytopenia (10.9 gr/dL
hemoglobin; 1200 leucocytes, 104000 platelets)
6 years before, which was related to bone marrow
hemophagocytic lymphohistocytosisoriginally attributed
to Epstein Barr virus infection. She needed granulocyte
colony-stimulating factor (G-CSF) therapy, and
immunosuppressive treatment, initially cyclosporine
that was not effective and withdrawn, and later
prednisone. No history of skin nodules or unknown
origin fever was suffered during childhood or youth.
On admission, an orbital CT scan was performed
confirming the protrusion of the right eyeball due to a
significant enhancement of the soft tissue in the right
orbit. Surgical samples showed adipose tissue with a
cellular infiltration composed by foam histiocytes, small
+
non-cytotoxic lymphocytes (CD3 , CD8/GzB ) and
multinucleated foreign-body giant cells around periadipocyte granulomas. Microbiological stains (Gram,
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lupus erythematosus (SLE), erythema nodosum,
sarcoidosis, Hodgkin’s Disease, glomerulonephritis,
[6]
diabetes mellitus, and alpha 1 antitrypsin deficiency ,
and nowadays accuracy in diagnosis has led WCD as a
less frequent exclusion diagnosis.
Intraabdominal manifestations of WCD have been
described previously. A review of the literature was
performed, searching for combination of the following
items: “Weber-Christian disease”; “idiopathic lobular
panniculitis”; “ileitis”; “colitis”. Mesenteric panniculitis
is a chronic fibrosing inflammation of the mesentery of
small and large intestine. It is reported in the literature
under several names: mesenteric panniculitis, isolated
lipodystrophy of the mesentery, retractile mesenteritis,
sclerosing mesenteritis, or mesenteric lipomatosis.
This fact has caused considerable confusion, and
reflects the unspecific nature of its pathogenesis and
[2]
clinical manifestations . Therefore, it is difficult to
clarify its real epidemiology, as it seems to be often
underdiagnosed. It is usually asymptomatic, but
may cause abdominal pain, bloating, distension and
diarrhea. In symptomatic patients active treatment
may be necessary, mainly immunosuppressants
as corticosteroids, azathioprine or metothrexate,
and surgery must be considered in case of acute
[7]
complication (perforation) or absence of medical
therapy efficacy. This entity can be identified in
the setting of several diseases, including surgery,
[8]
[9,10]
trauma, infection , malignancy
, rheumatological
[11]
diseases as SLE and Henoch-Schonlein Purpura ,
[12]
granulomatous diseases and pancreatitis , alpha 1
[13]
anti-trypsine deficiency, Ig G4-related disease .
Luminal involvement without mesenteric affection
[14]
has also been described by Kiguchi et al . They
report a case of a 57-year-old man diagnosed of WCD
that required emergent surgery exploration due to
sudden abdominal pain, finding three perforations
of the ascending colon and two perforations of the
distal ileum. Right hemicolectomy and ileal resection
was performed, and subserosal acute panniculitis was
demonstrated to be the cause of the perforations. He
presented no recurrence of the intestinal involvement
of WCD. In this setting, other causes of enteritis
should be rulled out, as Crohn’s Disease, Non-Hodgkin
Linfoma, infectious ileocolitis, autoimmune diseases
15
as SLE (with or without mesenteric vasculitis).
Moreover, other entities such collagen vascular diseases,
[15]
lymphoproliferative disorders, SLE
and pancreatic
lesions may cause abdominal pain and subcutaneous
nodules, and should be taken into account for
differential diagnosis.
To our knowledge, there are no published cases
describing luminal intestinal manifestations due
to WCD successfully treated with IFX. Al-Niaimi et
[16]
al
describe a corticoid-refractory case of lobular
panniculitis with subcutaneous involvement succe
ssfully treated with IFX, after therapeutical essays
with cyclophosphamide, hydroxycloroquine, dapsone,
[5]
potassium iodide and azathioprine. Mavrikakis et al
also present a WCD case with orbital and subcutaneous

Figure 2 Anatomopathological image from ileocecal surgical specimen:
lobular lympho-histiocytic panniculitis (CD68 + histiocytes and noncytotoxic lymphocytes inflammatory infiltrates surrounding pericecal
adipose tissue).

inflammatory infiltrates surrounding pericecal adipose
tissue), lipophagic granulomas and a deep cecal ulcer
surrounded by thrombosed vessels. No vasculitis,
epithelioid granulomas, parasitic, fungal or viral
elements were seen. Fourteen days after surgery
the patient was discharged keeping cyclosporine as
maintenance treatment, but three days later she was
readmitted presenting fever and abdominal pain.
An abdominal CT showed a thickening of the last
segment of ileum and ileostomy. Based on previous
[4]
reports , and assuming such clinical manifestations
as a WCD recurrence once infectious complications
were ruled out, treatment with thalidomide was
started (50 mg per day). Clinical situation improved
significantly in the following days but after 14 d of
treatment and being the patient in clinical remission,
she started to refer symmetric dysesthesia in lower
extremities, with associated hyperreflexia. These signs
were attributed to thalidomide-related neurotoxicity
and the drug was withdrawn. Thus, and based on
a recent report of successful treatment of orbital
[5]
WCD ,infliximab was started (5 mg/kg, repeated at
week 2, 6 and then every 8 wk after achieving clinical
and endoscopic remission). Eight months later, a new
endoscopy through ileostomy was performed showing
no pathological findings; the patient underwent
subsequent ileocolonic anastomosis, keeping clinical
and endoscopic remission after two years of follow-up.

DISCUSSION
Idiopathic lobular panniculitis, traditionally named
WCD, is a rare condition characterized of auto
inflammatory disease involving adipose tissue,
commonly focusing on subcutaneous fat; symptoms
of systemic disease, as fever, arthralgias, are often
observed. Active organ inflammation may also be
detected, usually involving liver, spleen, bone marrow
and mesenteric adipose tissue. This entity has also been
described in association with dermatomyositis, systemic
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2

involvement with dramatical response to IFX, and
switch to Adalimumab due to hypersensitivity, with
long-term sustained response. Finally, therapy with
IFX combined with methotrexate and corticosteroids
reached improvement in clinically life-threating
sclerosing mesenteritis in a 8 year-old boy newly
[17]
diagnosed with celiac disease .
In summary, the case we report developed ileo
colonic manifestations - mimicking by radiological and
endoscopic studies Crohn’s disease - which required
surgical resection and anti-TNF alpha treatment to
successfully maintain remission after surgery.

3

4

5

6

COMMENTS
COMMENTS
Case characteristics

A 42 year-old women diagnosed 8 mo before with Weber-Christian disease
(WCD) was admitted in our institution with fever and abdominal pain.

7

Right-lower quadrant persistent pain, with positive Blumberg sign and fever.

8

Intraabdominal infection (abdominal abscess, appendicitis, colonic diverticulitis),
tumors (colorectal cancer, Non-Hodgkin Linfoma), Crohn’s disease, luminal
involvement of WCD or other systemic inflammatory disease as lupus

9

Clinical diagnosis

Differential diagnosis

Laboratory diagnosis

Raised inflammatory markers (C-reactive protein (C-RP) 13.7 mg/dL) and
pancytopenia (hemoglobin 10.6 gr/dL, platellettes 103000, leucocytes 2200).

10

Imaging diagnosis

CT: thickening of cecal and terminal ileum wall, with associated enhancement
of mesenteric adipose tissue.

Pathological diagnosis

Lobular lympho-histiocytic panniculitis, lipophagic granulomas and a deep cecal
ulcer surrounded by thrombosed vessels.

11

Right hemicolectomy and primary anastomosis.Postoperative recurrence
was managed with thalidomide, interrupted because of related neurotoxicity.
Infliximab induction doses (5 mg/kg at weeks 0, 2 and 6, and every 8 wk after)
were administered and remission was achieved.

12

Treatment

Related reports

Orbital and subcutaneous involvement of WCD cases have been treated with
IFX. No reports concerning antiTNF therapy in luminal digestive disease have
been described.

13

Term explanation

Panniculitis is an inflammatory disorder of subcutaneous tissue that can be
divided in two subtypes: lobular and septal.

14

Experiences and lessons

WCD is an immune-mediated inflammatory disease that may cause severe
ileocolonic inflammation. Biologic agents blocking TNF-α may be considered
for treatment of refractory cases.

15

This article remarks in the differential diagnosis of ileo-colonic wall inflammation,
and potentially safety and efficacy of IFX treating inflammatory conditions of the
intestine.

16
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Abstract
Telaprevir and Boceprevir are the first direct acting
antivirals approved for chronic hepatitis C in combination
with peg-interferon alfa and ribavirin. Pancytopenia due
to myelotoxicity caused by these drugs may occur, but
severe hematological abnormalities or aplastic anemia
(AA) have not been described. We collected all cases
of severe pancytopenia observed during triple therapy
with telaprevir in four Spanish centers since approval
of the drug in 2011. Among 142 cirrhotic patients
receiving treatment, 7 cases of severe pancytopenia
(5%) were identified and three were consistent with the
diagnosis of AA. Mean age was 59 years, five patients
had compensated cirrhosis and two patients had
severe hepatitis C recurrence after liver transplantation.
Severe pancytopenia was diagnosed a median of 10
wk after the initiation of therapy. Three patients had
pre-treatment hematological abnormalities related to
splenomegaly. In six patients, antiviral treatment was
interrupted at the onset of hematological abnormalities.
Two patients died due to septic complications and
one patient due to acute alveolar hemorrhage. The
remaining patients recovered. Severe pancytopenia and
especially AA, are not rare during triple therapy with
telaprevir in patients with advanced liver disease. Close
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monitoring is imperative in this setting to promptly
detect serious hematological disorders and to prevent
further complications.

We describe 7 cases of severe pancytopenia in
patients receiving antiviral treatment with PR and
telaprevir, three being consistent with the diagnosis of
aplastic anemia (AA).

Key words: Aplastic anemia; Hepatitis C; Telaprevir;
Interferon; Protease inhibitors

CASE REPORT

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

Case 1

This patient was a 51-year-old woman with genotype
1b HCV-related cirrhosis. She had stable neutropenia
9
(1500 cells/µl) and thrombocytopenia (74 x 10 /L)
that were likely related to portal hypertension (hepatic
venous portal pressure gradient (HVPG) of 16
mmHg). Esophageal varices were not found on upper
gastrointestinal endoscopy. She had no comorbidities
and she did not take any medications. Viral load
(VL) was undetectable at week 4 of triple therapy
including telaprevir. At this time, blood analysis
revealed worsening of neutropenia (1000 cells/µl),
9
thrombocytopenia (42 x 10 /L) and a decrease of 2.5
g/dl in hemoglobin (Hb) level, leading to interferon
and ribavirin dose reduction. One week later, she
complained of worsening of general condition,
epistaxis, and mild rash. Blood tests revealed severe
pancytopenia (Table 1). The patient was admitted to
hospital; antiviral therapy was immediately interrupted
and blood and platelet transfusions were administered.
Despite supportive blood transfusion and granulocyte
colony-stimulating factor (GCSF) the hematological
abnormalities did not improve. A bone marrow aspirate
showed a leucocyte population formed by lymphocytes
(41%) and normal phenotypic plasma cells (55%)
with the absence of neutrophils. Bone marrow biopsy
was compatible with AA (Figures 1 and 2). Other
acquired causes of bone marrow failure such as
myelodysplastic syndromes, leukemia, megaloblastic
anemia, paroxysmal nocturnal hemoglobinuria and viral
hemophagocytic syndrome were excluded. Due to the
lack of improvement of hematological parameters and
the contraindication of bone marrow transplantation,
cyclosporine was started with no improvement.
The patient developed pulmonary aspergillosis and
subsequently presented progressive liver and renal
failure and died 50 d after admission.

Core tip: Addition of the new directly acting antivirals,
Telaprevir and Boceprevir, clearly improved sustained
virological response rates in patients with chronic
hepatitis C. However, these combinations have also
increased the risk of serious adverse events, especially
in patients with advanced liver fibrosis. We describe
the development of severe pancytopenia and aplastic
anemia during triple therapy with telaprevir in patients
with advanced liver disease (before or after liver
transplantation). Close monitoring is imperative in
this setting to promptly detect serious hematological
disorders and to prevent further complications.
Lens S, Calleja JL, Campillo A, Carrión JA, Broquetas T, Perello
C, de la Revilla J, Mariño Z, Londoño MC, Sánchez-Tapias
JM, Urbano-Ispizua Á, Forns X. Aplastic anemia and severe
pancytopenia during treatment with peg-interferon, ribavirin and
telaprevir for chronic hepatitis C. World J Gastroenterol 2015;
21(17): 5421-5426 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5421.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5421

INTRODUCTION
Addition of the new directly acting antivirals (DAAs),
Telaprevir and Boceprevir, clearly improved sustained
virological response (SVR) rates in patients with
[1-5]
chronic hepatitis C . However, these combinations
also increased the risk of serious adverse events
(SAEs). One of the most common adverse events
associated with triple therapy compared to standard
[6]
peg-interferon and ribavirin (PR) regimens is anemia .
Interferon-related bone marrow suppression and
ribavirin-related hemolytic anemia are common and
may lead to dose-reduction, especially in patients
[7]
with baseline cytopenia . Nonetheless, very few
cases of severe pancytopenia and only one case of
aplastic anemia related to interferon therapy have
been reported in patients with chronic hepatitis C virus
[8,9]
(HCV) . Thus, severe hematological disorders appear
to be anecdotic as a great number of patients have
been treated with these drugs during the last decades.
As far as we know, cases of aplastic anemia related
to telaprevir or boceprevir combination therapy have
not been reported. Instead, a case of successful triple
therapy in a patient with severe aplastic anemia has
[10]
been recently reported .

WJG|www.wjgnet.com

Case 2

This patient was a 56-year-old woman with HCV
genotype 1a-related cirrhosis that was diagnosed 6
years earlier by liver biopsy and remained compensated.
She was on oral therapy for diabetes mellitus. Two
days after the initiation of triple therapy with telaprevir
she developed a grade I micropapular rash which was
successfully treated with topical corticoids and antihistamines. At week 4 of therapy she complained of
fever, odynophagia and cough. Physical examination
showed an erythematous tonsillitis with candidiasis
lesions. Blood tests showed a total leukocyte count of
570 cells/µL with 0% neutrophils, a platelet count of 19
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Table 1 Liver function and blood tests at baseline and at the development of severe pancytopenia and final outcome

Features at baseline
Hemoglobin (g/dL)
Neutrophils (mm3)
Platelets (mm3)
ALT (IU/L)
Bilirubin (mg/dL)
Albumin (g/dL)
INR
Liver stiffness (kPa)
HVPG (mmHg)
Child-Pugh score
Features at diagnosis of pancytopenia
Triple therapy (wk)
Hemoglobin (g/dL)
Neutrophils (cells/mL)
Platelets (109/L)
Reticulocytes (109/L)
Bone Marrow Biopsy
Specific treatment
Treatment interruption
Blood transfusion (units)
EPO (days of therapy)
GCSF (days of therapy)
Outcome

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6 (LT)

Case 7 (LT)

14.3
1500
74000
59
1.3
32
1.1
50
16
6

14.2
1320
96000
77
0.93
47
1.1
10.8
5

12.9
1900
108000
46
0.6
37
1
16
5

13.5
900
101000
96
1.1
40
1
11
8.5
5

13.4
3810
199000
77
0.5
45
1
16.8
5

13.9
2880
102000
120
1.4
35
1.1
14.2
8.5
6

14
1700
78000
536
1.2
36
1.28
12
5

10
7.5
400
5000
0.2%
Yes

4
7
0
19000
0.1%
Yes

7
7.8
250
2400
0.6%
Yes

5
7.6
200
23000
-

16
7.2
400
12000
< 1%
-

16
7.9
400
9000
< 1%
-

8
8.5
300
30000
-

Yes
14
30
30
Death

Yes
7
60
60
Recovered

Yes
NA
60
30
Death

Yes
6
6
6
Death

No
20
240
90
Recovered

Yes
10
90
90
Recovered

Yes
0
30
45
Recovered

LT: Liver transplantation; ALT: Alanine aminotransferase; INR: International normalized ratio; HVPG: Hepatic venous pressure gradient; AA: Aplastic
anemia; EPO: Erythropoietin; GCSF: Granulocyte colony stimulating factor; NA: Not available.

Figure 1 Bone marrow section showing a marked reduction in hemopoietic
precursors which are mainly replaced by fat (hematoxylin eosin staining,
magnification × 200).

Figure 2 Hematopoietic cells replaced by fat vacuoles and a variable
inflammatory infiltrate composed of lymphocytes and plasma cells
is observed. No megakaryocytes are present (hematoxylin eosin staining,
magnification × 400).

9

x 10 /L, Hb of 7 g/dl, and 0.1% reticulocytes (Table 1).
The chest X-ray was normal. The patient was admitted
to hospital and antiviral therapy was withdrawn. A
bone marrow biopsy showed marked hypocellularity
without morphologic abnormalities, consistent with AA.
Supportive treatment with erythropoietin (EPO), GCSF
and blood and platelet transfusion was initiated. Oral
candidiasis due to Candida albicans was successfully
eradicated. Two months later the patient’s hematological
abnormalities had fully recovered.

controlled diabetes mellitus. Concomitant medications
were metformin, levothyroxine, atenolol and eprosartan.
Four weeks after initiation of antiviral therapy with
PR and telaprevir, the VL was undetectable. There
was an Hb concentration decrease of 5 g/dl from
baseline and a blood transfusion was administered at
this time. Ribavirin dose was adjusted and treatment
with EPO was initiated. Three weeks later she was
admitted to the Intensive Care Unit with the diagnosis
of septic shock requiring vasoactive drug support and
severe pancytopenia. Antiviral therapy was stopped at
admission. Methicillin-sensitive Staphylococcus aureus
was isolated in blood cultures within 48 h and specific
antibiotic therapy was started (cloxacillin and piperacillin-

Case 3

This patient was a 67-year-old woman with HCV
genotype 1a compensated cirrhosis, autoimmune
hypothyroidism, arterial hypertension, and well
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tazobactam). Despite extensive investigations, the
source of the infection was not identified. Pancytopenia
progressively worsened (Table 1). The patient de
veloped renal failure requiring hemodialysis as well as
liver failure with bilirubin increasing up to 18 mg/dl
and ascitic decompensation. The patient presented a
multiorgan invasive zygomycosis and died one month
after admission. Necropsy confirmed AA with severe
hypocellularity in the bone marrow.

orthotopic liver transplantation (LT) 24 mo before
due to advanced HCV genotype 1b-related cirrhosis.
Immunosuppressive therapy consisted of tacrolimus
monotherapy with stable levels and no dose modi
fications during the previous months. He was also
taking statins for hypercholesterolemia. No other
comorbidities were present and the patient received
no other medications. The patient developed HCV
recurrence with severe liver injury at 21 mo after LT,
6
as indicated by cholestasis, high VL (4 x 10 IU/mL)
and increasing transient elastography values (14 kPa).
The HVPG value was 8.5 mmHg, and a transjugular
liver biopsy showed necroinflammatory activity and
periportal fibrosis (F2) on the METAVIR scale, but
no signs of rejection. At week 16 of triple therapy
with telaprevir, 4 wk after telaprevir was stopped he
presented with grade 3 anemia, neutropenia and
severe thrombocytopenia. Antiviral therapy was
withdrawn and blood and platelet transfusions were
administered (Table 1). Supportive care with EPO and
GCSF was maintained for a further 3 months. The
patient achieved a SVR despite early discontinuation
of antivirals, and he also recovered from the hema
tological abnormalities.

Case 4

This patient was a 62-year-old woman with HCV
genotype 1b-related cirrhosis. She had durable
neutropenia (about 900 cells/µl) possibly related to
hypersplenism due to portal hypertension (HVPG 8
mmHg). Upper gastrointestinal endoscopy detected
a small esophageal varicose vein. She did not have
comorbidities and did not take medications. VL was
undetectable at week four of triple therapy with
telaprevir. At this point, total neutrophil and platelet
9
counts were 700 cells/µl and 47 x 10 /L, respectively.
One week later she was admitted to the hospital
due to fever and chills lasting 48 h. The chest X-ray
showed a right inferior lobe pneumonia and broad
spectrum coverage antibiotic therapy was started.
Blood tests disclosed severe pancytopenia (Table
1). Antiviral therapy was interrupted and supportive
treatment with red blood cell and platelet transfusion
was initiated. Seventy-two hours after admission, she
suddenly presented a massive hemoptysis with alveolar
hemorrhage. Despite orotracheal intubation and
mechanical ventilation the patient suffered a cardiac
arrest and did not recover. Necropsy was not performed.

Case 7

This patient was a 63-year-old woman whose liver
histology showed advanced fibrosis (F3) 18 mo after
6
LT. She had a genotype 1b infection, VL was 2 x 10
IU/L, and ALT and AST values were 235 and 536
IU/L, respectively. Immunosuppressive treatment
consisted of tacrolimus and low-dose prednisone.
She had developed diabetes mellitus after LT and was
receiving insulin therapy. When triple therapy with PR
and telaprevir was initiated, she presented a stable
9
mild thrombocytopenia of 78 x 10 /L. At week 4 of
therapy, there was a marked decrease in neutrophils
(500 cells/µl) along with anemia (Hb 10 g/l) and a
9
further decrease in platelet count (50 x 10 /L). The
VL was undetectable. Doses of PR were adjusted
and supplementary therapy with EPO and GCSF was
given. Despite these measures, the neutrophil count
continued to decrease and antiviral therapy was
interrupted at week 6 (Table 1). One month later, the
hematological abnormalities disappeared and this was
followed by a SVR in spite of early discontinuation of
therapy.

Case 5

This patient was a 68-year-old woman with HCV
genotype 1b-related cirrhosis and cryoglobulinemia.
She had no comorbidities and she did not take any
medications. VL was undetectable at week 4 of triple
therapy with telaprevir. The patient was hospitalized
at week 8 due to acute pyelonephritis caused by
Escherichia coli. The infection resolved after 2 wk of
intravenous antibiotic therapy. Due to grade 3 anemia,
the patient required a blood transfusion at week 12,
and treatment with EPO and ribavirin dose reduction
was required at this time. The patient completed
12 wk of telaprevir therapy and then continued on
treatment with PR. During the following 4 wk, the
patient developed severe pancytopenia (Table 1)
despite supportive treatment with transfusions, EPO
and GCSF administration. Reticulocyte count was < 1%
9
x 10 /L. Other causes of pancytopenia were ruled out.
The patient continued on antiviral therapy until week
48, at reduced doses of PR. She achieved a sustained
virological response (SVR) and is currently recovering
from the hematological disorder.

DISCUSSION
The approval of first generation protease inhibitors
(PIs), boceprevir and telaprevir, has been a major step
[1,2,4,5]
forward in the treatment of chronic hepatitis C
.
Beyond the efficacy results, PIs-based regimens in
patients with compensated cirrhosis may be associated
with SAEs such as severe infections (4%-6%), clinical
decompensation (3%-4%) and even death. These
events were not reported in the registration trials,
possibly because patients included in these studies

Case 6

This patient was a 51-year-old man who underwent
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were mainly very well compensated cirrhotics without
significant portal hypertension. Indeed, a low platelet
9
count was an exclusion criterion (< 90 × 10 /L for
9
telaprevir and < 100 × 10 /L for boceprevir) in these
trials. The results of triple therapy in cirrhotic patients
demonstrated that a low platelet count (< 100 ×
9
10 /L) and low serum albumin (< 35 g/L) were strong
predictors of severe complications. Importantly, the
risk of severe complications was 44% in patients with
both factors as compared to 3.4% in patients with
[11]
normal platelet and albumin values .
The mechanism of hematological toxicity during
triple therapy is still not completely understood, but
is probably related to the concomitant administration
of all three drugs. Interferon results in bone marrow
suppression and ribavirin leads to hemolysis, while PIs
may cause direct bone marrow toxicity (as suggested
[12,13]
in a few reports in the setting of HIV infection
) in
patients with portal hypertension or advanced cirrhosis.
Finally, the risk of hematological abnormalities could
[14]
also be influenced by genetic factors .
Severe AA is defined by a bone marrow cellu
larity < 25%, or 25%-50% with < 30% residual
hematopoietic cells, and at least 2 of the following
factors: neutrophils < 0.5 cells/µl, platelets < 20 ×
9
10 /L and low reticulocyte count. The overall incidence
of this disease is low, as it is estimated to occur
[15]
in only 2-4 million people per year . Antibiotics,
anti-inflammatory drugs and anticonvulsants are
among the currently licensed drugs which have been
[16]
associated with AA .
Severe bone marrow hypocellularity related to
interferon administration has been reported not only
[8,9]
in the setting of HCV infection . However, taking into
account the huge number of patients treated with this
drug worldwide, the incidence of this adverse event
appears to be extremely low. Indeed, in our center,
of 1700 HCV patients treated with PR therapy in the
last decades, there have been no cases of AA. The
only reported case in the literature is a non-cirrhotic
46-year-old man who developed AA 4 mo after the
initiation of PR therapy and had a fatal outcome
[8]
despite bone marrow transplantation .
Among 142 cirrhotic patients receiving treatment
in four Spanish centers since the approval of triple
therapy in 2011, 7 cases of severe pancytopenia (5%)
were identified and three had diagnostic features
consistent with AA (2%). The mean age of these
patients was was 59 years, 5 were Child A cirrhotics
and two had severe HCV recurrence after LT. The
mean liver stiffness value was 18 kPa, three patients
had portal hypertension (range: 8.5-16 mmHg) and
3 patients had abnormal pre-treatment hematological
values possibly related to splenomegaly (Table 1). All
patients were closely monitored from the beginning of
treatment (at least biweekly) and PR dose adjustments
were made depending on hematological values. The
diagnosis of severe pancytopenia was made a median
of 10 wk after telaprevir initiation and antiviral therapy
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was interrupted at the time of this diagnosis in all
but one patient (case 5). At diagnosis, the MeDRA
classification of adverse events was > 3 in all cases
(severe or medically significant, but not immediately
life-threatening with hospitalization indicated).
Importantly, when these patients were offered triple
therapy, data on predictive factors associated with
severe complications were not yet available. However,
when retrospectively analysing if these patients would
have been candidates for antiviral treatment with
telaprevir, only case 1 would have been excluded
due to the presence of both thrombocytopenia and
hypoalbuminemia (case 1).
Three patients had diagnostic features of AA
(cases 1-3). In case 3, AA developed during septic
shock and antibiotic treatment, thus, an influence
on the development of bone marrow toxicity cannot
be disregarded. In the remaining patients, other
potential causes of AA were excluded by anamnesis
and laboratory tests. Bone marrow biopsy histology
revealed hypocellularity and excluded an infiltrative
disease (Figures 1 and 2).
Despite all patients being diagnosed very early and
receiving support in referral centers; two patients had
septic complications and died due to multiorgan failure
and one patient had a massive hemoptysis and did not
recover despite vital support measures.
In conclusion, hematological adverse events
are frequent during antiviral therapy with protease
inhibitors in patients with chronic hepatitis C. A
specialized center with expertise should be contacted
as early as possible in order to initiate measures aimed
at obtaining the best supportive care and exclude
other possible causes of pancytopenia. Although AA
is a rare condition, it has now been diagnosed during
triple therapy with telaprevir in patients with advanced
liver disease. Close monitoring of hematological
tests is advised during treatment and therapy should
be promptly interrupted in the case of a decrease
in the three hematopoietic series to prevent the
establishment of AA and its complications.

COMMENTS
COMMENTS
Case characteristics

Seven cases of severe pancytopenia were identified and three had diagnostic
features consistent with aplastic anemia (AA) during triple therapy with
telaprevir. The mean age of these patients was 59 years, 5 were Child A
cirrhotics and two had severe hepatitis C virus (HCV) recurrence after liver
transplantation. The mean liver stiffness value was 18 kPa, and three patients
had portal hypertension (range: 8.5-16 mmHg).

Clinical diagnosis

The diagnosis of severe pancytopenia was made a median of 10 wk after
telaprevir initiation.

Differential diagnosis

Other causes of hematological disorders were excluded (drug toxicity, vitamin
deficiency, bone marrow infiltration, malignancy).

Laboratory diagnosis

Severe AA was defined by a bone marrow cellularity < 25%, or 25%-50% with
< 30% residual haematopoietic cells, and at least 2 of the following factors:
neutrophils < 0.5 cells/µl, platelets < 20 × 109/L and low reticulocyte count.
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The remaining cases had severe pancytopenia (hemoglobin levels < 10 g/dl,
neutrophils < 0.75 cells/µl and platelets < 50 × 109/L).

Pathological diagnosis

Bone marrow biopsy histology revealed hypocellularity and excluded an
infiltrative disease.
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Treatment

Early discontinuation of antiviral therapy after AA diagnosis. Supportive care
with G-CSF and blood and platelet transfusions was administered. One patient
received cyclosporine.
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7

Interferon-related bone marrow suppression and ribavirin-related hemolytic
anemia are common and may lead to dose-reduction, especially in patients with
baseline cytopenia. Nonetheless, very few cases of severe pancytopenia and
only one case of AA related to interferon therapy have been reported in patients
with chronic hepatitis C infection.

8

Term explanation

The addition of a protease inhibitor to antiviral treatment may induce bonemarrow toxicity, especially in patients with advanced liver disease.

Experiences and lessons
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In conclusion, hematological adverse events are frequent during antiviral
therapy with protease inhibitors in chronic hepatitis C. A specialized center
with expertise should be contacted as soon as possible in order to initiate
measures aimed at obtaining the best supportive care and to exclude other
possible causes of pancytopenia. Although AA is a rare condition, it has now
been diagnosed during triple therapy with telaprevir in patients with advanced
liver disease. Close monitoring of hematological tests is advised during
treatment and therapy should be promptly interrupted in the case of a decrease
in the three hematopoietic series to prevent the establishment of AA and its
complications.

10

11

Peer-review

The authors presents seven cases of severe pancytopenia (three of them
with AA) occurred in patients with HCV related cirrhosis during triple therapy
(peginterferon + ribavirin + telaprevir). The adverse effects associated with triple
therapy are common and well-known.
12
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Primary retroperitoneal mucinous cystic tumors are
extremely rare. These tumors can be classified as
a primary retroperitoneal mucinous cystadenoma
with or without borderline malignancy or primary
retroperitoneal mucinous cystadenocarcinoma. The
most common of these is primary retroperitoneal
mucinous cystadenoma, which almost always occurs in
female patients; only ten cases have been reported in
males. The most common clinical findings for this tumor
type include nonspecific abdominal pain and a palpable
abdominal mass. A definitive diagnosis is usually
obtained from histopathology after surgical excision.
Here, we report the case of a 60-year-old female
patient who complained of abdominal pain that had
been present for 3 mo and presented with a palpable
abdominal mass. Multidetector computed tomography
scanning revealed a large, unilocular cystic mass in the
left retroperitoneal space. Surgical intervention was
performed and the tumor was completely removed.
Histopathologic examination confirmed that the tumor
was a primary retroperitoneal mucinous cystadenoma.
Two years after surgery, the patient remains disease
free.
Key words: Cystic tumor; Differential diagnosis; Histo
pathology; Mucinous cystadenoma; Retroperitoneum
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Primary retroperitoneal mucinous cystadenomas
are very rare tumors for which the biologic behavior
and histogenesis remain speculative. No effective
diagnostic measures have been established for an
accurate preoperative diagnosis of these tumors.
Symptoms of these retroperitoneal masses are caused
by exertion of pressure and obstructive effects on
adjacent organs. This report describes a case of a
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large, primary retroperitoneal mucinous cystadenoma in
a female patient, which was visualized on multidetector
computed tomography exam and completely enucleated
at laparotomy.
Knezevic S, Ignjatovic I, Lukic S, Matic S, Dugalic V, Knezevic
D, Micev M, Dragasevic S. Primary retroperitoneal mucinous
cystadenoma: A case report. World J Gastroenterol 2015;
21(17): 5427-5431 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i17/5427.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i17.5427

INTRODUCTION
Figure 1 Contrast-enhanced computed tomography scan in the sagittal
section showing the retroperitoneal tumor with homogeneous features.

Primary retroperitoneal mucinous (PRM) cystic
tumors can be classified as PRM cystadenoma, PRM
cystadenoma with borderline malignancy, and PRM
[1]
cystadenocarcinoma. First described by Handfield in
1924, PRM cystadenomas are the most common of
[2-4]
these tumor types . Because of its rarity, the biologic
behavior and histogenesis of this disease remain
[5]
unclear . A review of EMBASE and MEDLINE databases
[2-4,6]
revealed 48 reported cases of PRM cystadenoma
,
[6,7]
ten cases with borderline malignancy
, and 27
[6,8,9]
cases of PRM cystadenocarcinoma
in the English
literature. These tumors almost always occur in female
[2-4,6-12]
patients, with only ten cases reported in males
.
[4]
Tumors range between 7 cm and 30 cm in size , and
most commonly present with nonspecific abdominal
pain or distension and a palpable abdominal mass,
which induces mass effect on adjacent organs. Acute
abdomen pain due to intestinal obstruction caused
[5]
by PRM cystadenoma has also been reported . PRM
cystadenomas are typically discovered with standard
imaging modalities [computed tomography (CT),
magnetic resonance imaging (MRI), ultrasound].
However, laboratory and imaging findings are incon
clusive in the majority of cases, and definitive
diagnosis is obtained only after histologic examination.
In this report, we describe a case of a large PRM
cystadenoma in a female patient, which was visualized
on multidetector CT exam and completely enucleated
at laparotomy.

Figure 2 Multidetector computed tomography exam with 3D reconstruction
and volumetry. Imaging revealed an oval, well-delimited, cystic lesion located in
the left retroperitoneal space that measured 12.3 cm × 10.8 cm in size (volume:
858 mL) without infiltration of surrounding structures.

CASE REPORT
A 60-year-old female patient was admitted to our
hospital because of abdominal pain and a palpable
mass in the left lower abdominal quadrant. The
symptoms had been present for 3 mo. Laboratory
findings and tumor markers were within reference
ranges. Multidetector CT (MDCT) scanning revealed
a large (12.3 cm × 10.8 cm) cystic mass in the left
hemiabdomen located within the retroperitoneal
space (Figure 1). Volume rendering and threedimensional reconstruction of the MDCT showed an

WJG|www.wjgnet.com

Figure 3 Surgically excised retroperitoneal mass.

oval, well-delimited, cystic lesion located in the left
retroperitoneal space and embedded in the left iliac
fossa, but without infiltration of surrounding structures
(Figure 2). The differential diagnosis included a
mesenterial pseudocyst and cyst of the left ovary.
A midline laparotomy was performed, revealing the
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A

B

Figure 4 Histopathology. Hematoxylin eosin staining of the excised tumor revealed a single layer of mucin-producing columnar epithelium with underlying fibrous
connective tissue (A, magnification × 14); Rare papillation was observed without invasion (B, magnification × 20).

A

B

C

D

Figure 5 Immunohistochemistry. Immunoreactive expression of Mucin (MUC) 1 (A); MUC2 (B); MUC5AC (C); and CDX2 (D) (magnification × 20).

mass located between the left portion of the anterior
abdominal wall and the lateral border of the left psoas
muscle, embedded in the left iliac fossa. The cystic
tumor was completely removed (Figure 3) and sent
for histopathologic assessment. Hematoxylin and
eosin staining revealed a single layer of mucin (MUC)producing columnar epithelium with underlying fibrous
connective tissue and rare papillation, but without
invasion (Figure 4). Immunohistochemistry for MUC
identified unevenly distributed moderate cytoplasmic
expression of MUC1 and MUC2, and strong cytoplasmic
expression of MUC5AC (Figure 5). Strong nuclear
CDX2 immunoreactivity was also observed. Therefore,
a diagnosis of PRM cystadenoma was confirmed.
The postoperative period was uneventful and the

WJG|www.wjgnet.com

patient was discharged on the fifth postoperative day.
Regular check-ups demonstrated that the patient was
completely symptom free. Two years after surgery,
abdominal CT revealed no signs of disease recurrence.

DISCUSSION
There are several theories explaining the development
of PRM cystademonas, including origination from
a teratoma, ectopic ovary, or mucinous metaplasia
[13]
of the mesothelial lining. Subramony et al
found
that stromal cells in PRM cystademonas express the
estrogen receptor, which may be why these tumors
are more frequently found in women. Also, the growth
of the tumor could be a consequence of estrogen
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unevenly distributed, moderate, cytoplasmic MUC1 and MUC2 staining, strong
cytoplasmic MUC5AC staining, and strong nuclear CDX2 antigen staining.

activity via estrogen receptor activation. In men, the
undescended testicle is a potential source of tumor
[9]
cells, as the retroperitoneum has no epithelial cells .
There are no pathognomonic clinical or radiologic
findings for this disease, thus obtaining an accurate
preoperative diagnosis with standard imaging modalities
is nearly impossible. PRM cystadenomas usually present
as a multi- or unilocular cystic mass, varying in size
and localized anywhere in the retroperitoneal space,
without adherence to the ovaries. Imaging findings
often include displacement of the ureter, kidney, liver,
and large abdominal vessels. The diagnostic value of
MRI and CT is similar; MRI provides a variety of images
and can identify correlations between the mass and the
[8]
soft tissues , whereas CT reveals the extension of the
mass and shows mural calcifications, which support the
diagnosis of cystadenoma rather than teratoma.
Differential diagnoses should include cystic teratoma,
cystic mesothelioma, Müllerian cyst, epidermoid cyst,
pancreatic pseudocyst, lymphocele, and urinoma.
Aspiration and cytology examination cannot reveal the
[7]
type of lining cells of these cystic tumors . In our case,
a retroperitoneal enteric duplication cyst was suspected
after standard histopathologic analysis. The diagnosis
of PRM cystadenoma was subsequently confirmed by
immunohistochemical analysis.
Laparotomy with complete surgical excision of
the tumor has been the therapy of choice in most
reported cases, as well as it was in our case; although,
a laparoscopic approach can also be successfully
[14]
performed . When diagnosed, complete surgical
enucleation of the tumor is always advised, due
to complications such as compression effect on
adjacent organs, infection, and rupture or malignant
transformation of the tumor. Therefore, when a
retroperitoneal cystic mass is encountered, mucinous
cystadenoma should be taken into consideration.
The small number of globally registered cases and
insufficient surveillance data show that there is a need
for effective registration and further study of these rare
tumors.

Treatment

Laparotomy with complete surgical excision of the tumor.

Related reports

Primary retroperitoneal mucinous tumors are rare. Primary retroperitoneal
mucinous cystadenomas are the most common type of these tumors that can
arise at any location in the retroperitoneum, with histologic similarities to ovarian
mucinous cystadenomas.

Experiences and lessons

This report describes a female patient with abdominal pain and a palpable mass
in the left lower abdominal quadrant. Laboratory findings were within reference
ranges, and a large cystic mass was observed in the left hemiabdomen
within the retroperitoneal space upon multidetector CT scanning. The tumor
was diagnosed as a primary retroperitoneal mucinous cystadenomas upon
histopathologic examination.

Peer-review

This article applies laparotomy and the complete resection of the tumor, with
pathologic and valuable immunohistochemistry reports to confirm the final
diagnosis of primary retroperitoneal mucinous cystadenoma.
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Abstract
A 58-year-old man presented with the chief complaint
of abdominal bloating and was incidentally found
to have a liver tumor. As diagnostic imaging studies
could not rule out malignancy, the patient underwent
partial resection of segment 3 of the liver. The lesion
pathologically showed eosinophilic proliferation, in
addition to immunohistochemical positivity for human
melanoma black 45 and Melan-A, thereby leading to
the diagnosis of a hepatic perivascular epithelioid cell
tumor (PEComa). A PEComa arising from the liver is
relatively rare. Moreover, the name ‘PEComa’ has not
yet been widely recognized, and the same disease
entity has been called epithelioid angiomyolipoma
(EAML), further diminishing the recognition of PEComa.
In addition, PEComa imaging findings mimic those of
malignant liver tumors, and clinically, this tumor tends
to enlarge. Therefore, a PEComa is difficult to diagnose.
We conducted a systematic review of PEComa and
EAML cases and discuss the results, including findings
useful for differentiating perivascular epithelioid cell
tumors from malignant liver tumors.
Key words: Angiomyolipoma; Tuberous sclerosis;
Melan-A; Perivascular epithelioid cell tumor; Human
melanoma black 45; Imaging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic perivascular epithelioid cell tumors
(PEComas) are very rare. This is the first review to
investigate and compare the results of both PEComa
and epithelioid angiomyolipoma patients. As PEComas
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are primarily benign tumors, surgical interventions
may be avoidable. The key findings in the differential
diagnosis of this tumor include a blotchy vascular
pattern within the tumor and no hemorrhage within
tumors less than 7 cm at the maximum diameter.
Furthermore, if PEComas have hemodynamic features
similar to those of hepatic angiomyolipomas, then the
patterns of the drainage veins would very likely be
useful for differentiating hepatocellular carcinomas from
PEComas, as observed in our case.

hypoechoic internally with a partial hyperechoic area.
Furthermore, no halos, posterior echo enhancement,
or dilated peripheral bile ducts were observed. The
entire mass was visualized as low density on noncontrast computed tomography (CT) (Figure 1A).
Contrast-enhanced CT showed a strongly enhanced
mass in the arterial phase with a weakly enhanced
center; the internal component-like structure showed
relatively strong enhancement (Figure 1B). The portal
venous and late phase CT showed washout with weak
enhancement of the partial area inside the mass
(Figure 1C and D). Moreover, magnetic resonance
imaging (MRI) of the mass showed ill-defined low
signal intensity on the T1-weighted image (WI) (Figure
2A and B) and high signal intensity on the T2-WI. The
weakly enhanced center of the mass, evident on CT,
was visualized as high signal intensity on the T2-WI,
very similar to that of the entire mass (Figure 2C). No
decreases in signal intensities were observed in the
out-of-phase and in-phase images, suggesting that no
fatty components were present in the mass (Figure
2A and B). The mass was also visualized as high
signal intensity on the T2-WI after administration of
superparamagnetic iron oxide, suggesting the absence
of Kupffer cells in the tumor (Figure 2D). In addition,
the apparent diffusion coefficient (ADC) value was
-3
2
1.491 × 10 mm /s (Figure 2E). Celiac arteriography
showed strong enhancement of the mass fed by
thickened and distorted vessels from the left hepatic
artery (Figure 3). These time-course findings raised
suspicion of dilated drainage veins. Taken together,
these imaging studies suggested that the patient
likely had either a malignant hepatic tumor, such as a
hepatocellular carcinoma (HCC) or hepatic metastasis,
or a benign liver tumor. As a malignant tumor was
possible, we considered establishing a diagnosis to
be essential and thus decided that resection of the
tumor was necessary. Even if the tumor was found to
be benign, tumor resection would be appropriate due
to the risk of rupture in the near future. The resected
specimen showed no capsule formation, and the tumor
was composed of pleomorphic round to polygonal
epithelioid cells with a pale, clear, eosinophilic
cytoplasm. The specimen also had pelitic changes and
was highly vascular with small vessels (Figure 4A, C
and D). On immunohistochemical staining, the tumor
cells were positive for HMB-45 (Figure 4B), Melan A,
vimentin and actin; partially positive for α-smooth
muscle actin (SMA); and negative for hepatocyte
markers, CK7, CK20, desmin, CD68 and CD117.
Moreover, the walls of the vessels showing pelitic
changes and the vascular endothelium were both
positive for CD34 and factor Ⅷ. Taking these findings
together, the weakly enhanced area identified within
the tumor on the CT and MR images was suspected
to reflect the presence of inflammatory cells.
Ultimately, partial resection of segment 3 of the liver
was performed, and a diagnosis of hepatic PEComa
was established. To date, there has been no evidence
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INTRODUCTION
Hepatic perivascular epithelioid cell tumors (PEComas)
[1]
are very rare. According to Bonetti et al , PEComas
are perivascular epithelioid cell-derived tumors.
PEComas of the lung also reportedly belong to the
PEComa family, which includes clear-cell sugar
tumors of the lung and lymphangioleiomyomatosis. In
2002, the World Health Organization (WHO) defined
[2]
PEComas as “mesenchymal tumors composed of
histologically and immunohistochemically distinctive
perivascular epithelioid cells”. However, PEComas and
epithelioid angiomyolipomas (EAMLs) are still regarded
by many experts as the same disease.
Hepatic PEComas are difficult to diagnose and
a gold standard for identification using diagnostic
imaging techniques is lacking. Instead, the diagnosis
of hepatic PEComa is established on the basis of
positive immunohistochemical staining results for
[2-5]
human melanoma black 45 (HMB-45) and Melan-A .
Herein, we conducted a systematic review of hepatic
PEComas, including our case, to examine potential key
features that would allow diagnostic imaging. We also
aimed to ascertain the degree of recognition of the
PEComa disease entity.

CASE REPORT
A 58-year-old man presented with the chief complaint
of abdominal bloating and was incidentally found
to have a liver tumor. The patient’s medical history
included a gastric ulcer, appendicitis, and intervertebral
disc herniation. Tests for the hepatitis C virus antibody
and hepatitis B virus surface antigen were negative,
and no evidence of tuberous sclerosis was found.
An abdominal ultrasound showed an ill-defined
mass approximately 4.5 cm in diameter that was
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Figure 1 Computed tomography of the liver. A: The entire mass was visualized as low density on non-contrast computed tomography (CT); B: Contrast-enhanced
CT showed a strongly enhanced mass in the arterial phase, and the center of the mass was weakly enhanced; the internal component-like structure showed relatively
strong enhancement with a blotchy vascular pattern within the tumor (arrowhead) and distorted vessels (arrow); C and D: The portal (C) and late (D) phase CT scans
showed washout of the contrast medium, and a portion of the internal area was weakly enhanced.
[31-47]

of recurrence or metastasis in the 5 years since the
initiation of this treatment.

from 17 articles
. Furthermore, a search limited
to Japanese language publications yielded 3 articles
on primary hepatic PEComas. These limited results
reflect the poor recognition of PEComas. Given the
almost equal number of articles concerning PEComas
and EAMLs, it appears necessary to further promote
the recognition of PEComas. Interestingly, according
[2]
to the WHO classification , an angiomyolipoma is
recognized as a PEComa. However, in clinical practice,
an angiomyolipoma that has no or only a minimal
fatty component is typically categorized as a PEComa.
In fact, the concept of “PEComa” was not recognized
by doctors (not even by radiologists) until recently,
despite representing the highest number of operations
for HCC in Japan.
This is the first review to investigate the results
of both PEComa and EAML patients, with a total of 9
men and 64 women with a median age of 46 years
(range, 17-75 years). The peak incidence was in the
age range of 30-50 years, which accounted for 78%
of all affected patients. A report on PEComa patients
included 5 men and 28 women with a median age of
51 years (range, 18-75 years) and showed an age
distribution that was bimodal, exhibiting an early peak
in the 30 s and a second peak in the 50 s (Tables 1 and
2). Among all reported cases, 91% were from Asian
and European countries; reports from Asian countries
accounted for 66% and European countries accounted

DISCUSSION
Definition of PEComa
[1]

Bonetti et al were the first group to propose the
concept of a PEComa family of tumors derived from
PECs, which include clear-cell sugar tumors and
lymphangioleiomyomatosis of the lung. In 2002, the
WHO defined PEComas as “mesenchymal tumors
composed of histologically and immunohistochemically
[2]
distinctive perivascular epithelioid cells” .

Characteristics of the pathological diagnosis

The normal tissue counterpart of PECs is unknown.
Immunohistochemical markers related to malignant
melanomas, such as HMB-45, Melan A, and micro
phthalmia transcription factor, are quite useful for
[3]
definitively diagnosing PEComa . Typically, PECs
are characterized by positive staining for myogenic
markers, such as SMA, pan muscle actin, and calponin,
[2-5]
and negative staining for cytokeratin and S100 protein .

Literature review

Our search of PubMed and Scopus identified 33 cases
with primary hepatic PEComas, including our present
[6-30]
patient, from 25 articles
and 40 cases with EAML

WJG|www.wjgnet.com
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Figure 2 Magnetic resonance imaging of the liver. A magnetic resonance imaging (MRI) examination was performed on a 1.5 T Achieva Philips device. T1weighted image (WI): FOV 350, matrix 256 × 204, slice thickness 8 mm, TR 147 ms, TE 2.3/4.6 ms, flip angle 80 degrees; T2-WI: FOV 350, matrix 240 × 196, slice
thickness 8 mm, TR 3300 ms, TE 90 ms; T2*-WI: FOV 350, matrix 432 × 346, slice thickness 8 mm, TR 186 ms, TE 8.7 ms, flip angle 60 degrees; Diffusion-WI: FOV
350, matrix 128 × 102, slice thickness 8 mm, TR 1385 ms, TE 70 ms. A: The mass showed ill-defined low signal intensity on the T1-WI; B: There were no decreases in
signal intensities in the out-of-phase (B) and in-phase (A) images; C: The mass showed high signal intensity on the T2-WI. The weakly enhanced center of the mass,
as shown on computed tomography, was visualized as high signal intensity on the T2-WI, very similar to that observed in the entire mass; D: The mass was also
visualized as high signal intensity on the T2*-WI after administration of superparamagnetic iron oxide; E: The mass showed high signal intensity on the diffusion-WI.
The apparent diffusion coefficient was 1.491 × 10-3 mm2/s.

for 23% of the cases (Tables 1 and 2). A review of
the annual number of reported PEComa and EAML
cases in Asia revealed the incidence of PEComa to
be increasing; thus, the number of reported PEComa
cases is higher than that of EAML cases. In contrast,
we did not identify a difference in the annual number
of reported PEComa and EAML cases in European
countries (Figure 5).

such as abdominal pain, abdominal discomfort, and
vomiting. The symptoms were evaluated to determine
[3]
whether they were correlated with tumor size . Even
patients with small tumors had symptoms (Tables 1
and 2). In addition, our present patient may have had
inflammatory features because inflammatory cells
were present within the tumor.
For half of the patients reported, there was no
description of infection, while 4 patients reportedly
[14,31,38]
had hepatitis B viral infection
, which was
considered to be unrelated to their PEComas. Of note,
[37,41]
only 2 patients had tuberous sclerosis
, and 5
had been diagnosed with PEComas involving multiple

Clinical information

Clinical symptoms were reported in 55 of the 73
patients (no description in the other 18). Of these 55
patients, 29 (53%) had gastrointestinal symptoms,

WJG|www.wjgnet.com
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A

B

Figure 3 Digital subtraction angiography. Arteriography of the celiac artery showed strong enhancement (arrowheads) with thickened and distorted vessels (arrows)
fed by the left hepatic artery on A and B.

A

B

NT

NT

T

T

C

D
NT

T

Figure 4 Microscopic features of the operative specimen. A and C: Show low and high power views, respectively, of the borderline area of the tumor (T) and
non-tumor (NT) areas (magnification × 20 and × 200, respectively, hematoxylin eosin staining); B: Shows immunostaining features using an anti-HMB45 antibody
(magnification × 20); D: Shows the tumor including fat (magnification × 200; hematoxylin eosin staining).
[10,16,40,41,46]

sites

.

predicting sites of development. A study investigating
only PEComas found that tumor sizes ranged from
0.8 to 20 cm (median, 5.3 cm) and that 19 lesions
were located in the right lobe (9 in the right lobe only,
1 in segment 1, 5 in the posterior segment, and 4 in
the anterior segment) and 14 lesions were located
in the left lobe (6 in the left lobe only, 5 in the lateral
segment, and 3 in the medial segment). These data
suggest that PEComas are more likely to develop in
the right lobe of the liver. However, on the basis of the
combined results of the reported PEComa and EAML
cases, the possibility that PEComas develop relatively
equally among regions of the liver must be considered

Diagnostic imaging

With regard to diagnostic imaging, we reviewed 74
lesions for which the tumor size and location were
described; the tumor sizes ranged from 1.2 to 25 cm
(median, 5.2 cm). There were 38 right lobe tumor
sites (16 in the right lobe only, 4 in segment 1, 11 in
the posterior segment, and 7 in the anterior segment)
and 38 left lobe sites (7 in the left lobe only, 18 in the
lateral segment, and 11 in the medial segment). These
results indicate that the ratio of right to left lobe lesions
is approximately 1 to 1, reducing the potential for
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Table 1 The year reported, location, size, age, sex, clinical symptoms, and imaging findings of 33 cases of hepatic perivascular
epithelioid cell tumor
Year reported Reference

Authors

Age
(yr)

Sex

Size (cm)

Location

Clinical symptoms

Detail of imaging
findings

Country

Vessels in
lesion

58

M

4.5

abdominal bloating

HCC pattern

Asian

Yes

2014

our case

2014

[6]

Bergamo et al

31

F

10.0

Lateral
segment
Right lobe

2014
2013
2013
2013

[7]
[8]
[9]
[10]

Zhang et al
Khaja et al
Tay et al
Liu et al

63
51
51
25

F
F
F
F

3.5
4.0
9.0
5.5

S5
S4
S2/3
S7

2013
2013

[11]
[12]

Shen et al
Jafari et al

55
53

M
F

1.5
7.5

2013

[13]

Cheung et al

53

F

10.0

S6
Lateral
segment
Right lobe

2013

[14]

Zhao et al

58

M

2013

[15]

Yu et al

41

F

2012

[16]

Tan et al

38

F

34
49
75
33
71
41

F
F
F
F
M
F

2012
2012
2012
2012
2012
2012

vomiting and gastric early enhancement
reflux
only
None
HCC pattern
None
HCC pattern
appetite loss
HCC pattern
None
early enhancement
only
None
HCC pattern
epigastralgia
HCC pattern

abdominal
discomfort
7.6
S6
abdominal
distention
2.2
S6
abdominal pain and
vomiting
4.0
Right lobe(S8)
3 patients; colic
pain or abdominal
discomfort
4.3
Right lobe(S8)
2.5
Left lobe
8.0
Right lobe
2.5
Right lobe
None
Right lobe
multiple
Left lobe

2012
2011
2009
2009

[17]
[18]
[19]
[20]

Durczyński, et al
Ahn et al
Akitake et al
Strzelczyk et al

18
36
36
57

F
F
F
F

15.0
7.0
3.5
20.0

Left lobe
Left lobe
S2
Right lobe

2009

[21]

32

F

5.5

S7

2009
2009

[22]
[23]

Sánchez Pérez
et al
Priola et al
Patra et al

Unknown
(tumor palpable)
None
abdominal pain and
vomiting
None

36
50

F
F

11.0
15.0

Left lobe
Right lobe

abdominal pain
abdominal pain

2008
2008
2008

[24]
[25]
[26]

46
51
53

F
F
M

3.5
0.8
8.6

S3
Left lobe
Right lobe

2007

[27]

31

F

1.8

2007

[28]

Della Vigna et al
Paiva et al
Zimmermann
et al
Larbcharoensub
et al
Fang et al

56

F

63
55
60

2007
2007
2006

[29]
[30]

Svajdler et al
Parfitt et al

Asian
European
Other
Asian
Asian
Asian
European

HCC pattern

Asian

HCC pattern

Asian

HCC pattern

Asian

HCC pattern

Asian

None
None
None
None
None
non early
enhancementgradual
enhancement
None
HCC pattern
HCC pattern
non-contrast CT

Asian
Asian
Asian
Asian
Asian
Asian

European
Asian
Asian
European
European

None
None
abdominal pain

no early
enhancement
hemorrhage
early-gradual
enhancement
HCC pattern
None
None

S8

abdominal pain

HCC pattern

Asian

5.1

S4

F

8.0

S1

abdominal
distention
None

F
F

3.5
14.0

S4
Right lobe

None
abdominal
discomfort and pain

Yes

European
Asian
European
Other
Other

enhancement in the
Asian
portal phase
HCC pattern and
Asian
late enhancement
HCC pattern
European
None
Other

HCC: Hepatocellular carcinoma; CT: Computed tomography.

(Tables 1 and 2).
The patterns of contrast enhancement were also
evaluated in 58 cases. HCC patterns were observed
in 30 cases: enhancement only in the arterial phase
was observed in 12 cases; enhancement in the
arterial phase without washout was observed in 8

WJG|www.wjgnet.com

cases; persistent enhancement after visualization of
HCC patterns was observed in 2 cases; insufficient
enhancement in the arterial phase and gradual
enhancement in the late phase were observed in 6
cases; no definitive findings or unspecified patterns
were noted in 14 cases; and hemorrhage was
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Table 2 The year reported, location, size, age, sex, clinical symptoms, enhanced images and vessels within the lesions of 40 cases
with hepatic epithelioid angiomyolipoma
Year reported Reference

Authors

Age
(yr)

Sex

Size (cm)

Location

Clinical
symptoms

Detail of imaging
findings

25

F

8.0

Left lobe

M

1.2

S2

54
30

F
F

0.6
3.7

S4
S7

None
None

49

N

9.7

S4

None

51
52

F
M

3.0
3.2

S5
S6

None
None

70

F

24

Right lobe

47

F

0.2

Right lobe

Abdominal
distention
None

Early-gradual
Enhancement
Early-gradual
Enhancement
HCC pattern
Non early
enhancement-gradual
Enhancement
Early-gradual
Enhancement
HCC pattern
HCC pattern and late
Enhancement
None

European

46

Abdominal
pain
None

Asian

41

F

10.0

Left lobe

40
36
63
64
43

F
F
F
F
F

9.0
7.5
1.0
5.0
6.0

Right lobe
Right lobe
S2/3
S1
S2/3

Abdominal
discomfort
Epigastralgia
None
Nausea
None
None

Early-gradual
Enhancement
HCC pattern

Asian
Asian
European
Asian
Asian

56

F

4.0

S4

None

40
46
32
32
25
29

F
F
F
F
M
F

8.5
4.2
6.0
3.4
4.1
5.0

S2/3
S7/8
S2/3
S7
S4
S3

51
42
35

F
F
F

6.5/4
3.2
6.5

S6/7, S4
S1
S6

None
None
None
Dyspnea
None
Abdominal
pain
Unknown
Unknown
Unknown

HCC pattern
HCC pattern
HCC pattern
HCC pattern
Early-gradual
Enhancement
Early-gradual
Enhancement
HCC pattern
HCC pattern
HCC pattern
HCC pattern
HCC pattern
None

36

F

0.5

S4

Unknown

17

F

9.0

S578

Unknown

55

F

4.0

S2/3

Unknown

36

F

2.0

S4

Unknown

46

F

3.0

S2/3

Unknown

47

F

1.5

S6

Unknown
None
Abdominal
pain
None

2013

[31]

2013

[32]

Occhionorelli
et al
Saito et al

2013

[33]

Zhao et al

2013

2012
2013

[34]

[35]
[36]

Lo et al

Agaimy et al
Ji et al

2012
2010
2009

[37]
[38]
[39]

Xie et al
Wen et al
Leenman et al

2009

[40]

Xu et al

2009
2007

[41]
[42]

Alatassi et al
Khalbuss et al

26
39

F
F

11 (multiple)
12.0

Multiple
S2/3

2006

[43]

Rouquie et al

67

F

7.0

S4

2004

[44]

Tryggvason et al

42

F

6.0

S2/3

2000
2000

[45]
[46]

Savastano et al
Flemming et al

39
46

F
F

1.2
3.5/1

S2/3
S6, S3

Abdominal
pain
Unknown
Unknown

Yamasaki et al

50
46
30

F
F
F

6.0
19.0
2.0

S1
S4-8
Right lobe

Unknown
Unknown
None

2000

[47]
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5438

Vessels in
lesion

Country

Asian
Asian
Asian

Asian
Asian
Asian
Asian

Asian

Yes
Yes

Asian
Yes
Yes
Yes

Asian
Asian
Asian
Other
Asian
Other

No early enhancement
No early enhancement
Early enhancement
only
Early enhancement
only
Early enhancement
only
Early enhancement
only
Early enhancement
only
Early enhancement
only
Early enhancement
only
None
None

Yes
Yes

Asian
Asian
Asian

Yes

Asian

Yes

Asian

Yes

Asian

Yes

Asian

Yes

Asian

Yes

Asian

Early enhancement
only
HCC pattern

Yes

HCC pattern
Early enhancement
only
HCC pattern
HCC pattern
Early enhancement
only

Yes

Other
Other
European
European
European
European
European
European
Asian
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have been identified as those affected by loss of
function mutations (TSC1 or TSC2, i.e., a tumor
suppressor gene), and these genes induce changes
that have been shown to be related to the etiology of
[50]
PEComas . Thus, everolimus has also been used as a
[6]
novel therapy for this tumor type .
One of the patients reviewed herein had a poor
[30]
outcome . Studies of hepatic angiomyolipoma have
found that approximately 3% of all patients have poor
[51]
outcomes . However, PEComas are rare, and criteria
for malignancy have not yet been fully established,
[5]
although Folpe et al suggested that tumors with
diameters exceeding 5.0 cm, infiltrative margins,
high-grade nuclear atypia, a mitotic count of more
than 1 per 50 high power fields, vascular invasion,
or/and necrosis should be regarded as malignant.
They further proposed that PEComas with none of the
above findings are benign, while PEComas with one
of these findings are of uncertain malignant potential,
and PEComas with more than one finding are clearly
malignant.
We described the detailed differential diagnoses
between benign patterns and malignant patterns from
the literature. The criteria for malignancy of hepatic
PEComas have not yet been fully established. Our
search of PubMed identified 5 cases with malignant
[30,51-54]
hepatic angiomyolipoma
. An invasive growth
pattern was found in 62% of the cases. Although
these histological features suggest malignancy, distant
[4]
metastases were not found . No data suggested
malignancy other than the tumor size. The median
diameter of malignant hepatic angiomyolipoma was
estimated to be 15 cm (range, 11-26 cm).

10
9
8
7
6
5
4
3
2

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2003

2002

2001

0

2000

1

0

0

1

3

3

5

0

1

2

8

2

0

1

1

0

4

1

0

1

5

0

PEC (No. of papers)
0

0

0

0

EAML (No. of papers)
3

0

0

0

1

Figure 5 The annual numbers of reported perivascular epithelioid cell
tumor and epithelioid angiomyolipoma cases. PEC: Perivascular epithelioid
cell tumor; EAML: Epithelioid angiomyolipoma.

observed in 1 case. Collectively, 86% of the cases
exhibited enhancement in the arterial phase, while
17% had a unique pattern, and 10% showed delayed
enhancement (Tables 1 and 2). Moreover, all reported
cases with hemorrhage within the tumor were also
evaluated. All tumors with interior hemorrhage were
at least 70 mm at the maximum diameter, with
the exception of one that was 30 mm and showed
[47]
hemorrhagic necrosis . A blotchy vascular pattern,
which appears to be useful for differentiating benign
from malignant lesions, was observed in 17 patients.
This pattern was considered to reflect abnormal
vessels of leiomyoma lesions and to be a characteristic
finding of PEComas.
To our knowledge, this is the first report to provide
ADC values for PEComas. Our results are equivalent
to the values in HCC patients and similar to those
[48]
in leiomyoma patients . Additional ADC data are
awaited from future case series studies. As an added
note, we do not expect ADC values of patients with
[49]
PEComa to be different from those of HCC patients .

Summary

As PEComas are primarily benign tumors, surgical
interventions might not be necessary. The key findings
for making an accurate differential diagnosis include
a blotchy vascular pattern within the tumor and no
signs of hemorrhage within tumors with a diameter
less than 7 cm. Furthermore, the portal vein serves
as the drainage system for most HCCs; if PEComas
have hemodynamic features similar to those of hepatic
angiomyolipomas, the patterns of the drainage veins
are then highly likely to be useful for differentiating
HCC from PEComas, as observed in our case. However,
the hepatic vein provides drainage for some HCCs, and
as such, HCC cannot always be ruled out on the basis
[55]
of drainage patterns alone .
We conclude that even if enhanced imaging patterns
present findings similar to those of HCC, PEComas
should still be considered when no abnormalities are
found in the background parenchyma and the results of
testing for hepatitis virus markers are negative. Finally,
when the lesion is easily accessible, a biopsy is strongly
recommended so that histopathological examinations
can be performed.

Clinical treatment and prognosis

We identified treatment approaches in 51 reported
cases; 45 patients underwent surgery (1 underwent
[24]
surgery due to an enlarged tumor after biopsy ),
[6,8,16,37,41,46]
6 received a biopsy only
and 1 was given
chemotherapy with an mTOR (mammalian target of
[6]
rapamycin) inhibitor .
The first line of treatment for primary hepatic
PEComa is short-term observation or surgery because
these tumors tend to enlarge over time. The genes
responsible for the pathogenesis of tuberous sclerosis
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COMMENTS
COMMENTS

8

Case characteristics

A 58-year-old man presented with the chief complaint of abdominal bloating and
was incidentally found to have a liver tumor.

9

Clinical diagnosis

The present study suggested that the patient likely had either a malignant
hepatic tumor, such as a hepatocellular carcinoma or hepatic metastasis, or a
benign liver tumor.

10

Hepatocellular carcinoma, hepatic metastasis and benign hepatic tumor.

11

Differential diagnosis
Laboratory diagnosis

Tests for hepatitis C virus antibody and hepatitis B virus surface antigen were
negative, and routine blood tests were within normal limits.

Imaging diagnosis

12

Pathological diagnosis

13

A computed tomography scan and magnetic resonance imaging suggested that
the patient likely had either hepatocellular carcinoma, hepatic metastasis, or a
benign liver tumor.
On immunohistochemical staining, tumor cells were positive for HMB-45, Melan
A, vimentin and actin; partially positive for α-smooth muscle actin; and negative
for hepatocyte markers, CK7, CK20, desmin, CD68 and CD117.

14

Treatment

Partial resection of segment 3 of the liver was performed.

Term explanation

15

In 2002, the World Health Organization defined perivascular epithelioid cell
tumors (PEComas) as “mesenchymal tumors composed of histologically and
immunohistochemically distinctive perivascular epithelioid cells”. However,
PEComa and epithelioid angiomyolipoma (EAML) are still regarded by many
experts as the same disease.

16

Experiences and lessons

17

A PEComa arising from the liver is relatively rare. A diagnosis of hepatic
PEComa is established on the basis of positive immunohistochemical staining
results for human melanoma black 45 (HMB-45) and Melan-A. Patterns of
the drainage veins would very likely be useful for differentiating hepatocellular
carcinomas from PEComas.

Peer-review

18

The article is well written, the diagnosis is confirmed by radiography and
pathology with immunohistochemistry of the key factors for PEComas, and it
has a five year follow up.

19
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Hemolymphangioma of the spleen: A report of a rare case
Yong Mei, Ci-Jun Peng, Li Chen, Xiong-Xiong Li, Wei-Nan Li, De-Jun Shu, Wan-Tao Xie
is extremely rare. Herein, we present a case of 62-yearold woman with ambiguous upper quadrant abdominal
pain for two months who was found to have an
occupying lesion in the spleen on computed tomography.
She was eventually diagnosed with hemolymphangioma
of the spleen. The patient underwent total splenectomy.
Neither symptoms nor recurrence was found during the
one-year follow-up period.
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Core tip: We report an extremely rare case of splenic
hemolymphangioma. Computed tomography findings
of splenic hemolymphangioma include single or
multiple hypodense cysts occupying the spleen, without
enhancement, which are correlated with pathologic
configuration. However, it is difficult to establish
an accurate preoperative diagnosis according to
radiological features. Pathologic examination is essential
for diagnosis. The most effective treatment for splenic
hemolymphangioma is complete resection of the tumor.
Mei Y, Peng CJ, Chen L, Li XX, Li WN, Shu DJ, Xie WT.
Hemolymphangioma of the spleen: A report of a rare case. World
J Gastroenterol 2015; 21(17): 5442-5444 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i17/5442.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i17.5442

INTRODUCTION
Intra-abdominal hemolymphangioma is very rare;
involvement of the spleen is even rarer. We found only
[1-3]
three case reports
after a review of the related
literature through online PubMed search up to October
2014. Hemolymphangioma is a congenital malformation
[4]
of the vascular system . The formation of this tumor
may be explained by obstruction of the venolymphatic

Abstract
Hemolymphangioma is a malformation of both lymphatic
vessels and blood vessels. Splenic hemolymphangioma
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Figure 1 Computed tomography demonstrated an 18 mm × 19 mm
hypodense cyst occupying the spleen.

Figure 2 Tumor was mainly composed of lymphatic and blood vessels (HE
staining, 100 ×).

communication between dysembryoplastic vascular
[1]
tissue and the systemic circulation . Splenic
hemolymphangioma is extremely rare and may pose
a diagnostic challenge. The goal of the present study
is to report an extremely uncommon case of splenic
hemolymphangioma.

abscess and splenic tumor. Primary splenic tumors are
uncommon. Hemolymphangioma is a malformation
[5]
of both lymphatic vessels and blood vessels . Its
incidence varies from 1.2 to 2.8 per 1000 newborns,
[6]
and both genders are equally affected . Splenic
[1]
hemolymphangioma is extremely rare , and may pose
a diagnostic challenge. The most common symptom
of splenic hemolymphangioma is upper quadrant
abdominal discomfort or pain, which depends on the
size of the tumor, anatomical location and relationship
to neighboring tissues. Physical examination may
show mild tenderness, however, no obvious mass
was detected in our case. Blood examination results,
such as tumor markers, are often normal, which
was also demonstrated in our case. CT findings of
splenic hemolymphangioma include single or multiple
hypodense cysts occupying the spleen, with an
irregular and rough edge, an intracapsular area without
enhancement, and are correlated with pathologic
configuration. However, imaging examinations often
fail to distinguish benign and malignant tumor, or
misdiagnose it as other occupying lesions of the spleen,
such as lymphoma or cyst, which was also seen in our
case. Therefore, it is difficult to establish an accurate
preoperative diagnosis according to radiological
features. When a cystic tumor of the spleen is found,
especially when there is no sufficient evidence to
diagnose hemangioma, lymphoma or cyst, splenic
hemolymphangioma should be considered in the
differential diagnosis. The most effective therapy for
splenic hemolymphangioma is complete resection of
the tumor. In the past, the major treatment of choice
for splenic tumors was total splenectomy. Currently,
in order to avoid overwhelming post-splenectomy
infection, partial splenectomy is increasingly advocated.
[1]
Zhang et al reported successfully that partial
splenectomy by laparoscope was used for therapy of
splenic hemolymphangioma. Microscopically, some
dysplastic lymphatic vessels and blood vessels are
found in the tumor, which is the gold standard for the
diagnosis of splenic hemolymphangioma.
In conclusion, splenic hemolymphangioma lacks

CASE REPORT
A 62-year-old female patient was admitted to our
hospital with a history of ambiguous upper abdominal
pain for the past two months. She did not have a
history of abdominal distention, nausea, vomiting or
fever. She gave no medical history of abdominal trauma
or surgery, no family history of malignant tumor, and
no weight loss. Physical examination revealed mild
tenderness on the left upper abdominal quadrant.
No abnormalities in laboratory test, including serum
tumor markers, were observed. Ultrasonography failed
to find a splenic lesion. Computed tomography (CT)
demonstrated an 18 mm × 19 mm hypodense cyst
occupying the spleen, with an irregular and rough
edge, and an intracapsular area without enhancement
(Figure 1). Diagnosis of the splenic occupying lesion
was hemangioma or lymphangioma. The patient
underwent total splenectomy. During surgery, the
visible spleen size was approximately 11 cm × 6 cm ×
3 cm, with normal color and smooth surface, and it was
soft. A specimen section showed a gray and red region
2 cm in diameter, which was hard and without capsule.
Microscopically, the tumor was mainly composed of
lymphatic and blood vessels (Figure 2). The definitive
histological diagnosis was hemolymphangioma of the
spleen. No post-splenectomy infectious complications
occurred. Her postoperative course was uneventful
and she was discharged 16 d after surgery. Neither
symptoms nor recurrence was found during the oneyear follow-up period.

DISCUSSION
Splenic occupying lesions include splenic cyst, splenic
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Term explanation

specific symptoms or signs. Pathologic examination is
essential for diagnosis, and surgical treatment yields a
good prognosis.

Hemolymphangioma is a benign tumor, which consist of some dysplastic
lymphatic vessels and blood vessels.

Experiences and lessons

Splenic hemolymphangioma lacks specific symptoms or signs. Pathologic
examination is essential for diagnosis, and surgical treatment yields a good
prognosis.
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MINIREVIEWS

MET inhibitors for treatment of advanced hepatocellular
carcinoma: A review
Xing-Shun Qi, Xiao-Zhong Guo, Guo-Hong Han, Hong-Yu Li, Jiang Chen
in phase Ⅲ randomized controlled trials. Recently, the
subgroup analysis of a phase Ⅱ randomized controlled
trial has shown that tivantinib, a selective MET inhibitor,
can significantly improve the overall survival in patients
with MET-positive advanced HCC after the failure or
intolerance of a prior systemic therapy. These findings
enlighten the role of MET inhibitors in the treatment
of advanced HCC. In this paper, we review all ongoing
and completed clinical trials regarding this topic. As
for the first-line therapy of advanced HCC, INC280 and
foretinib are being evaluated in 2 phase Ⅱ single-arm
trials; and MSC2156119J and golvatinib plus sorafenib
are being compared with sorafenib alone in 2 phase
Ⅱ randomized controlled trials. As for the second-line
therapy of advanced HCC, tivantinib and cabozantinib
are being compared with placebo in 2 phase Ⅲ
randomized controlled trials.
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Core tip: MET inhibitors are being tested as the firstline or second-line therapy for advanced hepatocellular
carcinoma after the failure of a loco-regional or
systemic therapy, especially in patients with high MET
expression. Ongoing phase Ⅲ randomized controlled
trials will provide the decisive recommendations
regarding the use of MET inhibitors in advanced
hepatocellular carcinoma.

Abstract

Qi XS, Guo XZ, Han GH, Li HY, Chen J. MET inhibitors for
treatment of advanced hepatocellular carcinoma: A review. World
J Gastroenterol 2015; 21(18): 5445-5453 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i18/5445.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i18.5445

The current standard treatment option for advanced
hepatocellular carcinoma (HCC) is sorafenib, but its
clinical benefit is modest. In spite of many attempts,
few drugs can provide any significant improvement of
survival as the first- or second-line therapy of choice
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777607), Amgen, INC280, JNJ38877605, MK-2461,
MK-8033, MSC2156119J (EMD 1214063), PF4217903,
PHA665752, SGX126, tivantinib (ARQ 197), and
volitinib (HMPL-504). The latter includes ANG-797,
cabozantinib (XL184), crizotinib (Xalkori, PF02341066), foretinib (GSK1363089 or XL880), gol
vatinib (E7050), MGCD265, and MP470. Among them,
tivantinib, cabozantinib, INC280, MSC2156119J,
golvatinib, and foretinib are being evaluated in HCC
patients (Table 1).

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common malignancy and the third major cause of
[1]
tumor-related death in the world . The incidence of
HCC and its mortality are still rising. Currently, the
algorithm widely employed for the treatment of HCC
[2,3]
is primarily based on the BCLC staging system ,
in which only early stage HCC is eligible for the
curative treatments, such as hepatectomy and liver
transplantation. Although the rate of diagnosis of early
stage HCC is gradually surpassing that of advanced
[4]
stage HCC during the recent years , the long-term
overall survival remains very poor in patients with
[5,6]
advanced HCC . The only drug approved by the
United States Food and Drug Administration for the
[7,8]
treatment of advanced HCC is sorafenib , which is
a small molecular multi-targeted receptor tyrosine
kinase inhibitor that blocks tumor angiogenesis
and cell proliferation. Although the exclusive role of
sorafenib is being persistently challenged, nearly all
phase Ⅲ randomized controlled trials are negative
regardless of the first-line therapy in comparison with
sorafenib or the second-line therapy in comparison
[9-12]
with placebo
. Accordingly, the agents inhibiting
other deregulated signaling pathways, such as
the hepatocyte growth factor (HGF)-MET axis, are
[13-16]
emerging
.
MET gene (also called MET proto-oncogene)
was first discovered in human osteosarcoma, and
it is also called the N-methyl-N’-nitroso-guanidine
human osteosarcoma (MNNG HOS) transforming
[15,16]
gene
. In humans, MET gene is firstly transcribed
into a 6641 base pair mature mRNA, and then
translated into a 1390 amino-acid MET protein. MET
receptor tyrosine kinase binds its sole ligand HGF
(also called scatter factor), which activates the RAS
- mitogen activated protein kinase (MAPK) pathway,
phosphatidylinositol-3 kinase (PI3K) - protein kinase
B (PKB or AKT) pathway, mammalian target of
rapamycin pathway, signal transducer and activator of
transcription (STAT) pathway, beta-catenin pathway,
[14-16]
and Notch pathway
. They can lead to tumor cell
[17]
growth, proliferation, invasion, and metastasis .
MET overexpression or activation can be observed
in 20%-48% of HCC patients and predicts a worse
[18-21]
survival
. Experimental evidence also demonstrates
that MET inhibition can be negatively associated with
[22]
the growth of MET-positive HCC cells . In this paper,
we perform a comprehensive review of clinical trials
regarding MET inhibitors in the treatment of advanced
HCC, with special emphasis on ongoing or completed
phase Ⅱ and Ⅲ trials.

Tivantinib (ARQ 197)
Phase Ⅰ studies - monotherapy

Tivantinib, which is produced by ArQule, Inc. and
Daiichi Sankyo Co., is a selective, non-adenosine
triphosphate competitive inhibitor of MET. At least
3 phase Ⅰ dose-escalation trials have evaluated
the safety, tolerability, pharmacokinetics, and
pharmacodynamics of tivantinib monotherapy in adult
[23-25]
patients with advanced solid tumors
. In the first
[23]
study by Rosen et al , a total of 79 patients with
metastatic, solid tumors refractory to the available
therapy were enrolled between January 2006 and
August 2009 at three institutes in the United States.
[24]
In the second study by Yap et al , 51 patients
with advanced solid tumors for which the effective
treatment was unavailable were enrolled between
April 2007 and July 2009 at one center in the United
[25]
Kingdom. In the third study by Yamamoto et al , 47
patients with cytologically or histologically confirmed
solid malignancy for which no standard therapy was
available were enrolled between February 2008 and
August 2010 at 8 institutes in Japan. Both of the
Western studies suggested that the recommended
[23,24]
phase Ⅱ dose should be 360 mg twice per day
.
Given that tivantinib could be rapidly metabolized by
[24]
CYP2C19 , the Japanese study further recommended
that 360 mg twice per day should be appropriate for
extensive metabolizers, but 240 mg twice per day
[25]
should be given to poor metabolizers .
Based on the findings regarding the recommended
[23,24]
dose of tivantinib in Western patients
, Santoro et
[26]
al conducted a phase Ib multi-center trial to confirm
the safety of a fixed dose of tivantinib (360 mg twice
per day) in previously treated HCC with Child-Pugh
A or B liver cirrhosis. A total of 21 HCC patients were
enrolled between March 2009 and November 2010,
of whom 8 and 13 were at BCLC stage B and C,
respectively. Sixteen patients were evaluable for the
tumor response. None of them achieved any objective
responses, and 9 patients achieved the best response
of stable diseases. The median time-to-progression
was 3.3 mo (range: 1.7-5.3) in these patients.

Overview of MET inhibitors

Phase Ⅰ studies - combination therapy

MET inhibitors are often classified as selective
and non-selective MET tyrosine kinase inhibitors.
The former includes AMG-208, ASLAN002 (BMS
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Camacho et al
conducted a phase Ⅰ b, multicenter, 3 + 3 dose-escalation trial to explore the safety
[27,28]
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Table 1 Overview of important clinical trials
First author, Journal (Year)

Study design

Enrollment period

Drugs

Phase Ⅰ, open-label, single-arm
study
(full-text),
NCT00802555
Phase Ⅱ double-blind, placebocontrolled, RCT
(full-text),
NCT00988741

2009.3- 2010.11
completed

Tivantinib

Phase Ⅱ randomized
discontinuation trial
(abstract),
NCT00940225

Completed

Novartis Pharmaceuticals

Phase Ⅱ, open label, single-arm
study
(registration),
NCT01737827

Ongoing

Novartis Pharmaceuticals

Phase Ⅱ, double-blind, placebocontrolled RCT
(registration),
NCT01964235

Suspended

Merck KGaA

Phase Ⅰb/Ⅱ, single-arm, trial
(registration),
NCT02115373
Phase Ⅰb/Ⅱ RCT
(abstract),
NCT01988493
Phase Ⅰb/Ⅱ, open-label, study
(abstract),
NCT01271504

Ongoing

Phase Ⅰ/Ⅱ trial
(abstract),
NCT00920192
Phase Ⅲ, double-blind, RCT
(abstract),
NCT01755767
Phase Ⅲ, double-blind, RCT
(abstract),
NCT01908426

Santoro,
BJC
(2013)
Santoro,
Lancet Oncol
(2013)

Verslype/Cohn, JCO
(2012, May/Feb)

Qin,
JCO
(2014)
O'Neil,
JCO
(2013)

Yau,
JCO
(2012)
Santoro,
JCO
(2013)
Abou-Alfa,
JCO
(2014)

2009.10.82011.8.25
completed

Ongoing

Ongoing

Patients

Advanced HCC, ChildPugh A cirrhosis, previously
treated with sorafenib or other
therapy
Tivantinib vs placebo
Advanced HCC with or
without MET-high tumors,
who had progressed on or
were unable to tolerate firstline systemic therapy
PR: Continued open-label Advanced HCC, ≤ 1 prior
cabozantinib;
systemic regimen, Child-Pugh
SD: Cabozantinib vs
A
placebo;
PD: Discontinued
INC280
Advanced HCC which could
not be suitable for treatment
with locoregional therapies
or has progressed following
locoregional therapy, c-MET
pathway dysregulation
INC280 vs placebo
Adult patients with advanced
HCC after progression or
intolerance to sorafenib
treatment, c-MET pathway
dysregulation
MSC2156119J
Advanced HCC, MET+, ChildPugh A, who have failed
sorafenib treatment
Phase Ⅱ: MSC2156119J vs Asian patients, MET-positive,
sorafenib
advanced HCC, Child-Pugh A

No. Pts
21

107

41

56

69

48

158

Advanced HCC

13

Ongoing

Phase Ⅰb: Golvatinib plus
sorafenib;
Phase Ⅱ: Golvatinib plus
sorafenib vs sorafenib
alone
Foretinib

Advanced HCC

13

Ongoing

Tivantinib vs placebo

303

Ongoing

Cabozantinib vs placebo

MET diagnostic-high
inoperable HCC treated with
one prior systemic therapy
Advanced HCC who have
received prior sorafenib

760

SD: Stable disease; HCC: Hepatocellular carcinoma; PD: Progressive disease; PR: Partial response; RCT: Randomized controlled trial.

and preliminary efficacy of tivantinib in combination
with gemcitabine in patients with advanced solid
tumors. This combination therapy is generally well
tolerated without clinically apparent drug-drug
[27,28]
interaction
. In an early report, 25 metastatic
[27]
patients were enrolled . According to the RECIST
criteria, 4 and 9 of 16 evaluable patients obtained a
partial response and a stable disease, respectively.
Subsequently, in an extended report, 32 patients were
[28]
enrolled . Five of 27 evaluable patients attained a
partial response.
In another phase Ⅰ dose-escalation trial, Goldman
[29]
et al
evaluated the safety, pharmacokinetics,
and preliminary efficacy of tivantinib combined with
erlotinib in 32 patients with advanced solid malignancy.

WJG|www.wjgnet.com

The combination therapy was well tolerated. According
to the RECIST criteria, 15 patients had a partial
response (n = 1) or stable disease (n = 14).
The safety and antitumor activity of tivantinib
plus sorafenib have been assessed in patients with
advanced solid tumors. The type of tumors includes
[30]
[31]
[32]
renal cell carcinoma , melanoma , HCC , breast
[33]
cancer, and non-small cell lung cancer . A total of
[32]
20 HCC patients received tivantinib plus sorafenib .
This combination therapy was well tolerated. More
importantly, the rates of response and disease control
were 10% and 70%, respectively. Best responses
included 1 complete response, 1 partial response,
and 12 stable diseases. The median progression-free
survival time was 3.5 mo. Notably, 8 patients were
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Phase Ⅲ studies

previously treated with sorafenib and/or sunitinib,
of whom 5 achieved a complete response (n = 1),
a partial response (n = 1), or a stable disease (n =
3). This finding suggested the potential rationality
of tivantinib as the second-line treatment option for
advanced HCC after the failure of sorafenib.

Based on the above-mentioned promising results, a
phase Ⅲ, randomized, double-blind, controlled trial is
currently recruiting the patients with MET-high HCC to
compare the efficacy and safety of tivantinib vs placebo
as the second-line treatment modality (ClinicalTrials.
[36]
gov identifier: NCT01755767) . Notably, the dose of
tivantinib is 240 mg twice daily. This is probably due
to the following facts. First, a phase Ⅱ trial found a
trend toward a longer median overall survival time in
patients receiving tivantinib 240 mg twice daily than
in those receiving tivantinib 360 mg twice daily (75
[35]
mo vs 64 mo, not significant difference) . Second,
a pooled analysis of data from phase Ⅰ and Ⅱ trials
demonstrated a positive relationship between tivantinib
exposure and incidence of grade 2 or 3 neutropenia
in HCC patients. If the dose of tivantinib was reduced
from 360 to 240 mg twice a day, the incidence of
grade 3 neutropenia would be decreased from 28% to
[37]
16% .
This trial is being conducted in Europe, Australia,
New Zealand, and the Americas. The pre-planned
sample size is 303 patients. The target population
should be: (1) the patients who have progressed after
or not tolerated one prior systemic therapy; (2) those
with MET-high tumor; and (3) those with Child-Pugh
class A. The primary endpoint is the overall survival
and the secondary endpoints include the progressionfree survival and safety.

Phase Ⅰ studies - pooled analyses
[34]

Chai et al
summarized the outcomes of 53 patients
with HCC or biliary tract cancer receiving tivantinib
in phase Ⅰ trials. They included 23 patients receiving
tivantinib monotherapy and 30 patients receiving
tivantinib plus sorafenib (n = 20), gemcitabine (n =
8), and erlotinib (n = 2). The overall response rate and
disease control rate were 6% and 62%, respectively.
The best responses included 1 complete response, 2
partial responses, and 30 stable diseases. On the basis
of these findings, phase Ⅱ trials should be warranted
to further explore the efficacy of tivantinib for the
treatment of advanced HCC.

Phase Ⅱ studies

Recently, a phase Ⅱ, randomized, multi-center,
controlled trial has compared the efficacy and safety
of tivantinib vs placebo as the second-line therapy
for advanced HCC (ClinicalTrials.gov identifier:
[35]
NCT00988741) . In this trial, 108 patients with
advanced HCC, who had progressed on or were
unable to tolerate the first-line systemic therapy, were
randomly allocated into the tivantinib (n = 71) and
placebo groups (n = 36).
In the total analysis, the findings were positive for
the time to progression, but not for the progressionfree survival or overall survival. The median time to
progression was significantly longer in the tivantinib
group than in the placebo group (1.6 mo vs 1.4
mo; HR = 0.64, p = 0.04). However, the statistical
significance was marginal, because the absolute
difference was only 0.2 mo and the upper limit of
hazard ratio was very close to 1. Furthermore, the
median progression-free survival and overall survival
were similar between the tivantinib and placebo groups
(progression-free survival: 1.5 mo vs 1.4 mo; HR =
0.67, p = 0.06; overall survival: 6.6 mo vs 6.2 mo; HR
= 0.90, p = 0.63).
In the subgroup analysis of 37 patients with high
MET expression (the staining intensity was scored ≥
2+ in more than half of tumor cells), tivantinib can
significantly prolong the median time to progression
(2.7 mo vs 1.4 mo; HR = 0.43, p = 0.03), progressionfree survival (2.2 mo vs 1.4 mo; HR = 0.45, p = 0.02),
and overall survival (7.2 mo vs 3.8 mo; HR = 0.38,
p = 0.01). By comparison, the statistical significance
disappeared in the subgroup analysis of low MET
expression. These findings indicated that the survival
benefit of tivantinib should be selective in advanced
HCC with high MET expression.
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Adverse events

The most common adverse events related to tivantinib
include neutropenia, leukocytopenia, anemia, fatigue,
and anorexia (Table 2). Notably, 3 studies were
[23-25]
performed in a dose-escalation scheme
, and
another 2 studies at a fixed dose of 360 mg twice
[26,35]
a day
. Therefore, the incidence of grade 3 or 4
adverse events seemed to be relatively higher in the
[26,35]
latter 2 studies
.

Cabozantinib (XL184)
Phase Ⅰ studies

Cabozantinib can inhibit MET, VEGFR2/KDR, KIT, RET,
FLT3, and Tie-2, which is produced by Exelixis. A
phase Ⅰ dose-escalation study evaluated the safety
and pharmacokinetics of cabozantinib in 85 patients
[38]
with advanced solid tumors . A total of 13 dose
levels were explored at 2 different schedules of
administration and formulations of cabozantinib. The
maximum tolerated capsule dose was 175 mg daily.

Phase Ⅱ studies

A phase Ⅱ, randomized discontinuation trial (ClinicalTrials.
gov Identifier: NCT00940225) is ongoing to evaluate
the efficacy of cabozantinib in subjects with advanced
solid tumors. Estimated sample size for this enrollment

5448

May 14, 2015|Volume 21|Issue 18|

Qi XS et al . MET inhibitors for HCC
Table 2 Adverse events related to tivantinib: An overview of data from phase Ⅰ and Ⅱ trials n (%)
Adverse event

Rosen, (2011) n = 79 Yap, (2011) n = 51 Yamamoto, (2013) n = 47 Santoro, (2013) n = 21 Santoro, (2013) n = 71
All grades

Pancytopenia
Leukocytopenia
Neutropenia
Anemia
Thrombocytopenia
Lymphopenia
Fatigue
Anorexia
Nausea
Vomiting
Diarrhoea
Constipation
Dyspepsia
Dysphagia
Alopecia
Asthenia
Abdominal pain
Hepatic failure
ALT increased
AST increased
ALP increased
Hypokalemia
Dehydration
Hyperammonaemia
Hyponatraemia
Hyperbilirubinemia
Rash
Pruritus
Hot ﬂush
Hand-foot
syndrome
Mucosal
inflammation
Tongue
discoloration
Peripheral oedema
Weight loss
Pyrexia
Sepsis
Prolonged QTc
Bradycardia

All grades

Grade ≥ 3

All grades

NA
NA
NA
6 (7.6)
NA
NA
11 (13.9)
NA
11 (13.9)
8 (10.1)
5 (6.3)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Grade ≥ 3 All grades Grade ≥ 3
NA
1 (1.3)
2 (2.5)
3 (3.8)
1 (1.3)
NA
1 (1.3)
NA
1 (1.3)
1 (1.3)
NA
NA
NA
NA
NA
NA
NA
1 (1.3)
NA
1 (1.3)
1 (1.3)
NA
1 (1.3)
1 (1.3)
1 (1.3)
NA
NA
NA
NA
NA

NA
2 (3.9)
5 (9.8)
3 (5.9)
2 (3.9)
2 (3.9)
10 (19.6)
4 (7.8)
7 (13.7)
7 (13.7)
5 (9.8)
2 (3.9)
1 (2.6)
1 (2.6)
1 (2.6)
NA
NA
NA
NA
NA
NA
1 (2.6)
NA
NA
NA
NA
6 (11.8)
1 (2.6)
2 (3.9)
1 (2.6)

NA
1 (2.6)
4 (7.8)
0 (0)
1 (2.6)
0 (0)
1 (2.6)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
NA
NA
NA
NA
NA
NA
0 (0)
NA
NA
NA
NA
0 (0)
0 (0)
0 (0)
1 (2.6)

NA
22 (46.8)
15 (31.9)
12 (25.5)
NA
7 (14.9)
19 (40.4)
8 (17.0)
4 (8.5)
NA
NA
NA
NA
NA
4 (8.5)
1 (1.3)
NA
NA
3 (6.4)
NA
NA
NA
NA
NA
NA
NA
3 (6.4)
NA
NA
NA

NA
8 (17.0)
9 (19.1)
5 (10.6)
NA
1 (2.1)
1 (2.1)
2 (4.3)
0 (0)
NA
NA
NA
NA
NA
0 (0)
NA
NA
NA
0 (0)
NA
NA
NA
NA
NA
NA
NA
0 (0)
NA
NA
NA

NA
8 (38)
11 (52)
10 (48)
3 (14)
2 (10)
6 (29)
8 (38)
NA
3 (14)
6 (29)
NA
NA
NA
4 (19)
10 (48)
NA
NA
NA
NA
NA
NA
NA
NA
NA
3 (14)
NA
NA
NA
NA

Grade ≥ 3 All grades
NA
4 (19)
8 (38)
5 (24)
0 (0)
0 (0)
1 (5)
0 (0)
NA
0 (0)
0 (0)
NA
NA
NA
0 (0)
2 (10)
NA
NA
NA
NA
NA
NA
NA
NA
NA
1 (5)
NA
NA
NA
NA

2 (2.8)
5 (7.0)
20 (28.2)
11 (15.5)
6 (8.5)
NA
7 (9.9)
7 (9.9)
2 (2.8)
4 (5.6)
5 (7.0)
NA
NA
NA
3 (4.2)
8 (11.3)
1 (1.4)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
2 (2.8)
NA
NA

Grade ≥ 3
2 (2.8)
3 (4.2)
12 (16.9)
8 (11.3)
4 (4.9)
NA
3 (4.2)
1 (1.4)
1 (1.4)
0 (0)
0 (0)
NA
NA
NA
0 (0)
1 (1.4)
1 (1.4)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0 (0)
NA
NA

NA

NA

2 (3.9)

2 (3.9)

NA

NA

NA

NA

NA

NA

NA

NA

3 (5.9)

0 (0)

NA

NA

NA

NA

NA

NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
3 (5.9)
1 (2.6)
NA
NA
NA

NA
0 (0)
0 (0)
NA
NA
NA

NA
NA
NA
NA
3 (6.4)
2 (4.3)

NA
NA
NA
NA
0 (0)
0 (0)

3 (14)
NA
NA
NA
NA
NA

0 (0)
NA
NA
NA
NA
NA

NA
NA
4 (5.6)
5 (7.0)
NA
8 (11.3)

NA
NA
0 (0)
5 (7.0)
NA
1 (1.4)

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; NA: Not available.

is 1300 patients with different types of tumors. The
trial plans are as follows: all subjects will receive
cabozantinib for 12 wk; subsequently, the subjects
with a partial or complete response will continue to
receive cabozantinib until disease progression; on the
other hand, the subjects with a stable disease will
be randomly allocated into a cabozantinib or placebo
group; and the subjects with a progressive disease will
discontinue the drug. The subjects will be unblinded
until disease progression. The preliminary results
regarding metastatic non-small cell lung cancer and
advanced HCC have been reported in ASCO annual
[39-41]
meeting abstracts
.
[40]
In the trial reported by Verslype et al
and Cohn
[41]
et al , 41 patients with advanced HCC and Child-Pugh
class A who received ≤ 1 prior systemic regimen were
enrolled. Half of them received a prior sorafenib. In
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the lead-in stage, the patients received 100 mg daily
over 12 wk. According to the original RECIST criteria,
2 of 36 patients who were evaluable for the tumor
th
assessment at the 12 week achieved a confirmed
partial response. The overall disease control rate
th
(partial response + stable disease) at the 12 week
was 68%. In the randomization stage, one additional
patient achieved a confirmed partial response. Given
the clinical benefits of cabozantinib in advanced HCC
patients, its efficacy should be further confirmed.

Phase Ⅲ studies

A phase Ⅲ, randomized, double-blind, controlled trial
is ongoing to compare the efficacy of cabozantinib
vs placebo as the second-line treatment modality
for advanced HCC patients who have received a prior
[42]
sorafenib (ClinicalTrials.gov Identifier: NCT01908426) .
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Phase Ⅱ studies

A total of 760 subjects will be recruited into this trial.
The primary endpoint is the overall survival and
the secondary endpoints include the progressionfree survival and objective response rate. Notably,
in contrast to the phase Ⅲ trial of tivantinib which
enrolled the participants with MET-high advanced
[36]
HCC , the trial of cabozantinib does not screen the
participants according to the MET expression.

A phase Ib/Ⅱ, single-arm, multi-center trial, which
will evaluate the efficacy and safety of MSC2156119J
as the second-line treatment option for MET-positive
advanced HCC, is under way (ClinicalTrials.gov
Identifier: NCT02115373). Additionally, a phase
Ib/Ⅱ, randomized, multi-center, open-label trial will
compare the efficacy of MSC2156119J vs sorafenib
for the improvement of the time to progression in
Asian patients with MET-positive advanced HCC
and Child-Pugh class A (ClinicalTrials.gov Identifier:
[45]
NCT01988493) . The patient enrollment has been
launched since January 2014. A total of 158 patients
are estimated, including 18 and 140 patients for the
phase Ib and Ⅱ cohorts, respectively. The primary
endpoint is the time to progression.

INC280
Phase Ⅰ studies

INC280, which is produced by Novartis Pharma
ceuticals, is a highly selective MET inhibitor. In a
[43]
phase Ⅰ dose-escalation study, Bang et al
evaluated
the safety and tolerability of INC280 in 32 patients
with advanced solid tumors that were refractory to the
current therapy or for which the effective therapy was
lacking. Eligible patients also had a confirmed MET
dysregulation. The researchers recommended that the
phase Ⅱ dose should be 600 mg twice a day. Dose
expansion is ongoing in patients with non-small cell
lung cancer, HCC, and other tumors.

GOLVATINIB (E7050)
Golvatinib, which is produced by Eisai Inc., can inhibit
MET and multiple members of the Eph receptor family
as well as c-Kit and Ron. Two phase Ⅰ dose-finding
studies determined the maximum tolerated dose and
safety of golvatinib monotherapy in advanced solid
tumors. The first study conducted in Japan found
that the maximum tolerated dose should be 200 mg
[46]
twice per day ; by comparison, the second study
conducted in the United Kingdom demonstrated
that the drug-related toxicity was manageable at a
[47]
maximum tolerated dose of 400 mg once daily .
An ongoing phase Ib/Ⅱ study will explore the
safety and efficacy of golvatinib plus sorafenib
in patients with advanced HCC (ClinicalTrials.gov
[48]
Identifier: NCT01271504) . Thirteen patients have
been enrolled in the phase Ⅰ cohort, demonstrating
that the maximum tolerated dose should be golvatinib
200 mg once daily and sorafenib 400 mg twice per
day. Among them, 2 and 4 patients were confirmed
to have a partial response and a stable disease,
respectively. In the phase Ⅱ cohort, the participants
are being recruited to assess whether or not the
efficacy of golvatinib plus sorafenib will be superior to
that of sorafenib alone.

Phase Ⅱ studies

A phase Ⅱ, single-arm, open-label study is being
carried out to explore the efficacy and safety of INC280
as the first-line treatment modality for advanced HCC
and MET dysregulation after the failure of locoregional
therapies (ClinicalTrials.gov Identifier: NCT01737827).
This study will exclude the patients who have received
a prior systemic chemotherapy or molecular-targeted
therapy for HCC. The primary endpoint is the time
to progression according to the RECIST criteria. The
participants will be enrolled from China, Singapore,
and Thailand. The sample size should be estimated as
56 patients.
In addition, a phase Ⅱ, randomized, multi-center,
double-blind, placebo-controlled study has been
designed to evaluate the efficacy and safety of INC280
as the second-line treatment option for advanced HCC
after sorafenib is ineffective or intolerant (ClinicalTrials.
gov Identifier: NCT01964235). However, it is still
suspended without any patient recruitment.

FORETINIB (GSK1363089, FORMERLY
XL880)

MSC2156119J (EMD 1214063)
Phase Ⅰ studies

Foretinib, which is produced by GlaxoSmithKline,
can inhibit MET, RON, AXL, TIE-2, and VEGFR. A
phase I/Ⅱ study evaluated the safety and efficacy
of foretinib in Asian patients with unresectable or
metastatic HCC, but without a prior sorafenib or other
multi-kinase inhibitors (ClinicalTrials.gov Identifier:
[49]
NCT00920192) . In the phase Ⅰ cohort with a
standard 3 + 3 dose escalation design, 13 patients
were enrolled. The investigators found that the
maximum tolerated dose should be 30 mg once daily.
In the phase Ⅱ expansion cohort, 32 patients further
received 30 mg once daily. In 38 evaluable patients,

MSC2156119J, which is produced by Merck KGaA, is
a highly selective MET inhibitor. In a phase Ⅰ dose[44]
escalation study, Falchook et al
found that MSC21
56119J was well tolerated and had an antitumor
activity in 126 patients with advanced solid tumors
(ClinicalTrials.gov Identifier: NCT01014936). The
recommended phase Ⅱ dose of MSC2156119J was
500 mg per day. Another Japanese phase Ⅰ trial
is ongoing to evaluate safety and efficacy of MSC
2156119J in subjects with malignant solid tumors
(ClinicalTrials.gov Identifier: NCT01832506).
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Table 3 Current status of MET inhibitors for the treatment
of advanced hepatocellular carcinoma

7

First-line therapy of advanced HCC
INC280: a phase Ⅱ sing-arm trial (NCT01737827)
MSC2156119J vs sorafenib: a phase Ⅱ RCT (NCT01988493)
Golvatinib plus sorafenib vs sorafenib alone: a phase Ⅱ RCT
(NCT01271504)
Foretinib: a phase Ⅱ sing-arm trial (NCT00920192)
Second-line therapy of advanced HCC
Tivantinib vs placebo: a phase Ⅱ RCT (NCT00988741)
Tivantinib vs placebo: a phase Ⅲ RCT (NCT01755767)
Cabozantinib vs placebo: a phase Ⅱ randomized discontinuation
trial (NCT00940225)
Cabozantinib vs placebo: a phase Ⅲ RCT (NCT01908426)
INC280 vs placebo: a phase Ⅱ RCT (NCT01964235)
MSC2156119J: a phase Ⅱ sing-arm trial (NCT02115373)

8

9

HCC: hepatocellular carcinoma.

the objective response rate was 24%, the disease
stabilization rate was 79%, and the median time to
progression was 4.2 mo. These findings supported the
necessity of a randomized controlled trial in future.

10

CONCLUSION
MET inhibitors are being widely tested as the first-line
or second-line therapy for advanced HCC after the
failure of a loco-regional or systemic therapy (Table
3). At present, the most striking findings are from
a phase Ⅱ randomized controlled trial in which the
survival benefit has been achieved in MET-positive
advanced HCC patients treated with tivantinib after the
failure of a systemic therapy. Notably, this trial has a
relatively small sample size (n = 108) and only a low
proportion of included patients had MET-high tumors
(34%, 37/108). Certainly, the evidence from phase Ⅲ
randomized controlled trials should be warranted to
establish the recommendations regarding the use of
MET inhibitors in advanced HCC.

11

12
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Abstract
AIM: To investigate the roles and interactions of rhoassociated protein kinase (ROCK)1 and miR-124 in
human colorectal cancer (CRC).
METHODS: Expression of ROCK1 protein was
examined by Western blotting, and quantitative
reverse transcriptase PCR was performed to measure
expression of ROCK1 mRNA and miR-124. Two cancer
cell lines were transfected with pre-miR-124 (mimic)
and anti-miR-124 (inhibitor) and the effects on
ROCK1 protein and mRNA expression were observed.
In addition, cell proliferation was assessed via a
5-ethynyl-2′ deoxyuridine assay. Soft agar formation
assay, and cell migration and invasion assays were
used to determine the effect of survivin on the
transformation and invasion activity of CRC cells.
RESULTS: miR-124 was significantly downregulated in
CRC compared to normal specimens (0.603 ± 0.092 vs
1.147 ± 0.286, P = 0.016) and in metastatic compared
to nonmetastatic CRC specimens (0.416 ± 0.047 vs
0.696 ± 0.089, P = 0.020). Expression of miR-124 was
significantly associated with CRC metastasis, tumor T
and N stages, and tumor grade (all P < 0.05). ROCK1
protein was significantly increased in CRC compared
to normal tissues (1.896 ± 0.258 vs 0.866 ± 0.136,
P = 0.026), whereas ROCK1 mRNA expression was
unaltered (2.613 ± 0.251 vs 2.325 ± 0.246). miR-124
and ROCK1 were inversely expressed in CRC tissues
and cell lines. ROCK1 mRNA was unaltered in cells
transfected with miR-124 mimic and miR-124 inhibitor,
compared to normal controls. There was a significant
reduction in ROCK1 protein in cells transfected with
miR-124 mimic and a significant increase in cells
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transfected with miR-124 inhibitor (P s < 0.05).
Transformation and invasion of cells transfected
with miR-124 inhibitor were significantly increased
compared to those in normal controls (P < 0.05). Cells
transfected with miR-124 inhibitor showed increased
cell proliferation.

[6]

proliferation, differentiation, and apoptosis . Increasing
evidence reveals that miRNA dysfunction is associated
[7,8]
[9]
with several human cancers . Volinia et al studied
the miRNA expression pattern in solid cancers (2532
samples, 31 cancer types, 120 miRNAs), and found
that miR-124 was expressed at a low level in many
[9-11]
[12,13]
solid cancers
, and acted as a tumor suppressor
.
However, its role in CRC remains elusive.
Rho-associated protein kinase (ROCK)1 is a
member of the rho-associated serine/threonine
kinase family, which facilitates reorganization of the
[14]
actin cytoskeleton during motion . ROCK1 functions
as an oncogene, and possesses a wide range of
functions, including cellular migration, invasion, and
[15]
metastasis . ROCK1 is increased in many cancers,
including glioma, osteosarcoma, prostate cancer, and
[13,16]
gastric cancer
. ROCK1 is positively correlated with
tumor-node-metastasis (TNM) stage and lymph node
[17]
metastasis in gastric cancer . ROCK1 is targeted by
several miRNAs, including miR-135a, miR-145, and
[12,15,17]
[18]
miR-148a
. Hu et al
found that ROCK1 was a
direct target of miR-124 in gastric cancer. However,
relatively little is known regarding the underlying
mechanisms through which miR-124 regulates ROCK1
in CRC. In this study, we aimed to elucidate the roles
and interactions between ROCK1 and miR-124 in
human CRC.

CONCLUSION: miR-124 promotes hyperplasia and
contributes to invasion of CRC cells, but downregulates
ROCK1. ROCK1 and miR-124 may play important roles
in CRC.
Key words: Cell invasion; Colorectal cancer; miR-124;
Rho-associated protein kinase
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: miR-124 inhibits neoplastic transformation, cell
proliferation, and metastasis, and downregulates rhoassociated protein kinase (ROCK)1 in some cancers. In
this study, we investigated the roles and interactions of
ROCK1 and miR-124 in human colorectal cancer (CRC).
miR-124 promoted cell hyperplasia and contributed to
invasion, but downregulated ROCK1 in CRC. ROCK1
and miR-124 may play important roles in CRC.
Xi ZW, Xin SY, Zhou LQ, Yuan HX, Wang Q, Chen KX.
Downregulation of rho-associated protein kinase 1 by miR-124 in
colorectal cancer. World J Gastroenterol 2015; 21(18): 5454-5464
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i18/5454.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i18.5454

MATERIALS AND METHODS
Ethics statement

Tissue specimens (68 tissue pairs) from CRC patients
were obtained and histologically confirmed by a
pathologist at the Second Affiliated Hospital of Henan
University of Traditional Chinese Medicine (Zhengzhou,
China). Written informed consent was obtained from
all patients and the study was approved by the Ethics
Committee of Henan University of Traditional Chinese
Medicine on Human Research (No. H20130816).

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignances and the third leading cause of cancerrelated death worldwide, with an estimated incidence
of 1 million new cases and mortality of > 600000
[1,2]
deaths annually . Recent progress in diagnosis and
therapy has helped to save the lives of many patients
at early stages of this malignancy, but the prognosis
for patients with advanced disease or metastasis is
[1,2]
still poor . Therefore, further investigation into the
molecular pathogenesis of CRC and the consequential
development of novel targeted therapeutics are
needed.
miRNAs are non-protein-coding small RNAs of 19-25
nucleotides that are cleaved from 70-100-nucleotide
hairpin pre-miRNA precursors by the enzyme
[3,4]
Drosha . miRNAs bind to complementary sequences
in the 3’-untranslated regions of their target mRNAs
and induce mRNA degradation or translational
[5]
repression . Recent evidence shows that abnormal
expression levels of miRNAs are associated with several
human cancers, and that they play crucial roles in cell

WJG|www.wjgnet.com

Cell culture

Three colon cancer cell lines (HCT116, HT29, and
SW620) and one human colonic mucosa epithelial
cell line (NCM460) were obtained from the Xie He Cell
Bank of the Chinese Academy of Medical Sciences
(Beijing, China). HCT116 and HT29 cells were cultured
in McCoy’s 5A medium (Invitrogen of Thermo Fisher
Scientific, Waltham, MA, United States), and SW620
cells were cultured in RPMI 1640 containing 10%
fetal bovine serum (FBS; Sigma-Aldrich, St. Louis,
MO, United States). All the cells were cultured in a
humidified 37 ℃ incubator supplemented with 5%
CO2.

Human samples

Paired resected surgical specimens from primary tumor
and adjacent non-tumor sites were obtained from CRC
patients [male (n = 47), female (n = 21); median
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age: 57 years; colon cancer (n = 37) and rectal cancer
(n = 31)] who underwent surgery at the Affiliated
Hospital of Henan University of Traditional Chinese
Medicine, according to a standard protocol, before any
therapeutic intervention. Adjacent non-tumor mucosa,
≥ 6 cm from the tumor, was removed. The specimens
were snap-frozen in liquid nitrogen and stored at
-80 ℃ for molecular analyses. The remaining tissue
specimens were fixed in 10% formalin and embedded
in paraffin for routine histologic examination.

each step. PCR for ROCK1 was initiated with a 10-min
denaturation at 95 ℃. Amplification was carried out for
40 cycles of 15 s at 95 ℃ and 1 min at 60 ℃, followed
by an extension step of 5 min at 72 ℃. All reactions
were performed in duplicate. The PCR products were
confirmed by melting curve analysis. We used the
-ΔΔCT
mathematical delta-delta method (ratio = 2
)
developed by PE Applied Biosystems (Foster City, CA,
United States) to compare relative expression between
treatments.

Western blotting

RNAi assay

Total proteins were extracted from tissues using a total
protein extraction kit (Keygen, Nanjing, China). The
concentrations of total proteins were measured using
a BCA Protein Assay Kit (Keygen). A total of 80 µg
protein was separated using SDS-PAGE and transferred
onto polyvinylidene difluoride membranes; the
membranes were then blocked in 5% fat-free milk at
room temperature for 2 h. After incubation with rabbit
or goat primary antibodies against ROCK1 (ab80590;
Abcam, Cambridge, United Kingdom) at a dilution
of 1:10000 or GAPDH (Santa Cruz Biotechnology,
Dallas, TX, United States) at a dilution of 1:200 at
4 ℃ overnight, the membranes were probed with goat
anti-rabbit or mouse anti-goat secondary antibodies
at a dilution of 1:5000 at room temperature for 2 h.
The signals were detected using a Super ECL Plus Kit
(Keygen) and determined by quantitative analysis using
UVP software (UVP, LLC, Upland, CA, United States).
The integral optical density ratio of ROCK1/GAPDH
indicated the relative expression of ROCK1 protein.

HCT-116 and HT-29 cells were incubated in a six-well
tissue culture dish without antibiotics for 24 h prior
to transfection, when they had reached 60%-80%
confluence. Negative control siRNA, specific miR-124
inhibitor and mimic siRNA (Invitrogen) transfection
reagent complexes were mixed with Lipofectamine
2000 (Invitrogen) and then added to the cells. After
6 h at 37 ℃, the medium was changed and the cells
were cultured in RPMI 1640 supplemented with 10%
heat-inactivated FBS. Silencing of miRNA-124 and
ROCK1 was determined by qRT-PCR and Western
blotting.

5-ethynyl-2′ deoxyuridine (EdU) proliferation assay

TRIzol reagent (CWbio, Beijing, China) was used to
isolate total RNA from the snap-frozen tissues. The
isolated RNA was treated with DNase Ⅰ (Invitrogen).
The RNA concentration and purity were determined
using a NanoDrop ND-1000 (NanoDrop Products,
Wilmington, DE, United States). The ratio of 28S/18S
was analyzed by Glyko Bandscan 5.0. RNA quality and
quantity were determined spectrophotometrically at
260 and 280 nm, respectively. Reverse transcription
of RNA was performed using the NCode miRNA FirstStrand cDNA Synthesis Kit (Invitrogen).

Transfected HCT-116 and HT-29 cells were plated in
4
24-well plates at 4 × 10 cells/well, allowed to adhere,
washed with PBS, and incubated for 2 h in serum-free
RPMI containing 10 µmol/L EdU (Guangzhou RiboBio
Co. Ltd., Guangzhou, China). The cells were washed
with PBS, fixed, and permeabilized in PBS containing
2% formaldehyde, 0.5% Triton ×100, and 300 mmol/L
sucrose for 15 min. After washing with PBS, cells
were blocked using 10% FBS in PBS for 30 min, and
incorporated EdU was detected by incubation with a
fluorescent azide coupling solution (Apollo; Guangzhou
RiboBio Co. Ltd.) for 30 min. The cells were washed
three times with PBS containing 0.05% Tween 20,
incubated with the DNA staining dye Hoechst 33342
for 30 min, and washed in PBS. Images were captured
using a fluorescent microscope, and the average
nuclear fluorescent intensity was calculated from at
least 50 non-S phase cells randomly selected in five
different fields of view.

Quantitative reverse transcriptase-PCR

Soft agar colony-formation assay

Total RNA isolation and cDNA synthesis

A bottom layer (0.6% low-melt agarose) was prepared
with RPMI 1640 medium containing 10% FBS, 100
U/mL penicillin, and 100 mg/mL streptomycin. A top
layer (0.3% low-melt agarose) was prepared with the
same RPMI 1640 medium as described above plus
5000 cells. Plates were incubated at 37.8 ℃ in 5%
CO2 in a humidified incubator for approximately 2 wk.
The plates were scanned and photographed, and the
number of colonies was quantified using Quantity one
version 4.0.3 software (Bio-Rad Laboratories, Hercules,
CA, United States).

Quantitative reverse transcriptase (qRT)-PCR was
performed using the Light Cycler 2.0 Real-Time PCR
System (Roche, Penzberg, Germany) in a total volume
of 20 µL in glass capillaries containing 2 µL cDNA,
0.8 µL each primer, and 10 µL Light Cycler TaqMan
Master Mix (Invitrogen). PCR for miR-124 was initiated
using a 10-min denaturation step at 95 ℃, followed
by termination with a 30-s cooling step at 40 ℃. The
cycling protocol consisted of denaturation at 95 ℃ for
15 s and annealing at 60 ℃ for 1 min for 40 cycles.
Fluorescence detection was performed at the end of
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Figure 1 Expression of rho-associated protein kinase 1 protein in 68 colorectal cancer and noncancerous tissue specimens. A: Representative Western blot
of rho-associated protein kinase (ROCK)1 expression in colorectal cancer (CRC) (T) and normal (N) tissues; B: Densitometry analysis of ROCK1 expression in N and
CRC tissues relative to GAPDH; C: Representative Western blot ROCK1 expression in metastatic (M) and non-metastatic (NM) CRC specimens; D: Densitometry
analysis of ROCK1 expression in metastatic and non-metastatic CRC tissues relative to GAPDH. All experiments were repeated three times.

Migration and invasion assays

metastatic CRC tissues (2.576 ± 0.269 vs 1.566 ±
0.126, P = 0.017) (Figure 1C and D). In contrast,
higher expression of miR-124 was found in normal
compared with CRC tissues (1.147 ± 0.286 vs 0.603
± 0.092, P = 0.016), and in nonmetastatic compared
to metastatic CRC tissues (0.696 ± 0.089 vs 0.416 ±
0.047, P = 0.020) (Figure 2A and B). For expression
of ROCK1 mRNA, there was no difference between the
CRC and the normal tissues (2.325 ± 0.246 vs 2.613
± 0.251) or between metastatic and nonmetastatic
CRC tissues (2.723 ± 0.283 vs 2.577 ± 0.276) (Figure
2C and D).
The relationships between miR-124 expression and
clinicopathologic variables of CRC are summarized in
Table 1. There was no significant relationship between
miR-124 expression and patient age or sex. However,
miR-124 was significantly associated with CRC
metastasis, tumor T and N stages, and tumor grade (all
P < 0.05).

Cell migration and invasion assays were performed
4
using a Transwell chamber. For migration, 2 × 10
transfected cells in serum-free medium were plated
into the top chamber (BD Biosciences, Franklin Lakes,
NJ, United States). For invasion, the same density
of cells was seeded into the top chamber, which
was precoated with Matrigel (BD Biosciences). After
incubation for 24 h, the membranes were fixed and
stained with 0.1% crystal violet. Cells passing through
the membranes were counted under a microscope
(Olympus Corp., Shinjuku, Tokyo, Japan).

Statistical analysis

SPSS version 13.0 software (SPSS Inc., Chicago, IL,
United States) was used for the data analysis. Each
assay was performed a minimum of three times. The
data are expressed as the mean ± SD and Student’s
t test and one-way analysis of variance were used to
determine the significance of the difference in multiple
comparisons. The Mann-Whitney U test was used to
determine the associations of miR-124 expression
and CRC clinicopathologic features. P < 0.05 indicated
statistical significance.

Expression of miR-124 and ROCK1 in CRC cell lines

We determined the expression of miR-124 and
ROCK1 (mRNA and protein) in three CRC cell lines
and one normal colorectal cell line (NCM460) (Figure
3). Compared to NCM460 (1.306 ± 0.116), miR-124
expression was significantly reduced in HCT116, HT29,
and SW620 cell lines (0.566 ± 0.036, 0.608 ± 0.032,
and 0.526 ± 0.028, respectively; all P < 0.01) (Figure
3C). Western blotting showed a higher expression of
ROCK1 protein in the three CRC cell lines compared
to the NCM460 (HCT116: 1.983 ± 0.0768, HT29:
2.086 ± 0.078, and SW620: 2.226 ± 0.086 vs 0.936
± 0.066; all P < 0.01) (Figure 3A and B). For ROCK1
mRNA, however, there was no significant difference
between NCM460 and cancer cell lines (HCT116: 2.679
± 0.076, HT29: 2.814 ± 0.086, SW620: 2.703 ± 0.046,

RESULTS
Expression of miR-124 and ROCK1 in tissue specimens
and relationship to tumor features

We investigated miR-124 and ROCK1 expression in
68 paired tissue specimens, including 38 cases of
nonmetastatic CRC and 30 cases of metastatic CRC.
Expression of ROCK1 was significantly increased in
CRC compared with noncancerous tissues (1.896
± 0.258 vs 0.866 ± 0.136, P = 0.026) (Figure 1A
and B) and between metastatic tissues and non-
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NCM460: 2.426 ± 0.056) (Figure 3D).
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miR-124 downregulates ROCK1 protein in cultured
HCT116 and HT29cells

D

We determined whether transfection of HCT116 and
HT29 cells with miR-124 mimic or miR-124 inhibitor
affected ROCK1 expression. In HCT116 and HT29
cells characterized by low miR-124 expression,
downregulation of endogenous miR-124 with miR-124
inhibitor led to a significant increase in ROCK1 protein
levels compared to the negative controls (HCT116:
3.356 ± 0.0916 vs 1.956 ± 0.516, HT29: 3.996 ±
0.0981 vs 2.456 ± 0.0706; both P < 0.01) (Figure 4A
and B). In contrast, there was a significant decrease in
ROCK1 protein levels in cells transfected with miR-124
mimic (HCT116: 0.986 ± 0.0506 vs 1.956 ± 0.516,
HT29: 0.916 ± 0.0483 vs 2.456 ± 0.0706; both P
< 0.01). For ROCK1 mRNA, there was no difference
in cells transfected with miR-124 inhibitor or mimic
compare to the negative controls (HCT116: 2.686 ±
0.0515 vs 2.567 ± 0.062, HT29: 3.016 ± 0.0538 vs
3.012 ± 0.072) (Figure 4D).

3.0

Relative expression of
ROCK1miRNA

2.5
2.0
1.5
1.0
0.5
0.0

Figure 2 Expression of miR-124 and rho-associated protein kinase 1
mRNA in 68 colorectal cancer and noncancerous tissue specimens.
Quantitative real time-PCR data for miR-124 in A: Colorectal cancer (CRC)
tissues relative to normal (N) tissues; and B: 30 metastatic and 38 nonmetastatic CRC tissues; Quantitative real time-PCR data for rho-associated
protein kinase 1 (ROCK1) in C: CRC and N tissues; and D: Metastatic and nonmetastatic CRC tissues. All experiments were repeated three times.

cells were labeled with EdU to measure active DNA
synthesis and Hoechst 33342 to show all cell nuclei
(Figure 4A). According to fluorescent microscopy, the
mean percentage of new cells that incorporated EdU
was 26.6% and 21.6% in the negative control siRNA
group, 41.6% and 40.8% in cells transfected with

Knockdown of miR-124 induces cell proliferation

We determined the effect of knockdown of miR-124 on
cell viability and proliferation using an EdU assay (Figure
4). To confirm the increased number of HCT116 and
HT29 cells following treatment with miR-124 inhibitor,
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Figure 3 Expression of miR-124 and rho-associated protein kinase 1 in colorectal cancer cell lines. A: Representative Western blot of rho-associated protein
kinase 1 (ROCK1) expression in the human colonic mucosa epithelial cell line (NCM460) and colorectal cancer (CRC) cell lines (HCT116, HT29 and SW620); B:
Densitometry analysis of ROCK1 expression relative to GAPDH; Quantitative real time-PCR data for C: miR-124; and D: ROCK1 mRNA. All experiments were
repeated three times.
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Figure 4 In vitro effects of miR-124 regulation. A: Representative Western blot of rho-associated protein kinase 1 (ROCK1) expression in HCT116 and HT29 cells
transfected with negative control (NC), miR-124 mimic and miR-124 inhibitor; B: Relative densitometry analysis of ROCK1 expression relative to GAPDH; Quantitative
real time-PCR data for C: miR-124; and D: ROCK1 mRNA.

miR-124 inhibitor (HCT116: 0.416 ± 0.0105 vs 0.266
± 0.0121, HT29: 0.408 ± 0.0131 vs 0.216 ± 0.0147;
both P < 0.01) (Figure 5A and B). We observed that
the proliferative ability of HCT116 cells transfected
with miR-124 mimic decreased with increasing
concentrations of miR-124 mimic from 80 nmol/µL to
120 nmol/µL, with a time of transfection from 1 d to 2
d (P < 0.05) (Figure 5C).

growth and invasion of CRC cells, a colony-formation
assay was performed to evaluate whether miR-124
knockdown synergistically promoted HCT116 and
HT29 cell transformation (Figure 6A). The assay
demonstrated that the number of colonies generated
by cells transfected with the miR-124 inhibitor was
further increased compared to that generated by the
controls (HCT116: 42 ± 3.2 vs 30 ± 2.2, HT29: 37 ±
2.6 vs 24 ± 2, both P < 0.01) (Figure 6A and B).
Migration and invasion assays showed that
downregulation of miR-124 markedly increased
proliferation of HCT116 and HT29 cells compare to

miR-124 inhibits metastasis, invasion, and clonogenic
survival of CRC cells

To study the role of miR-124 in the regulation of
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Figure 5 miR-124 knockdown promotes cell proliferation. A: New generation of cells were detected by 5-ethynyl-2’ deoxyuridine (EDU; red), nuclei are stained
blue (DAPI); B: Proliferative activity of HCT116 and HT29 cells transfected with negative control (NC) and the miR-124 inhibitor; C: Proliferative ability of HCT16 cells
over time when transfected with various doses of miR-124 mimic. All experiments were repeated three times.

negative controls (HCT116: 126 ± 7 vs 65 ± 4, HT29:
115 ± 8 vs 58 ± 5, both P < 0.01) (Figure 6C and D).

spectrum of miR-124 targets in 293 cells yielded a
set that were downregulated at the mRNA level, as
previously observed, and a set whose mRNA levels
were unaffected by miR-124a. Therefore, to explore
the function of miRNAs specifically involved in CRC
development and progression would greatly help
expand our knowledge of CRC, and may provide
new targets for its diagnosis and therapy. miR-124
and ROCK1 may not be specific markers for CRC,
but they may be used to benefit patients due to
their significance in prediction of tumor prognosis.
An inverse association between miR-124 and ROCK1
protein was observed in CRC. miR-124 expression
was significantly downregulated in CRC tissues and
cell lines. In contrast, ROCK1 protein expression
was significantly increased, whereas ROCK1 mRNA
expression showed consistent results. We observed
a significant reduction in ROCK1 protein and mRNA
levels in cells transfected with miR-124 mimic, but a

DISCUSSION
There are few CRC-specific biomarkers that have
been used clinically for diagnosis and prediction of
prognosis. Although many miRNAs are aberrantly
altered in CRC, their underlying molecular mechanisms
in the development and progression of CRC remain
[19]
[20]
poorly understood . Lewis et al
identified the
targets of vertebrate miRNAs using an algorithm
called TargetScan. They found that the conserved
5′ region of mammalian miRNAs is most important
[21]
for target identification. Karginov et al
devised
a direct biochemical method for miRNA target
discovery that combined RNA-induced silencing
complex purification with microarray analysis of bound
mRNAs. They found that examining the complete
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Figure 6 miR-124 inhibits growth and invasion of HCT116 and HT29 cells. A: Colony-formation assay for HCT116 and HT29 cells transfected with negative
control (NC) and miR-124 inhibitor was performed on day 14; B: Quantification of colony formation with miR-124 inhibitor; C: Cell migration and invasion assays were
performed for HCT116 and HT29 cells transfected with NC and miR-124 inhibitor; D: Quantification of the number of invasive cells with NC and miR-124 inhibitor. All
experiments were repeated three times.

significant increase in cells transfected with miR-124
inhibitor. The results suggest that miR-124 posttranscriptionally and negatively regulates ROCK1 by
repressing translation in CRC.
As a tumor suppressor, miR-124 is significantly
decreased in a variety of human malignancies,
including CRC, glioblastoma, hepatocellular carcinoma,
[22,23]
medulloblastoma, and gastric cancer
. Zhao et
[24]
al
found that downregulation of miR-124 promoted
malignant progression of glioblastoma cells via
increasing expression of a novel protein similar to
human protein phosphatase 1, regulatory (inhibitor)
[23]
subunit 13 like. Xie et al
reported that miR-124
inhibited proliferation and induced apoptosis by
targeting enhancer of zeste homolog 2 in gastric
cancer. In our study, expression of miR-124 was
associated with CRC metastasis, supporting our
observation that miR-124 inhibits invasion-related
processes. Cells transfected with miR-124 inhibitor
showed increased cell proliferation and transformation
capacity, according to EdU and soft agar formation
assays. Therefore, we assume that downregulation
of ROCK1 by miR-124 may result in proliferation or
metastasis in CRC. Our biologic evidence suggests
that targeting miR-124 provides a good strategy to
block tumor proliferation and metastasis. From the
clinical viewpoint, low expression of miR-124 or high
expression of ROCK1 might be considered as a risk
factor for tumor progression. Thus, strict systemic
therapy after surgery, such as immunotherapy,
angiogenesis inhibitors, chemotherapy, and
radiotherapy with regular investigation might improve
prognosis.
In conclusion, our present study indicates that
ROCK1 is negatively regulated at the post-transcrip
tional level by miR-124, and that miR-124 reduces
proliferation and invasion/metastasis in CRC. The
results suggest that, as a tumor suppressor, miR-124
may play a role in tumor growth and metastasis. Our
findings further suggest that rescue strategies against
miR-124, or strategies interfering with the miR-124/
ROCK1 interaction, or that inhibit ROCK1 expression,
may have potential therapeutic application in CRC in
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Abstract
AIM: To investigate the hepatoprotective effects of
phycocyanobilin (PCB) in reducing hepatic injury and
accelerating hepatocyte proliferation following carbon
tetrachloride (CCl4) treatment.
METHODS: C57BL/6 mice were orally administered
PCB 100 mg/kg for 4 d after CCl4 injection, and then
the serum and liver tissue of the mice were collected
at days 1, 2, 3, 5 and 7 after CCl 4 treatment. A
series of evaluations were performed to identify the
curative effects on liver injury and recovery. Aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), albumin and superoxide dismutase (SOD) were
detected to indirectly assess the anti-inflammatory
effects of PCB. Meanwhile, we detected the expressions
of hepatocyte growth factor, transforming growth factor
alpha (TGF-α), TGF-β, tumor necrosis factor-alpha
(TNF-α) and interleukin-6 (IL-6), the factors which are
associated with inflammation and liver regeneration.
The protein expressions of proliferating cell nuclear
antigen (PCNA), TNF-α and cytochrome C were
detected by western blot. Furthermore, the survival
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rates were analyzed of mice which were administered a
lethal dose of CCl4 (2.6 mg/kg) with or without PCB.

H3C

RESULTS: In our research, PCB showed a strongly
anti-inflammatory effect on CCl4-induced liver injury
in mice. The ALT was significantly decreased after
CCl4 treatment from day 1 (P < 0.01) and the AST
was significantly decreased from day 2 (P < 0.001).
Both albumin and liver SOD were increased from day
2 (P < 0.001 and P < 0.01), but serum SOD levels
did not show a significant increase (P > 0.05). PCB
protected the structure of liver from the injury by CCl4.
TUNEL assay showed that PCB dramatically reduced
the number of apoptotic cells after CCl4 treatment
compared to the control (101.0 ± 25.4 vs 25.7 ± 6.4,
P < 0.01). The result of western blotting showed that
PCB could increase PCNA expression, decrease TNF-α
and cytochrome C expression. Furthermore, data shows
that PCB could improve the survival rate of acute liver
failure (ALF) mice which were injected with a lethal
dose of CCl4 (60.0% vs 20.0%).

CH3

O O

H3C
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N

HN

H3C
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Figure 1 Chemical structure of phycocyanobilin.

Toxic substances including alcohol, acetaminophen
and carbon tetrachloride (CCl4) can induce liver
injury, which is associated with a large amount of cell
[4,5]
apoptosis and necrosis .
Although the pathogenesis of liver injury induced by
chemical toxicity is not clear, reactive oxygen species
(ROS) have been considered as a very important
[6,7]
medium in liver pathological changes . CCl4-induced
acute liver injury is a well-known model, and CCl4 is
transformed into trichloromethyl-free radical (CCl3• or
[8,9]
CCl3OO•) by hepatic microsomal cytochrome P450 .
Phycocyanobilin (PCB) [(2R,3E,4Z,10Z,15Z)-18-Ethyl3-ethylidene-1,2,3,19,22,24-hexahydro-2,7,13,17tetramethyl-1,19-dioxo-21H-biline-8,12-dipropanoic
acid; 3(E)-PCB; Figure 1] is a kind of chromophore
extracted from the cyanobacterium Spirulina, which
can be converted to phycocyanorubin by biliverdin
reductase. Phycocyanorubin is a homolog of bilirubin,
and is confirmed as a potent inhibitor of NADPH
oxidase, which is the major intracellular oxidant stress
[10,11]
producer
. We hypothesized that PCB could be a
potential therapeutic for acute liver injury.

CONCLUSION: Our study indicated that PCB could be
an ideal candidate for reversing acute liver injury or
ALF.
Key words: Liver injury; Hepatoprotective; Tumor
necrosis factor-alpha; Phycocyanobilin; Cytochrome C
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our research confirmed that phycocyanobilin
(PCB) plays a hepatoprotective role on carbon
tetrachloride-induced acute liver injury mice. It was
shown that PCB has a strongly anti-inflammatory effect
when the liver suffered oxidative damage. The results
showed that PCB could accelerate liver regeneration,
reduce apoptosis and necrosis of the hepatocytes by
regulating the expression of hepatocyte growth factor,
transforming growth factor (TGF)-α, TGF-β, tumor
necrosis factor-α and interleukin-6. In addition, PCB
could significantly improve the survival probability of
the acute liver injury mice.

MATERIALS AND METHODS
Animal care and use statement

The animal protocol was designed to minimize pain
or discomfort to the animals. The animals were
acclimatized to laboratory conditions (23 ℃, 12 h/12
h light/dark, 50% humidity, ad libitum access to food
and water) for two weeks prior to experimentation.
Intragastric gavage administration was carried out
with conscious animals, using straight gavage needles
appropriate for the animal size (15-17 g body weight:
22 gauge, 1 inch length, 1.25 mm ball diameter).
All animals were euthanized by barbiturate overdose
(intravenous injection, 150 mg/kg pentobarbital
sodium) for tissue collection.

L i u J , Z h a n g Q Y, Yu L M , L i u B , L i M Y, Z h u R Z .
Phycocyanobilin accelerates liver regeneration and reduces
mortality rate in carbon tetrachloride-induced liver injury mice.
World J Gastroenterol 2015; 21(18): 5465-5472 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i18/5465.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i18.5465

INTRODUCTION
The liver is an important organ which plays a central
role in metabolism, glycolysis and scavenging free
[1,2]
radicals in the body
. Due to these essential
[3]
functions, liver injuries need to be rapidly repaired .
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Animals and chemicals

This study was carried out in strict accordance with the
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recommendations in the Guide for the Care and Use
of Laboratory Animals of the Ministry of Health of the
People’s Republic of China. The protocol was approved
by the Committee on the Ethics of Animal Experiments
of Guangdong Medical College (Permit Number: SYXK
2008-0007). Male C57 BL/6 mice (8-wk-old, 25 ±
2 g in weight) were used in our experiment. The
mice were purchased from Shanghai Slac Laboratory
Animal Corporation, and kept in an SPF grade facility
as specified by the National Animal Care and Use
Committee. CCl4 and PCB were purchased from
Sigma-Aldrich Biotechnology (St Louis, MO, United
States). The kits for testing the level of serum ALT,
AST, albumin and superoxide dismutase (SOD) were
purchased from Jiancheng Biological Technology,
Inc (Nanjing, China). Antibody against proliferating
cell nuclear antigen (PCNA) of mouse and the SABC
Staining Kit were from Boster Biological Technology
(Wuhan, China). Antibodies of TNF-α, cytochrome C,
PCNA and β-actin were obtained from Cell Signaling
Technology (Beverly, MA). All other chemicals were of
the highest grade commercially available.

Death Detection kit-POD (Roche, Basal, Switzerland)
according to the manufacturer’s instructions. In
brief, the process is as follows: Dewax and rehydrate
tissue sections by using xylene and a graded series of
ethanol, incubate tissue sections for 15 min at 37 ℃,
than incubate with 50 μL TUNEL reaction mixture in
dark for 1 h (5 μL enzyme solution added into 45 μL
label solution per sample) at 37 ℃. After this step,
sections were incubated with 50 μL converter-POD per
sample for 30 min, hematoxylin was used to stain the
nucleus, then the stained cells were analyzed under
light microscope.

Real time quantification PCR

The total RNA was isolated by Trizol, then reverse
transcripted into cDNA by the use of Primescript RT
reagent Kit (Takara Biotechnology, Dalian, Liaoning,
China), and the mRNA expression levels were detected
by SYBR Premix Ex Taq Ⅱ (Tli RNase H Plus) Kit (Takara
Biotechnology, Dalian, Liaoning, China).

Western blotting

Liver tissues were homogenized in RIPA lysis buffer
(Beyotime, Jiangsu, China); the concentration of
each lysate was detected by Enhanced BCA Protein
Assay kit (Beyotime, Jiangsu, China). Proteins were
electrophoresed on a SDS-PAGE gel, and then
transferred to PVDF membranes (Millipore, Bedford,
United States). Membranes were incubated with
primary antibodies at 4 ℃ overnight, then incubated
with a second antibody for 1 h; proteins were exposed
by Amersham ECL Select Western blotting detection
reagent (GE Healthcare, Buckinghamshire, United
Kingdom).

Induction of Liver Injury and PCB Administration

Liver injury in mice was induced by intraperitoneal (i.p.)
injection of CCl4 solution which was 1:3 diluted into
corn oil, and the final concentration was 1 mL/kg body
weight. A lethal dose was administered as described
previously by injection of CCl4 solution which was
1:1 diluted into corn oil and the final concentration
[12]
was 2.6 mL/kg body weight . PCB was dissolved
in sodium carboxymethylcellulose (CMC-Na) to a
final concentration of 20 mg/mL, and intragastrically
administered in mice at 100 mg/kg body weight 2 h
after CCl4 treatment, once per day. Sixty liver injury
mice were used in the experiment: 30 mice were
treated with PCB and 30 mice were treated with CMCNa only. At days 1, 2, 3, 5, 7 after CCl4 treatment, 6
mice were donated from the two groups respectively,
and serum and liver tissue of each mouse was
collected for the following tests. Another 60 mice
which were injected with a lethal dose of CCl4 were
used in this experiment; 30 of them were treated with
PCB and the others treated with CMC-Na only, then
the survival rates were recorded at intervals of 12 h for
each group respectively.

Statistical analysis

The data were obtained from at least six independent
experiments and all results are presented as the
mean ± SE. The differences between the groups were
assessed using Student’s t‑test. Comparisons were
relative to untreated controls. The survival results
were analyzed by log-rank test and presented as
Kaplan-Meier survival curves. P < 0.05, P < 0.01
were considered to indicate a statistically significant
difference.

RESULTS

Detection of serum AST, ALT, albumin, SOD and liver SOD

PCB protects mice against acute hepatocellular damage

Serum AST, ALT, albumin, SOD and liver SOD level were
detected according to manufacturer’s instructions.

ALT and AST are considered as important indicators of
[13,14]
liver function
. When liver is damaged, the levels of
serum ALT and AST increase rapidly. A few days later,
following the damage repair, serum ALT and AST fall
back to normal levels. In this study, the data showed
that serum ALT and AST levels were rapidly elevated
to a peak level at day 2, and declined thereafter, while
PCB could significantly down-regulate these elevations
(Figure 2A and B).
Serum albumin is also considered as an indicator in

Histology-injury grading

The paraffin-embedded liver sections were stained
with hematoxylin-eosin to evaluate the degree of
necrosis after liver injury by identifying the severity of
necrotic lesions in the liver parenchyma.

TUNEL assay

Cell apoptosis rate was detected by the In Situ Cell
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Figure 2 Phycocyanobilin protects mice against acute hepatocellular damage. After CCl4 injection, mice were intragastrically administered with PCB or CMCNa solution only. Then serum ALT, AST, albumin, SOD and liver SOD of mice were measured at indicated time points to monitor the indicator change-related
acute hepatocellular damage. A: Serum ALT; B: Serum AST; C: Serum Albumin; D: Serum SOD; E: Liver SOD. Values represent mean ± SE (n = 6). aP < 0.05,
b
P < 0.01 vs control. PCB: Phycocyanobilin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; SOD: Superoxide dismutase; CMC-Na: Sodium
carboxymethylcellulose.

PCB reduces hepatocellular necrosis and apoptosis

[15]

liver injury . Albumin decreases rapidly from an early
phase during liver injury. Increasing serum albumin
shows liver functional recovery. In this study, serum
albumin was decreased sharply at day 2 after CCl4
treatment, and PCB could significantly improve the
level in serum (Figure 2C).
SOD is a member of the active oxygen scavenging
enzyme system, and is regarded as a marker to
[16,17]
monitor the anti-oxidative ability of liver
. In this
study, serum and liver SOD were detected; the results
showed that PCB could significantly increase the level
of SOD both in serum and liver (Figure 2D and E).

WJG|www.wjgnet.com

To confirm the role of PCB in the protection from
hepatocellular injury, sections of liver tissue were
stained by HE and TUNEL to observe the degree of
necrosis and apoptosis. The results demonstrated that
there was moderate necrosis around the centrilobular
areas in PCB administered mice. On the contrary, a
larger area of necrosis around the central vein was
detected in the control (Figure 3A and B). The results
of the TUNEL assay showed that PCB significantly
decreased the number of apoptosis cells in the section
compared with the control (Figure 3C-E).
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Figure 3 Phycocyanobilin reduces hepatocellular necrosis and apoptosis. A: Liver section of control group stained with HE at day 2 after CCl4 injection of mice,
showing partial necrosis with clusters of inflammatory cells around central vein; B: Liver section of PCB group stained with HE at day 2 after CCl4 injection of mice,
demonstrating decreased inflammatory cells and histological recovery compared with control group. In the TUNEL assay earthy yellow cells indicate apoptotic cells;
C: The control group; D: PCB treated group; E: Demonstrated numbers of apoptotic cells. At least six 12 mm2 tissue sections were counted for each group. Values
represent mean ± SE (n = 6), bP < 0.01 vs control.

Pathway of PCB accelerating liver regeneration

without PCB; data indicate that PCB improved the
survival rate of mice dramatically after CCl4 injection
over 108 h (Figure 5).

To evaluate the molecular mechanism of PCB’s hepa
toprotection, important cytokines related to liver
regeneration, such as hepatocyte growth factor
(HGF), transforming growth factor alpha (TGF-α),
transforming growth factor beta (TGF-β), tumor
necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6)
[18]
were detected . In this study, the results of realtime quantitative PCR demonstrated that PCB could
significantly increase the expression of HGF and TGF-β
from an early time after CCl4 treatment (Figure 4A
and C), meanwhile PCB could decrease TGF-α, TNF-α
and IL-6 expressions (Figure 4B, D and E). It is very
interesting that the expression of TNF-β in the PCB
group increased more dramatically compared to the
control (Figure 4D). In this study, proteins of PCNA,
TNF-α, and cytochrome C in liver tissue from days 1-3
and day 5 were detected by western blotting assay.
The results indicated that PCNA expressions in the
PCB group were higher than the control at days 1, 2,
3. TNF-α protein expression in the PCB group was upregulated at day 1 compared to the control, but then
significantly dropped down after day 2. Cytochrome C
was lower in the PCB group compared to the control at
day 3 and day 5 (Figure 4F).

DISCUSSION
PCB is found in blue-green algae and cyanobacteria
such as Spirulina, and it has been indicated that
PCB could protect DNA from oxidative damage by
- [19]
scavenging of intracellular peroxynitrite (ONOO ) .
Previous studies confirmed that PCB is a potent
inhibitor of NADPH oxidase activity in mammals,
because it can be converted into phycocyanorubin (a
[20]
homolog of bilirubin) by biliverdin reductase . CCl4induced acute liver injury has been used as an ideal
[12,21-23]
model for the research of human liver diseases
.
Previous study confirmed that the pathological
lesion of CCl4-induced damage is restricted to the
[12]
liver . Serum ALT and AST were utilized in this
study as indicators of liver damage; when mice were
administered with 1 mg/kg CCl4, serum ALT and AST
levels elevated rapidly, then declined from day 2.
However, in the mice which were treated with PCB
after CCl4 intraperitoneal injection, the elevation
of serum ALT and AST was slower than in the
control. Furthermore, serum albumin was improved
significantly by PCB, which demonstrated that PCB
could promote the recovery of liver function. SOD was

PCB reduces mortality after a lethal dose treatment

Mice were administered a lethal dose of CCl4 with or
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inflammatory reactions and accelerating hepatocyte
proliferation.
Survival rate is always considered to be strong
evidence to evaluate the hepatoprotective potential in
acute liver failure (ALF). In this study, ALF was induced
by intraperitoneal injection of 2.6 mg/kg CCl4, and 100
mg/kg PCB was orally administrated once per day.
The survival rate of the control group rapidly declined
to 20% at 48 h after CCl4 treatment, but the survival
rate of the PCB group was more than 60%. The results
positively confirmed that PCB could protect mice
against ALF.
In conclusion, we demonstrated that PCB confers
a strong protective effect on acute liver injury. This
study suggests to us that PCB is a novel therapeutic
candidate for acute liver injury and ALF.
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Figure 5 Survival rate after a lethal dose treatment with CCl4. The survival
curves of the different conditions are shown (n = 30/group). The solid line
indicates the survival rate of the control group, the dashed line indicates the
survival rate of the PCB group over 108 h after CCl4 injection.
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detected to evaluate the antioxidant capacity of the
liver. The results confirmed that PCB could markedly
enhance the activity of SOD both in serum and in liver,
which implied it is an effective antioxidant.
The results of HE staining showed less inflammation
and necrosis in the sections of the PCB treatment
group, which indicated that PCB could significantly
suppress inflammation and necrosis of liver structure.
TUNEL assay results demonstrated that PCB could
reduce apoptosis in hepatocytes, and further expe
riments proved that the molecular mechanism by
which PCB decreased the number of apoptotic cells
may be related to the reduced release of cytochrome c.
The results of PCNA detection showed that PCB could
accelerate hepatocyte proliferation.
Cytokines play important roles in liver regeneration,
[24-26]
such as HGF, TGF-α and TNF-α
. HGF is one of
the most important cytokines in the repair of tissue
injury; it could rapidly be elevated by 10 to 20-fold
[24]
at the early stage of liver injury . TGF-α is a direct
mitogen which induces a strong mitogenic response
[27]
in hepatocytes . In our study, compared with the
control, PCB significantly up-regulated the expression
of HGF and TGF-α at the early stage of liver damage
(days 1-2), but these cytokines rapidly declined a
few days later (day 5), which implied that PCB could
accelerate liver regeneration from the early stage
and terminate the process ahead of time. TNF-α is
a multifunctional factor implicated in both starting
liver regeneration and acting as a pro-inflammatory
[28,29]
mediator in hepatocyte apoptosis
. The expression
of TNF-α rapidly elevated to a 3-fold higher level in
the PCB group compared to the control at day 1 after
CCl4 treatment, and then declined significantly after
day 2. IL-6 has been considered to be a biomarker
that reflects inflammatory activity, and TGF-β is a key
factor to induce epithelial to mesenchymal transition
[30]
and inhibit hepatocyte proliferation . PCB could
down-regulate the expression of IL-6 and TGF-β
during the liver regeneration process through reducing
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Background

Liver is an important organ which plays a central role in metabolism, glycolysis
and scavenging free radicals in the body. Due to these essential functions, liver
injuries need to be rapidly repaired.

Research frontiers

The authors’ team has demonstrated that phycocyanobilin (PCB) has a
dramatic antioxidant and hepatoprotective effect. However, whether PCB
protects liver from acute liver injury and accelerates liver regeneration is not yet
known.

Innovations and breakthroughs

This is the first study to demonstrate that PCB can accelerate liver regeneration
and protect the liver from causing death from acute liver failure.

Applications

PCB may serve as a potential effective candidate agent for the therapy of
chemical liver injury and acute liver failure.

Peer-review

In this study, the authors found that PCB reduces the necrosis and apoptosis of
hepatocytes, accelerates liver regeneration and protects mice from death from
carbon tetrachloride-induced acute liver failure. It is very interesting research
work.

REFERENCES
1
2
3

4

5

6
7

5471

Chen XG, Xu CS. Proteomic analysis of the regenerating liver
following 2/3 partial hepatectomy in rats. Biol Res 2014; 47: 59
[PMID: 25723318 DOI: 10.1186/0717-6287-47-59]
Michalopoulos GK. Liver regeneration. J Cell Physiol 2007; 213:
286-300 [PMID: 17559071 DOI: 10.1002/jcp.21172]
Ganaie MA, Khan TH, Siddiqui NA, Ansari MN. Ameliorative
effect of methanol extract of Rumex vesicarius on CCl4-induced
liver damage in Wistar albino rats. Pharm Biol 2015; Epub ahead
of print [PMID: 25702903 DOI: 10.3109/13880209.2014.967782]
Yeh YH, Hsieh YL, Lee YT, Hu CC. Protective effects of Geloina
eros extract against carbon tetrachloride-induced hepatotoxicity
in rats. Food Res Int 2012; 48: 551-558 [DOI: 10.1016/
j.foodres.2012.04.022]
Alkreathy HM, Khan RA, Khan MR, Sahreen S. CCl4 induced
genotoxicity and DNA oxidative damages in rats: hepatoprotective
effect of Sonchus arvensis. BMC Complement Altern Med 2014;
14: 452 [PMID: 25412679 DOI: 10.1186/1472-6882-14-452]
Poli G, Parola M. Oxidative damage and fibrogenesis. Free Radic
Biol Med 1997; 22: 287-305 [PMID: 8958154 DOI: 10.1016/
S0891-5849(96)00327-9]
Mahmud Z, Bachar S, Qais N. Antioxidant and Hepatoprotective
Activities of Ethanolic Extracts of Leaves of Premna esculenta

May 14, 2015|Volume 21|Issue 18|

Liu J et al . Phycocyanobilin accelerates liver regeneration in mice

8

9

10

11
12

13

14

15

16

17

18
19

20

Roxb. against Carbon Tetrachloride-Induced Liver Damage in
Rats. J Young Pharm 2012; 4: 228-234 [PMID: 23493235 DOI:
10.4103/0975-1483.104366]
Alavian SM, Banihabib N, Es Haghi M, Panahi F. Protective
Effect of Cornus mas Fruits Extract on Serum Biomarkers in CCl4Induced Hepatotoxicity in Male Rats. Hepat Mon 2014; 14: e10330
[PMID: 24829584 DOI: 10.5812/hepatmon.10330]
AlSaid M, Mothana R, Raish M, Al-Sohaibani M, Al-Yahya
M, Ahmad A, Al-Dosari M, Rafatullah S. Evaluation of the
effectiveness of Piper cubeba extract in the amelioration of CCl4induced liver injuries and oxidative damage in the rodent model.
Biomed Res Int 2015; 2015: 359358 [PMID: 25654097]
Terry MJ, Maines MD, Lagarias JC. Inactivation of phytochromeand phycobiliprotein-chromophore precursors by rat liver
biliverdin reductase. J Biol Chem 1993; 268: 26099-26106 [PMID:
8253726]
McCarty MF. Clinical potential of Spirulina as a source of
phycocyanobilin. J Med Food 2007; 10: 566-570 [PMID:
18158824 DOI: 10.1089/jmf.2007.621]
Zhu R, Zeng G, Chen Y, Zhang Q, Liu B, Liu J, Chen H, Li M.
Oroxylin A accelerates liver regeneration in CCl4-induced acute
liver injury mice. PLoS One 2013; 8: e71612 [PMID: 23951204
DOI: 10.1371/journal.pone.0071612]
Liu G, Liu X, Zhang Y, Zhang F, Wei T, Yang M, Wang K,
Wang Y, Liu N, Cheng H, Zhao Z. Hepatoprotective effects of
polysaccharides extracted from Zizyphus jujube cv. Huanghetanzao.
Int J Biol Macromol 2015; 76: 169-175 [PMID: 25709018]
Niu C, Sheng Y, Yang R, Lu B, Bai Q, Ji L, Wang Z. Scutellarin
protects against the liver injury induced by diosbulbin B in mice
and its mechanism. J Ethnopharmacol 2015; 164: 301-308 [PMID:
25701748 DOI: 10.1016/j.jep.2015.02.031]
Ware BR, Berger DR, Khetani SR. Prediction of Drug-Induced
Liver Injury in Micropatterned Co-cultures Containing iPSCDerived Human Hepatocytes. Toxicol Sci 2015; Epub ahead of
print [PMID: 25716675 DOI: 10.1093/toxsci/kfv048]
Sila A, Kamoun Z, Ghlissi Z, Makni M, Nasri M, Sahnoun Z,
Nedjar-Arroume N, Bougatef A. Ability of natural astaxanthin
from shrimp by-products to attenuate liver oxidative stress in
diabetic rats. Pharmacol Rep 2015; 67: 310-316 [PMID: 25712656
DOI: 10.1016/j.pharep.2014.09.012]
Li G, Wang XY, Suo YR, Wang HL. Protective effect of seed oil
of Herpetospermum pedunculosum against carbon tetrachlorideinduced liver injury in rats. Saudi Med J 2014; 35: 981-987 [PMID:
25228180]
Fausto N, Campbell JS, Riehle KJ. Liver regeneration. Hepatology
2006; 43: S45-S53 [PMID: 16447274 DOI: 10.1002/hep.20969]
Bhat VB, Madyastha KM. Scavenging of peroxynitrite by
phycocyanin and phycocyanobilin from Spirulina platensis:
protection against oxidative damage to DNA. Biochem Biophys
Res Commun 2001; 285: 262-266 [PMID: 11444835]

21

22
23

24

25

26

27

28

29

30

McCarty MF, Barroso-Aranda J, Contreras F. Genistein and
phycocyanobilin may prevent hepatic fibrosis by suppressing
proliferation and activation of hepatic stellate cells. Med
Hypotheses 2009; 72: 330-332 [PMID: 18789597 DOI: 10.1016/
j.mehy.2008.07.045]
Tanioka N, Shimizu H, Takahashi T, Omori E, Kuroda K, Shibata
M, Yamaoka M, Toda Y, Matsusaki T, Morimatsu H. Induction of
hepatic Bach1 mRNA expression by carbon tetrachloride-induced
acute liver injury in rats. Biomed Rep 2014; 2: 359-363 [PMID:
24748974 DOI: 10.3892/br.2014.235]
Jaswal A, Shukla S. Therapeutic efficacy of Nigella sativa Linn.
seed extract against CCl4 induced hepatic injury in Wistar rats.
Indian J Exp Biol 2015; 53: 44-50 [PMID: 25675711]
Vetvicka V, Garcia-Mina JM, Proctor M, Yvin JC. Humic Acid
and Glucan: Protection Against Liver Injury Induced by Carbon
Tetrachloride. J Med Food 2015; Epub ahead of print [PMID:
25590512]
Pediaditakis P, Lopez-Talavera JC, Petersen B, Monga SP,
Michalopoulos GK. The processing and utilization of hepatocyte
growth factor/scatter factor following partial hepatectomy in the
rat. Hepatology 2001; 34: 688-693 [PMID: 11584364]
Zhang J, Zhou S, Zhou Y, Feng F, Wang Q, Zhu X, Ai H, Huang X,
Zhang X. Hepatocyte growth factor gene-modified adipose-derived
mesenchymal stem cells ameliorate radiation induced liver damage
in a rat model. PLoS One 2014; 9: e114670 [PMID: 25501583]
Cienfuegos JA, Rotellar F, Baixauli J, Martínez-Regueira F, Pardo
F, Hernández-Lizoáin JL. Liver regeneration--the best kept secret.
A model of tissue injury response. Rev Esp Enferm Dig 2014; 106:
171-194 [PMID: 25007016]
Block GD, Locker J, Bowen WC, Petersen BE, Katyal S,
Strom SC, Riley T, Howard TA, Michalopoulos GK. Population
expansion, clonal growth, and specific differentiation patterns in
primary cultures of hepatocytes induced by HGF/SF, EGF and
TGF alpha in a chemically defined (HGM) medium. J Cell Biol
1996; 132: 1133-1149 [PMID: 8601590]
An J, Harms C, Lättig-Tünnemann G, Sellge G, Mandić AD,
Malato Y, Heuser A, Endres M, Trautwein C, Donath S. TATapoptosis repressor with caspase recruitment domain protein
transduction rescues mice from fulminant liver failure. Hepatology
2012; 56: 715-726 [PMID: 22392694 DOI: 10.1002/hep.25697]
Wollborn J, Wunder C, Stix J, Neuhaus W, Bruno RR, Baar W,
Flemming S, Roewer N, Schlegel N, Schick MA. Phosphodie
sterase-4 inhibition with rolipram attenuates hepatocellular injury
in hyperinflammation in vivo and in vitro without influencing
inflammation and HO-1 expression. J Pharmacol Pharmacother
2015; 6: 13-23 [PMID: 25709347 DOI: 10.4103/0976-500X.14913
8]
Xue ZF, Wu XM, Liu M. Hepatic regeneration and the epithelial
to mesenchymal transition. World J Gastroenterol 2013; 19:
1380-1386 [PMID: 23538893 DOI: 10.3748/wjg.v19.i9.1380]
P- Reviewer: Zocco MA S- Editor: Qi Y L- Editor: Logan S
E- Editor: Ma S

WJG|www.wjgnet.com

5472

May 14, 2015|Volume 21|Issue 18|

World J Gastroenterol 2015 May 14; 21(18): 5473-5481
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i18.5473

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Dihydromyricetin alleviates carbon tetrachloride-induced
acute liver injury via JNK-dependent mechanism in mice
Jun Xie, Jie Liu, Tu-Ming Chen, Qing Lan, Qing-Yu Zhang, Bin Liu, Dong Dai, Wei-Dong Zhang, Li-Ping Hu,
Run-Zhi Zhu
Jun Xie, Wei-Dong Zhang, Li-Ping Hu, Run-Zhi Zhu, Clinical
Research Center, Xuyi People’s Hospital, Xuyi 211700, Jiangsu
Province, China
Jie Liu, Tu-Ming Chen, Qing-Yu Zhang, Bin Liu, Dong
Dai, Run-Zhi Zhu, Department of Hepatobiliary Surgery of
Affiliated Hospital of Guangdong Medical College, Zhanjiang
Key Laboratory of Hepatobiliary Diseases, Zhanjiang 524001,
Guangdong Province, China
Qing Lan, Department of Stomatology, Affiliated Hospital of
Guangdong Medical College, Zhanjiang 524001, Guangdong
Province, China
Author contributions: Xie J, Liu J and Chen TM contributed
equally to this work; Xie J, Liu J and Chen TM performed
the majority of experiments; Lan Q, Liu B and Zhang QY
participated in the mouse sample collection; Dai D and Zhang
WD participated in the preparation of the paraffin sections; Zhu
RZ and Hu LP designed these experiments and guided their
implementation.
Supported by Initial Fund of Guangdong Medical College, No.
XB1338; the Medical Research Fund of Guangdong Province,
No. B2014306; and the Research Fund of Guangdong Medical
College, No. M2013024.
Ethics approval: The protocol of this study was approved by the
Committee on the Ethics of Animal Experiments of Guangdong
Medical College (Permit Number: SYXK 2008-0007).
Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the Institu
tional Animal Care and Use Committee of the Guangdong
Medical College (IACUC protocol number: AP3324).
Conflict-of-interest: Zhu RZ has received research funding from
Guangdong Medical College; Liu J has received research funding
from the public health and family planning council of Guangdong
Province and Guangdong Medical College; Xie J, Zhang WD and
Hu LP are employees of Xuyi People’s Hospital; Liu J, Chen TM,
Lan Q, Dai D and Zhu RZ are employees of Affiliated Hospital
of Guangdong Medical College; all authors declare that there is
no conflict of interest in this work.
Data sharing: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this

WJG|www.wjgnet.com

work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Run-Zhi Zhu, PhD, Clinical Research
Center, Xuyi People’s Hospital, No. 3 East Huaihe Road,
Xucheng Town, Xuyi 211700, Jiangsu Province,
China. hepatolab@163.com
Telephone: +86-759-2387596
Fax: +86-759-2387596
Received: November 7, 2014
Peer-review started: November 8, 2014
First decision: December 11, 2014
Revised: December 31, 2014
Accepted: February 12, 2015
Article in press: February 13, 2015
Published online: May 14, 2015

Abstract
AIM: To assess the effects of dihydromyricetin (DHM)
as a hepatoprotective candidate in reducing hepatic
injury and accelerating hepatocyte proliferation after
carbon tetrachloride (CCl4) treatment.
METHODS: C57 BL/6 mice were used in this study.
Mice were orally administered with DHM (150 mg/kg)
for 4 d after CCl4 treatment. Serum and liver tissue
samples were collected on days 1, 2, 3, 5 and 7 after
CCl4 treatment. The anti-inflammatory effect of DHM
was assessed directly by hepatic histology detection and
indirectly by serum levels of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin, and
superoxide dismutase (SOD). Inflammatory cytokines,
such as interleukin (IL)-1β, IL-6 and tumor necrosis
factor-α (TNF-α), were detected using ELISA kits.
Proliferating cell nuclear antigen (PCNA) staining
was used to evaluate the role of DHM in promoting
hepatocyte proliferation. Hepatocyte apoptosis was
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measured by TUNEL assay. Furthermore, apoptosis
proteins Caspases-3, 6, 8, and 9 were detected by
Western blot. SP600125 were used to confirm whether
DHM regulated liver regeneration through JNK/TNF-α
pathways.

INTRODUCTION
The liver plays a crucial role in the regulation of body
metabolism as well as in detoxification. Due to these
essential functions, injuries to this organ need to be
rapidly and efficiently remedied. Hepatotoxins, such
as alcohol, acetaminophen, and carbon tetrachloride
(CCl4), induced liver injury, which is characterized
by hepatocyte necrosis and dysfunction of the liver.
Since the mechanism of CCl4-induced liver injury is
very similar to liver diseases, it is commonly used as a
[1-3]
hepatotoxin in experimental hepatopathy .
Dihydromyricetin was isolated from the tender stem
and leaves of the Ampelopsis grossedentata species. DHM
has numerous pharmacological activities, such as anti[4]
inflammatory, antioxidation and anticarcinogenic effects .
In the present study, we aimed to assess the effects of
DHM as a hepatoprotective candidate in reducing hepatic
injury and accelerating hepatocyte proliferation following
CCl4 treatment. The present findings indicate that DHM
shows a potent antihepatotoxic activity in recovery
of hepatocellular apoptosis and acceleration of liver
regeneration during liver injury. A better understanding
of DHM-regulated liver regeneration will be important to
develop effective interventions to prevent or treat liver
disease.
Tumor necrosis factor-α (TNF-α) is a pro-inflam
matory cytokine. Activation of TNF-receptor family
members is considered to play an important role in the
[5,6]
pathogenesis and progression of liver disease . TNF-α
is implicated in hepatocyte apoptosis, but the pathways
contributing to initiation and progression of acute liver
[7]
injury are presently vague . The JNK signaling pathway
plays an important role in TNF-dependent acute liver
[8,9]
damage . JNK has been shown to be involved in
liver carcinogenesis and be required for hepatocellular
carcinoma (HCC) cell proliferation and hepatocyte
[10]
proliferation in liver regeneration . In a previous study,
we found that CCl4 could increase TNF-α expression
in serum and liver tissue, which results in acute liver
[11]
injury . Furthermore, we found that DHM could upregulate the activation of JNK, and then decreased the
expression of TNF-α in CCl4-induced liver injury mice.
In addition, the hepatoprotective role of DHM could
be inhibited after blocking the activation of JNK. These
results suggest that DHM could be a treatment option
for liver injury. We thus assess its therapeutic potential
in clinically relevant models of TNF-mediated liver
damage and acute liver failure (ALF).

RESULTS: DHM showed a strong anti-inflammatory
effect on CCl4-induced liver injury in mice. DHM could
significantly decrease serum ALT, AST, IL-1β, IL-6 and
TNF-α and increase serum albumin, SOD and liver SOD
compared to the control group after CCl4 treatment
(P < 0.05). PCNA results indicated that DHM could
significantly increase the number of PCNA positive
cells compared to the control (348.9 ± 56.0 vs 107.1
± 31.4, P < 0.01). TUNEL assay showed that DHM
dramatically reduced the number of apoptotic cells
after CCl4 treatment compared to the control (365.4
± 99.4 vs 90.5±13.8, P < 0.01). Caspase activity
detection showed that DHM could reduce the activities
of Caspases- 8, 3, 6 and 9 compared to the control (P
< 0.05). The results of Western blot showed that DHM
increased the expression of JNK and decreased TNF-α
expression. However, DHM could not affect TNF-α
expression after SP600125 treatment. Furthermore,
DHM could significantly improve the survival rate of
acute liver failure (ALF) mice (73.3% vs 20.0%, P <
0.0001), and SP600125 could inhibit the effect of DHM.
CONCLUSION: These findings demonstrate that DHM
alleviates CCl4-induced liver injury, suggesting that DHM
is a promising candidate for reversing liver injury and
ALF.
Key words: Dihydromyricetin; Liver regeneration; Tumor
necrosis factor-α
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our research confirmed that dihydromyricetin
(DHM) plays an anti-inflammatory role in the carbon
tetrachloride (CCl4) induced acute liver injury mice. It
was shown that DHM could alleviate CCl4-induced acute
liver injury by reducing apoptosis and accelerating
proliferation of hepatocytes. Furthermore, DHM
treatment up-regulated Jun kinase expression in liver
tissue, and the mice which were injected with SP600125
could not survive in the acute liver failure induced by
lethal dose CCl4 injection.
Xie J, Liu J, Chen TM, Lan Q, Zhang QY, Liu B, Dai D,
Zhang WD, Hu LP, Zhu RZ. Dihydromyricetin alleviates
carbon tetrachloride-induced acute liver injury via JNKdependent mechanism in mice. World J Gastroenterol 2015;
21(18): 5473-5481 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5473.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5473
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MATERIALS AND METHODS
Animal care and use statement

The animal protocol was designed to minimize pain
or discomfort to the animals. The animals were
acclimatized to laboratory conditions (23 ℃, 12 h/12
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h light/dark, 50% humidity, ad libitum access to food
and water) for two weeks prior to experimentation.
Intragastric gavage administration was carried out
with conscious animals, using straight gavage needles
appropriate for the animal size (15-17 g body weight:
22 gauge, 1 inch length, 1.25 mm ball diameter).
All animals were euthanized by barbiturate overdose
(intravenous injection, 150 mg/kg pentobarbital
sodium) for tissue collection.

determined with the commercial assay kits. Serum
IL-6, IL-1β and TNF-α levels were determined with
ELISA kits according to the manufacturer’s instructions.

Animals and chemicals

PCNA staining

Histology and injury grading

Histology and injury grading were performed as
[11]
previously described . The degree of necrosis after
acute liver injury was evaluated by the degree of
necrotic lesions in the parenchyma.

This research was implemented following the
recommendations in the Guide for the Care and Use
of Laboratory Animals of the Ministry of Health of the
People’s Republic of China. The protocol was approved
by the Committee on the Ethics of Animal Experiments
of Guangdong Medical College (Permit Number: SYXK
2008-0007). Male C57BL/6 mice which were 8 wk old
(purchased from Shanghai Slac Laboratory Animal
Corporation and kept in SPF environment) were used
in this research.
Main materials used in this research included
DHM and CCl 4 (Sigma-aldrich, St Louis, United
States), assay kits for detection of serum ALT, AST,
albumin, superoxide dismutase (SOD) and tissue SOD
(Jiancheng, Nanjing, China), assay kits for detection
of serum IL-1β, IL-6 and TNF-α (RD corporation,
Minneapolis, United States), mouse monoclonal
antibody to proliferating cell nuclear antigen (PCNA)
and SABC staining kit (Boster, Wuhan, China), primary
antibodies to JNK, phosphorylation-JNK, TNF-α,
Cytochrome C, Bax and β-actin (Cell signaling, Beverly,
MA), colorimetric assay kits of Caspases-3, 6, 8, and 9
activities (Calbiochem, La Jolla, CA), In Suit Cell Death
Detection kit-POD (Roche, Basal, Switzerland), and
SP600125 (Selleckchem, Houston, United States).

The hepatocyte proliferation was evaluated by PCNA
staining. Liver tissues were fixed in neutral buffered
formalin for at last 24 h, and then embedded in
paraffin to make pathological section. The sections
were stained using PCNA antibody and the SABC
staining kit according to manufacturer’s protocol. After
that, sections were observed under a light microscope
and the PCNA positive cells were counted in at least 5
fields.

TUNEL assay

Cell apoptosis rate was detected using In Suit Cell
Death Detection kit-POD according to the manu
facturer’s instructions. Briefly, liver tissues were
dewaxed and rehydrated by using xylene and a graded
series of ethanol, and then incubated for 15 min at
37 ℃ with proteinase K working solution. After that, the
samples were incubated at 37 ℃ in dark for 1 h with 50
μL Converter-POD per sample for 30 min. Hematoxylin
was used to stain the nuclei and the stained cells was
analyzed under a light microscope.

Survival analysis

One hundred and twenty mice were divided randomly
into four groups. Group 1 was administered with
a lethal dose of CCl4 (2.6 mg/kg) and served as a
control; group 2 was administered with 2.6 mg/kg
CCl4, and 2 h later, each mouse was orally treated
with 150 mg/kg per day DHM; group 3 was injected
intraperitoneally with SP600125, one hour before CCl4
administration, and 2 h later, each mouse was orally
treated with 150 mg/kg per day DHM. Survival rates in
these groups were recorded every 12 h.

Preparation of animal model and DHM administration

The preparation of the animal model was done as
[11,12]
previously described
. Briefly, acute liver injury
was induced in mice by intraperitoneal injection of CCl4
(1 mL/kg) to test the hepatoprotective role of DHM.
Meanwhile, ALF mice were prepared by intraperitoneal
injection of a lethal dose of CCl4 (2.6 mL/kg) to test
[11]
the effect of DHM on the survival rate of mice . DHM
was dissolved in 0.5% sodium carboxymethylcellulose
(CMC-Na) diluted in ultrapure water, to a final concen
tration of 37.5 mg/mL. Then, mice were treated orally
with DHM (150 mg/kg per mouse; once per day, for 4
d) 2 h after CCl4 treatment. JNK inhibitor SP600125 (50
mg/kg) was administered by intraperitoneal injection
[13]
1 h prior to DHM treatment . Mice were dedicated on
days 1, 2, 3, 5 and 7 after CCl4 treatment to examine
a series of indicators of liver injury and regeneration.

Western blot analysis

Liver tissues were homogenized and lysed with RIPA
buffer (Beyotime, Jiangsu, China), and the protein
concentration in each sample was detected with a
BSA assay kit (Beyotime, Jiangsu, China). Proteins
were extracted to detect cytochrome C by using
the Mitochondria/Cytosol Fractionation Kit. Proteins
were electrophoresed on an SDS-PAGE gel, and then
transferred onto PVDF membranes. The membranes
were then incubated with primary and secondary
antibodies. Signal detection was performed by using
enhanced ECL chemiluminescence reagents (GE-

Serum AST, ALT, albumin, SOD, IL-1β , IL-6 and TNF-α

Serum AST, ALT, albumin and SOD levels were
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Healthcare, Pittsburgh, United States).

hepatocytes by using immunostaining of PCNA in liver
sections on day 2 after CCl4 treatment. Compared with
the control, DHM significantly increased the number
of PCNA positive cells. A great number of PCNA+
hepatocytes were found surrounding the portal area
2
(Figure 2A and B). PCNA+ cells in at least 12 mm
tissue sections were counted for each mouse, and
the data showed that DHM could markedly accelerate
hepatocyte proliferation from an acute phase (Figure 2C).

Evaluation of caspases-3, 8 and 9 activity

Caspases-3, 6, 8 and 9 activities were determined in
liver extracts by measuring proteolytic cleavage of
the proluminescent substrates Z-IETDAFC, AC-DEVDAMC, AC-VEID-AFC and AC-LEHD-AFC (Calbiochem, La
Jolla, CA). The fluorescence was determined based on
the amount of released AFC (caspase-8, -6, -9, λex =
400, λem = 505) or AMC (caspase-3, λex = 380, λem
= 460). The results are expressed as arbitrary units of
fluorescence (AUF) per milligram of protein.

DHM reduces necrosis and apoptosis of hepatocytes

The H&E staining and TUNEL assay were used to
investigate the effect of DHM on hepatocellular
necrosis, inflammation and the apoptosis. Liver
sections stained with HE showed that the DHM admini
strated group demonstrated only moderate necrosis,
maintaining normal architecture; the necrotic areas
were significantly diminished around the central vein
and centrilobular regions compared with the control
on day 2 after CCl4 treatment (Figure 3A and B).
The results of TUNEL assay demonstrated that DHM
significantly decreased the number of apoptotic cells in
the section of liver tissue compared with the control on
day 2 after CCl4 injection, and only a fewer apoptotic
cells were detected in the visual field (Figure 3C and
2
D). At least 12 mm tissue sections were counted for
each mouse, and the data showed that DHM could
significantly reduce hepatocellular apoptosis (Figure 3E).

Statistical analysis

The data between the CCl4 group and DHM group
were compared by t-test, and the survival results were
analyzed by log-rank test and presented as KaplanMeier survival curves. The statistical methods of this
study were reviewed by Qingyu Zhang from Affiliated
Hospital of Guangdong Medical College.

RESULTS
DHM protects mice against acute liver injury

To confirm the role of DHM in protecting mice against
acute liver injury, we employed serum ALT, AST,
albumin and SOD as indicators. After CCl4 injection,
serum ALT and AST were rapidly increased to peak
levels on day 2, and then decreased thereafter, while
DHM could significantly decrease serum ALT and AST
from day 1 to day 5 (Figure 1A and B). The attenuation
of serum AST and ALT indicated that DHM possesses
a good protective effect on liver function. Serum
albumin level is also considered an important indicator
for evaluating functional recovery of acutely injured
liver. Serum albumin was significantly raised after DHM
administration compared to the control (Figure 1C).
SOD belongs to active oxygen scavenging enzyme
systems, which is regarded as a biomarker to judge
the anti-oxidative ability of the liver. We found that the
activities of SOD in both serum and liver tissue were
enhanced markedly compared to the control after DHM
treatment in mice with CCl4-induced liver injury (Figure
1D and E). Furthermore, serum IL-1β was found to
be rapidly increased after CCl4 treatment, which was
[14]
also supported in previous studies , whereas DHM
administration resulted in significant attenuation from
day 1 to day 5 after CCl4 injection (Figure 1F). IL-6 and
TNF-α have been identified as attractive targets for
liver regeneration. The data showed that DHM could
markedly down-regulate IL-6 and TNF-α (Figure 1G
and H).

DHM effectively reduces the release of cytochrome C
from the mitochondria and inhibits caspase activity

After displaying the effect of DHM in protecting
hepatocytes from hepatotoxicity induced by CCl4,
we investigated the relationship between DHM and
hepatoprotective pathways. As shown in Figure 4A,
the release of Cytochrome c and Bax expression in the
DHM groups were significantly inhibited compared to
the control on day 2 after CCl4 treatment. Similarly, the
activities of caspases-8, 3, 6 and 9 in the liver were
significantly lower in the DHM group than in the control
group on day 2 after CCl4 treatment (Figure 4B-E).
These results indicated that DHM could efficiently
reduce hepatic injury by inhibiting the activities of
Cytochrome C and Caspases-mediated apoptosis
pathways.

TNF-α mediated liver regeneration is regulated by DHM
via the JNK pathway

In this part of experiment, the proteins in liver tissues
collected both from liver injury mice and ALF mice
were detected by Western blot. The result showed
that the content of TNF-α was markedly higher in the
control compared to DHM-administered groups after
CCl4 treatment, but the level of JNK was promoted
significantly in DHM-administered groups (Figure 5A
and B). Moreover, TNF-α was not reduced in the ALF
mice pretreated with JNK-inhibitor SP600125 (Figure
5B). These data demonstrated that TNF-α mediated

DHM promotes hepatocyte proliferation from an early
phase

To determine whether DHM could accelerate hepa
tocyte proliferation from acute phase during liver
regeneration, we evaluated the proliferation of
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Figure 1 Dihydromyricetin protects mice against CCl4-induced liver injury. Mice were treated with CCl4 (1 mL/kg body weight and 1:3 diluted in corn oil) to
induce acute liver injury, and then orally administered with DHM (80 mg/kg body weight and diluted in CMC-Na) 2 h after CCl4 injection, once per day for 4 d. Control
mice were treated with an equal volume of CMC-Na. Subsequently, serum ALT, AST, albumin, SOD, IL-1β, IL-6, TNF-α and liver SOD were measured at indicated
time points and determined as described in materials and methods. A: Serum ALT; B: Serum AST; C: Serum Albumin; D: Serum SOD; E: Liver SOD; F: Serum IL-1β; G:
Serum IL-6; H: Serum TNF-α. Values represent mean ± SE (n = 6). aP < 0.05 and bP < 0.01 vs control, respectively.
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stained with hematoxylin and eosin (HE) on day 2 after CCl4 injection, which shows partial necrosis with clusters of inflammatory cells around the central vein; B:
Representative HE stained liver section of DHM administered mice on day 2 after CCl4 injection, which demonstrates decreased inflammatory cells and histological
recovery with only inconspicuous necrosis still remaining around the central vein. In the TUNEL assay earthy yellow cells indicate apoptotic cells; C: The control group; D:
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liver regeneration is regulated by DHM via the JNK
pathway.

from the early phase after CCl4 injection (Figure 5C).
However, after JNK inhibitor SP600125 (50 mg/kg)
was administered by intraperitoneal injection, DHM
could not increase the survival of C57BL/6 mice after
a lethal dose of CCl4 (Figure 5C), which indicated that
DHM may protect against CCl4-induced ALF through
the JNK pathway.

DHM reduces mortality after a lethal dose of CCl4

The data demonstrated that oral administration of DHM
offered a strong survival benefit for CCl4-induced ALF
mice, and the survival significantly improved probably
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Figure 5 Dihydromyricetin protects from CCl4-induced acute liver failure
by up-regulating JNK activation both in liver injury mice and acute liver
failure mice. A: Western blots depicting JNK pathway proteins on day 2 after
CCl4 (1 mL/kg) injection; B: Western blots depicting JNK pathway proteins on
day 2 after CCl4 (2.6 mL/kg) injection with or without of SP600125 treatment; C:
The survival curves of the different conditions (n = 30/group).

attenuate the elevation of serum ALT and AST from
an early phase of liver damage. Furthermore, DHM
could significantly improve serum albumin, which
demonstrated that DHM could promote liver functional
recovery. With regard to the role of ROS production
in liver disease and pathology, antioxidants might
prevent hepatic damage through scavenger activity
and increase the activity of intracellular antioxidant
enzymes including SOD. Many studies reported that
natural antioxidants are efficacious in preventing
[15]
oxidative stress-related liver injury . In this study,
we found that DHM could markedly enhance the
activity of SOD both in serum and in the liver, which
indicated it as an effective antioxidant. Meanwhile,

DISCUSSION
CCl4-induced acute liver injury has been used as an
ideal model for many years because the mechanism of
this hepatotoxin replicates the most cases of human
liver disease. Previous studies demonstrated that the
pathological roles of CCl4 are restricted to the liver,
while lethality of high-dose CCl4 is mostly related with
ALF. In the present study, we confirmed the protective
role of DHM against CCl4-induced acute liver injury.
Serum ALT and AST have been utilized as the biomarkers of liver damage, which were recognized as
important indicators to judge the severity of acute liver
injury. The results indicated that DHM could markedly
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Fas

inhibited in JNK-inhibitor SP600125 pretreated mice.
While JNK was partly blocked by its inhibitor, TNF-α
was rapidly up-regulated, which resulted in even more
severe liver damage. In this study, oral administration
of DHM could significantly decrease the mortality rate
of C57 BL/6 mice treated with an LD50 dosage of CCl4.
It is reasonable to hypothesize that DHM could protect
against CCl4-induced ALF mainly through attenuating
hepatotoxicity and facilitating the restoration of liver
functions. JNK inhibitor SP600125 was administered
[23]
prior to DHM , and DHM administration could not
improve survival of CCl4-treated mice, which indicated
that DHM protects against CCl4-induced ALF directly
through regulating JNK pathway.
Together, these data suggest that DHM prevents
TNF-mediated hepatotoxicity by inhibiting TNF-α
expression via the JNK signaling pathway (Figure
6). Importantly, a previous study demonstrated that
mice lacking JNK displayed decreased hepatocyte
[10]
proliferation in a mouse model of liver regeneration .
Meanwhile, pretreatment with JNK inhibitor did not
[23]
provide protection against CCl4 hepatotoxicity . Our
findings also confirmed that JNK is critically involved
in DHM triggered acceleration of liver regeneration.
However, JNK may enhance c-Jun-mediated cell
[24,25]
death in HCC
, which seems to be inconsistent
with our results. In our opinion, the function of c-Jun
seems to be more complex, since c-Jun could also
mediate hepatocyte survival in TNF-α-dependent
[26]
acute liver injury . Since activation of JNK is believed
to be important in various liver diseases, a clear
characterization of the functions of JNK and its targets
among other signaling pathways, such as p38 and NF[9,27]
, will provide novel and important insights into
κB
the molecular links between inflammation and liver
injury.
In conclusion, we demonstrated that DHM has
strong beneficial effects against CCl4-induced acute
liver injury and ALF. The protective effect of DHM
makes it be a novel therapeutic candidate for acute
liver injury and ALF.

DHM

TNF-a

JNK
Bax

Caspase 3, 6, 8, 9

Cyt c

Cell apoptosis

Figure 6 Mechanism of dihydromyricetin-triggered regulation of liver
regeneration.

we used histological methods to reveal the severity
of liver necrosis and inflammation. The results also
demonstrated that DHM could significantly suppress
CCl4-induced inflammation, necrosis, and destruction
of liver architecture.
Liver regeneration is shown as hepatocyte
proliferation. In the present study, PCNA results
definitely demonstrated the positive role of DHM
in hepatocyte proliferation. DHM contributes to
faster functional recovery by promoting hepatocyte
proliferation during the whole liver damage process.
TUNEL staining results demonstrated that DHM
could reduce apoptosis of hepatocytes. Serious
hepatocyte apoptosis is also the major cause of the
death of ALF mice, and the effect of DHM is mediated
partly by inhibiting apoptosis pathways, including
reducing the release of cytochrome c from the
mitochondria, down-regulating Bax and markedly
decreasing the activities of caspases-3, 6, 8 and 9 in
the liver tissue. TNF-α is able to induce apoptosis via
[16,17]
caspase activation pathways
. DHM protects from
CCl4-induced ALF by inhibiting activation of caspases
via TNF-α mediated pathway.
To investigate the underlying mechanism of the
role of DHM in liver regeneration, we evaluated the
effects of DHM on certain key cytokines tightly related
with inflammation and cell proliferation. IL-1β, IL-6
and TNF-α, as acute-phase proteins, are commonly
considered to be biomarkers that reflect inflammatory
conditions. IL-1β plays a vital role in inflammation,
usually leading to tissue destruction. A previous study
demonstrated that IL-1β has been shown to prevent
[18]
hepatocyte proliferation . Serum IL-1β increases
[19,20]
markedly during most inflammatory processes
. In
this study, we found that DHM could reduce the serum
level of IL-1β compared to the control during the
progression of liver regeneration.
TNF-α activates intracellular pathways to regulate
inflammation and proliferation. In the liver, TNF-α is
a mediator of hepatotoxicity, which has been shown
[21]
to be critical for liver injury and ALF . TNF-α also
has been identified as an attractive target for liver
[22]
regeneration . TNF-α is a pro-inflammatory mediator
in hepatocyte apoptosis, which has close relationship
[11]
with cytotoxicity induced by CCl 4 . DHM could
significantly reduce serum and liver TNF-α. Moreover,
DHM-mediated protection on the liver could be

WJG|www.wjgnet.com
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Abstract
AIM: To explore hemodynamics and vasoactive
substance levels during renal vein congestion that
occurs in the anhepatic phase of liver transplantation.
METHODS: New Zealand rabbits received ligation of
the hepatic pedicle, supra-hepatic vena cava and infrahepatic vena cava [anhepatic phase group (APH); n
= 8], the renal veins (RVL; n = 8), renal veins and
hepatic pedicle [with the inferior vena cava left open)
(RVHP; n = 8)], or a sham operation (SOP; n = 8).
Hemodynamic parameters (systolic, diastolic, and
mean arterial blood pressures) and the levels of serum
bradykinin (BK) and angiotensin Ⅱ (ANGII) were
measured at baseline (0 min), and 10 min, 20 min, 30
min, and 45 min after the surgery. Correlation analyses
were performed to evaluate the associations between
hemodynamic parameters and levels of vasoactive
substances.
RESULTS: All experimental groups (APH, RVL, and
RVHP) showed significant decreases in hemodynamic
parameters (systolic, diastolic, and mean arterial
blood pressures) compared to baseline levels, as well
as compared to the SOP controls (P < 0.05 for all).
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[8,9]

In contrast, BK levels were significantly increased
compared to baseline in the APH, RVL, and RVHP
groups at all time points measured (P < 0.05 for
all), whereas no change was observed in the SOP
controls. There were no significant differences among
the experimental groups for any measure at any time
point. Further analyses revealed that systolic, diastolic,
and mean arterial blood pressures were all negatively
correlated with BK levels, and positively correlated with
ANGII levels in the APH, RVL, and RVHP groups (P <
0.05 for all).

Key words: Hemodynamics; Renal vein congestion;
Orthotopic liver transplantation; Anhepatic phase;
Vasoactive substances

still occur .
As a key organ for the regulation of systemic
circulation, the kidney may play an important role in
hemodynamic stabilization during OLT. Interruption
of the inferior vena cava and portal vein during the
procedure may lead to renal vein congestion and
contribute to the hypodynamic state. Furthermore,
peripheral vascular resistance, which typically rises
when blood volume is reduced, does not increase during
[10]
the anhepatic phase of OLT , indicating that additional
elements are likely involved. Therefore, vasoactive
[11]
substances, such as bradykinin (BK) and angiotensin
[12]
Ⅱ (ANGII) , which can control the relaxation and
constriction activity of blood vessels, may be important
factors contributing to the observed hemodynamic
instability. To investigate this, hemodynamic parameters
and serum BK and ANGII concentrations were
measured during renal vein congestion which occurs in
the anhepatic phase of OLT.

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

MATERIALS AND METHODS

CONCLUSION: In the anhepatic phase of orthotopic
liver transplantation, renal vein congestion significantly
impacts hemodynamic parameters, which correlate with
serum BK and ANGII levels.

Animals

Core tip: Hemodynamic disorders remain a focus of
concern in the anhepatic phase of orthotopic liver tran
splantation as they contribute to procedural morbidity
and mortality. This study shows that various procedures
that cause renal vein congestion significantly reduce
hemodynamic measures, which correlate with reduced
angiotensin Ⅱ and increased bradykinin levels in serum.

Thirty-two male New Zealand rabbits (2.5 ± 0.2
kg, 10 wk) were obtained from the animal center of
Lanzhou University, Gansu, China, and individually
housed under a 12-h light-dark cycle at least one
week prior to the study. Animals were fasted for 12
h and deprived of water 4 h prior to the operation.
The experiment was carried out in accordance with
[13]
the ARRIVE guidelines for animal studies , and was
approved by the Ethics Committee of the Lanzhou
University Second Hospital. At the end of the study, all
the animals were sacrificed using diethyl ether.

Li ZX, Wang MC, Zhang YC, Mao J, Chen M, Ni R, Wei FX,
Wang GN, Zhang LY. Hemodynamics and vasoactive substance
levels during renal congestion that occurs in the anhepatic
phase of liver transplantation. World J Gastroenterol 2015;
21(18): 5482-5487 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5482.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5482

Experimental procedures

Animals were randomly allocated into four groups (n =
8 each): an anhepatic phase group (APH); a renal vein
ligation group (RVL); a renal vein and hepatic pedicle
ligation group (RVHP); and a sham operation (SOP)
group. All four procedures were performed on a given
day, in a random sequence, to eliminate any effect of
training by the experimenters.
The rabbits were anesthetized with chloral hydrate
(0.2 g/kg) by an i.v. injection in the ear, and catheters
were inserted through the external jugular vein to
collect blood samples and the right femoral artery for
blood pressure monitoring. A large median laparotomy
was performed after disinfecting the area with 0.5%
iodine. For animals in the APH group, the hepatic
pedicle, supra-hepatic vena cava, and infra-hepatic
[14-16]
vena cava were dissected and ligated
. Animals
in the RVHP group received dissection and ligation of
the hepatic pedicle, supra-hepatic vena cava and renal
veins, leaving the inferior vena cava open. Only the
renal veins were ligated in the RVL group. The hepatic
pedicles, and supra- and infra-hepatic vena cavae of
rabbits were all dissected but not ligated in the SOP

INTRODUCTION
Although orthotopic liver transplantation (OLT)
has become the optimal treatment for end-stage
[1]
liver diseases , this procedure is associated with
[2]
substantial morbidity and mortality . Of primary
concern is the development of hemodynamic
[3]
disorders, which can determine the success of OLT .
Many factors can contribute to this hemodynamic
instability, including acidosis, and electrolyte and
[4]
coagulation abnormalities , as well as blood loss
[5]
and ischemia/reperfusion syndrome . Massive liquid
[6]
infusion does not maintain hemodynamic stability ,
[7]
but may increase the incidence of heart failure
[2]
and kidney injury . Intraoperative hemodialysis can
safely be performed to reduce ischemia/reperfusion
syndrome and improve the outcomes of OLT, though
it does not improve hemodynamics, and complications

WJG|www.wjgnet.com
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Random allocation

Interventions

Data collection

APH

n =8

RVL

Operative intervention

n =8
New Zealand rabbits
n = 32

Randomized
n = 32

0 min

10 min 20 min

Euthanasia

30 min 45 min

n = 32 n = 31

RVHP

Blood collection

n =8

Blood pressure monitoring
SOP

External jugular vein and right femoral artery cannulation

n =8

Figure 1 Time-line flow chart. APH: Anhepatic phase group; RVHP: Renal veins, supra-hepatic vena cava, and hepatic pedicle ligation group; RVL: Renal vein
ligation group; SOP: Sham operation group.

Statistical analysis

Table 1 Baseline characteristics
Characteristic
SBP, mmHg
DBP, mmHg
MABP, mmHg
BK, mg/L
ANGII, mg/L

APH

RVL

RVHP

Groups were compared using two-way analyses of
variance followed by a Bonferroni-Dunn or Tukey’s
post-hoc test. Associations between hemodynamic
parameters and serum vasoactive substance concentra
tions were analyzed by Spearman correlation analysis.
Data are shown as mean ± SD, and P < 0.05 was
considered statistically significant. All of the analyses
were performed using SPSS software, version 18
(SPSS Inc., Chicago, IL, United States). The statistical
methods of this study were reviewed by Hu XB from
Lanzhou University School of Public Health.

SOP

112.9 ± 2.2 109.7 ± 1.9 112.6 ± 2.5
112.9 ± 2.1
86.9 ± 1.9
83.6 ± 1.7
87.5 ± 2.2
87.3 ± 2.4
95.4 ± 2.3
91.4 ± 1.5
95.7 ± 2.4
95.8 ± 2.4
11.92 ± 4.06 12.90 ± 4.84 14.07 ± 3.7
14.95 ± 2.48
399.38 ±
416.86 ±
460.63 ± 435.00 ± 71.26
132.43
81.59
111.46

APH: Anhepatic phase group; ANGII: Angiotensin Ⅱ; BK: Bradykinin;
DBP: Diastolic blood pressure; MABP: Mean arterial blood pressure;
RVHP: Renal veins, supra-hepatic vena cava, and hepatic pedicle ligation
group; RVL: Renal vein ligation group; SBP: Systolic blood pressure; SOP:
Sham operation group.

RESULTS
group. Data were collected at five time points during
the procedures (0 min, 10 min, 20 min, 30 min, and
45 min) (Figure 1).

Baseline data

The surgical operations were successfully carried out
in all animals. The mean survival time was 50.7 ± 4.6
min, and only one animal in the RVHP group died prior
to completion of the study. The baseline hemodynamic
parameters and vasoactive substance concentrations
did not differ among the groups (Table 1).

Hemodynamic monitoring

Systolic blood pressure (SBP), diastolic blood pressure
(DBP), and mean arterial blood pressure (MABP) were
monitored continuously with a multichannel physiologic
recorder (RM 6000; Datex-Ohmeda, Madison, WI,
United State) through an arterial cannula in the right
[17,18]
femoral artery
.

Hemodynamics

The changes in hemodynamic parameters (SBP,
DBP, and MABP) are shown in Figure 2. There were
no changes in any blood pressure measures in the
SOP group throughout the procedure. However, all
hemodynamic parameters were significantly decreased
in the APH, RVL, and RVHP groups compared with
baseline (0 min) (P < 0.05 for all). Moreover, SBP, DBP,
and MABP values were significantly different from the
SOP group at 10 min, 20 min, 30 min, and 45 min (P
< 0.05 for all). Although values in the RVL group were

Vasoactive substance detection

Blood samples collected from the jugular vein were
centrifuged, and the serum was stored at -80 ℃. Serum
concentrations of BK and ANGII were determined using
enzyme-linked immunosorbent assay kits (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China)
according to the manufacturer’s instructions.

WJG|www.wjgnet.com

5484

May 14, 2015|Volume 21|Issue 18|

Li ZX et al . Hemodynamic effects of renal congestion

A

B

150
125

a

a

a

100
a

a

a

a

30

45

a
75

mmHg

mmHg

100
75
APH

50

50
APH

RVL

25

RVL

25

RVHP

RVHP

SOP

SOP

0

0
0

10

20

30

45

0

10

t /min

C

20

t /min
APH

150

RVL
125

RVHP
a

mmHg

100

a

a

a

20

30

45

SOP

75
50
25
0
0

10

t /min

Figure 2 Hemodynamic parameters. A: Systolic; B: Diastolic; C: Mean arterial blood pressures at various time points. aP < 0.05 vs SOP. APH: Anhepatic phase
group; RVHP: Renal veins, supra-hepatic vena cava, and hepatic pedicle ligation group; RVL: Renal vein ligation group; SOP: Sham operation group.
100
RVL

80

increased compared to SOP controls at 20 min, 30
min, and 45 min (P < 0.05 for all).

a

APH
a

RVHP

mg/L

Serum ANGII levels

SOP

60

Serum ANGII levels did not change over the course
of the procedure in the SOP group (Figure 4). In
contrast, serum ANGII levels at 10 min, 20 min, 30
min, and 45 min were significantly lower in the APH,
RVL, and RVHP groups compared to baseline value (P
< 0.05 for all). Furthermore, these ANGII levels were
significantly decreased compared to SOP controls at all
postoperative time points (P < 0.05 for all).

a

40
20
0
0

10

20

30

45

t /min

Correlation between hemodynamics and vasoactive
substance levels

Figure 3 Serum bradykinin levels. aP < 0.05 vs 0 min and SOP. APH:
Anhepatic phase group; RVHP: Renal veins, supra-hepatic vena cava, and
hepatic pedicle ligation group; RVL: Renal vein ligation group; SOP: Sham
operation group.

Spearman correlation analyses revealed that BK levels
were negatively correlated with SBP, DBP, and MABP
in all experimental groups (P < 0.05 for all) (Table
2). In contrast, ANGII levels in the APH, RVL, and
RVHP groups were positively correlated with all three
hemodynamic measures (P < 0.05 for all).

higher than those in the APH and RVHP groups, the
differences were not significant.

Serum BK levels

Serum BK levels did not change over the course of the
procedure in the SOP group (Figure 3). In contrast,
serum BK levels at 10 min, 20 min, 30 min, and 45
min were significantly higher in the APH, RVL, and
RVHP groups compared to baseline value (P < 0.05 for
all). Furthermore, these BK levels were significantly

WJG|www.wjgnet.com

DISCUSSION
The renin-angiotensin-aldosterone system is an
important regulator of blood pressure. ANGII is a
member of this system that can constrict vascular
smooth muscle and can increase blood pressure by
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Table 2 Significant correlations between the hemodynamics and vasoactive substances
BK, r

Blood pressure
SBP
DBP
MABP

ANGII, r

10 min

20 min

30 min

45 min

10 min

20 min

30 min

45 min

-0.74
-0.70
-0.72

-0.72
-0.68
-0.61

-0.69
-0.71
-0.70

-0.72
-0.71
-0.69

0.73
0.78
0.76

0.69
0.74
0.68

0.70
0.75
0.59

0.52
0.70
0.69

P < 0.05 for all. ANGII: Angiotensin Ⅱ; BK: Bradykinin; DBP: Diastolic blood pressure; MABP: Mean arterial blood pressure; SBP: Systolic blood pressure.

800

mg/L

600

APH

RVHP

RVL

SOP

a

[24]

b

b

b

20

30

45

vascular permeability and reducing blood pressure . In
the present study, a large amount of BK was released
with hypotension as a result of renal vein congestion.
The release of BK could also promote the vasodilation
2+
[25,26]
by breaking the K/Ca channel
.
The results from this study indicate that balance of
the kallikrein-kinin and renin-angiotensin-aldosterone
systems was destroyed in all experimental groups.
Thus, the renal vein congestion produced by the
ligation of inferior cavae or renal veins had the same
effect. Although the volume of venous blood returning
to the heart in the RVL group was more than that in
the RVHP group, there were no differences in blood
pressure or the levels of vasoactive peptides (BK and
ANGII). Thus, we surmise that the hemodynamic
disorders in the anhepatic phase of OLT are not solely
due to a decrease in blood returning to the heart, but
also results from the renal vein congestion.
In conclusion, the present study shows that renal vein
congestion significantly impacts hemodynamic stability,
and likely contributes to hemodynamic disorders in the
anhepatic phase of OLT. The mechanisms may be closely
related to the changes in serum BK and ANGII levels.
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Figure 4 Angiotensin Ⅱ levels. aP < 0.05, bP < 0.01 vs 0 min and SOP. APH:
Anhepatic phase group; RVHP: Renal veins, supra-hepatic vena cava, and
hepatic pedicle ligation group; RVL: Renal vein ligation group; SOP: Sham
operation group.
[12]

activating the angiotensin receptor . Renin, an acidic
protein synthesized and secreted by renal cells near
the glomerulus and released through the renal vein
[19]
into systemic circulation , converts angiotensinogen
synthesized and released by the liver cells into
[20]
ANGI . ANGI is subsequently converted to ANGII by
angiotensin-converting enzyme, which simultaneously
inactivates BK, a vasodilator of the kinin family
of polypeptides. BK can relax vascular smooth
muscle and decrease blood pressure by enhancing
the synthesis and release of prostacyclin, nitrogen
monoxide, and endothelium source hyperpolarization
[10]
factor . The results of this study show that renal
congestion affects these vasoactive peptides in a way
that correlates with hemodynamic changes.
The kidney is an important contributor to these
[21]
vasoregulatory systems . In the anhepatic phase of
orthotopic liver transplantation, renal vein congestion
via interruption of the inferior vena cava induces
high blood pressure. At the same time, the reduced
concentration of angiotensinogen and lack of renin
secretion prevent synthesis of ANGI, which can lead to
the reduction in systemic ANGII. However, the reninangiotensin system is also active in myocardial and
[22]
coronary arterial endothelial cells . Therefore, ANGII
may not necessarily be completely depleted from
systemic circulation during the anhepatic phase of OLT.
Concentrations of serum BK are typically very low
[23]
under normal conditions . However, even low amounts
of BK can appreciably relax systemic small arteries and
reduce peripheral vascular resistance, while increasing
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Abstract
AIM: To investigate the outcomes of pancreas-sparing
duodenectomy (PSD) with regional lymph node
dissection vs pancreaticoduodenectomy (PD).
METHODS: Between August 2001 and June 2014,
228 patients with early-stage ampullary carcinoma
(Amp Ca) underwent surgical treatment (PD, n = 159;
PSD with regional lymph node dissection, n = 69). The
patients were divided into two groups: the PD group
and the PSD group. Propensity scoring methods were
used to select patients with similar disease statuses. A
total of 138 matched cases, with 69 patients in each
group, were included in the final analysis.
RESULTS: The median operative time was shorter
among the patients in the PSD group (435 min)
compared with those in the PD group (481 min, P
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= 0.048). The median blood loss in the PSD group
was significantly less than that in the PD group. The
median length of hospital stay was shorter for patients
in the PSD group vs the PD group. The incidence of
pancreatic fistula was higher among patients in the PD
group vs the PSD group. The 1-, 3-, and 5-year overall
survival and disease-free survival rates for patients in
the PSD group were 83%, 70%, 44% and 73%, 61%,
39%, respectively, and these values were not different
than compared with those in the PD group (P = 0.625).

still considered the only possible curative treatment
[3]
for patients with Amp Ca , the complex anatomy
and common blood supply of the pancreaticoduodenal region contribute to the technical difficulties
[4]
and prolonged operative stress induced by PD .
Compared with PD, pancreas-sparing duodenectomy
(PSD) is less invasive and offers the potential to
preserve the anatomical gastrointestinal passage and
integrity of the pancreas for the treatment of various
[5]
periampullary malignant tumors . According to the
principle of damage control, a human tendency can
be demonstrated towards subtle organ-preserving
techniques. Thus, PSD has been introduced as a
treatment option and offered as an alternative to PD in
[6,7]
select cases of Amp Ca .
Unfortunately, lymph node metastases are present
[8]
in up to 28% of patients with pT1Amp Ca . Thus, it is
essential that PSD with regional lymph node dissection
only be used in early-stage Amp Ca. Due to the
uncertainty of the long-term results, the application of
PSD with regional lymph node dissection in early-stage
Amp Ca (pTis or pT1, N0 or N1, M0) patients remains
[9]
controversial . We used propensity scoring methods
to investigate the prognostic differences among
patients with early-stage Amp Ca who were managed
by PSD with regional lymph node dissection vs PD.

CONCLUSION: PSD with regional lymph node dis
section presents an acceptable morbidity in addition
to its advantages over PD. PSD may be a safe and
feasible alternative to PD in the treatment of earlystage Amp Ca.
Key words: Ampullary carcinoma; Early stage; Surgical
treatments; Prognosis; Propensity scoring methods
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The median operative time and hospital stay
were shorter among the patients in the pancreassparing duodenectomy (PSD) group compared with
those in the pancreaticoduodenectomy (PD) group. The
median blood loss in the PSD group was significantly
less than that in the PD group. The incidence of
pancreatic fistula was higher among patients in the PD
group vs the PSD group. The 1-, 3-, and 5-year overall
survival and disease-free survival rates for patients
in the PSD group were not different compared with
those in the PD group. These data suggest that PSD
with regional lymph node dissection may be a safe and
feasible alternative to PD in the treatment of earlystage ampullary carcinoma.

MATERIALS AND METHODS
Patient selection and study sign

From a retrospectively collected database, we
identified 228 patients who underwent surgery (PD, n
= 159; PSD with regional lymph node dissection, n =
69) for early-stage Amp Ca at the General Hospital of
Tianjin Medical University from August 2001 to June
2014. We divided the patients with early-stage Amp
Ca into two groups: a PD group and a PSD group. To
reduce the presence of potential confounders in this
present study, the values of the propensity scores
were used to adjust for differences between the two
groups. A total of 138 matched cases, with 69 patients
in each group, were included in the final analysis. This
study was approved by the Ethics Board at the General
Hospital of Tianjin Medical University and complied
with the Declaration of Helsinki. The registration
number (ChiCTR-OCH-14005198) was issued by the
Chinese Clinical Trial Registry.
Early-stage Amp Ca was defined as a carcinoma
directly centered on or associated with an in situ
[3]
carcinoma of the ampulla or/and papilla that has
not spread to the bile duct or pancreatic duct and
[10]
invades the duodenal muscularis propria layer , as
evidenced by postoperative pathology report. Cancer
th
staging was performed using the 7 edition of the TNM
staging system for ampullary carcinoma issued by the
[11]
American Joint Committee on Cancer . All patients
underwent chest radiography, contrast-enhanced
computed tomography (CT) of the abdomen,

Liu B, Li J, Zhang YJ, Yan LN, You SY, Lau WY, Sun HR, Yan
SY, Wang ZQ. Pancreas-sparing duodenectomy with regional
lymph node dissection for early-stage ampullary carcinoma: A
case control study using propensity scoring methods. World J
Gastroenterol 2015; 21(18): 5488-5495 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i18/5488.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i18.5488

INTRODUCTION
The incidence of ampullary carcinoma (Amp Ca) has
[1]
progressively increased over the last 30 years .
Compared with pancreatic carcinoma or common bile
duct carcinoma, Amp Ca has an earlier appearance
of obstructive symptoms, more favorable histology,
and a decreased inclination towards lymphatic or
perineural invasion; therefore, it is associated with a
higher likelihood of resectability and a more favorable
[2]
prognosis .
Even though pancreaticoduodenectomy (PD) is

WJG|www.wjgnet.com
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vital status; and date of death or last follow-up. All
operative procedures were consecutively performed
by a senior surgeon with expertise in hepatobiliary
and pancreatic surgery at our institution. All pathology
specimens (formalin fixed, paraffin-embedded tissue
blocks were retrieved from the archives of the pathology
department) were reviewed by a pathologist. One
pathologist who was blinded to the clinical and survival
data re-evaluated all of the pathologic specimens and
histopathologic findings.
The definitions of R0 resection, R1 resection,
and specific complications, such as pancreatic fistula
and delayed gastric emptying, have been described
[12-14]
elsewhere
. The Japan Pancreatic Society (JPS)
system for the numbering of lymph node stations
was adopted to accurately describe the operation and
[15]
pathologic assessment . The technique used for
standard PD and PSD with (Figures 1 and 2) regional
lymph node dissection has been previously described
[16,17]
elsewhere
.

Figure 1 Technique of pancreas-sparing duodenectomy. En bloc resection
of the biliopancreatic junction and descending segment of duodenum.

Follow-up protocol, survival and recurrence

All patients who completed follow-up were monitored
postoperatively with routine blood tests, tumor markers
(carbohydrate antigen 19-9 and carcinoembryonic
antigen), chest radiography, endoscopic ultrasonography,
and CT. Follow-up studies were performed every
six months. Overall survival was defined as the
time from surgical resection to death. Initial disease
recurrence was determined using CT images and
classified as locoregional (anastomotic site or
regional or retroperitoneal lymph node) or distant
(peritoneal, hepatic, or another organ) disease recurrence.
Recurrence-free survival was defined as the time from
surgical resection to the time when a recurrent tumor was
[3]
first diagnosed .

Figure 2 Pancreaticojejunostomy, choledochojejunostomy, and end-toend anastomosis of the duodenum are performed with pyloroplasty.

Statistical analysis

To overcome the effects of patient background and
to increase the robustness of this retrospective
observational case-control study, matching was
performed with the aim of selecting subsets of
case and control groups with similar distributions
of the observed covariates in this study. The data
were expressed using frequencies and percentages
for categorical variables and means and standard
deviations for continuous variables. Continuous
variables were compared by means of the MannWhitney test. Categorical variables were compared
2
by the χ or Fisher exact test. Multivariate/univariate
analyses were conducted using the log-rank test to
examine risk factors and associations with mortality.
Survival time was censored at the date of last followup if death had not occurred. Survival curves were
estimated using Kaplan-Meier techniques. Statistical
analyses were performed using commercially available
software SPSS version 16.0 (SPSS Inc., Chicago,
Illinois).

endoscopic retrograde cholangiopancreatography/
magnetic resonance cholangiopancreatography,
and endoscopic ultrasonography for preoperative
locoregional staging. Only patients in stages pTis, pT1,
N0, N1, or M0 would be considered as candidates for
the PSD group. Tumors of the duodenum, bile duct, or
pancreatic were excluded in this study. In the control
group, these patients matched with the PSD group
for demographic data, tumor type, tumor size, tumor
type, and TNM classification and underwent standard
PD for early-stage Amp Ca during the same period.
The multidisciplinary team of this study reviewed the
following data for each patient: demographics; laboratory
blood tests; contrast-enhanced CT of the abdomen;
magnetic resonance cholangiopancreatography;
endoscopic retrograde cholangiopancreatography;
endoscopic ultrasonography; operative details;
resection margin status; presence of lymph node
metastasis; peri-operative morbidity and mortality;
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requiring intra-operative blood transfusions in the PSD
group were fewer than those in the PD group (P =
0.027). To identify whether the patients were free of
carcinoma, frozen section biopsies were performed for
qualifying patients in both groups after the en block
resection of the ampulla of Vater and the descending
segment of the duodenum.
The median length of the hospital stay was shorter
for patients in the PSD group (10 d) vs the PD group
(18 d, P = 0.045). However, the median length of the
ICU stay was not significantly different between the
PSD group (3 d) and the PD group (4 d, P = 0.059).
The hospital mortality rate was not significantly
different between the PSD group (2.9%) and the PD
group (4.3%, P = 0.081). Additionally, there was no
significant difference in the reoperation rate between
the PSD group (4.3%) and the PD group (7.2%, P =
0.064). Eight patients (3 in the PSD group vs 5 in the
PD group) required reoperations due to abdominal/
gastrointestinal bleeding associated with pancreatic
leakage. Three patients undergoing PSD developed a
pancreatic anastomotic leak (grade A, n = 2; grade C,
n = 1), whereas 16 patients developed a pancreatic
fistula (grade A, n = 4; grade B, n = 8; grade C, n = 4)
after PD. The incidence of pancreatic fistula was higher
among patients in the PD group (23.2%) vs the PSD
group (4.3%, P = 0.037). Delayed gastric emptying
was noted exclusively in the PD group (15 vs 6 in the
PSD group, P = 0.045). Eight patients undergoing PD
developed postoperative diabetes mellitus, whereas
no cases of new-onset diabetes were observed in the
PSD group (P = 0.041). There were no differences
in the overall incidence of abdominal/gastrointestinal
bleeding, bile leakage, wound infection, sepsis,
abdominal abscess, or cardiac events between the two
groups (detailed in Table 3).
The median tumor size was not different between
the patients in the PD group (3.0 cm) vs the PSD
th
group (2.6 cm, P = 0.053). According to the 7
edition of the TNM staging system, there were 3 Tis
and 66 T1 patients in the PSD group and 4 Tis and
65 T1 patients in the PD group. There were 49 N0
stage and 20 N1 stage patients in the PSD group,
whereas 45 patients were N0 stage and 24 were N1
stage in the PD group. The percentages of the positive
nodes/evaluated nodes were 16.7% (18/108) and
17.6% (22/125) of the patients in the PSD and PD
groups (P = 0.102), respectively. The most commonly
involved nodes in both study groups were the posterior
pancreaticoduodenal nodes (JPS LN13), followed by
the anterior pancreaticoduodenal nodes (JPS LN17).
Other lymph nodes with high metastatic potential were
the right-sided inferior nodes of the hepatoduodenal
ligament (JPS LN12), the infrapyloric node (JPS LN6),
and the nodes around the superior mesenteric artery
(JPS LN14) (detailed in Table 4). Histologic findings
indicated that there were 27 intestinal carcinoma,
40 pancreatobiliary carcinoma and 2 mixed type
carcinoma cases in the PSD group. By contrast, there

Table 1 Patient characteristics between study groups
Characteristic
Age (yr)
Gender, male, n (%)
Preoperative laboratory
results
Hemoglobin (g/dL)
Total bilirubin (mg/dL)
Serum albumin (g/L)
CA19-9 (ng/mL)
CEA (ng/mL)
Past medical history, n (%)
Hypertension
Coronary artery disease
Diabetes mellitus
History of alcohol abuse
History of tobacco use
Myocardial infarction
Peripheral vascular disease
COPD

P value

PD group

PSD group

(n = 69)

(n = 69)

58.5 (41-79)
36 (52.3)

62.1 (39-78)
38 (55.1)

0.765
0.681

11.7 (9.0-14.3)
7.1 (0.9-14.8)
3.5 (2.3-5.6)
33.8 (0.1-491)
1.8 (0.1-30.2)

11.0 (9.3-14.5)
7.6 (0.6-15.1)
3.7 (2.4-5.3)
37.1 (0.1-463)
2.0 (0.1-31)

0.663
0.701
0.913
0.594
0.787

21 (30.4)
15 (21.7)
8 (11.6)
6 (8.7)
17 (24.6)
5 (7.2)
4 (5.8)
2 (2.9)

23 (33.3)
13 (18.8)
9 (13.0)
7 (10.1)
19 (27.5)
4 (5.8)
4 (5.8)
3 (4.3)

0.604
0.837
0.694
0.668
0.917
0.857
0.793
0.634

Data are expressed as number of patients or median (range). ERCP:
Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic
ultrasound; COPD: Chronic obstructive pulmonary disease; CA19-9:
Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; PD:
Pancreaticoduodenectomy; PSD: Pancreas-sparing duodenectomy.

Table 2 Intra-operative characteristics between study groups
Characteristic
Op. time (min)
Blood loss (mL)
Patients needing
intraoperative blood
transfusion, n (%)

PD group

PSD group

(n = 69)

(n = 69)

481 (312-798)
802 (240-1900)
23 (33.3)

435 (301-552)
351 (150-1000)
7 (10.1)

P value
0.048
0.031
0.027

Data are expressed as number of patients or median (range). Op. time:
Operation time; PD: Pancreaticoduodenectomy; PSD: Pancreas-sparing
duodenectomy.

RESULTS
From August 2009 to June 2014, the medical records
of patients with Tis/T1 Amp Ca who underwent PSD
with regional lymph node dissection or standard PD
during the same study period were retrospectively
reviewed. After one-to one matching using propensity
score analysis, 69 pairs of patients were matched
and compared. Among the propensity score-matched
pairs, there were no significant differences in the
demographic data or preoperative status of the
patients between the two groups (detailed in Table 1).
The clinical backgrounds of the two groups were thus
successfully matched.
Intraoperative data are summarized in Table 2. The
median operative time was shorter among patients in
the PSD group (435 min) compared with those in the
PD group (481 min, P = 0.048). The median blood loss
in the PSD group was 351 mL, lower than that in the
PD group (802 mL, P = 0.031). As expected, patients
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Table 4 Histopathological characteristics between study
groups

Table 3 Postoperative characteristics between study groups
Characteristic
Hospital stay (d), median (range)
ICU stay (d), median (range)
Hospital mortality, n (%)
Reoperation, n (%)
Postoperative complications, n (%)
Pancreatic leakage
Grade A
Grade B
Grade C
Delayed gastric emptying
New onset diabetes mellitus
Bile leak
Abdominal bleeding
Gastrointestinal bleeding
Wound infection
Sepsis
Abdominal abscess
Cardiac event

PD group

PSD group P value

(n = 69)

(n = 69)

18 (8-60)
4 (2-15)
3 (4.3)
5 (7.2)

10 (7-26)
3 (1-7)
2 (2.9)
3 (4.3)

0.045
0.059
0.081
0.064

16 (23.2)
4
8
4
15
8
2
9
6
5
2
4
3

3 (4.3)
2
0
1
6
0
0
5
4
2
1
2
0

0.037
0.106
0.058
0.217
0.045
0.041
0.678
0.721
0.661
0.543
0.608
0.334
0.329

Characteristic
Tumor size (cm)
TNM classification: Primary
tumor
Tis
T1
TNM classification: Regional
lymph nodes, n
N0
N1
Number of positive nodes/
evaluated nodes of JPS
system, n (%)
JPS LN6
JPS LN8
JPS LN12
JPS LN13
JPS LN14
JPS LN17
Histopathologic types
Intestinal carcinoma
Pancreatobiliary carcinoma
Mixed type
Histologic grade
G1
G2
R0 resection, n
R1 resection, n

Data are expressed as number of patients or median (range). ICU:
Intensive care unit; PD: Pancreaticoduodenectomy; PSD: Pancreas-sparing
duodenectomy.

were 24 intestinal carcinoma, 42 pancreatobiliary
carcinoma, and 3 mixed type carcinoma cases in the
PD group (showed in Figure 3). The histologic grades
did not differ between the PSD and PD groups. There
were 64 R0 resections and 5R1 resections in the
PSD group, compared to 63 R0 resections and 6 R1
resections in the PD group. On multivariate analysis,
the factors associated with an increased risk of lymph
node metastasis included tumor size ≥ 1 cm (OR =
2.3; 95%CI: 1.3-4.0) and histologic grade (OR = 3.7;
95%CI: 2.1-6.9)
After a mean follow-up period of 45 mo (range,
4-70 mo), 16 (23.2%) of the patients developed
tumor recurrence in the PSD group, compared to 14
(20.3%) in the PD group. The median time between
surgery and the diagnosis of disease recurrence was 8.7
mo (range, 5.0-18.3 mo) in the PSD group and 10.2
mo (range, 5.2-15.4 mo) in the PD group. The main
patterns of recurrence in these patients are shown in
Table 5. Local regional recurrence was observed in 7
patients in the PSD group vs 4 in the PD group; distant
recurrence was observed in 6 patients in the PSD
group (hepatic 3, and lung 3) vs 4 in the PD group
(hepatic 2, peritoneal 1, and lung 1). Local recurrences
with distant metastases were observed in 3 patients in
the PSD group (hepatic 2, and lung 1) vs 6 in the PD
group (hepatic 3, peritoneal 1, and lung 2). The 1-, 3-,
and 5-year overall survivals and disease-free survivals
for patients in the PSD group were 83%, 70%,
44%, and 73%, 61%, 39%, respectively, without
any significant difference from the patients in the PD
group (P = 0.625) (Figure 4A and B). Additionally,
the median survival and 5-year survival rates for N1
patients in the PSD group were 19.8 mo and 20%,
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PD group

PSD group

P value

(n = 69)

(n = 69)

3.0 (1.5-5.0)

2.6 (0.6-4.7)

0.053

4
65

3
66

0.071
0.644

45
24
22 (17.6)

49
20
18 (16.7)

0.339
0.417
0.402

16/2
10/0
20/3
39/10
12/1
28/6

13/2
8/0
18/3
34/8
13/1
22/4

0.248
0.375
0.194
0.527
0.291
0.396

24
42
3

27
40
2

0.633
0.597
0.304

32
37
63
6

34
35
64
5

0.312
0.407
0.805
0.763

Data are expressed as number of patients or median (range). The Japan
Pancreatic Society (JPS) system for numbering of lymph node stations:
LN6, The infrapyloric node; LN8, The nodes around the anterior aspect
of the common hepatic artery; LN12, The right-sided inferior nodes of
the hepatoduodenal ligament; LN13, The posterior pancreatoduodenal
nodes; LN14, The nodes around the superior mesenteric artery; LN17, The
anterior pancreatoduodenal nodes; PD: Pancreaticoduodenectomy; PSD:
Pancreas-sparing duodenectomy.

respectively, which were not different from the values
among the N1 patients in the PD group (21.4 mo and
25.0%, respectively) (P > 0.05) (Figure 4D).

DISCUSSION
Early-stage Amp Ca (pTis or pT1, N0 or N1, M0) is
characterized by a tumor limited to the mucosa of
the ampulla or of the sphincter of Oddi, regardless of
the presence or absence of lymph node metastasis.
PD represents the curative procedure of choice for
the majority of patients with Amp Ca. However, high
operative mortality rates (15% to 23%) and morbidity
rates (24% to 60%) of PD have been reported in the
[18]
1990s and in recent studies . Although PSD offers
[19,20]
certain advantages over PD
, this organ-preserving
surgical procedure was mainly used for patients with
[21]
periampullary adenomas . The exploration of less
invasive, feasible and safe surgical approaches for the
treatment of early-stage Amp Ca remains an important
target for clinical research.
Recently, several studies have demonstrated that

5492

May 14, 2015|Volume 21|Issue 18|

Liu B et al . Surgical treatment of early-stage ampullary carcinoma

A

B

Figure 3 Duodenoscopic view of ampullary adenocarcinoma (A) and histopathological features of mixed type ampullary adenocarcinoma (B). A: An
exposed-type tumor mass at the ampulla of Vater, with a normal ampullary orifice; B: Histopathological features of mixed type ampullary adenocarcinoma. Both
intestinal and pancreatobiliary growth patterns were present (HE staining, × 200).
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Figure 4 Kaplan-Meier survival analysis of all patients. A: Overall survival (P = 0.677); B: Disease-free survival (P = 0.62); C: Overall survival of N0 patients (P =
0.612); D: Overall survival of N1 patients (P = 0.513).

PSD with regional lymph node dissection is suitable
for patients with early-stage Amp Ca. However, this
surgical technique is challenging due to the uncertainty
of tumor clearance, recurrence, and long-term survival.
Therefore, the present study sought to examine the
outcomes of patients undergoing PSD with regional
lymph node dissection vs PD, as well as to identify
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factors predictive of recurrence in patients with earlystage Amp Ca.
Although the hospital mortality, recurrence rate,
3- and 5-year overall survival rates and disease-free
survival following PD and PSD with regional lymph
node dissection were not significantly different (P >
0.05) in this study, the incidence of pancreatic fistula
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provides an acceptable morbidity and mortality rate for
early-stage Amp Ca when compared to PD.

Table 5 Recurrence and survival between study groups
Characteristic
Recurrence rate, n (%)
Time to recurrence (mo)
Type of recurrence, n
Local recurrence
Distant metastases
Local recurrence and
distant metastases
Overall survival
1 yr
3 yr
5 yr
Disease free survival
1 yr
3 yr
5 yr

PD (n = 69)
14 (20.3)
10.2 (5.2-15.4)

PSD (n = 69)
16 (23.2)
8.7 (5.0-18.3)

P value
0.427
0.518

COMMENTS
COMMENTS
The outcomes of pancreas-sparing duodenectomy (PSD) with regional
lymph node dissection for early-stage ampullary carcinoma (Amp Ca) remain
uncertain. The aim of this study was to investigate the outcomes of PSD with
regional lymph node dissection vs pancreaticoduodenectomy (PD).

4
4
6

7
6
3

0.409
0.331
0.497

81%
71%
46%

83%
70%
44%

0.617
0.735
0.591

81%
65%
41%

73%
61%
39%

0.704
0.692
0.679

Background

Research frontiers

Due to the uncertainty of the long-term results, the application of PSD with
regional lymph node dissection in early-stage Amp Ca (pTis or pT1, N0 or N1,
M0) patients remains controversial.

Innovations and breakthroughs

This is a novel study in that it addresses the median operative time and hospital
stay were shorter among the patients in the PSD group compared with those in
the PD group. The median blood loss in the PSD group was significantly less
than that in the PD group. The incidence of pancreatic fistula was lower among
patients in the PSD group vs the PD group. The overall survival and diseasefree survival for patients in the PSD group were not different than those of the
patients in the PD group. These data suggest that PSD with regional lymph
node dissection presents an acceptable morbidity and provides advantages
over PD.

Data are expressed as number of patients or median (range). PD:
Pancreaticoduodenectomy; PSD: Pancreas-sparing duodenectomy.

was lower among patients in the PSD group (23.2%)
vs the PD group (4.3%, P = 0.037). Hospital stays
were also shorter among patients in the PSD group
(10 d) vs the PD group (18 d, P = 0.045). Similar to
[22,23]
previous studies
, the advantages of PSD over PD
in the present study included the following: shorter
surgical time, less intra-operative bleeding, less intraoperative blood transfusion, more conserved intestinal
function, preservation of pancreatic tissue, and
allowance for better endoscopic follow-up.
Many factors have been proven to influence survival
in the early stages of Amp Ca, including R0 resection,
lymph node metastases, lymphatic invasion, tumor
[24,25]
stage, and tumor grade
. Our multivariate analysis,
however, indicated that lymph node metastasis is
one of the most important independent indicators
predicting Amp Ca recurrence and long-term survival.
Moreover, previous studies have demonstrated that
lymph node metastases were present in 10%-28%
[8,26]
of patients in the early stages of Amp Ca
. In
this study, lymph node metastases were present in
17%-18% of patients with early-stage Amp Ca. Our
study, which is consistent with the current literature
[17,27]
on PSD
, demonstrated that radical resection
with regional lymph node dissection is required for
the surgical treatment of early-stage Amp Ca. The
most commonly involved nodes were the posterior
pancreaticoduodenal nodes (JPS LN13), followed by
the anterior pancreaticoduodenal nodes (JPS LN17), in
our study group.
In conclusion, even in early stages of Amp Ca,
the rate of lymph node metastases is approximately
17%-18%. Lymph node metastases are one of the
most important independent indicators predicting
Amp Ca recurrence and long-term survival. Thus,
radical resection is required for surgical treatments at
the early stages of Amp Ca. PSD with regional lymph
node dissection is less invasive, feasible and safer for
the treatment of early-stage Amp Ca. This procedure
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Applications

PSD with regional lymph node dissection may be a safe and feasible alternative
to PD in the treatment of early-stage Amp Ca.

Peer-review

This is an interesting study that shows the largest number of patients with
early-stage ampullary carcinoma (Amp Ca) in mainland China in this study. It
suggests that PSD with regional lymph node dissection is less invasive, feasible
and safer for the treatment of early-stage Amp Ca. This procedure provides an
acceptable morbidity and mortality rate for early-stage Amp Ca when compared
to PD.
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Abstract
AIM: To identify predictors of sustained virological
response in hemodialysed patients treated by
PEGinterferon α for chronic hepatitis C, genotype 1.
METHODS: The sustained virological response (SVR)
rate, IL28B genotype, IFNL4 genotype, initial viral
load (IVL) and other pretreatment variables in 39 endstage renal disease patients (ESRD) on maintenance
haemodialysis (HD) infected with hepatitis C virus
(hcv), genotype 1b, were compared with a control
group of 109 patients with normal kidney function
treated within the same period. All the patients
were treatment naïve and had well compensated
liver disease. The ESRD patients received 135 µg of
PEGylated interferon α-2a (PegIFN-α) weekly and a
reduced dose of ribavirin (RBV) was administered to
23/39 patients with an initial haemoglobin level > 10
g/dL. Control group patients were given standard doses
of PegIFN-α and RBV. SVR was assessed as hcv RNA
negativity 24 wk post-treatment. A t -test or ANOVA
2
were used for comparisons of the means and a χ test
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compared the frequencies. Logistic regression was used
to determine significant predictors of SVR. Cutoff values
for continuous variables were obtained from Receiver
Operating Characteristic analysis.

Volfova M, Merta D, Viklicky O, Spicak J, Jirsa M. Relevance of
low viral load in haemodialysed patients with chronic hepatitis C
virus infection. World J Gastroenterol 2015; 21(18): 5496-5504
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i18/5496.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i18.5496

RESULTS: The distribution of IL28B rs12979860 CC,
CT and TT genotypes in the ESRD group was 28.2%,
64.1% and 7.7%, respectively, and 19.3%, 62.4% and
18.3% in the controls. The IFNL4 genotype was in
almost absolute linkage disequlibrium with IL28B . The
proportion of patients with a low IVL (< 600000 IU/mL)
was significantly higher in the ESRD group than in the
controls (28/39, 71.8% vs 51/109, 46.8%, P = 0.009),
as was the proportion of patients with low IVL in IL28B
CC carriers compared with non-CC carriers in the ESRD
group (10/11, 90.9% vs 18/28, 64.3%, P = 0.0035).
This difference was not found in the controls (7/22,
31.8% vs 44/87, 50.6%, P = 0.9). The overall SVR
rate was 64.1% (25/39) in the ESRD group and 50.5%
(55/109) in the control group (P = 0.19). 11/11 (100%)
and 19/22 (86.4%) IL28B CC patients achieved SVR in
the ESRD and control groups, respectively. A statistically
significant association between SVR and IL28B and
IFNL4 variants was found in both groups. The ESRD
patients who achieved SVR showed the lowest IVL
[median 21000, interquartile range (IQR): 6000-23000
IU/mL], compared with ESRD individuals without SVR
(1680000, IQR: 481000-6880000, P = 0.001), controls
with SVR (387000, IQR: 111000-1253000) and controls
without SVR (905000, IQR: 451000-3020000). In
ESRD, an IVL < 600000 IU/mL was strongly associated
with SVR: 24/28 (85.7%) patients who achieved SVR
had viraemia below this threshold.

INTRODUCTION
The 10-year survival of kidney transplant recipients
with hepatitis C (HCV) is significantly worse compared
[1]
with non-infected patients . Therefore, HCV
eradication should be a standard procedure in HCVinfected patients considered for a kidney transplant.
The reason to treat before kidney transplantation is
supported by the fact that there is no effective and safe
treatment in kidney transplant recipients. The use of
interferon alpha in transplanted patients is considered
controversial because of the high risk of interferon[2]
induced kidney allograft dysfunction . Furthermore,
antiviral treatment should be also considered in all
HCV-infected end-stage renal disease patients (ESRD)
patients, because of their increased all-causes mortality
[3,4]
when on maintenance haemodialysis . Despite the
negative impact of HCV infection on the life expectancy
of patients on maintenance haemodialysis, most of
the patients remain untreated. The epidemiological
[5]
study published by Goodkin et al showed that only
1% of HCV-infected patients were given antiviral
therapy. The treatment rate was higher in the group
of patients enlisted for kidney transplantation, but was
still only 3.7%. The reason for treatment deferral is
undoubtedly the burden of interferon alpha therapy,
long treatment duration and postponement of kidney
[6-10]
transplantation
.
The proportion of haemodialysed patients receiving
antiviral treatment is expected to increase and an
accurate predictor of sustained virological response
(SVR) would be helpful in the treatment decision
algorithm. A treatment that significantly postpones
patients’ enlistment should be proposed, especially to
individuals who have a high probability of SVR, i.e.,
HCV eradication. The SVR rate is significantly better in
non-genotype 1 infected patients than in genotype 1
patients, who are in general considered to be difficultto-treat. Therefore, identification of the subset of
easy-to-treat patients among those with genotype
1 is important to reliably select individuals with high
probability of SVR.
In patients with normal kidney function, the IL28B
rs12979860 genotype (a generally used marker of
the functional IFNL4 ss469415590 genotype, which
[11]
is responsible for genetic predisposition to SVR ),
degree of liver fibrosis and low initial HCV RNA levels
represent the most reliable pretreatment predictors
of SVR in PEGylated interferon α (PegIFN-α) and RBV
[12-14]
therapy
. Alterations of the innate immunity caused

CONCLUSION: Haemodialysis decreases the viral load,
especially in IL28B CC genotype carriers. A low IVL
was the strongest predictor of SVR in ESRD patients
identified in multivariate analysis.
Key words: End-stage renal disease; Hepatitis C virus
genotype 1; Interferon alpha; IFNL4 ; Ribavirin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The proportion of haemodialysed patients
infected with chronic hepatitis C virus (HCV) receiving
antiviral treatment remains unsatisfactory and should
increase. Patients should be selected with high
probability of successful treatment. Therefore, this
study evaluated predictors of sustained virological
response (SVR) in haemodialysed patients treated with
PEGylated interferon α for HCV, genotype 1. The results
of the study indicated that there was a high number of
individuals with a low initial viral load (< 600000 IU/
mL) among haemodialysed patients, especially in IL28B
CC genotype carriers. A low initial viral load was the
strongest predictor of SVR in haemodialysed patients.
Sperl J, Frankova S, Senkerikova R, Neroldova M, Hejda V,

WJG|www.wjgnet.com

5497

May 14, 2015|Volume 21|Issue 18|

Sperl J et al . Viral load in ESRD with HCV
by haemodialysis could modify the eradication process
of HCV and change the predictive value of the abovedescribed factors. A low IVL as a predictive factor of
SVR in haemodialysed patients has been described in
[15]
the meta-analysis published by Gordon et al . This
meta-analysis included all HCV genotypes and was not
specific for genotype 1. Furthermore, the predictive
value of the IL28B genotype has not been evaluated
so far in haemodialysed patients.
The aim of our study was to assess and validate
reliability of the standard predictive factors in genotype
1 patients with ESRD on maintenance haemodialysis.

the same period with once weekly subcutaneously
administered PegIFN-α2a (40 kDa) at a dose of 180
μg, together with weight-adjusted RBV 1000-1200
mg daily. The anticipated treatment duration was 24
wk for patients with low pretreatment viraemia who
achieved rapid virological response (RVR, i.e., negative
HCV RNA at week 4 of treatment), and 48 wk for
patients who had had high pretreatment viraemia
or had not achieved RVR. SVR was assessed as HCV
RNA negativity 24 wk post-treatment. All controls
had normal renal function, estimated as glomerular
filtration rate calculated using Cockcroft-Gault formula
at baseline. Pretreatment liver biopsy was performed
in 101 patients, of whom 49 had fibrosis F0-F2 and
52 had fibrosis score ≥ F3, according to the Metavir
score.

MATERIALS AND METHODS
Cases

We evaluated 39 kidney transplant candidates with
ESRD on maintenance haemodialysis, treated for
chronic HCV infection in three outpatient speciality
clinics in the Czech Republic, from January 2004 to
October 2012. The cohort consisted of 24 males and
15 females of average age 52 years (range: 25-69). All
patients were haemodialysed for at least 3 mo, three
times per week. The mean duration of haemodialysis
was 3 years (range: 1-19 years). Twenty-nine
patients resumed maintenance haemodialysis after
having undergone kidney transplant in the past with
subsequent graft failure. All patients were Caucasian,
HCV treatment-naïve, and infected with HCV genotype
1b.
Pretreatment liver biopsy was performed in 29
ESRD patients, nine of whom had fibrosis stage F3 or
F4, according to the Metavir score, and 20 patients
had stage F0-F2. All patients had compensated liver
disease with no signs of proteosynthetic dysfunction
(normal albumin, bilirubin and prothrombin time
values), ascites or encephalopathy. Patients with
a history of liver disease decompensation, HBV
or HIV co-infection, and patients receiving any
immunosuppressive or immunomodulation therapy at
the time of treatment initiation, were excluded from
the evaluation.
All patients were treated with PegIFN-α2a (40
kDa) at a reduced dose of 135 μg, administered
subcutaneously once weekly after a haemodialysis
session. Twenty-three patients (59%) with a
haemoglobin level > 10 g/dL at baseline were
concurrently treated with RBV at reduced dose,
200-400 mg weekly. Erythropoietin was used in
patients with a haemoglobin level < 12 g/dL. The
anticipated duration of treatment was 48 wk. SVR was
assessed as HCV RNA negativity 24 wk post-treatment.

HCV RNA assessment

HCV RNA was assessed accordingly to the period of
®
®
treatment by the Roche AmpliPrep/COBAS TaqMan HCV
Test v1.0 or v2.0 (Roche Molecular Systems, Branch
burg, NJ, United States). Serum HCV RNA levels were
determined at baseline, at weeks 4, 12, 24, 36, 48 of
treatment and 12 and 24 wk after the end of therapy.

IL28B and IFNL4 genotyping

Patients were genotyped for IL28B rs12979860 C/T
polymorphism by polymerase chain reaction, based on
a restriction fragment length polymorphism assay, as
[16]
described by Fabris et al . To minimise genotyping
errors, blank controls wells were left on the PCR
plates and two operators, unaware of the status of
the sample, performed the genotype assignment
independently. Genotyping for the IFNL4 ss469415590
TT/ΔG polymorphism was performed by the custom
[11]
TaqMan genotyping assay described in . Written
informed consent for DNA sampling was obtained from
all patients and the study conformed to the declaration
of Helsinki Ethical Guidelines.

Statistical analysis

Data are presented as means and standard deviations,
medians and ranges or as frequencies, as appropriate.
A t-test or ANOVA with Dunnet’s post hoc test were
2
used for comparisons of the means and the χ test was
used to compare frequencies. Logistic regression was
used to determine significant predictors of SVR. Cutoff
points for continuous variables were obtained from
Receiver Operating Characteristic (ROC) analysis. A
P value < 0.05 was considered statistically significant
throughout the study. Statistical analysis was
performed using the SPSS 13.0 software.

Controls

RESULTS

The control group consisted of 109 treatment-naïve
Caucasian patients (54 males and 55 females) of
average age 46 years, with chronic hepatitis C,
genotype 1b. These patients were treated within
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Demographic and treatment data

Compared with patients with maintained renal
function, ESRD patients were significantly older, had
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Table 1 Clinical and laboratory characteristics of patients n (%)
ESRD

Controls

(n = 39)

(n = 109)

Age, median (range)
Gender, F/M

52 (25-69)
46 (17-67)
15/24
55/54
(38.5/61.5)
(50.5/49.5)
Fibrosis stage before treatment according to Metavir score
F0
2 (5.1)
3 (2.8)
F1
12 (30.8)
25 (22.9)
F2
6 (15.4)
21 (19.3)
F3
1 (2.6)
21 (19.3)
F4
8 (20.5)
31 (28.4)
F unknown
10 (25.6)
8 (7.3)
BMI, average (mean ± SD)
24 ± 4.1
25 ± 4.0
Type 2 diabetes
5 (12.8)
12 (11.0)
Initial ALT (IU/L), average
57 ± 54
105 ± 87
(mean ± SD)
Initial viral load (IU/mL x
193 (16-810) 541 (163-1853)
1000), median (IQR)
RVR
20 (52.6)
39 (36.1)
EVR
29 (74.4)
60 (55.0)
SVR
25 (64.1)
55 (50.5)
Premature termination of
14 (35.9)
44 (40.4)
treatment
IL28B CC genotype
11 (28.2)
21 (19.3)
IFNL4 TT genotype
11 (28.9)
21 (19.3)
Initial viral load < 600000
28 (71.8)
51 (46.8)
IU/mL
History of kidney transplant
29 (74.4)
NA
Concurrent treatment with
23 (59.0)
109 (100.0)
ribavirin

Table 2 Initial viral load and IL28B rs12979860 genotype
in patients grouped according to their sustained virological
response achievement n (%)

P value

Patients

0.013
0.262

ESRD
0.072

Yes
No

controls

Yes
No

0.071
0.773
< 0.001

IVL (IU/mL)
< 600000
> 600000
< 600000
> 600000
< 600000
> 600000
< 600000
> 600000

IL28B rs12979860 genotype
CT or TT

CC

14 (58)
0 (0)
4 (100)
10 (100)
26 (84)
10 (42)
18 (90)
33 (97)

10 (42)
1 (100)
0 (0)
0 (0)
5 (16)
14 (58)1
2 (10)
1 (3)

1

Includes the patient with IL28B CT and IFNL4 TT/TT. IVL: Initial viral
load; ESRD: End-stage renal disease; SVR: Sustained virological response.

0.003

nine patients presented with worsening of anaemia
requiring erythropoietin therapy (eight patients) or
transfusion (one patient). One patient developed
pancytopaenia and one patient presented with
respiratory infection requiring antibiotic therapy. In
three patients, the dose of PegIFN-α had to be reduced
to 90 μg because of adverse events.

0.074
0.038
0.190
0.704
0.262
0.370
0.009

Initial viral load, IL28B and IFNL4 genotypes and
treatment efficacy

NA
< 0.001

ESRD group: The distribution of IL28B rs12979860
genotypes was CC 28.2%, CT 64.1%, TT 7.7%. The
frequencies of the corresponding IFNL4 ss469415590
genotypes TT/TT, TT/ΔG and ΔG/ΔG were exactly the
same, reflecting the strong linkage disequilibrium
between the two loci. The percentage of patients
with a low IVL (< 600000 IU/mL) was significantly
higher in the ESRD group than in the controls (28/39,
71.8% vs 51/109, 46.8%, P = 0.009) as well as the
percentage of patients with a low IVL in IL28B CC
carriers compared with non-CC carriers in the ESRD
group (10/11, 90.9% vs 18/28, 64.3%, P = 0.0035).
This difference was not found in the controls (7/22,
31.8% vs 44/87, 50.6%, P = 0.9). The overall SVR
rate was 64.1% (25/39). All CC patients, including one
patient with a high IVL, achieved SVR. In contrast,
only 50.0% (14/28) of non-CC patients achieved SVR
(Table 2). All of them had a low IVL. The SVR rate in
non-CC patients with a low IVL was 77.7% (14/18).
In the subgroup of non-CC patients without SVR,
there were only 4/14 (28.6%) with a low IVL. The CC
genotype carriers, regardless of their IVL, and nonCC genotype carriers with a low IVL were easy-totreat, with an overall SVR rate of 86.2% (25/29) (Table
2). The SVR rate in the ESRD patients treated with
both PegIFN-α and RBV was 73.9% (17/23). Patients
treated with PegIFN-α monotherapy achieved SVR only
in 50.0% (8/16), but the difference was not significant
(P = 0.126).
The SVR rate was 60.0% (12/20) in ESRD patients
with pretreatment liver fibrosis stage F0-F2, 66.7%

Controls: HCV patients with normal pretreatment renal function; ESRD:
HCV patients with end-stage renal disease treated with haemodialysis;
BMI: Body mass index; RVR: Rapid virological response; EVR: Early
virological response; SVR: Sustained virological response; HCV: Hepatitis
C virus; NA: Not applicable.

lower baseline ALT activity, significantly lower initial
HCV viral load (IVL) and achieved higher rate of early
virological response (EVR). There were no statistically
significant differences between the groups in terms
of gender distribution, BMI, diabetes, Metavir fibrosis
stage, and IL28B and IFNL4 genotypes (Table 1).
Of the 39 ESRD patients, 25 (64%) completed the
entire course of treatment. In 8 patients (21%), the
treatment was discontinued at week 12 or 24 because
of lack of virological response, and in six patients
(15%) because of severe adverse events (SAE). In the
control group, 65 (60%) patients completed the entire
course of treatment. The treatment was discontinued
in 34 patients (31%) because of lack of virological
response and in 10 patients (9%) because of SAE.
The rate of treatment discontinuation did not differ
significantly between groups. Six (15%) ESRD patients
discontinued the treatment because of an SAE: nonfunctional renal allograft rejection (two patients),
thrombocytopenia with bleeding complications
(two patients), interferon-induced autoimmune
hepatitis (one patient) and pneumonia (one patient).
Nevertheless, five out of these six patients with SAE
achieved SVR. Concerning further adverse events,
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(6/9) in patients with stage F3-4 and 70.0% (7/10)
in patients without pretreatment liver biopsy. The
difference between F0-2 and F3-4 subgroups was not
significant (P = 1.0). The ESRD patients who achieved
SVR did not significantly differ from the patients
without SVR regarding the haemodialysis duration (2.4
± 2.3 years vs 4.1 ± 5.9 years, P = 0.937).
Among 11 patients with high viraemia, only one
achieved RVR and subsequently SVR (a CC genotype
carrier). Among 28 patients with low viraemia, 19
(67.9%) achieved RVR and 18/19 then achieved SVR.
Altogether 19/20 patients who had RVR also achieved
SVR (95%).

24/28 (85.7%) patients who achieved SVR had viraemia
below this threshold.
In ESRD patients, RVR proved to be a very strong
predictor of SVR (OR = 171, 95%CI: 26-490, P <
0.001), which reflected the fact that RVR and SVR
are interdependent because they reflect the same
biological phenomenon, i.e., clearance of the virus.

Predictors of SVR

The potential role of pre-treatment viraemia as a
predictor of SVR was evaluated using regression
analysis. Age, male gender and IL28B/IFNL4 status
were significant predictors of SVR in the general HCV
population, whereas only pretreatment viral load
proved to be significant predictor of SVR in patients
with ESRD. Using Wald statistics to evaluate the
relative contributions of these determinants to SVR,
we found that the strongest determinant of SVR was
age in controls and pretreatment viral load in ESRD
patients. Notably, pretreatment viral load was not
associated with SVR in the control group, and IL28B
and IFNL4 did not prove to be significant determinants
of SVR in ESRD patients (Figure 2).

Control group

The distribution of IL28B rs12979860 genotypes was
CC (21/109) 19.3%, CT (68/109) 62.4%, TT (20/109)
18.3% and all but one control subjects carried the
corresponding IFNL4 genotypes: TT/TT, TT/ΔG and
ΔG/ΔG. The only exceptional control subject carried
the combination of IL28B CT with IFNL4 TT/TT. A
low IVL was observed in 7/22 (31.8%) “CC” patients
(including the subject with the exceptional genotype
combination) vs 44/87 (50.6%) of “non-CC” patients
(P = 0.9). The overall SVR rate was 50.5% (55/109).
Nineteen “CC” patients (19/22, 86.4%) achieved SVR
(Table 2). Fourteen of these 19 patients (73.7%) had
a high IVL. The SVR rate in the subgroup of “nonCC” patients was 41.4% (36/87), 10 SVR patients
had a high IVL and 26 SVR patients had low IVL. In
the subgroup of “non-CC” patients without SVR, there
were 18/51 (35.3%) patients with a low IVL. The SVR
rate in “non-CC” patients with a low IVL was 59.0%
(26/44) (Table 2).
Among 58 patients with high viraemia in the control
group, 15 patients achieved RVR (25.9%) and all of
them subsequently achieved SVR. Among 51 patients
with low viraemia, 25 (49%) achieved RVR and 25/25
then achieved SVR. In total, 40/40 patients with RVR
also achieved SVR (100%).

DISCUSSION
The IFNL4 ss469415590 genotype, strongly linked
with the IL28B rs12979860 variant, is the most
reliable predictive host factor of SVR achievement
with PegIFN-α and RBV therapy in patients with
[11,12]
normal kidney function
. Since the IFNL4 variant
ss469415590 ΔG converts the inactive IFNL4
pseudogene to an active gene producing interferon
lambda 4, which likely counteracts signalling by other
[11]
interferons involved in HCV clearance , the ΔG
homozygotes have a low chance of achieving an SVR.
To the best of our knowledge, the relevance of any
of the above-described gene polymorphisms has not
been described so far in a cohort of haemodialysed
patients. Our data suggested that IL28B or IFNL4
genotypes play a similar role in HCV patients with
ESRD as they do in HCV patients with normal kidney
function. Moreover, despite the fact that all CC
genotype carriers achieved SVR, we showed that low
IVL is an even better predictor of SVR achievement in
the ESRD group than the IL28B genotype.
RVR achievement turned out to be a very strong
predictor of SVR, but we did not include it in the
further statistical analysis of our cohort. Our aim was
to validate pretreatment factors that allow selection
of patients who have a high chance to achieve SVR.
RVR, considered as an on-treatment predictive factor,
may help to motivate patients to continue in poorly
tolerated treatment, but the fact that the patient does
not achieve RVR should not represent a reason to stop
therapy.
A high percentage of individuals with low virae
mia among HCV-infected patients on maintenance

Group-specific variables associated with SVR

The difference between the overall SVR rates in ESRD
patients and controls was not statistically significant (P
= 0.19). Consistent with the published data from the
[6]
general population infected with HCV , we confirmed
a significant association between SVR and genetic
variants in the IL28B and IFNL4 loci in the controls,
and we also found statistically significant association in
the ESRD patients (Figure 1).
The ESRD patients who achieved SVR showed
the lowest baseline IVL [median 21000, interquartile
range (IQR) 6000-23000 IU/mL], compared with
ESRD individuals without SVR (1680000, IQR:
481000-6880000, P < 0.001), and compared with
control group with SVR (387000, IQR: 111000-1253000)
and without SVR (905000, IQR: 451000-3020000). An
IVL < 600000 IU/mL was strongly associated with SVR:
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Figure 1 Initial viral load in end stage renal disease patients and controls grouped according to their IL28B genotype and sustained virological response.
The data from 39 patients with end-stage renal disease and 109 controls are shown as individual dots. Horizontal bars indicate median (thick line) and interquartile
range (thin lines). A Mann-Whitney test was used to compare the means. End stage renal disease (ESRD) patients had significantly lower initial viral load (IVL)
than controls (A). IL28B CC carriers had significantly lower IVL in the ESRD group, but not in the control group (B). Low IVL predicted better a sustained virological
response (SVR) in the ESRD group (C) than in controls (D).

hemodialysis has already been reported, and two
different hypotheses explaining low viraemia have
been postulated. The first hypothesis is based on
the adsorption of the virus on the haemodialysis
[17-19]
membrane
. Accordingly, HCV RNA and HCV Ag
decreases were observed during the hemodialysis
[20]
session , but the adsorption activity was proved
only when using the polysulphone membrane, not
[18]
the cuprophan membrane . The second hypothesis
explains viraemia fluctuations by the immune
mediated effect of increased levels of interferon[21]
alpha during haemodialysis. Badalementi et al
described an HCV RNA decrease and the reciprocal
interferon-alpha blood level increase during the
haemodialysis sessions. Activation of the interferonalpha pathway during haemodialysis procedure
may represent the factor facilitating the mechanism
of viral clearance in the patients on maintenance
haemodialysis. This hypothesis is in accordance with
our finding of significantly lower IVL in the IL28B
CC carriers compared with IL28B non-CC carriers.
IL28B CC genotype carriers are prone to a higher
activation of interferon-sensitive genes compared
[14]
with non-CC genotype carriers . We speculated
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that in haemodialysed patients, the viral clearance
mechanism is modified by the above-explained
increase of interferon-alpha level together with the
additional alterations in adaptive and innate immunity
[22]
mechanisms described by Barbossa . The low
IVL, in our opinion, reflects the spontaneous effort
of the immune system to clear the virus and the
administration of PEG-IFN results in completion of the
virus clearance process.
The efficacy of PegIFN-α monotherapy, as well as
PegIFN-α and RBV combination described in previously
[23]
published studies, varies widely. A recent review
analysed 13 original papers assessing the results of
interferon-based anti-HCV therapy in hemodialysed
patients. The analysis included patients treated by
PegIFN-α monotherapy as well as patients to whom
a reduced dose of RBV was administered. The
SVR rate ranged from 27.3% to 78.8%, and was
further increased by co-treatment with RBV. Similar
[2]
conclusions were drawn in the review by Fabrizi : the
SVR rate ranged between 12.5% and 56% in nine
studies with PegIFN-α monotherapy and between 29%
and 97% in 7 studies assessing combined PegIFN-α
and RBV therapy. The superiority of PegIFN-α and RBV
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A

SVR predictors (data from univariate analysis)
ESRD group

Controls

IFNL4 T/T genotype

IFNL4 T/T genotype

IL28B C/C genotype

IL28B C/C genotype

Gender (male)

Gender (male)

Age

Age

Viral load < 600000 IU/mL

Viral load < 600000 IU/mL

ALT

ALT

BMI

BMI

Fibrosis ≥ 3

Fibrosis ≥ 3

Type 2 diabetes

Type 2 diabetes

0.01 0.1

1

10

100 1000

0.01 0.1

Odds ratio (95%CI) for SVR

B

1

10

100 1000

Odds ratio (95%CI) for SVR

Absolute initial viral load as predictor of SVR
ROC
1.00

ESRD group
Controls
Reference line

Sensitivity

0.75

0.50

0.25

0.00
0.00

0.25

0.50
0.75
1-specificity

AUROC

95%CI

ESRD group

0.915

0.829-1.000

Controls

0.659

0.554-0.764

1.00

Figure 2 Prediction of sustained virological response based on the IL28B genotype, viral load and demographic data. Variables presented in Forest plots and
sorted by their relative contribution to sustained virological response (SVR) in end stage renal disease (ESRD) and controls (A). Predicted probabilities calculated in
regression analysis for initial viral load (IVL) were used to construct receiver operating characteristics curves (ROC) for ESRD patients and controls (B).

combination to PegIFN-α monotherapy has recently
been documented in two prospective comparative
studies; however, other predictors of SVR have not
[24,25]
been assessed
. Our ESRD patients, who were
treated with the PegIFN-α and RBV combination, also
achieved a better SVR rate than the patients treated
with PegIFN-α monotherapy. However, there was no
significant difference because of the small number of
patients included in the PegIFN-α monotherapy group.
The reason for the large variation in SVR rate may lie
in variable ratios of genotype 1 to non-1 patients, and
different percentages of patients with low viraemia in
the published studies.
In our group, consisting solely of genotype 1b
patients, we achieved a satisfactory SVR rate despite
the fact that RBV was administered only to 23 out of
the 39 treated patients. The high proportion of patients
with low viral load in our group represented a factor
that also increased the overall SVR rate in our ESRD
cohort (IVL < 600000 IU/mL in 28/39, i.e., 71.8%).
Our data are comparable with a recently published
[26]
paper by Wang et al , in which the authors described
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16 genotype 1b infected patients on maintenance
hemodialysis treated with PegIFN-α monotherapy.
Twelve of the 16 patients had low IVL and 11/12
achieved SVR.
We concluded that genotype 1 patients with ESRD
should not be considered generally as difficult-to-treat,
because in this group, patients with high probability
of SVR achievement can be identified. In ESRD
patients with genotype 1, SVR is predictable based on
the same pretreatment variables as in patients with
normal renal function. Patients with a high probability
of SVR achievement can be identified according to low
IVL and their IL28B genotype. Identically to patients
with normal renal function, the prediction based on
IFNL4 genotype testing in Europeans is not superior
to IL28B genotype assessment in ESRD patients. The
treatment-decision process, i.e., to treat immediately
or to defer treatment and transplant with HCV
infection waiting for the new treatment options, should
also take into consideration overall life expectancy,
comorbidities and the estimated risk of adverse events
during therapy.
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AIM: To evaluate the 5-year survival after laparoscopic
surgery vs open surgery for stages Ⅱ and Ⅲ rectal
cancer.
METHODS: This study enrolled 406 consecutive
patients who underwent curative resection for stages
Ⅱ and Ⅲ rectal cancer between January 2000 and
December 2009 [laparoscopic rectal resection (LRR), n
= 152; open rectal resection (ORR), n = 254]. Clinical
characteristics, operative outcomes, pathological
outcomes, postoperative recovery, and 5-year survival
outcomes were compared between the two groups.
RESULTS: Most of the clinical characteristics were
similar except age (59 years vs 55 years, P = 0.033)
between the LRR group and ORR group. The proportion
of anterior resection was higher in the LRR group than
that in the ORR group (81.6% vs 66.1%, P = 0.001).
The LRR group had less estimated blood loss (50
mL vs 200 mL, P < 0.001) and a lower rate of blood
transfusion (4.6% vs 11.8%, P = 0.019) compared
to the ORR group. The pathological outcomes of the
two groups were comparable. The LRR group was
associated with faster recovery of bowel function (2.8 d
vs 3.7 d, P < 0.001) and shorter postoperative hospital
stay (11.7 d vs 13.7 d, P < 0.001). The median followup time was 63 mo in the LRR group and 65 mo in the
ORR group. As for the survival outcomes, the 5-year
local recurrence rate (16.0% vs 16.4%, P = 0.753),
5-year disease-free survival (DFS) rate (63.0% vs
63.1%, P = 0.589), and 5-year overall survival (OS)
rate (68.1% vs 63.5%, P = 0.682) were comparable
between the LRR group and the ORR group. Stage
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[12]

by stage, there were also no statistical differences
between the LRR group and the ORR group in terms
of the 5-year local recurrence rate (stage Ⅱ: 6.3%
vs 8.7%, P = 0.623; stage Ⅲ: 26.4% vs 23.2%, P =
0.747), 5-year DFS rate (stage Ⅱ: 77.5% vs 77.6%, P
= 0.462; stage Ⅲ: 46.5% vs 50.9%, P = 0.738), and
5-year OS rate (stage Ⅱ: 81.4% vs 74.3%, P = 0.242;
stage Ⅲ: 53.9% vs 54.1%, P = 0.459).

rectal cancer . The present study was conducted to
evaluate the long-term oncologic outcomes of LRR for
stages Ⅱ and Ⅲ rectal cancer.

MATERIALS AND METHODS
Four hundred and sixty-two consecutive stages Ⅱ and
Ⅲ rectal cancer patients who underwent LRR or ORR
from January 2003 to December 2009 were extracted
from the clinical colorectal database of Department
of General Surgery of Nanfang Hospital, Southern
Medical University, which is one of the members of
the Southern Chinese Laparoscopic Colorectal Surgery
[19]
Study (SCLASS) group . After excluding 44 patients
who underwent emergency resection and 12 patients
with recurrent disease, 406 cases were finally included
in the present study, with 152 undergoing LRR and
254 undergoing ORR.
The tumors were subdivided into three types
according to the distances between their distal borders
and the anal verge (upper rectal cancer, 10-15 cm;
middle rectal cancer, 5-10 cm; and lower rectal cancer,
< 5 cm). Patients chose the surgical approach of LRR
or ORR based on an understanding of the risks and
benefits inherent to laparoscopic and open resection
after having received an extensive explanation without
any pressure from the surgeon. LRR and ORR were
performed by three colorectal surgeons who were
experts in both laparoscopic and open procedures.
Before operation, all patients underwent colono
scopy plus biopsy, pelvic magnetic resonance imaging
(MRI) or abdominal computed tomography (CT).
A liquid diet was started after the first flatus had
been passed. Patients were discharged if they were
analgesia-free, afebrile and can tolerate food for 24 h,
without major complications. Patients with high risk
factors were recommended to receive postoperative
adjuvant chemotherapy with 5-fluorouracil-based
regimens. The last follow-up was December 2013.

CONCLUSION: LRR for stages Ⅱ and Ⅲ rectal cancer
can yield comparable long-term survival while achieving
short-term benefits compared to open surgery.
Key words: Laparoscopic surgery; Locally advanced
rectal cancer; Oncologic outcomes
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective study specially evaluates
the oncologic outcomes after laparoscopic resection
for locally advanced rectal cancer. Results suggest that
laparoscopic rectal resection for stage Ⅱ or Ⅲ rectal
cancer is a safe procedure, yielding comparable 5-year
oncologic outcomes to open surgery.
Zhou ZX, Zhao LY, Lin T, Liu H, Deng HJ, Zhu HL, Yan J, Li
GX. Long-term oncologic outcomes of laparoscopic vs open
surgery for stages Ⅱ and Ⅲ rectal cancer: A retrospective cohort
study. World J Gastroenterol 2015; 21(18): 5505-5512 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i18/5505.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i18.5505

INTRODUCTION
Laparoscopic rectal resection (LRR) is regarded as a
technically demanding approach and many colorectal
surgeons attempt LRR for early-stage rectal cancer or
[1,2]
tumors in small size in their initial stages . With the
improvement in surgical technique and instruments,
experienced surgeons have attempted to apply LRR
for locally advanced rectal cancer. However, longterm oncologic outcomes of laparoscopic surgery for
locally advanced rectal cancer remains controversial.
Among the published trials comparing the long-term
oncologic outcomes of rectal cancer between LRR and
[3-11]
open rectal resection (ORR) groups
, there were
rare trials involving subgroup comparison of stage Ⅱ
[9]
or Ⅲ rectal cancer . The 5-year oncologic outcomes
of the trial for stage Ⅱ or Ⅲ rectal cancer is not
[9]
persuasive enough for the limited cases . There were
retrospective studies providing different long-term
oncologic outcomes between laparoscopic and open
[12-18]
surgery for stages Ⅱ and Ⅲ rectal cancer
. LRR for
rectal cancer has been widely performed by Chinese
colorectal surgeons. However, few studies evaluated
long-term oncologic outcomes of LRR for stage Ⅱ or Ⅲ

WJG|www.wjgnet.com

Surgical technique

For laparoscopic surgery, the patients were placed in
the Lloyd-Davis position with forced Trendelenburg
(30°). The monitor was placed at the patient’s feet on
the left side. The surgeon stood on the patient’s right
side, the first assistant stood on the patient’s left side,
and the second assistant holding the laparoscope
stood at the patient’s cranial side next to the surgeon.
Pneumoperitoneum was generated with a pressure
of 12-15 mmHg. The ﬁve trocars were inserted:
supraumbilical (10 mm), right iliospinale anterius
medial 3 cm (10 mm), right rectus abdominis outer
at the umbilical level (5 mm), midpoint of the line
from left iliospinale anterius to umbilical (10 mm),
and upper margin of the pubic bone 3 cm (5 mm).
The medial-to-lateral approach was used, with the
roots of the inferior mesenteric vascular pedicles being
dissected with lymphadenectomy, and the mesentery
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radiologically confirmed or histologically proven tumor
restricted to the anastomosis or in the pelvis within
the region of the primary surgery. Patients that were
transferred to open procedure were included in the
LRR group.

Table 1 Characteristics of the patients n (%)
LRR (n = 152) ORR (n = 254) P value
Age1 (yr)
59 (24-90)
Sex
Male
95 (62.5)
Female
57 (37.5)
BMI (kg/m2)
22.7 (11.1)
ASA
1
36
2
98
3
18
Tumor location
Upper rectum
39 (25.7)
(10.1-15.0 cm)
Middle (5.1-10.0 cm)
60 (39.5)
Lower rectum (0-5 cm)
53 (34.9)
Tumor stage
II
78 (51.3)
III
74 (48.7)
Cell differentiation
Low
15 (9.9)
Middle
101 (66.4)
High
36 (23.7)
Neoadjuvant
13 (8.6)
chemoradiotherapy
Postoperative chemotherapy
Total cycle
30 (19.7)
Partial cycle
18 (11.8)
Abdominal surgery
21 (13.8)
history
Follow-up1 (mo)
63 (28-112)

55 (19-86)
151 (59.4)
103 (40.6)
23.1 (9.5)

0.033
0.600

Statistical analysis

0.369
0.542

SPSS 18.0 for windows (SPSS, Chicago, IL, United
2
States) was used for all statistical analyses. A χ
analysis or Student’s t-test, as appropriate, was used
to assess for differences in patient characteristics,
according to the surgical approach. Non-parametric
equivalents were applied when normality and
homogeneity assumptions were violated. Survival
probability was estimated by the Kaplan-Meier method
and compared by log-rank testing. The independent
prognostic effect of surgical approaches on local
recurrence, disease-free survival (DFS), and overall
survival (OS) in rectal cancer were estimated using
Cox proportional hazard regression models. All
P-values were two-sided and P < 0.05 was considered
statistically significant.

50
177
27
0.837
59 (23.2)
101 (39.8)
94 (37.0)
0.259
115 (45.3)
139 (54.7)
0.192
41 (16.1)
161 (63.4)
52 (20.5)
16 (6.3)

0.429
0.745

51 (20.1)
24 (9.4)
28 (11.0)

0.433

65 (32-118)

0.211

RESULTS
Clinical characteristics

There were no significant differences between the LRR
and ORR groups in terms of sex, body mass index
(BMI), ASA (American Society of Anesthesiologists)
status, tumor location, neoadjuvant chemoradiotherapy,
or postoperative chemotherapy. The median age of
patients in the LRR group was older than that in the
ORR group [59 (24-90) years vs 55 (19-86) years, P =
0.033]. The median follow-up time was 63 (28-112) mo
in the LRR group and 65 (32-118) mo in the ORR group
(P = 0.211) (Table 1).

1

Values are median (range).

and relevant bowel being mobilized in sequence.
With preservation of the autonomic nerves, partial
mesorectal excision was carried out for upper rectal
cancer with a mesorectal margin of ≥ 5 cm distally to
the cancer, and total mesorectal excision (TME) was
performed for the middle and lower rectal cancer.
The patients who underwent laparoscopic anterior
resection (AR) with intraabdominal anastomosis
received a 4-6 cm incision in the left-lower quadrant
of the abdomen for the removal of specimen and
placement of the staple gun head, except for the
patients undergoing protective ileostomy with their
specimens removed through the stoma in the rightlower quadrant of the abdomen. No abdominal incision
was made when patients underwent abdominal perineal
resection (APR). Conversion to open procedure was
decided when the surgeon was unable to complete the
laparoscopic surgery.

Operative and pathological outcomes

The anterior resection rate was significantly higher
in the LRR group than in the ORR group (81.6%
vs 66.1%, P = 0.001). The operative times were
comparable in the two groups. There was less
estimated blood loss (50 mL vs 200 mL, P < 0.001)
and a lower rate of blood transfusion (4.6% vs 11.8%,
P = 0.019) in the LRR group than those in the ORR
group. Conversion to open procedure was required in
7 (4.6%) patients in the LRR group, for difficulty in
pelvic exposure in 3 cases, severe adhesion in 2, and
uncontrolled bleeding in 2. The protective ileostomy
rates were comparable between the two groups. There
were no significant differences between the two groups
in terms of the R0 resection rate, distances of proximal
resection margin and distal resection margin, number
of lymph nodes harvested, number of metastatic
lymph nodes or tumor size (Table 2).

Measured outcomes and definitions

This study compared the following variables:
characteristics, surgical outcomes, pathologic results,
postoperative recovery, and 5-year survival outcomes.
Morbidity was defined as a complication that required
additional treatment or prolonged hospital stay
within 30 d after operation. Operative mortality was
defined as death during or within 30 d after operation.
Local recurrence was defined as the presence of
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Table 3 Postoperative recovery outcomes n (%)

Table 2 Operative and pathological outcomes
LRR (n = 152) ORR (n = 254) P value
Surgical procedure
Anterior resection
Abdominoperineal
resection
Protective ileostomy
Operating time1, min
Estimated blood loss2, mL
Blood transfusion
Conversion, n (%)
Resection margin
involvement
R0
R1
Proximal resection
margin1, cm
Distal resection margin1,
cm
No. of lymph nodes
harvested1
No. of metastatic lymph
nodes
Tumor size, cm

0.001
124 (81.6)
28 (18.4)
32 (21.1)
188.9 (67.7)
50 (20-1500)
7 (4.6)
7 (4.6)

168 (66.1)
86 (33.9)
49 (19.3)
188.7 (65.4)
200 (60-3000)
30 (11.8)

Time to first flatus, d
Time to liquid diet, d
Postoperative hospital stay, d
Postoperative morbidity
Wound infection
Ileus
Anastomotic leak
Anastomotic stenosis
Hemorrhage
Abdominal infection
Respiratory infection
Cardiac disease
Renal failure
Urinary tract infection
Cerebrovascular diseases
Postoperative mortality

0.701
0.982
< 0.001
0.019
0.809

144 (94.7)
8 (5.3)
11.2 (3.4)

243 (95.7)
11 (4.3)
11.7 (3.6)

0.148

3.1 (1.7)

3.0 (1.5)

0.182

12.9 (6.1)

12.2 (6.2)

0.240

1.7 (2.9)

1.8 (3.3)

0.760

3.9 (1.2)

4.0 (1.1)

0.425

Open

(n = 152)

(n = 254)

2.8 (1.0)
3.7 (1.1)
11.7 (3.7)
38 (25.0)
6 (3.9)
4 (2.6)
6 (3.9)
1 (0.7)
4 (2.6)
5 (3.3)
6 (3.9)
1 (0.7)
0 (0.0)
5 (3.3)
0 (0.0)
4 (2.6)

3.7 (1.1)
4.5 (1.3)
13.7 (4.3)
66 (22.4)
11 (4.3)
5 (2.0)
5 (2.0)
0 (0.0)
17 (6.7)
2 (0.8)
12 (4.7)
6 (2.4)
3 (1.2)
3 (1.2)
2 (0.8)
5 (2.0)

P value
< 0.001
< 0.001
< 0.001
0.907
0.851
0.733
0.343
0.377
0.103
0.108
0.807
0.264
0.296
0.157
0.530
0.733

0.599-1.198, P = 0.348), or OS (HR = 1.044,
95%CI: 0.726-1.501, P = 0.817), after adjusting for
covariates, such as age, gender, number of harvested
lymph nodes, and tumor stage.

1

Values are mean ± SD; 2Values are median (range).

the start of a liquid diet (3.7 d vs 4.5 d, P < 0.001),
and the time of postoperative hospital stay (11.7 d
vs 13.7 d, P < 0.001) were significantly shorter in
the LRR group than in the ORR group. Postoperative
morbidity rate in the LRR group was similar to that in
the ORR group (25.0% vs 22.4%, P = 0.907). The
mortality rate after surgery between the two groups
was comparable (2.6% vs 2.0%, P = 0.733) (Table 3).

DISCUSSION
LRR was reported a technically demanding procedure
for the difficulties in pelvic exposure and TME with the
[12,20-22]
autonomic nerves preserved
. The application
of LRR in early rectal cancer was usually accepted
[2,13]
by laparoscopic surgeons
. Although more and
more locally advanced rectal cancer cases have
undergone LRR by experienced surgeons, there was
still skepticism on the application of LRR for locally
advanced rectal cancer for the limited data on the longterm oncologic outcomes. To date, the multi-center
randomized controlled trial (RCT) of CLASSICC has
provided the highest level of evidence on equivalent
3-year and 5-year local recurrence, DFS and OS
[3,10]
rates of LRR compared to ORR
. However, there
was no subgroup analysis of locally advanced rectal
cancer in this trial and the maturity of the technique of
laparoscopy had been questioned for a relatively high
[23-25]
conversion rate and morbidity
.
This study showed that, compared to ORR, LRR
for locally advanced rectal cancer had less estimated
blood loss, faster bowel function recovery, and, most
importantly, similar 5-year local recurrence, DFS, and
OS rates. The Cox regression indicated that surgical
approach was not the factor that significantly impacted
on 5-year local recurrence, DFS, and OS rates.
Studies demonstrated that circumferential
resection margin (CRM) status was highly associated
[26-28]
with long-term survival
. Pathological involvement
of the CRM after rectal cancer surgery is a well[29]
established prognostic indicator . Clear CRMs are of
great importance because the risk of local recurrence
increases three to four times when these margins are

Survival outcomes

There were no statistical differences in 5-year local
recurrence rate between the LRR group and the
ORR group (16.0% vs 16.4%, P = 0.753) (Figure
1A). Stage by stage, there were also no statistical
differences between the two groups (stage Ⅱ: 6.3%
vs 8.7%, P = 0.623; stage Ⅲ: 26.4% vs 23.2%, P =
0.747) (Figure 1B).
The 5-year DFS were comparable between the
LRR group and the ORR group (63.0% vs 63.1%, P =
0.589) (Figure 2A), and there were also no statistical
differences in the 5-year DFS rates between the two
groups when stratifying by tumor stage (stage Ⅱ:
77.5% vs 77.6%, P = 0.462; stage Ⅲ: 46.5% vs
50.9%, P = 0.738) (Figure 2B).
The 5-year OS rate was similar in the LRR group to
that in the ORR group (68.1% vs 63.5%, P = 0.682)
(Figure 3A). By subgroup analysis, the similar results
were respectively conducted (stage Ⅱ: 81.4% vs
74.3%, P = 0.242; stage Ⅲ: 53.9% vs 54.1%, P =
0.459) (Figure 3B).
The multivariate Cox regression analysis showed
that the laparoscopic approach was not associated
with inferior local recurrence (HR = 0.796, 95%CI:
0.463-1.367, P = 0.408), DFS (HR = 0.847, 95%CI:
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Figure 1 Cumulative local recurrence between the LRR and ORR groups. A: 5-year: 16.0% vs 16.4%, P = 0.753; B: 5-year: stage Ⅱ 6.3% vs 8.7%, P = 0.623;
stage Ⅲ 26.4% vs 23.2%, P = 0.747.
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Figure 2 Cumulative disease-free survival between the LRR and ORR groups. A: 5-year: 63.0% vs 63.1%, P = 0.589; B: 5-year: stage Ⅱ 77.5% vs 77.6%, P =
0.462; stage Ⅲ 46.5% vs 50.9%, P = 0.738.
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stage Ⅲ 53.9% vs 54.1%, P = 0.459.
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[30]

invaded by tumor cells . Changes in awareness of the
requirements for pathologic evaluation of rectal cancer
specimens began in 2007. However, the SCLASS
database collected patient clinical data prior to 2009.
Consequently, data on CRMs were not recorded in the
current SCLASS database for the sake of consistency,
which is one limitation of our study. Nevertheless, our
results showed that laparoscopic approach did not
have an adverse effect on local recurrence or DFS,
which may be considered putative proxies for CRM.
[31]
Wang et al
reported CRM involvement in patients
with rectal cancer of approximately 1.9% at a leading
single institution in China. This may indirectly reflect
the status of CRM involvement in China. Additionally,
during the last 20 years, the treatment of rectal cancer
has changed dramatically. The reinforcement of TME
by our understanding of the mesorectum and CRM has
led to fewer positive margins and consequently fewer
[32]
local recurrences .
The use of neoadjuvant therapy has only
been highly recommended by NCCN guidelines in
recent years, while the clinical data of the present
study began from January 2003. This discrepancy
contributed to the relatively low rate of patients who
received neoadjuvant therapy in the present study.
Only < 10% patients in our study had received
treatment for rectal cancer with neoadjuvant therapy
in both groups. Though a low rate of neoadjuvant
therapy and adjuvant therapy, the proportions of
them between the LRR group and ORR group were
comparable, which helped result in similar long-term
oncological outcomes between the two groups.
Although one RCT and two non-randomized studies
have demonstrated that laparoscopic approach was
an independent predictor of improved survival after
[14,33,34]
colorectal surgery
, laparoscopic approach
was not associated with differences in survival or
recurrence in our study. One of the reasons for the
difference in our findings may be that > 50% of
patients in the abovementioned studies were colon
cancer patients. Therefore, their findings may not
be applicable to rectal cancer. In our study, patient
survival following LRR for rectal cancer was similar to
survival following ORR, with acceptable complications
and earlier recovery. The present study showed less
estimated blood loss, a lower rate of blood transfusion,
and quicker postoperative recovery. These non-inferior
parameters relevant to surgical stress response and
postoperative immune function of the LRR group
may help result in non-inferior long-term oncological
[35,36]
outcomes of the LRR group in the present study
.
Together, the data suggest that it is not necessary to
prove a survival benefit of LRR over ORR to justify its
use in the treatment of rectal cancer.
The retrospective design was one main limitation of
the present study and selective biases were unavoidable
in the present study, such as the average age of the
patients and the proportion of surgical procedure of AR
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and APR, though they had not significantly different
impact on the long-term oncologic outcomes by Cox
regression mode multivariate analysis. Furthermore,
the rates of noeadjuvant and adjuvant treatment were
low and the specimen lacked CRM status. Despite these
limitations, this cohort study was specially created to
compare local recurrence, DFS and OS rates between
LRR and ORR for locally advanced rectal cancer in a
Chinese population.
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Abstract
AIM: To study the cost-effectiveness of high-resolution
microendoscopy (HRME) in an esophageal squamous
cell carcinoma (ESCC) screening program in China.
METHODS: A decision analytic Markov model of
ESCC was developed. Separate model analyses were
conducted for cohorts consisting of an averagerisk population or a high-risk population in China.
Hypothetical 50-year-old individuals were followed until
age 80 or death. We compared three different strategies
for both cohorts: (1) no screening; (2) standard
endoscopic screening with Lugol’s iodine staining; and
(3) endoscopic screening with Lugol’s iodine staining
and an HRME. Model parameters were estimated from
the literature as well as from GLOBOCAN, the Cancer
Incidence and Mortality Worldwide cancer database.
Health states in the model included non-neoplasia, mild
dysplasia, moderate dysplasia, high-grade dysplasia,
intramucosal carcinoma, operable cancer, inoperable
cancer, and death. Separate ESCC incidence transition
rates were generated for the average-risk and high-risk
populations. Costs in Chinese currency were converted
to international dollars (I$) and were adjusted to 2012
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dollars using the Consumer Price Index.

INTRODUCTION

RESULTS: The main outcome measurements for this
study were quality-adjusted life years (QALYs) and
incremental cost-effectiveness ratio (ICER). For the
average-risk population, the HRME screening strategy
produced 0.043 more QALYs than the no screening
strategy at an additional cost of I$646, resulting in an
ICER of I$11808 per QALY gained. Standard endoscopic
screening was weakly dominated. Among the high-risk
population, when the HRME screening strategy was
compared with the standard screening strategy, the
ICER was I$8173 per QALY. For both the high-risk and
average-risk screening populations, the HRME screening
strategy appeared to be the most cost-effective
strategy, producing ICERs below the willingness-topay threshold, I$23500 per QALY. One-way sensitivity
analysis showed that, for the average-risk population,
higher specificity of Lugol’s iodine (> 40%) and lower
specificity of HRME (< 70%) could make Lugol’s iodine
screening cost-effective. For the high-risk population,
the results of the model were not substantially affected
by varying the follow-up rate after Lugol’s iodine
screening, Lugol’s iodine test characteristics (sensitivity
and specificity), or HRME specificity.

Esophageal cancer is the 6 most common cause of
cancer-related mortality worldwide, with a notably
high incidence rate in certain geographic regions,
including Northern China, eastern Africa, Iran,
[1]
and central Asia . Half of the cases accounting
for the worldwide esophageal squamous cell
carcinoma (ESCC) incidence occur in China, and
the uniformly poor five-year survival rates (<
15%) are a direct result of delayed diagnosis and
the lack of standardized and effective screening
[2,3]
and surveillance protocols worldwide . The most
widely accepted method of endoscopic evaluation for
ESCC involves Lugol’s iodine mucosal staining with
targeted biopsies of abnormal (unstained) areas.
Although Lugol’s iodine staining has been shown
to significantly increase the sensitivity of standard
white-light endoscopy, specificity remains poor, as
inflammation and other benign mucosal change can
[4,5]
mimic neoplasia . Recent studies suggest that use
of confocal laser endomicroscopy, a technology which
produces 1100 × magnified images of the epithelium
at a subcellular level of resolution, can increase
the accuracy of Lugol’s iodine staining to nearly
[5]
95% with a dramatic improvement in specificity .
Unfortunately, existing confocal platforms are costly
(> $150000) and only available in a handful of
[3]
Chinese academic medical centers .
Given the limited availability and high cost of
current high-resolution imaging platforms, our group
successfully developed and preliminarily evaluated
a prototype for high-resolution microendoscopy
(HRME) that may serve as an alternative to confocal
microendoscopy in low-resource or community-based
settings. HRME offers a real-time, in vivo microscopic
diagnosis so that more accurate and selective
[6,7]
biopsy targeting can be performed . The widefield
and high-resolution images and corresponding
histopathology are shown in Figure 1. In a singlearm pilot trial, the addition of HRME to Lugol’s iodine
chromoendoscopy yielded a per biopsy sensitivity
and specificity of 90% and 88%, respectively, and
decreased the false-positive rate of Lugol’s iodine
[8]
staining from 82% to 12% .
Preliminary studies show an improved specificity,
and if an additional larger trial confirms an impro
vement in accuracy, this novel, low-cost imaging
approach could improve the efficiency, clinical impact,
and cost-effectiveness of the current standard of
screening and surveillance in ESCC, allowing for
national ESCC management programs in resourcerestricted environments worldwide.
The aim of this analysis was to study the efficacy
and cost-effectiveness of the novel HRME when
applied to an ESCC screening and surveillance
program in China.

th

CONCLUSION: The incorporation of HRME into an
ESCC screening program could be cost-effective in
China. Larger studies of HRME performance are needed
to confirm these findings.
Key words: Cost-effectiveness analysis; Diagnostic
imaging; Endoscopy; Esophageal squamous cell cancer;
Simulation disease model
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Half of the cases accounting for the worldwide
esophageal squamous cell carcinoma (ESCC) incidence
occur in China, and there may be an opportunity to
improve cancer survival with improved screening and
surveillance. Our aim was to use a decision-analytic
Markov model to study the cost-effectiveness of
incorporating high-resolution microendoscopy (HRME)
into an ESCC screening program in China. Our findings
show that incorporating HRME into a screening program
could be cost-effective, but larger studies confirming
our preliminary estimates of HRME are necessary to
confirm these results.
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AD, Xue LY, Perzan KE, Tramontano AC, Richards-Kortum
RR, Anandasabapathy S. High-resolution microendoscopy for
esophageal cancer screening in China: A cost-effectiveness
analysis. World J Gastroenterol 2015; 21(18): 5513-5523
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i18/5513.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i18.5513

WJG|www.wjgnet.com

5514

May 14, 2015|Volume 21|Issue 18|

Hur C et al . Cost-effectiveness of HRME for ESCC
Neoplasia

Benign

Lugol’s Chromoendoscopy
mHRME of unstained areas

“Optical” biopsy

Histopathologic biopsy

Figure 1 Lugol’s iodine unstained areas (high-resolution microendoscopy and optical biopsy vs tissue biopsy). Lugol’s iodine unstained (abnormal) areas are
imaged with high-resolution microendoscopy and optical biopsy and corresponding tissue biopsy of the area. Of the two unstained areas, only the sample presented
in the upper panel was neoplastic (as characterized by loss of normal architecture and crowded nuclei).

model analyses were performed for cohorts consisting
of the average-risk population or the high-risk region
population. The average-risk cohort represents
the general Chinese population at the risk of ESCC
reported by the World Health Organization (WHO),
and the high-risk cohort is at the risk informed by a
prospective cohort study of patients from a high-risk
[10-12]
population in Linxia, China
. Management options
for the population were modeled to consist of no
screening, endoscopic surveillance using Lugol’s iodine
staining, and endoscopic surveillance using Lugol’s
iodine and HRME.

MATERIALS AND METHODS
Model design

A decision analytic Markov model of ESCC was
constructed in TreeAge Pro 2012 (TreeAge, Williamstown,
MA, United States). Health states in the model
included non-neoplasia, mild, moderate, and highgrade dysplasia (HGD; severe dysplasia and carcinoma
in situ), intramucosal carcinoma (IMC), operable and
inoperable cancer, and death. Initial prevalence rates
of ESCC and precursor lesions were allocated based
[9]
on published rates . The simulation began with a
hypothetical cohort of 50-year-old individuals who
were followed until age 80 or death. Possible causes
of death included age-related mortality, surgical
mortality, squamous cell carcinoma, and endoscopic
mucosal resection (EMR) complications. The Markov
cycle length or time between state transitions was 1
mo. In each cycle, the simulated patient could stay
in the same state, progress to the next state or die
from age-related all-cause mortality. All patients were
assumed to have the correct diagnosis of neoplastic
states at the start of the model simulation. Separate

WJG|www.wjgnet.com

Natural history

The natural history of ESCC was modeled to examine
the costs and outcomes related to the management
of ESCC in the absence of surveillance, and compared
with other intervention strategies. Figure 2 represents
a sequence of monthly transitions among precancerous
health states under natural history. Costs and discounted
quality-adjusted life years (QALYs) without surveillance
or other interventions for neoplastic states were
determined. Cancer would be symptom-detected.
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Figure 2 Simplified model schematic of natural history.

Depending on the stage of cancer, the patients would
receive either esophagectomy or palliative care. Agerelated all-cause mortality was incorporated using
Chinese life tables available from the Global Health
Observatory Data Repository of the WHO (http://apps.
who.int/gho/data/?vid=60340).

EMR still had a possibility of developing neoplastic
lesions. The model included complications of EMR,
including perforation and stricture. Esophageal cancers
that would undergo surgery were modeled to be
either surgically resectable or unresectable based on
[14,15]
published rates
.

Screening and surveillance: Lugol’s iodine staining

Parameter estimates

Screening was performed using Lugol’s iodine alone
with targeted biopsy of Lugol’s iodine-voiding areas.
Endoscopic surveillance continued at 3-mo intervals
for HGD and IMC patients, at 1-year intervals for
moderate dysplasia patients, at 3-year intervals for
mild dysplasia patients, and at 5-year intervals for
patients without dysplasia. The surveillance intervals
for squamous neoplastic states were based on expert
opinions in the absence of published guidelines.
Patients diagnosed with HGD and IMC were followed
up with EMR based on published compliance rates after
[13]
the screening . Those who underwent EMR would
receive additional endoscopic treatments in order to
achieve complete eradication of neoplasia if recurrence
of malignancy was observed. Completely eradicated
patients after EMR still had a possibility of developing
neoplastic lesions. The model included complications
of EMR, including perforation and stricture. Esophageal
cancers that underwent surgery were modeled to be
either surgically resectable or unresectable based on
[14,15]
published rates
.

Model parameters or inputs were estimated from
the literature. Base-case values and ranges used in
sensitivity analyses are summarized in Table 1.

Model transition probabilities and calibration

The transition probabilities between the various health
states are critical to the model’s validity. However,
there is a wide range of estimates and uncertainty
regarding transition rates between specific states (e.g.,
from non-neoplasia to mild or from mild to moderate).
The best quality and amount of data exist for the
annual incidence rate of ESCC in China. Because
the incidence of esophageal cancer varies greatly
across China and between high-risk vs average-risk
populations, the transition probabilities between the
health states were calibrated to generate two different
overall ESCC incidence rate targets. One of the targets
[11]
is based on the study by Wang et al , a prospective
cohort study of patients from a high-risk population in
Linxia, China. The study showed 16.7% incidence of
ESCC over 13.5 years. The other target was obtained
from the Cancer Incidence in Five Continents by
[10,12]
the WHO
. This target provides age-dependent
incidence rates pooled across five regions in China,
which represent the average-risk population (Table 2).

Screening and surveillance: HRME

Screening was performed using Lugol’s iodine staining
and HRME with targeted biopsy of only areas abnormal
on HRME. Endoscopic surveillance continued at the
same intervals used for the Lugol’s iodine screening
strategy. Patients with lesions identified as HGD and
IMC based on visual interpretation of the HRME image
were simultaneously treated with EMR. Those who
underwent EMR would receive additional endoscopic
treatments in order to achieve complete eradication of
neoplasia if recurrence of malignancy was observed.
Patients with completely eradicated neoplasia after
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Costs and utilities

Costs in Chinese currency were converted to inter
national dollars (I$), a hypothetical unit of currency
that has the same purchasing power parity that the US
dollar had in the United States at a given point in time,
using Purchasing Power Parity exchange rates from
the WHO (http://www.who.int/choice/costs/ppp/en/).
Published estimates of costs from prior years were
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Table 1 Model inputs
Parameters
Costs (I$: equivalent to 2012 USD)
Cost of cancer (annual)
Cost of screening
(endoscopy + mucosal iodine staining + biopsy)
Cost of EGD
Cost of biopsy
Cost of HRME
Cost of EMR
Cost of EMR-related stricture
Cost of EMR-related perforation
Cost of esophagectomy
Cost of post surgery state (annual)
Discount rate, %
Transition probabilities
Non-neoplasia to mild dysplasia
Mild to moderate dysplasia
Moderate to severe dysplasia
Severe dysplasia to IMC
IMC to operable cancer
Screening test characteristics (per patient)
Lugol’s iodine testing
Sensitivity
Specificity
HRME testing
Sensitivity
Specificity
Efficacy of EMR
Complete long-term remission
Adherence rate (compliance of screening)
After positive biopsy
Procedure characteristics
Operative candidate, cancer
Surgical resectability rate
Surveillance
No surveillance
Complications of therapy
Post-EMR stricture rate
Post-EMR perforation rate
Post-RFA structure rate
Complication rate from EGD
Mortality from EGD complication

Base

Range

Ref.

I$3376
I$64

I$58.5-63.6

[26-29] (conversion-ratio)
[13]

I$35.8
I$28.2
I$35.8
I$1292
I$1111
I$1786
I$1768
I$136
0.03

[30]
[30]
I$1292-1620

[13]
[31] (conversion-ratio)
[31] (conversion-ratio)
[13]
[19,27,28] (conversion-ratio)

I$1485-2171

Calibrated to overall annual ESCC incidence rate by age group-CI5[10]
Overall cumulative incidence in follow-up study[11]

0.99
0.15

[8]
[8]

0.99
0.82

[8]
[8]

0.62

[32]

0.70

[13]

0.86

[33]

0.76
0.33

[33]
[14,15]

0.05
0.02
0.14
< 0.01
< 0.01

[34]
[34]
[25]
[14,35,36]
[14,35,36]

C15: Cancer Incidence in Five Continents; EGD: Esophagogastroduodenoscopy; EMR: Endoscopic mucosal resection; HRME: High-resolution
microendoscopy; IMC: Intramucosal carcinoma; RFA: Radiofrequency ablation.

states in the model were adjusted to utility scores
for the specific health states: cancer = 0.5 and post[16-19]
esophagectomy = 0.97
. Costs and utility adjustments
for chemoprevention and radiation were implemented
in the model. All costs and expected life years were
discounted at an annual rate of 3% to adjust for the
relative value of present dollars or a present year of
[20]
life .

Table 2 Esophageal squamous cell carcinoma incidence in
China by age
Age (yr)

Incidence (per 100000)

50
55
60
65
70
75
80
85

17.32
26.61
36.35
56.58
77.50
117.48
143.29
143.17

Outcomes
The primary outcome of the analysis was the incre
mental cost-effectiveness ratio (ICER) per QALY
between competing treatment strategies. ICERs are
presented as the comparison of one intervention vs
[21]
the next lowest cost alternative . These comparisons
are described with terms used for cost-effectiveness
analyses, including “strongly dominated,” an option

converted to year 2012 dollars using the Consumer
Price Index (Bureau of Labor Statistics, United States).
When costs of procedures or treatments in China were
not available, the cost estimates were based on expert
opinions in China. Quality of life measures for various

WJG|www.wjgnet.com
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compared with no screening, Lugol’s iodine screening
produced 1.12 more QALYs at a cost of I$2449,
resulting in an ICER of I$1027/QALY. When HRME
screening was compared to Lugol’s iodine screening,
the ICER was I$8173/QALY, and was therefore a
cost-effective alternative to Lugol’s iodine screening,
assuming a WTP threshold of I$23500 per QALY. For
both the high-risk and average-risk populations, the
HRME screening strategy seemed to be the costeffective strategy, producing ICERs below our WTP
threshold.

Table 3 Base case results
Strategy

Cost (I$) QALYs ICER (I$) Unadjusted LYs

Average-risk
population
No screening
Lugol’s iodine
screening
HRME screening
High-risk population
No screening
Lugol’s iodine
screening
HRME screening

50
665

Weakly
dominated
15.7184
11808

22.1245
22.1989

1297
2449

13.6188
14.7408

1027

18.8274
20.6889

2911

14.7973

8173

20.7764

696

15.6725
15.7158

22.2032

Sensitivity analysis

The results of the key sensitivity analyses for both
high-risk and average-risk screening populations are
summarized in Figure 3. The ICERs calculated in the
tables compare the HRME screening strategy to Lugol’s
iodine screening strategy.
Among the average-risk screening population,
Lugol’s iodine screening strategy became costeffective when EMR efficacy rate was lower than 35%.
Higher specificity of Lugol’s iodine (> 40%) and lower
specificity of HRME (< 70%) could also make Lugol’s
iodine screening cost-effective. However, higher EMR
efficacy rate (> 79%) and follow-up rate after the
Lugol’s iodine (> 80%) resulted in HRME dominating
the Lugol’s iodine screening strategy.
For the high-risk population, the results of the
model were not substantially affected by varying the
follow-up rate after Lugol’s iodine screening, Lugol’s
iodine test characteristics (sensitivity and specificity),
or HRME specificity. If the sensitivity of HRME is less
than 70%, the Lugol’s iodine screening strategy may
become cost-effective. Lower EMR efficacy (< 24%
complete resection of neoplasia) could also make
Lugol’s iodine screening strategy more cost-effective.
In addition, we performed one-way sensitivity
analyses on the overall ESCC incidence rate per year
in the range of 0.04% to approximately 2.00%. The
incidence rate in the high-risk region was 1.20% per
year and 16.20% over 13.5 years. In the average-risk
screening population, the weighted average incidence
rate across the age groups was 0.04% per year. HRME
was the preferred strategy at all incidence rates within
the range, assuming a WTP of I$23500/QALY. At rates
below 0.04%, no screening seemed to be appropriate.
Probabilistic sensitivity analyses (see results in
Figure 4) found that at a WTP between I$5000 and
I$50000 per QALY, HRME was the preferred strategy
for both the high and average-risk populations. When
WTP was set at < I$5000 per QALY, no screening was
preferred in the average-risk population. For the highrisk screening population, Lugol’s iodine screening was
only preferred in at a WTP < I$2350, and only for 3.2%
of trials.

HRME: High-resolution microendoscopy; ICER: Incremental costeffectiveness ratio; LYs: Life-years; QALYs: Quality-adjusted life-years.

that is both less effective and more costly than another
alternative, and “weakly dominated,” an option that is
less effective and less costly than another alternative
but has a higher ICER. A willingness-to-pay (WTP)
threshold of 3 times the per-capita gross domestic
product per QALY is recommended by the WHO; WTP
of less than I$23500/QALY was used to determine
[22,23]
cost-effectiveness
. Other outcomes assessed
included costs, QALYs, and unadjusted life-years (life
expectancy).

Statistical analysis

A base-case analysis using best estimates for all model
parameters and transition probabilities was performed.
Because of the variance in incidence of ESCC, we
chose to have two base-case analyses corresponding
to two target ESCC incidence rates which encompass a
wide range of values from the average-risk population
[11]
to the high-risk population . One-way sensitivity
analyses were performed to investigate the effects of
changes in model parameters on estimated outcomes
across a wide range of values, including performance
characteristics of screening techniques, compliance
rate to the endoscopic treatment under Lugol’s
iodine screening, and efficacy of EMR. Additionally,
probabilistic sensitivity analysis was performed.
Distributions for specific parameters or model input
variables were assigned and 1000 iterations were
performed to gain further insight into the optimal
strategy under uncertain conditions within the range of
WTP thresholds.

RESULTS
Base-case results

The base-case analyses of the high-risk and averagerisk population cohorts are presented in Table 3.
For the average-risk population analysis, the Lugol’s
iodine screening strategy was weakly dominated by
the HRME screening strategy. When HRME screening
was compared to the no screening strategy, the ICER
was I$11808/QALY. For the high-risk region analysis,

WJG|www.wjgnet.com

DISCUSSION
This study shows that an HRME platform could be
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Average-risk population

High-risk population

EMR efficacy
$84000

EMR efficacy
$40000

$74000

$35000

$54000

$30000

$44000

$25000

ICER

ICER

$64000

$34000
$24000

$15000

$14000

$10000

$4000

$5000
$0
0.12 0.20 0.29 0.37 0.46 0.54 0.62 0.71 0.79 0.88 0.96
Complete resection rate of EMR (per year)

$-6000
0.12 0.20 0.29 0.37 0.46 0.54 0.62 0.71 0.79 0.88 0.96
Complete resection rate of EMR (per year)
Compliance rate to EMR after Lugol's

Compliance rate to EMR after Lugol's

$20000

$20000

$15000

$15000
ICER

ICER

$20000

$10000

$5000

$10000

$5000

$0
0.1

0.2

0.3
0.4
0.5
Compliance rate after Lugol's

0.6

$0
0.1

0.7

HRME sensitivity
$25000

0.2

0.3
0.4
0.5
0.6
0.7
Compliance rate after Lugol's

0.8

0.9

HRME sensitivity
$103000

$20000

ICER

ICER

$53000
$15000
$10000

$-47000

$5000
$0
0.7

0.8
0.9
HRME sensitivity

$-97000
0.1

1

0.3

0.4

HRME specificity
$25000

$109000

$20000

$89000

ICER

$69000
ICER

0.2
HRME sensitivity

HRME specificity

$49000

$15000
$10000

$29000
$9000
$-11000

$3000

$5000
0.1

0.2

0.3

0.4
0.5 0.6
0.7
HRME specificity
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0.8

0.9

1

$0
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0.2

0.3

0.4
0.5 0.6
0.7
HRME specificity

0.8

0.9
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Lugol's sensitivity

Lugol's sensitivity

$20000

$20000

$15000
ICER

ICER

$15000

$10000

$10000

$5000

$5000

$0
0.1

0.2

0.3

0.4
0.5 0.6
0.7
Lugol's sensitivity

0.8

0.9

$0
0.1

1

Lugol's specificity

0.2

0.3

0.4

0.5
0.6
0.7
Lugol's sensitivity

0.8

0.9

1

0.2

0.3

0.4

0.5
0.6
0.7
Lugol's specificity

0.8

0.9

1

Lugol's specificity

$50000
$20000
$40000

ICER

ICER

$15000
$30000
$20000

$5000

$10000
$0
0.1

$10000

0.2

0.3

0.4
0.5 0.6
Lugol's specificity

0.7

0.8

0.9

$0
0.1

1

Figure 3 One-way sensitivity analyses. EMR: Endoscopic mucosal resection; HRME: High-resolution microendoscopy; ICER: Incremental cost-effectiveness ratio.
[24]

useful and cost-effective in endoscopic screening and
surveillance programs for both average-risk and highrisk populations. Performance characteristics of the
HRME platform were obtained and derived from a
study performed in China and incorporated into the
simulation model. With its higher specificity compared
to Lugol’s iodine-directed endoscopy and biopsy, the
incorporation of HRME can reduce the number of
biopsies performed during the endoscopic screening.
Also, by treating neoplastic lesions with EMR at the
time of screening, the HRME technique could prevent
the loss of diagnosed patients to EMR treatment followup as a result of patient non-compliance, an issue that
[13]
is documented in China .
In both high- and average-risk population settings,
the HRME screening strategy could be more effective
than the Lugol’s iodine screening strategy by resulting
in 0.0043 more unadjusted life years for the averagerisk population, and 0.0875 more unadjusted life
years for the high-risk population. These relatively
small differences in life years gained are typical of
what is seen in cancer screening programs, as the
effects are the net benefits from a minority of cancer
[19]
patients averaged over the entire population . When
HRME was compared to Lugol’s iodine screening, the
ICERs were considerably below the WTP threshold
of I$23500/QALY, making HRME the most plausible
strategy in terms of cost-effectiveness.
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Yang et al
published a cost-benefit analysis that
studied standard endoscopic screening strategies of
esophageal cancer in high-risk areas of China. They
found that, compared with no screening, all screening
strategies with varying screening age, frequencies,
and follow-up intervals could save more life years.
Strategies with higher screening frequencies were
more cost-beneficial than those with lower screening
frequencies. Although the present study focused on
the incorporation of HRME into a screening program,
[24]
the results are consistent with those of Yang et al .
Additionally, in an attempt to make our findings more
generalizable to the average-risk population, separate
analyses were conducted for both average- and highrisk populations in China. The analysis was based
on the WHO’s Cancer Incidence in Five Continents
esophageal cancer data in China, which is not derived
from one local region or province, and thus can be
applied to the country as a whole.
The analysis presented here have limitations. As
with any analysis that uses a disease model, limited
data of the natural history and other model inputs
lead to uncertainty in the model and raise concerns
regarding the validity of the model results and
projections. Although more complex versions of cancer
models are possible, we chose to construct a model
that was as simple as possible in order to maintain
a high level of model transparency and minimize
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A

Average-risk population

1

No screening
Lugol's

0.9

HRME

Probability cost-effective

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

B

$0

$10000

$20000
$30000
Willingness to pay

$40000

$50000

High-risk population

1

No screening
Lugol's

0.9

HRME

Probability cost-effective

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

$0

$10000

$20000
$30000
Willingness to pay

$40000

$50000

Figure 4 Probabilistic sensitivity analyses. HRME: High-resolution microendoscopy.

the “black box” phenomenon. Moreover, sensitivity
analyses were performed, as well as base-case
analyses targeting two different populations (averageand high-risk) in acknowledgement of the uncertainty
and generalizability of the findings. Although these
measures do not eliminate model uncertainty, this
approach was aimed to fully delineate these areas
within the analysis, to disclose, but perhaps more
importantly, to explore, their impact.
In addition, HRME test characteristics were
[8]
based on screening performed by experts , based
on the assumption that HRME would be performed
in a referral endoscopy setting in conjunction with
interventional endoscopic capabilities. Additional
analyses using novice HRME found that HRME
screening continued to be cost-effective in the highrisk population, although slightly above the WTP
threshold of I$23500 in the average-risk population
(ICER I$42193).
Radiofrequency ablation was not incorporated
into the model as a treatment strategy because EMR
was the preferred management strategy among the
Chinese endoscopists in our pilot study, and also, there
[25]
is limited data beyond the study by Bergmann et al
on the efficacy of radiofrequency ablation in treating
squamous cell carcinoma.

WJG|www.wjgnet.com

The modeling analysis presented here also serves to
highlight the new high-resolution screening technology
that could allow for national ESCC screening programs
in resource-restricted environments worldwide. This
technology could improve the efficiency, clinical
impact, and cost-effectiveness of the current standard
of endoscopic screening of ESCC by offering a realtime in vivo diagnosis that reduces biopsy number
and repeat procedures, while preserving accuracy. As
better data for various model inputs become available,
particularly if pivotal parameters change significantly
from the current estimates, another analysis would be
warranted.
In conclusion, the results of this analysis show that
the incorporation of HRME into an ESCC management
program could be cost-effective in China. Larger
studies of HRME performance are needed to confirm
these findings. Additionally, an HRME screening
program could also be cost-effective in other regions
or settings with high ESCC incidence.
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treatments with higher specificity.
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performance need to be validated in larger studies.

12

Terminology

A Markov model is a model that includes different health states in which
hypothetical patients can change over time. This model can be used to
perform decision and cost-effectiveness analyses. The incremental costeffectiveness ratio is the ratio of the change in costs to incremental benefits of
the intervention. The quality-adjusted life-year is a measure of the burden of
diseases, taking into consideration both quantity and quality of life.

13

Peer-review

14

This article is a well-designed, elegant, and much needed cost-benefit analysis
of an ESCC cancer screening tool.

15

REFERENCES
1

2
3

4

5

6

7

8

Ferlay JSH, Bray F, Forman D, Mathers C, Parkin DM. GLOBOCAN
2008 v1.2, Cancer Incidence and Mortality Worldwide: IARC
CancerBase No. 10 [Internet]. Lyon, France: International Agency
for Research on Cancer, 2010
Ni K. Cancer of the Esophagus and Stomach. Mayo Clinic Proceedings
2008; 83: 712-722 [DOI: 10.1016/S0025-6196(11)60900-2]
Freitag CP, Barros SG, Kruel CD, Putten AC, Dietz J, Gruber AC,
Diehl AS, Meurer L, Breyer HP, Wolff F, Vidal R, Arruda CA, Luz
LP, Fagundes RB, Prolla JC. Esophageal dysplasias are detected
by endoscopy with Lugol in patients at risk for squamous cell
carcinoma in southern Brazil. Dis Esophagus 1999; 12: 191-195
[PMID: 10631911 DOI: 10.1046/j.1442-2050.1999.00046.x]
Dawsey SM, Fleischer DE, Wang GQ, Zhou B, Kidwell JA, Lu N,
Lewin KJ, Roth MJ, Tio TL, Taylor PR. Mucosal iodine staining
improves endoscopic visualization of squamous dysplasia and
squamous cell carcinoma of the esophagus in Linxian, China.
Cancer 1998; 83: 220-231 [PMID: 9669803 DOI: 10.1002/(SICI)1
097-0142(19980715)83]
Pech O, Rabenstein T, Manner H, Petrone MC, Pohl J, Vieth
M, Stolte M, Ell C. Confocal laser endomicroscopy for in vivo
diagnosis of early squamous cell carcinoma in the esophagus. Clin
Gastroenterol Hepatol 2008; 6: 89-94 [PMID: 18063417 DOI:
10.1016/j.cgh.2007.10.013]
Collier T, Lacy A, Richards-Kortum R, Malpica A, Follen M. Near
real-time confocal microscopy of amelanotic tissue: detection of
dysplasia in ex vivo cervical tissue. Acad Radiol 2002; 9: 504-512
[PMID: 12458875 DOI: 10.1109/IEMBS.2002.1106235]
Collier T, Shen P, de Pradier B, Sung KB, Richards-Kortum R,
Follen M, Malpica A. Near real time confocal microscopy of
amelanotic tissue: dynamics of aceto-whitening enable nuclear
segmentation. Opt Express 2000; 6: 40-48 [PMID: 19401743 DOI:
10.1364/OE.6.000040]
Protano MA, Xu H, Wang GQ, Polydorides A, Dawsey SM,
Cui J, Xue L, Zhang FZ, Quang T, Pierce M, Shin D, Schwartz

WJG|www.wjgnet.com

16

17

18

19

20

21
22

23
24

5522

R, Bhutani M, Lee ML, Parikh N, Hur C, Wang X, Moshier
E, Godbold J, Mitcham J, Thomas C, Richards-Kortum R,
Anandasabapathy, S. Accuracy of a high resolution, low-cost
microendoscope for the early detection of esophageal squamous
cell neoplasia: A Prospective, International, Multicenter Trial.
Gastroenterology 2015; In press
He Z, Zhao Y, Guo C, Liu Y, Sun M, Liu F, Wang X, Guo F, Chen
K, Gao L, Ning T, Pan Y, Li Y, Zhang S, Lu C, Wang Z, Cai H,
Ke Y. Prevalence and risk factors for esophageal squamous cell
cancer and precursor lesions in Anyang, China: a population-based
endoscopic survey. Br J Cancer 2010; 103: 1085-1088 [PMID:
20700119 DOI: 10.1038/sj.bjc.6605843]
Bai SX. [Primary esophageal adenocarcinoma--report of 19 cases].
Zhonghua Zhong Liu Zazhi 1989; 11: 383-385 [PMID: 2620638]
Wang GQ, Abnet CC, Shen Q, Lewin KJ, Sun XD, Roth MJ, Qiao
YL, Mark SD, Dong ZW, Taylor PR, Dawsey SM. Histological
precursors of oesophageal squamous cell carcinoma: results from
a 13 year prospective follow up study in a high risk population.
Gut 2005; 54: 187-192 [PMID: 15647178 DOI: 10.1136/
gut.2004.046631]
Ferlay J, Bray F, Steliarova-Foucher E, Forman D. Cancer
Incidence in Five Continents, CI5plus. IARC CancerBase No. 9
[Internet]. Lyon: International Agency for Research on Cancer,
2014
Yang J, Wei WQ, Niu J, He YT, Liu ZC, Song GH, Zhao de L,
Qiao YL, Yang CX. Estimating the costs of esophageal cancer
screening, early diagnosis and treatment in three high risk areas
in China. Asian Pac J Cancer Prev 2011; 12: 1245-1250 [PMID:
21875275]
Hur C, Nishioka NS, Gazelle GS. Cost-effectiveness of aspirin
chemoprevention for Barrett’s esophagus. J Natl Cancer Inst 2004;
96: 316-325 [PMID: 14970280 DOI: 10.1093/jnci/djh039]
Hulscher JB, van Sandick JW, de Boer AG, Wijnhoven BP, Tijssen
JG, Fockens P, Stalmeier PF, ten Kate FJ, van Dekken H, Obertop
H, Tilanus HW, van Lanschot JJ. Extended transthoracic resection
compared with limited transhiatal resection for adenocarcinoma
of the esophagus. N Engl J Med 2002; 347: 1662-1669 [PMID:
12444180 DOI: 10.1056/NEJMoa022343]
de Boer AG, Stalmeier PF, Sprangers MA, de Haes JC, van
Sandick JW, Hulscher JB, van Lanschot JJ. Transhiatal vs extended
transthoracic resection in oesophageal carcinoma: patients’ utilities
and treatment preferences. Br J Cancer 2002; 86: 851-857 [PMID:
11953814 DOI: 10.1038/sj.bjc.6600203]
Fisher D, Jeffreys A, Bosworth H, Wang J, Lipscomb J, Provenzale
D. Quality of life in patients with Barrett’s esophagus undergoing
surveillance. Am J Gastroenterol 2002; 97: 2193-2200 [PMID:
12358232 DOI: 10.1111/j.1572-0241.2002.05972.x]
Gerson LB, Ullah N, Hastie T, Triadafilopoulos G, Goldstein M.
Patient-derived health state utilities for gastroesophageal reflux
disease. Am J Gastroenterol 2005; 100: 524-533 [PMID: 15743346
DOI: 10.1111/j.1572-0241.2005.40588.x]
Inadomi JM, Somsouk M, Madanick RD, Thomas JP, Shaheen NJ.
A cost-utility analysis of ablative therapy for Barrett’s esophagus.
Gastroenterology 2009; 136: 2101-2114.e1-6 [PMID: 19272389
DOI: 10.1053/j.gastro.2009.02.062]
Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB.
Recommendations of the Panel on Cost-effectiveness in Health and
Medicine. JAMA 1996; 276: 1253-1258 [PMID: 8849754 DOI:
10.1001/jama.276.15.1253]
Gold M. Panel on cost-effectiveness in health and medicine. Med
Care 1996; 34: DS197-DS199 [PMID: 8969326]
Eichler HG, Kong SX, Gerth WC, Mavros P, Jönsson B. Use
of cost-effectiveness analysis in health-care resource allocation
decision-making: how are cost-effectiveness thresholds expected
to emerge? Value Health 2004; 7: 518-528 [PMID: 15367247 DOI:
10.1111/j.1524-4733.2004.75003.x]
International Monetary Fund. World Economic and Financial
Surveys World Economic Outlook Database (April 2010 Edition).
[Internet] Washington D.C.: International Monetary Fund, 2010
Yang J, Wei WQ, Niu J, Liu ZC, Yang CX, Qiao YL. Cost-benefit

May 14, 2015|Volume 21|Issue 18|

Hur C et al . Cost-effectiveness of HRME for ESCC

25

26

27
28

29

30

31

analysis of esophageal cancer endoscopic screening in high-risk
areas of China. World J Gastroenterol 2012; 18: 2493-2501 [PMID:
22654446 DOI: 10.3748/wjg.v18.i20.2493]
Bergman JJ, Zhang YM, He S, Weusten B, Xue L, Fleischer
DE, Lu N, Dawsey SM, Wang GQ. Outcomes from a prospective
trial of endoscopic radiofrequency ablation of early squamous
cell neoplasia of the esophagus. Gastrointest Endosc 2011; 74:
1181-1190 [PMID: 21839994 DOI: 10.1016/j.gie.2011.05.024]
Gorelick AB, Inadomi JM, Barnett JL. Unsedated small-caliber
esophagogastroduodenoscopy (EGD): less expensive and less timeconsuming than conventional EGD. J Clin Gastroenterol 2001; 33:
210-214 [PMID: 11500609 DOI: 10.1097/00004836-200109000-0
0008]
Provenzale D, Kemp JA, Arora S, Wong JB. A guide for surveillance
of patients with Barrett’s esophagus. Am J Gastroenterol 1994; 89:
670-680 [PMID: 8172136]
Provenzale D, Schmitt C, Wong JB. Barrett’s esophagus: a new
look at surveillance based on emerging estimates of cancer risk.
Am J Gastroenterol 1999; 94: 2043-2053 [PMID: 10445526 DOI:
10.1111/j.1572-0241.1999.01276.x]
Soni A, Sampliner RE, Sonnenberg A. Screening for high-grade
dysplasia in gastroesophageal reflux disease: is it cost-effective?
Am J Gastroenterol 2000; 95: 2086-2093 [PMID: 10950062 DOI:
10.1111/j.1572-0241.2000.02173.x]
Miller SM, Goldstein JL, Gerson LB. Cost-effectiveness model
of endoscopic biopsy for eosinophilic esophagitis in patients with
refractory GERD. Am J Gastroenterol 2011; 106: 1439-1445
[PMID: 21448144 DOI: 10.1038/ajg.2011.94]
Gerson LB, Groeneveld PW, Triadafilopoulos G. Cost-effectiveness

32

33

34

35

36

model of endoscopic screening and surveillance in patients
with gastroesophageal reflux disease. Clin Gastroenterol
Hepatol 2004; 2: 868-879 [PMID: 15476150 DOI: 10.1016/
S1542-3565(04)00394-5]
Pech O, May A, Gossner L, Rabenstein T, Manner H, Huijsmans
J, Vieth M, Stolte M, Berres M, Ell C. Curative endoscopic therapy
in patients with early esophageal squamous-cell carcinoma or highgrade intraepithelial neoplasia. Endoscopy 2007; 39: 30-35 [PMID:
17252457 DOI: 10.1055/s-2006-945040]
Zhang DW, Cheng GY, Huang GJ, Zhang RG, Liu XY, Mao YS,
Wang YG, Chen SJ, Zhang LZ, Wang LJ. Operable squamous
esophageal cancer: current results from the East. World J Surg
1994; 18: 347-354 [PMID: 8091774 DOI: 10.1007/BF00316813]
Takahashi H, Arimura Y, Masao H, Okahara S, Tanuma T, Kodaira
J, Kagaya H, Shimizu Y, Hokari K, Tsukagoshi H, Shinomura
Y, Fujita M. Endoscopic submucosal dissection is superior to
conventional endoscopic resection as a curative treatment for
early squamous cell carcinoma of the esophagus (with video).
Gastrointest Endosc 2010; 72: 255-64, 264.e1-2 [PMID: 20541198
DOI: 10.1016/j.gie.2010.02.040]
Falk GW, Chittajallu R, Goldblum JR, Biscotti CV, Geisinger
KR, Petras RE, Birgisson S, Rice TW, Richter JE. Surveillance of
patients with Barrett’s esophagus for dysplasia and cancer with
balloon cytology. Gastroenterology 1997; 112: 1787-1797 [PMID:
9178668 DOI: 10.1053/gast.1997.v112.pm9178668]
Silvis SE, Nebel O, Rogers G, Sugawa C, Mandelstam P.
Endoscopic complications. Results of the 1974 American Society
for Gastrointestinal Endoscopy Survey. JAMA 1976; 235: 928-930
[PMID: 128642 DOI: 10.1001/jama.1976.03260350032023]
P- Reviewer: An HX, Aldrich MB S- Editor: Yu J
L- Editor: AmEditor E- Editor: Zhang DN

WJG|www.wjgnet.com

5523

May 14, 2015|Volume 21|Issue 18|

World J Gastroenterol 2015 May 14; 21(18): 5524-5531
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i18.5524

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Similar efficacy and safety of tenofovir in Asians and
non-Asians with chronic hepatitis B
Calvin Q Pan, Sing Chan, Huy Trinh, Alan Yao, Ho Bae, Lillian Lou

Abstract

Calvin Q Pan, Division of Gastroenterology, Department of
Medicine, New York University Langone Medical Center, New
York University School of Medicine, New York City, NY 11355,
United States
Sing Chan, Sing Chan Endoscopy, Flushing, New York City, NY
11355, United States
Huy Trinh, San Jose Gastroenterology, San Jose, Ca 95128,
United States
Alan Yao, AE and LY Medical Associates, Flushing, New York
City, NY 11355, United States
Ho Bae, Asian Pacific Liver Center, St. Vincent Medical Center,
Los Angeles, Ca 90057, United States
Lillian Lou, Nexus Development, Palo Alto, Ca 94301, United
States
Author contributions: All authors have contributed to the
paper, are familiar with the contents of the final draft, and agree
to be accountable for all aspects of the work; all authors meet the
specified criteria for authorship.
Supported by Gilead Sciences; editorial support was provided
by Carol Lovegrove, associated with Elements Communications
(Westerham, United Kingdom), and funded by Gilead Sciences.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Calvin Q Pan, MD, Professor, Division of
Gastroenterology, Department of Medicine, New York University
Langone Medical Center, New York University School of
Medicine, 132-21 Forty First Ave, Flushing, New York City, NY
11355, United States. cpan11355@yahoo.com
Telephone: +1-718-8887728
Received: August 7, 2014
Peer-review started: August 8, 2014
First decision: August 27, 2014
Revised: September 16, 2014
Accepted: November 18, 2014
Article in press: November 19, 2014
Published online: May 14, 2015

WJG|www.wjgnet.com

AIM: To compare the efficacy and safety of tenofovir
disoproxil fumarate (TDF) in Asian and non-Asian
chronic hepatitis B (CHB) patients.
METHODS: The efficacy and safety of the initial 48
wk of treatment with TDF was compared in a posthoc analysis of combined data from 217 Asians and
299 non-Asians included in Studies 102 and 103
and a post-approval, open-label trial (Study 123).
Patient groups were compared according to baseline
hepatitis B e antigen (HBeAg) status and viral load.
The main outcome measures included the proportion
of patients who achieved a hepatitis B virus (HBV)
DNA level < 400 copies/mL at Week 48 of treatment.
Secondary measures included: HBV DNA and alanine
aminotransaminase (ALT) levels over time; proportion
of patients with normal ALT levels; proportion of
patients with HBeAg loss/seroconversion and proportion
of patients with hepatitis B surface antigen loss/
seroconversion; changes in liver histology. Safety and
tolerability were evaluated by the occurrence of adverse
events (AEs), serious AEs, laboratory abnormalities,
discontinuation of the study drug due to AEs, or death.
The primary efficacy and safety analysis set included all
patients who were randomly assigned to treatment and
received at least one dose of study drug.
RESULTS: At week 48, similar proportions of Asians
and non-Asians reached HBV DNA < 400 copies/mL
(96% of Asian and 97% of non-Asian patients with
HBeAg-negative CHB and 83% of Asian and 79% of
non-Asian patients with HBeAg-positive CHB had HBV
DNA) and normal ALT (78% of Asian and 81% of nonAsian patients with HBeAg-negative CHB and 71%
of Asian and 74% of non-Asian patients with HBeAgpositive CHB had normal ALT). On-treatment HBV DNA
decline rates were similar between Asians and nonAsians regardless of baseline HBeAg status and viral
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load. HBV DNA decline during the first four weeks was
2.9 log10 copies/mL in HBeAg-negative Asians and nonAsians, and in HBeAg-positive non-Asians, and 3.1
log10 copies/mL in HBeAg-positive Asians. HBeAg loss
and seroconversion was achieved in 14% of Asians
vs 26% and 24%, respectively, in non-Asians. Liver
histology improved in 77.2% of Asians and 71.5% of
non-Asians. No resistance to TDF developed. No renal
safety signals were observed.

associated with regression of fibrosis and cirrhosis, and
[6,9,10]
no drug resistance development
. Data from these
trials describe a mixed patient population consisting
predominantly of Caucasian and a limited number of
Asian patients. CHB is diverse among different racial
and ethnic groups in terms of mode of transmission
and hepatitis B virus (HBV) genotype, which may
result in differences in natural history and disease
[4,11]
progression, and also response to therapy
. Since
a substantial portion of the worldwide HBV-infected
population is Asian and the TDF trials involve mostly
non-Asian patients, comparing data between Asian
and non-Asian patients is important and can provide a
better understanding of treatment outcome for Asian
patients.
The aim of the current analysis was to compare the
efficacy and safety of TDF in Asian patients vs non-Asian
patients with CHB during the first 48 wk of treatment.
To allow for analysis of a large dataset, data from three
previously published trials that had relatively similar
eligibility criteria and baseline patient characteristics
were combined; two pivotal trials (Studies 102 and
[5]
103) and a post-approval community-based trial
[12]
(Study 123) . The enlarged dataset of more than
500 patients allowed comparison between Asian vs
non-Asian, HBeAg-negative vs HBeAg-positive, and
subgroups with varying baseline viral load. This report
is the first comparative analysis of large subgroups of
CHB patients receiving TDF treatment.

CONCLUSION: TDF demonstrated similar viral
suppression, normalization of ALT, improvements in
liver fibrosis, and no detectable resistance in Asian
and non-Asian patients regardless of baseline HBeAg
status.
Key words: Chronic hepatitis B; Tenofovir; Asian patients;
Fibrosis; High viral load
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although a substantial proportion of the
worldwide hepatitis B virus-infected population is Asian,
this is often not reflected in clinical trial populations.
Comparison of data from Asian and non-Asian patients
is important to provide a better understanding of
treatment outcome in Asian populations. Our analysis is
the first and largest to compare early (48 wk) response
to tenofovir disoproxil fumarate (TDF) in Asian and
non-Asian patients during large-scale clinical studies.
Overall, TDF demonstrated similar viral suppression,
normalization of alanine aminotransaminase and
improvements in liver fibrosis, with no resistance, in all
cohorts, irrespective of baseline hepatitis B e antigen
status and viral load.

MATERIALS AND METHODS
Study design

This was a post-hoc analysis of combined data
from patients included in three clinical trials of TDF
in patients with CHB (Studies 102, 103 and 123).
Each trial has been analyzed independently and full
[5,12]
details published elsewhere
. Briefly, Studies 102
(ClinicalTrials.gov identifier: NCT00117676) and 103
(ClinicalTrials.gov identifier: NCT00116805) were
double-blind, randomized, active-controlled Phase
3 studies. These two studies each consisted of a
double-blind phase in which HBeAg-negative (Study
102) and HBeAg-positive (Study 103) patients were
randomized (2:1) to receive either TDF 300 mg or
adefovir dipivoxil 10 mg orally once daily for 48 wk,
followed by an open-label extension phase with TDF
for up to 7 more years. For the present analysis, only
the patients initially randomized to the TDF arms
during the 48-wk double-blind phase were included.
Study 123 (ClinicalTrials.gov identifier: NCT00736190)
was a Phase 4, open-label, single-arm study in CHB
patients (HBeAg-negative and HBeAg-positive) with
self-reported Asian ancestry residing in the United
States (Asian-Americans) treated with TDF for 48 wk
at community-based sites. The treatment duration of
Study 123 limits the present analysis to the first 48 wk
of TDF treatment.

Pan CQ, Chan S, Trinh H, Yao A, Bae H, Lou L. Similar efficacy
and safety of tenofovir in Asians and non-Asians with chronic
hepatitis B. World J Gastroenterol 2015; 21(18): 5524-5531
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i18/5524.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i18.5524

INTRODUCTION
Tenofovir disoproxil fumarate (TDF) is a potent
nucleotide analog indicated for the treatment of chronic
hepatitis B (CHB) in adults and adolescents 12 years
[1]
of age and older . TDF is recommended in treatment
guidelines as a first-line therapy in patients with CHB
including patients with resistance to lamivudine,
[2-4]
telbivudine, adefovir or entecavir
. Randomized
controlled trials have demonstrated the efficacy and
safety of TDF in treatment-naïve and -experienced
patients with hepatitis B e antigen (HBeAg)-positive
[5-9]
and HBeAg-negative CHB . Long-term studies have
shown that sustained viral suppression with TDF is

WJG|www.wjgnet.com
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The study population consisted of patients from
Study 102 and 103 who received TDF during the
double-blind phase combined with the patients from
Study 123. Key eligibility criteria were similar between
4
the three trials except for HBV DNA levels (> 10
5
copies/mL in Study 123, > 10 copies/mL in Study
6
102 and > 10 copies/mL in Study 103), and alanine
aminotransferase (ALT) levels [> upper limit of normal
(ULN) in Study 102 and Study 123, and > 2 × ULN in
Study 103, where ULN = 34 U/L for females and 43
U/L for males].

50 mL/min.

Resistance surveillance

The methodology for resistance surveillance has
[5,12,15]
been described in more detail elsewhere
.
Briefly, genotypic testing [sequencing of the reverse
transcriptase domain of the HBV polymerase gene (HBV
pol/RT)] was performed for all patients at baseline,
at week 48 if HBV DNA ≥ 400 copies/mL, and at
discontinuation of TDF monotherapy. Phenotypic
testing (in vitro assay) was performed for all patients
post-baseline with amino acid substitution at conserved
regions, changes at non-conserved (polymorphic)
regions when the same change occurs in more than
one patient, or at virologic breakthrough (confirmed
> 1 log increase from nadir and/or ≥ 400 copies/mL
after having < 400 copies/mL HBV DNA).

Study outcomes

The main outcome measures included the proportion
of patients who achieved an HBV DNA level < 400
copies/mL [Roche COBAS TaqMan; Roche Molecular
Diagnostics, Pleasanton, CA, United States; lower
limit of quantification (LLoQ): 2.2 log10 or 169 copies/
mL] at week 48 of treatment. Secondary measures
included: HBV DNA and ALT levels over time;
proportion of patients with normal ALT levels (ULN:
34 U/L female, 43 U/L male); proportion of patients
with HBeAg loss/seroconversion and proportion of
patients with hepatitis B surface antigen (HBsAg)
loss/seroconversion. Change in fibrosis at week 48
compared with baseline was also assessed; however
results were not combined for all three studies because
different methods to assess fibrosis were used. In
Studies 102 and 103, fibrosis was assessed by liver
biopsy in patients with paired baseline and week 48
data. Histology improvement was defined as at least a
two-point reduction in the Knodell necroinflammatory
score and no worsening in the Knodell fibrosis score.
®
In Study 123, FibroTest was used as a non-invasive
marker of fibrosis. Patients were evaluated at baseline
®
and at week 48. FibroTest has been evaluated in a
variety of liver diseases, including CHB, and has been
[13,14]
validated in an Asian population
.

Statistical analysis

The primary efficacy and safety analysis set included all
patients who were randomly assigned to treatment and
received at least one dose of study drug. All categorical
endpoints, including the primary efficacy endpoint,
were summarized by number and percentage of
patients meeting the endpoint. All continuous endpoints
were summarized using descriptive statistics. For the
primary efficacy analysis, missing data were considered
failures of virologic response. Subgroup analyses of the
primary efficacy endpoint included analyses by baseline
HBeAg status and viral load. Demographic and baseline
characteristics were compared with the use of a twosided Mantel-Haenszel test for categorical data and
a Wilcoxon rank-sum test for continuous data, with a
significance level of 0.05.

RESULTS
In total, 219 Asian and 299 non-Asian patients were
included in the current analysis: 127 Asian and 299
non-Asian patients from Studies 102 and 103 (TDF
arms during the double-blind phase only) and 90 Asian
patients from Study 123. Baseline characteristics are
shown in Table 1.
Asian patients had considerably lower mean body
mass index (BMI) and lower mean baseline viral load
compared with non-Asian patients in both HBeAgnegative and HBeAg-positive subgroups. Distribution
of genotypes correlated with race. Overall, more than
90% of Asian patients with available data (n = 211)
in this analysis had genotype B (41.2%) or C (53.6%)
HBV, while more than 90% of non-Asian patients (n
= 294) had genotype A (21.4%) or D (68.7%). Other
genotypes were: Asians, genotype A 3.3%, genotype
D 1.9%; non-Asians genotype B 1.0%, genotype C
2.7%, genotype E 3.0%, genotype F 2.3%.

Safety and tolerability

Safety and tolerability were evaluated by the occurrence
of adverse events (AEs), serious AEs (SAEs), laboratory
abnormalities, discontinuation of the study drug due to
AEs, or death. Hepatic flares were defined as elevation
of ALT > 2 × baseline and 10 × ULN, or ALT elevation
of one grade, or a measurement of twice a previous
value, that was associated with abnormal laboratory
parameters suggestive of worsening of hepatic function
[a total bilirubin level ≥ 2 mg per deciliter (34 μmol/L)
above the baseline value, a prothrombin time ≥ 2
s higher than the baseline value or an international
normalized ratio ≥ 0.5 over baseline, or a serum
albumin level ≥ 1 g per deciliter below the baseline
value]. Specific markers of renal abnormalities included
confirmed (defined as two consecutive visits) increase
in serum creatinine (SCr) of at least 0.5 mg/dL above
baseline value, serum phosphate values decrease to <
2 mg/dL, and creatinine clearance (CrCl) decrease to <
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Asians, HBeAg-negative (n = 102)

Table 1 Patient characteristics at baseline n (%)

Non-Asians, HBeAg-negative (n = 186)
Asians, HBeAg-positive (n = 115)

HBeAg-negative

Non-Asians, HBeAg-positive (n = 113)
Patients with HBV DNA < 400
copies/mL (%)

100
80
60
40
20
0

0

8

16

24

32

40

48
1

Normal ALT ≤ 34 U/L for females; ≤ 43 U/L for males. aP ≤ 0.05, bP ≤
0.01, vs non-Asian patients. ALT: Alanine aminotransferase; BMI: Body
mass index; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; Q1:
Quartile 1; Q3: Quartile 3.

Duration of treatment (wk)

Figure 1 Proportion of Asian and non-Asian patients with hepatitis B
virus DNA < 400 copies/mL over treatment duration according to hepatitis
B e antigen status.

participants. Median ALT levels declined similarly in
Asian and non-Asian patients. At week 48, 78% of
Asian and 81% of non-Asian patients with HBeAgnegative CHB and 71% of Asian and 74% of non-Asian
patients with HBeAg-positive CHB had normal ALT.

patients with HBeAg-negative CHB and 83% of
Asian and 79% of non-Asian patients with HBeAgpositive CHB had HBV DNA < 400 copies/mL (Figure
1). Decline in HBV DNA following TDF treatment
initiation was compared between Asian and non-Asian
patients, according to baseline viral load and HBeAg
status. HBeAg-negative Asian (n = 102) and nonAsian (n = 186) patients, and HBeAg-positive Asian
(n = 115) and non-Asian patients (n = 113) were
separately grouped according to their baseline viral
load levels by 1-log10 (10-fold) intervals. Of particular
note, approximately 20% of HBeAg-negative patients
8
have baseline HBV DNA higher than 10 copies/mL
compared with approximately 80% of HBeAg-positive
patients. A similar pattern of decline in HBV DNA was
seen in Asian and non-Asian patients, irrespective of
baseline HBV DNA levels or HBeAg status (Figure 2).
Declines in HBV DNA levels from baseline was rapid
and profound, similar between Asian and non-Asian
patients, at 2.9 to 3.1 log10 copies/mL (794 to 1259
fold) at week 4 and 3.4 to 4.0 log10 copies/mL (2512
to 10000 fold) at week 8 (Table 2).

Change in liver histology

As different methods were used to assess fibrosis in
Studies 102 and 103 compared with Study 123, data
could not be combined and are presented separately.
In Studies 102 and 103, the majority of both Asian
and non-Asian patients with available data showed a
histologic response (Table 3). Most had improvement
in necroinflammation without worsening in fibrosis
(Knodell scoring). In the community-based Study
123, 30% of Asian-American HBeAg-negative patients
®
were in FibroTest stage 0 (F0) at baseline, compared
with 29% at week 48; the proportion of patients in F4
decreased from 5% at baseline to 0% at week 48. In
HBeAg-positive patients, 60% were in F0 at baseline
compared with 67% at week 48; the proportion of
patients in F4 decreased from 4% at baseline to 2% at
week 48.

Safety profile

Serologic response

The incidence of SAEs was lower in Asian (HBeAgnegative 2.0%; HBeAg-positive 3.5%) compared with
non-Asian (HBeAg-negative 4.8%; HBeAg-positive
10.6%) patients, and this was statistically significant in
the HBeAg-positive patient group (P = 0.04 Asians vs
non-Asians). The incidence of Grade 3 or 4 laboratory
abnormalities were similar between Asians (HBeAgnegative 10.8%; HBeAg-positive 21.7%) and nonAsians (HBeAg-negative 10.8%; HBeAg-positive
31.0%). No renal safety signals were observed in
either Asians or non-Asians treated with TDF over the
48-wk analysis period despite a considerably lower
BMI in Asian compared with non-Asian patients.
Median SCr and CrCl remained within normal ranges

In all, 14% of HBeAg-positive Asian patients achieved
HBeAg loss and 14% achieved HBeAg seroconversion.
In the non-Asian group, 26% and 24% of patients
achieved HBeAg loss and seroconversion, respectively.
No Asian patient lost HBsAg during the course of
the study. In the non-Asian group, HBsAg loss and
seroconversion were seen in 4% and 2% of patients
who were HBeAg-positive at baseline and subsequently
had HBeAg loss during treatment, respectively, and in
0% of HBeAg-negative patients.

Biochemical response

Baseline ALT levels varied widely among study
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HBeAg-positive

Asian
Non-Asian
Asian
Non-Asian
n = 102 n = 186 n = 115 n = 113
Male
71 (70)
144 (77)
60 (52)b
84 (73)
Age (yr, mean ± SD)
44 ± 9.4
44 ± 10.9
34 ± 9.7
33 ± 11.9
BMI (kg/m2, mean 24.1 ± 3.1b
26.4 ± 4.5
23.0 ± 3.5b 25.1 ± 5.5
± SD)
HBV DNA (log10
6.5 ± 1.4a
6.9 ± 1.3
8.4 ± 1.1b
8.9 ± 1.0
copies/mL, mean ±
SD)
Median ALT, U/L 73 (45, 115) 103 (67, 140) 90 (56, 144) 118 (88, 196)
(Q1, Q3)
Normal ALT1
17 (17)b
12 (6.5)
10 (9)
5 (4)
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A

Asian patients

Non-Asian patients
10

10

Baseline HBV DNA

6

< 10 copies/mL (n = 41)

8

6

7

7

8

10 -< 10 copies/mL (n = 22)
10 -< 10 copies/mL (n = 23)

6

8

≥ 10 copies/mL (n = 16)

4

2

0

0

8

16

24

32

40

Mean HBV DNA (log10 copies/mL)

Mean HBV DNA (log10 copies/mL)

Baseline HBV DNA

6

< 10 copies/mL (n = 50)

8

6
7

6

8

≥ 10 copies/mL (n = 38)

4
LLoQ

2

0

48

0

8

16

24

Asian patients

40

48

Non-Asian patients
10

Baseline HBV DNA

Baseline HBV DNA

8

< 10 copies/mL (n = 28)

8

8

9

10 -< 10 copies/mL (n = 49)
9

≥ 10 copies/mL (n = 38)

6

4

2

0

8

16

24

32

40

Mean HBV DNA (log10 copies/mL)

Mean HBV DNA (log10 copies/mL)

32

Duration of treatment (wk)

10

0

8

10 -< 10 copies/mL (n = 51)

Duration of treatment (wk)

B

7

10 -< 10 copies/mL (n = 47)

48

8

< 10 copies/mL (n = 18)

8

8

9

10 -< 10 copies/mL (n = 35)
9

≥ 10 copies/mL (n = 60)

6

4
LLoQ

2

0

0

8

16

24

32

40

48

Duration of treatment (wk)

Duration of treatment (wk)

Figure 2 Observed decline in hepatitis B virus DNA levels from baseline to week 48 in hepatitis B e antigen-negative patients (A) and hepatitis B e antigenpositive patients (B). LLoQ: Lower limit of quantification; Hbv: hepatitis B virus.

2%) in both Asians and non-Asians.

Table 2 Mean ± SD change in hepatitis B virus DNA levels
from baseline (log10 copies/mL)
Weeks from
baseline
Week 4
Week 8

HBeAg-negative
Asians
Non-Asian
n = 102
n = 186
-2.9 ± 0.82
-2.9 ± 0.80
-3.4 ± 1.04
-3.5 ± 0.85

Resistance surveillance

No resistance to TDF developed in either Asian or nonAsian patients over 48 wk of treatment. In all, 24 (11%)
Asian and 29 (10%) non-Asian patients were included
in resistance analysis at week 48 due to viremia. Of
these, 15 Asian and 23 non-Asians had HBV DNA
> 400 copies/mL at week 48 without evidence of
virologic breakthrough (defined as confirmed HBV
DNA increase of > 1 log10 from nadir and/or to > 400
copies/mL after having < 400 copies/mL), six in each
group had HBV DNA > 400 copies/mL at week 48
with evidence of virologic breakthrough, and three
Asian patients had HBV DNA > 400 copies/mL at early
discontinuation. Two Asian and two non-Asian patients
were found to have conserved site changes. Clinical
isolates from patients with conserved site changes or

HBeAg-positive
Asians
Non-Asian
n = 115
n = 113
-3.1 ± 0.76
-2.9 ± 0.77
-4.0 ± 1.07
-3.8 ± 0.88

HBeAg: Hepatitis B e antigen.

throughout the study. No patient had a confirmed
increase of SCr by ≥ 0.5 mg/dL, or a confirmed CrCl
to < 50 mL/min. Five patients (one Asian and four
non-Asian HBeAg-negative) had confirmed phosphate
levels < 2 mg/dL. All cases were transient and none
required phosphate supplementation. No case was
considered clinically significant by investigators. The
rate of treatment discontinuation due to AEs was low (<
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positive patients, regardless of racial group. Rapid
virologic suppression was seen in all patient groups
in the current study when stratified by baseline
viral load, with a similar rate of HBV DNA decline
upon commencement of TDF treatment. Given that
baseline viral load was higher overall in HBeAg-positive
patients and the rate of HBV DNA decline was similar
regardless of baseline HBV DNA or HBeAg status, it is
to be expected fewer HBeAg-positive patients would
achieve the pre-determined endpoint of HBV DNA <
400 copies/mL after 48 wk of treatment. In general,
patients with higher baseline viral load would be
expected to take longer to reach a targeted lower level
of HBV DNA. This is in keeping with a recent report that
evaluated the antiviral response after 240 wk of TDF
treatment in patients included in the pivotal TDF Phase
3 studies who had high baseline viral load (HBV DNA ≥
[16]
9 log10 copies/mL) . The majority of patients (91.5%)
in this high viral load group were HBeAg-positive and
took longer to achieve HBV DNA < 400 copies/mL than
those with baseline HBV DNA < 9 log10 copies/mL.
Encouragingly, by week 96, the percentages of patients
with HBV DNA < 400 copies/mL were similar in both
[16]
groups . These results emphasize that while antiviral
efficacy in clinical trials is often reported as percentage
of patients achieving undetectable HBV DNA at a prespecified time point, this outcome measure may not be
the most informative for everyday practices. Given that
our study showed similar kinetics of decline irrespective
of viral load and HBeAg status, our findings suggest
that longer term treatment for patients with high viral
load at baseline would eventually result in undetectable
HBV DNA.
Asian patients in the current analysis showed a
lower rate of HBeAg loss/seroconversion over 48 wk
than did non-Asian patients. However, HBeAg serology
response has been shown to increase with continuous
TDF treatment; after five years, the rate of HBeAg
loss/seroconversion was 47%/40% in Asian patients,
[17]
similar to 50%/41% in non-Asian patients .
Over the 48-wk treatment period, 4% of non-Asian
patients who were HBeAg-positive at baseline and who
had HBeAg loss during treatment also achieved HBsAg
loss and 2% HBsAg seroconversion. Although no Asian
patient showed an HBsAg response during the study
period, a three-year follow up of Asian patients from
[18]
Study 123 showed that one patient lost HBsAg (1%) .
One limitation of the present study is the lack of
liver histology data in the community-based Study 123.
However, this is a reflection of current clinical practice,
where fewer patients undergoing a liver biopsy.
In the pivotal trials, Study 102 and 103, histologic
improvement was shown in a majority of patients after
48 wk of TDF treatment. This improvement was further
demonstrated by evidence of regression of fibrosis
and cirrhosis in a majority of patients after 240 wk of
[6]
therapy .
In summary, TDF provides potent suppression of

Table 3 Change in liver histology n (%)

Histology improvement1
Knodell necroinflammatory score
Improvement
No change
Worsening
Missing
Knodell fibrosis score
Improvement
No change
Worsening
Missing

Asian

Non-Asian

95 (77.2)

213 (71.5)

99 (80.5)
9 (7.3)
2 (1.6)
13 (10.6)

227 (76.2)
38 (12.8)
11 (3.7)
22 (7.4)

3 (2.4)
89 (72.4)
18 (14.6)
13 (10.6)

15 (5.0)
227 (76.2)
33 (11.1)
23 (7.7)

1

Defined as at least a two-point reduction in the Knodell necroinflammatory
score and no worsening in the Knodell fibrosis score.

virologic breakthrough did not have reduced in vitro
sensitivity to TDF.

DISCUSSION
This combined analysis included a large dataset of
CHB patients treated with TDF for 48 wk, allowing a
subgroup comparison between 217 Asian patients
(102 HBeAg-negative and 115 HBeAg-positive) and
299 non-Asian (186 HBeAg-negative and 113 HBeAgpositive) patients. Treatment with TDF resulted in rapid
virologic suppression, irrespective of baseline HBV DNA
levels or HBeAg status, and a similarly high proportion
of both Asian and non-Asian patients achieved
normal ALT. No patient, including those with virologic
breakthrough, developed amino acid substitutions
associated with resistance to TDF. Although Asian
patients had considerably lower BMI when compared
with non-Asians in this study, there were no clinically
meaningful differences in safety findings between the
two groups, including no decline in renal function. The
only difference in treatment outcome noted was a
lower serologic response in Asian patients compared
with non-Asians at week 48.
This combined analysis was limited to the first
year of TDF treatment because the duration of Study
123 was 48 wk. However, data during the first year
timeframe provide practical and useful information to
clinicians and their CHB patients who are just starting
TDF treatment.
Traditionally, post-hoc analysis of datasets combined
across studies may be viewed as being less rigorous.
However, the current analysis allowed the construction
of a large sample size of patients who are underrepresented in clinical trials sufficient to permit subgroup
analysis and stratification. Comparing various outcome
measures between subgroups confirmed and added
insights to previous results from smaller datasets.
[5,12]
In keeping with previous reports
, this combined
analysis showed a higher proportion of HBeAgnegative patients achieved HBV DNA < 400 copies/mL
after 48 wk of TDF treatment compared with HBeAg-
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HBV DNA, with normalization of ALT, improvements in
liver fibrosis and no detectable resistance development
in Asian patients with either HBeAg-positive or HBeAgnegative CHB over the first 48 wk of treatment.
Efficacy is similar to that for non-Asian patients.
Treatment was well tolerated, and with a tolerability
and efficacy profile consistent with that in other CHB
patient populations.

5

6
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Abstract
AIM: To examine familial aggregation of irritable
bowel syndrome (IBS) via parental reinforcement/
modeling of symptoms, coping, psychological distress,
and exposure to stress.
METHODS: Mothers of children between the ages of
8 and 15 years with and without IBS were identified
through the Group Health Cooperative of Puget Sound.
Mothers completed questionnaires, including the Child
Behavior Checklist (child psychological distress), the
Family Inventory of Life Events (family exposure to
stress), SCL-90R (mother psychological distress), and
the Pain Response Inventory (beliefs about pain).
Children were interviewed separately from their parents
and completed the Pain Beliefs Questionnaire (beliefs
about pain), Pain Response Inventory (coping) and Child
Symptom Checklist [gastrointestinal (GI) symptoms]. In
addition, health care utilization data was obtained from
the automated database of Group Health Cooperative.
Mothers with IBS (n = 207) and their 296 children were
compared to 240 control mothers and their 335 children,
while controlling for age and education.
RESULTS: Hypothesis 1: reinforcement of expression
of GI problems is only related to GI symptoms, but
not others (cold symptoms) in children. There was no
significant correlation between parental reinforcement
of symptoms and child expression of GI or other
symptoms. Hypothesis 2: modeling of GI symptoms
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is related to GI but not non-GI symptom reporting
in children. Children of parents with IBS reported
more non-GI (8.97 vs 6.70, P < 0.01) as well as more
GI (3.24 vs 2.27, P < 0.01) symptoms. Total health
care visits made by the mother correlated with visits
made by the child (rho = 0.35, P < 0.001 for cases,
rho = 0.26, P < 0.001 for controls). Hypothesis 3:
children learn to share the methods of coping with
illness that their mothers exhibit. Methods used by
children to cope with stomachaches differed from
methods used by their mothers. Only 2/16 scales
showed weak but significant correlations (stoicism
rho = 0.13, P < 0.05; acceptance rho = 0.13, P <
0.05). Hypothesis 4: mothers and children share
psychological traits such as anxiety, depression, and
somatization. Child psychological distress correlated
with mother’s psychological distress (rho = 0.41, P <
0.001 for cases, rho= 0.38, P < 0.001 for controls).
Hypothesis 5: stress that affects the whole family
might explain the similarities between mothers and
their children. Family exposure to stress was not a
significant predictor of children’s symptom reports.
Hypothesis 6: the intergenerational transmission of GI
illness behavior may be due to multiple mechanisms.
Regression analysis identified multiple independent
predictors of the child’s GI complaints, which were
similar to the predictors of the child’s non-GI symptoms
(mother’s IBS status, child psychological symptoms,
child catastrophizing, and child age).

i18.5532

INTRODUCTION
Irritable bowel syndrome (IBS) tends to cluster in
[1-5]
families . The children of mothers with IBS are more
likely than the children in control families to report
bothersome gastrointestinal (GI) symptoms, to miss
school for GI symptoms, and to be brought to the
[1,2]
doctor for GI symptoms
We have referred to this
phenomenon as the intergenerational transmission of
GI illness behavior.
In a series of studies extending over more than
[1-3,6-11]
[12-15]
30 years, we
and others
have attempted
to identify psychosocial factors that could explain how
GI illness behavior is passed from one generation
to another. In previous studies, we found that this
phenomenon could be explained by social learning in
the form of reinforcement and modeling of GI illness
[1,2,6-8]
behavior by parents
. In the current study, we
want to extend our previous reports by examining
various psychosocial influences on intergenerational
transmission. These include five categories. (1)
Reinforcement of illness behaviors: multiple studies
have shown that parental protective behaviors
can increase pain and disability in children with GI
[16-20]
symptoms
. This suggests that selective attention to
expression of GI problems or limiting the child’s normal
activities and responsibilities may unintentionally
reinforce illness behaviors; (2) Modeling of illness
behaviors: the observation that children of mothers
who have IBS report more GI symptoms than the
children of control mothers suggests that social learning
through modeling processes may also contribute
to the intergenerational transmission of GI illness
[2]
behavior ; (3) Shared methods of coping with illness:
children may learn to interpret somatic symptoms in
the same way as their parents (i.e., as threatening
or non-threatening) and to cope with abdominal
pain in a similar way; (4) Shared psychological
phenomena: Psychological distress is known to be
associated with somatic symptoms. Mothers and their
children may have similar psychological traits that
predispose them to report somatic symptoms; and
(5) Psychological stress: studies in adults and children
have shown that exposure to stress is associated with
an increased tendency to report GI and other somatic
[21-27]
symptoms
; thus, stress affecting the whole family
could explain similarities in symptom reports between
mothers and children.
[1]
A previous report of this study has been published ,
which supported the social learning hypothesis
(category 2 from above) by showing that when parents
respond solicitously to their children’s GI complaints,
their children are more likely to describe themselves as
having serious GI symptoms, and they are more likely
to miss school because of reported GI symptoms.

CONCLUSION: Multiple factors influence the reporting
of children’s gastrointestinal and non-gastrointestinal
symptoms. The clustering of illness within families is
best understood using a model that incorporates all
these factors.
Key words: Abdominal pain; Coping; Illness behaviors;
Psychological distress; Social learning; Stress
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Irritable bowel syndrome tends to run in
families. In previous studies, we found that this pheno
menon could be explained by reinforcement and
modeling of gastrointestinal illness behavior by parents.
The current study extend these findings by examining
various psychosocial influences on intergenerational
transmission. We found that multiple psychosocial
similarities between the mother and child may explain
familial aggregation, including the mother’s modeling of
irritable bowel syndrome symptoms, shared psychological
distress, and shared family stress.
van Tilburg MAL, Levy RL, Walker LS, Von Korff M, Feld LD,
Garner M, Feld AD, Whitehead WE. Psychosocial mechanisms
for the transmission of somatic symptoms from parents to
children. World J Gastroenterol 2015; 21(18): 5532-5541
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The aim of the analyses presented in this report is
to look more broadly at several psychosocial influences
on symptom reporting by examining several variables
together. First, we will determine if transmission
of mother to child is specific to GI symptoms or
generalizes to other symptoms as well. Our first
hypothesis is that reinforcement of expression of GI
problems is related only to GI symptom reporting,
and not to reporting of other symptoms in children.
Secondly, we hypothesize that modeling of GI
symptoms is related to GI but not non-GI symptom
reporting in children. For this we will examine if
IBS mothers have children who not only report
increased GI symptoms, but also report increased cold
symptoms compared to controls. The focus on cold
[6]
symptoms is in line with previous research in adults ,
which found that IBS patients recalled their parents
responding with empathy and concern to both GI
and cold symptoms. Research in children has focused
exclusively on GI symptoms so far. Our next three
hypotheses examine similarities between mother and
child that may explain shared GI symptoms. The third
hypothesis is that children learn to share the methods
of coping with illness that their mothers exhibit. Our
fourth hypothesis states that mothers and children
share psychological traits, such as anxiety, depression,
and somatization, and our fifth hypothesis examines if
family stress might explain the GI similarities between
mothers and their children. Lastly, we will examine
if the intergenerational transmission of GI illness
behavior may be due to multiple mechanisms.

well as two or more of altered stool frequency, form,
or passage, passing mucus, and/or bloating on one[29]
fourth of occasions or days .
Control families were selected from the electronic
medical records by identifying women who did not
have a clinic visit during the preceding two years for
IBS, abdominal pain, constipation, or diarrhea, and
who had children within the 8-15 years-old age range.
Controls were also screened by telephone interview
to insure that neither the mother nor any adult family
member met Rome Ⅰ criteria for IBS.
Additional inclusion criteria that applied to both
cases and controls were ascertained in the telephone
interview: (1) mother was the child’s legal guardian
and the child lived with her at least half of the time
during the preceding two years; (2) the child did not
have a developmental disability requiring full-time
special education; and (3) no family member had a
diagnosis of ulcerative colitis or Crohn’s disease. At
the conclusion of the telephone interview, subjects
were scheduled for an in-person interview. All eligible
children willing to participate were enrolled in the
study, allowing inclusion of multiple children per family.
This study was reviewed and approved by the
Institutional Review Boards of Group Health Cooperative,
the University of Washington, and the University of
North Carolina.

Procedure and measures

Children and their mothers completed a battery of
[1]
tests . Children were interviewed separately from
their parents by a trained interviewer.

MATERIALS AND METHODS

Child measures: Pain Beliefs Questionnaire (CPBQ),
this questionnaire measures children’s beliefs about
[30]
their own abdominal pain . This measure contains
32 statements concerning stomachaches. A trained
interviewer asked the child to respond to each
statement by rating how true it was for their stomach
aches. There were five possible answers ranging from
“not at all true” to “very true”. Out of seven different
subscales, we included only the subscales for condition
seriousness and condition frequency. The CPBQ has
[31]
been found to be valid and reliable . A sample
question is: “My stomachaches mean I have a serious
illness”.
Pain Response Inventory (PRI), child version,
this questionnaire measures how children cope with
[32]
abdominal pain . A sample question is: “If I have
a stomachache or other stomach problems, I try
hard to do something about it”. The PRI assesses
three broad pain coping factors, active, passive, and
accommodative, each with subscales representing
specific strategies for coping with pain, including a
five-item catastrophizing subscale. The PRI has good
[32]
internal reliability and validity .
Child Symptom Checklist (CSCL), the CSCL lists
the 17 most common symptoms, including five
GI symptoms from the Children’s Somatization

This study is a secondary data analysis of an existing
dataset. The methods described below are based on
the original data collection and recruitment methods.

Subjects

The electronic medical records of Group Health
Cooperative of Puget Sound were used to identify
all women who had received a diagnosis of IBS or
abdominal pain at a clinic visit during the preceding
two years and who had one or more children between
the ages of 8 and 15 years. Women with a diagnosis
of IBS were sent a letter explaining the study
and notifying them that they would be contacted
by telephone unless they declined by returning a
postcard. Women with a diagnosis of abdominal
pain received a letter explaining the study, but
were not contacted unless they returned a postcard
confirming that they had symptoms consistent with
IBS (we assumed that less than half would satisfy
diagnostic criteria for IBS). Potential subjects were
screened by phone to insure that the mother met
[28]
Rome Ⅰ criteria for IBS diagnosis . These criteria
are as follows: ≥ 3 mo of continuous or recurrent
abdominal pain that is relieved with defecation and/
or changes in stooling frequency or consistency as
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[33]

Inventory . The child is asked to rate on a scale
from 0-4 how much he or she was bothered by each
symptom in the past two weeks. For example: “In the
last 2 wk, how much were you bothered by pain in
your stomach or abdomen?” The Children Somatization
[33,34]
Inventory has excellent validity and reliability
.
For this study, we added seven upper-respiratory
symptoms: having a cold, runny nose, stuffy nose,
sneezing, sore throat, coughing, and chest congestion.
The questions coincide with respiratory questions on
the Common Cold Questionnaire (general symptoms
on this questionnaire such as “fevers” were not
[35]
included) , which has been validated in children with
asthma. We added the item “having a cold.” The use
of cold questions was modeled after research in adults,
in which childhood reinforcement of cold symptoms
reinforced adult cold symptoms but were independent
[6,7]
of adult bowel symptoms . Given that reinforcement
of cold symptoms has previously been shown to be
unrelated to reinforcement of bowel symptoms, the
use of cold symptoms can measure the specificity of
learned illness behaviors in children.
The CSCL inventory was scored for three subscales,
GI symptoms, cold symptoms, and non-GI/non-cold
symptoms. Scale scores were computed by summing
ratings for all items on the scale. Psychometric
[34,36]
properties for the original questionnaire are good
.

reports high test-retest reliability and convergent
[37]
validity. Derogatis and Cleary
also demonstrated a
theoretically consistent factor structure. A sample item
is “How much were you bothered by feeling fearful?”
PRI, adult version: the PRI was reworded to assess
the mother’s characteristic responses to her own
[32]
abdominal pain .
Adult Response to Child Symptoms (ARCS),
solicitous responding to GI and cold complaints were
[41]
measured by the Protective subscale of the ARCS ,
which was completed by the mother. A sample
question from this scale is: “When your child has a
stomachache or abdominal pain/cold, how often do
you tell your child he/she doesn’t have to finish all
of his/her homework?” The ARCS has high internal
consistency and validity has been established for the
[42,43]
Protective subscale
.

Parental report of child distress: The mother
was asked to complete the Child Behavior Checklist
(CBCL) for each child who participated in the
[37]
survey . This inventory contains 112 symptoms
or behavior problems, and mothers were asked to
respond by indicating whether these occurred “never,”
“sometimes,” or “often.” A sample question is: “Acts
too young for his/her age.” The CBCL can be scored for
two global scales, internalizing and externalizing, as
well as nine subscales. In this study, the internalizing
scale was used because it is conceptually most similar
to the global symptom index of the SCL-90R used to
[38]
test the mothers, and the T-scores transformations
were used so that boys and girls could be pooled
together in the same analyses. The CBCL was also
scored for the somatization, anxiety, and depression
subscales for comparison to adult psychological scales.
[37]
The CBCL has been widely validated .

Many analyses below compare children of case and
control mothers. As these groups were significantly
different for age and education, these two variables
were entered as covariates in statistical tests comparing
the two groups to control for these differences.

Health care utilization data

The automated database of Group Health Cooperative
was used to calculate the total number of ambulatory
visits made by the child and by the mother for any
illness and the total number of visits for a lower GI
indication during a three-year period. This period
extended from the date of the interview back two
years in time and forward one year in time.

Data analysis

Hypothesis 1: Reinforcement of expression of GI
problems is related to GI but not other symptom
reporting in children. This was evaluated by comparing
cases and controls with respect to the scales of
the ARCS, which measures solicitous responses to
expression of GI symptoms and solicitous responses
to cold symptoms. Nonparametric (Spearman)
correlations were used to compare mother’s scores
on the solicitousness scales of the ARCS to symptom
reports of children.
Hypothesis 2: Modeling of GI symptoms is related
to GI but not non-GI symptom reporting in children.
This was evaluated by F-tests comparing case and
control mothers and their children with respect to the
frequency of medical clinic visits for different categories
of illness. Nonparametric (Spearman) correlations
were used to compare health care visits in children to
health care visits by their mothers.

Parent questionnaires: Family Inventory of Life
Events (FILE), this is a parent-report form that
assesses potentially stressful negative life events
experienced by family members in the previous
[39]
year . For example: “Increased conflict with in-laws
[39]
or relatives”. McCubbin et al
reported that internal
consistency is 0.81 and four-week test-retest reliability
is 0.80. Agreement between family members on the
occurrence of events supports the validity of the FILE.
SCL-90R, the anxiety, depression, and somatization
subscales of the SCL-90R were used to assess
[40]
[40]
psychological distress in the mother . Derogatis
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Hypothesis 3: Children learn to share the methods
of coping with illness that their mothers exhibit. This
was tested by computing nonparametric correlations
between the coping scale scores of children on the PRI
to the coping scale scores of their mothers on the adult
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Table 2 shows that symptoms and health care
visits were strongly correlated among children and
parents, supporting the intergenerational transmission
of expression of GI problems symptoms. The next
set of analyses will aim to determine the psychosocial
mechanisms by which this transmission may happen.

Table 1 Characteristics of the sample
Characteristics
Children, n
Age, yr (mean ± SD)
Male sex, %
Ethnicity, %
Caucasian
African American
Asian
Hispanic
Native American

Case

Control

296
11.89 ± 2.62
48.6

335
11.84 ± 2.49
49

77.5
5.8
6.1
4.8
0.7

82.6
5.7
8.7
2.4
0.3

Do mothers with IBS exclusively reinforce expression of
GI problems?

We investigated whether case mothers only behave
in a solicitous fashion in response to illness behaviors
related to GI symptoms. Contrary to hypothesis, there
were no differences between case and control mothers
for solicitous responses to expression of GI symptoms
[29.10 ± 0.64 vs 28.40 ± 0.63, F(1/608) = 0.23, P =
0.631], or cold symptoms [29.39 ± 0.64 vs 29.29 ±
0.59, F(1/611), P = 1.542]. There was no significant
correlation between the ARCS Protective scale for GI
illness behavior and scores on this GI symptom scale
(rho= 0.01), nor was there a significant correlation
between the ARCS Protective scale for cold illness
behavior and scores on the cold symptom scale (rho =
0.06).

version of the same inventory.
Hypothesis 4: Mothers and children share psychological
traits such as anxiety, depression, and somatization.
This was tested by computing nonparametric correlations
between children and their mothers on these psychological
scales.
Hypothesis 5: Stress that affects the whole family
might explain the similarities between mothers and
their children. This was assessed by computing the
[39]
correlation between the FILE
and the GI and nonGI subscales of the CSCL. All children were included in
these analyses.

Do mothers with IBS exclusively model GI symptoms?

The question addressed was whether case mothers
modeled only GI illness behavior (i.e., modeled a
unique class of illness behaviors) or whether they also
displayed other types of illness behavior for possible
imitation by their children. Table 2 shows that, in
addition to excess clinic visits for GI symptoms, case
mothers made more clinic visits than control mothers
for all types of disorders evaluated, including upper
respiratory symptoms, asthma, headaches, and
back pain. In a three-year period, the case mothers
made three times as many health care visits overall
compared to the control mothers, and visits with a GI
diagnosis accounted for only 3/19 excess health care
visits (see Table 2).
Table 2 also provides data on whether case children
showed selective increases in medical clinic visits
for GI symptoms vs whether they showed increases
in all types of health care visits. Case children had
significantly more overall health care visits than
controls (12.90 visits/3 years vs 8.45 visits/3 years;
P < 0.001), and they also had significantly more
clinic visits for upper respiratory infections (P <
0.001). In addition, Table 2 shows (last column) that
the frequency of clinic visits made by children was
significantly correlated with the number of clinic visits
made by their parents across all disease categories, a
finding that is consistent with social learning but does
not show it to be specific to GI complaints.

Hypothesis 6: The intergenerational transmission
of GI illness behavior may be due to multiple
mechanisms, and some of the factors discussed
above (e.g., stress and anxiety) may be correlated
with each other. Therefore, separate regression
analyses were used to identify independent child and
mother characteristics that predict GI and non-GI
symptom reporting in children. To reduce the number
of independent variables in these analyses, we first
computed the nonparametric correlations of the
dependent measures with all psychosocial variables
measured and selected the variables with significant
(P < 0.05) correlations with either dependent variable
for inclusion in the regression analyses. The same set
of predictor variables were used in both regression
analyses.

RESULTS
Demographics

Table 1 gives the demographic characteristics of
the children and shows that the two groups were
comparable. The average age of the 240 control
mothers was 45.5 ± 0.4 years, and average age of the
207 IBS mothers was 41.8 ± 0.5 years (P < 0.01).
Sixty percent of control mothers had completed college
compared to 36% of IBS mothers (P < 0.001). Age and
education of mothers was controlled for in betweengroup comparisons. The average number of children in
the family was 2.1 ± 0.1 for controls and 2.0 ± 0.1 for
case families.

WJG|www.wjgnet.com

Do children model the coping mechanisms and other
illness-related cognitions of their mothers?

Correlations between children and their mothers on
the scales of the PRI were generally very low. Among
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Table 2 Number of medical clinic visit for each symptom category by mothers and children in case and control families, and
correlation between number of mother and child visits
Symptom category

Gastrointestinal
Upper respiratory infection
Asthma
Headache
Back pain
All outpatient visits

Case families
Mother
mean ± SE
3.27 ± 0.18c
2.07 ± 0.14c
0.60 ± 0.13c
1.47 ± 0.42b
1.43 ± 0.23c
30.25 ± 1.53c

Child
mean ± SE
0.61 ± 0.16a
1.97 ± 0.15c
0.48 ± 0.10
0.25 ± 0.06
0.17 ± 0.04
12.90 ± 0.80c

Control families
rho
0.064
0.290e
0.203e
0.056
0.168d
0.348e

Mother
mean ± SE
0.20 ± 0.03
0.74 ± 0.06
0.09 ± 0.02
0.22 ± 0.06
0.31 ± 0.05
10.74 ± 0.43

Child
mean ± SE
0.20 ± 0.05
1.08 ± 0.09
0.30 ± 0.08
0.14 ± 0.04
0.12 ± 0.03
8.45 ± 0.49

Combined samples
rho
0.042
0.326e
0.180e
0.097
-0.038
0.260e

All mothers
mean ± SE
1.62 ± 0.11
1.37 ± 0.08
0.32 ± 0.06
0.76 ± 0.20
0.77 ± 0.09
19.80 ± 0.083

All children
mean ± SE
0.39 ± 0.08
1.50 ± 0.09
0.37 ± 0.06
0.19 ± 0.03
0.14 ± 0.02
10.50 ± 0.46

rho
0.219e
0.355e
0.204e
0.089d
0.080d
0.375e

P < 0.05 case vs control; bP < 0.01 case vs control; cP < 0.001 case vs control; dP < 0.05 mother vs child; eP < 0.001 mother vs child.

a

Table 3 Psychological traits in children and their mothers
Psychological trait

Global psychological distress
Anxiety
Depression
Somatization

Case families
Mother

Child

mean ± SE
2.81 ± 0.10a
0.66 ± 0.04a
1.01 ± 0.04a
1.15 ± 0.04a

mean ± SE
55.16 ± 0.62a
4.64 ± 0.25a
2.20 ± 0.15a
3.24 ± 0.16a

Control families
rho

Mother

Child

0.414b
0.314b
0.282b
0.366b

mean ± SE
1.22 ± 0.07
0.30 ± 0.02
0.48 ± 0.03
0.45 ± 0.02

mean ± SE
48.46 ± 0.53
2.65 ± 0.17
1.29 ± 0.09
1.73 ± 0.10

Combined samples
rho

All mothers

All children

rho

0.376b
0.354b
0.301b
0.157b

mean ± SE
1.99 ± 0.07
0.46 ± 0.02
0.77 ± 0.03
0.78 ± 0.03

mean ± SE
51.65 ± 0.42
3.60 ± 0.15
1.72 ± 0.09
2.43 ± 0.10

0.484b
0.393b
0.345b
0.374b

a

P < 0.001 case vs control; bP < 0.001 mother vs child.

case children and their parents, only 2/16 scales
showed statistically significant correlations; these were
stoicism (rho = 0.13; P < 0.05) and acceptance (rho
= 0.10; P < 0.05).

order to determine which of the variables were the most
likely to influence reported symptoms. The variables
which were found to make significant independent
contributions to the symptom reports of the child are
shown in Figure 1. The total variance that could be
explained by this combination of variables was 12%
for GI symptom reports and 16% for non-GI symptom
reports. In general, the same variables predicted both
GI symptom reports and non-GI symptom reports of
the child, and the standardized betas show that these
variables contributed to both types of symptom reports
in a similar way. An exception was child’s age, which
was positively correlated only with non-GI symptoms.
In addition, mother’s IBS severity contributed only to
child GI symptoms.

Do children share psychological traits with their
mothers?

Table 3 shows the average scores on the psychological
dimensions of overall psychological distress, anxiety,
depression, and somatization in both mothers and
children. Case mothers had significantly higher scores
on all scales compared to control mothers, and case
children had significantly higher scores on all scales
compared to control children (all P < 0.05). For each
of these psychological scales, the scores of children
were significantly correlated with the scores of their
mothers.

DISCUSSION

Effects of shared family stress on the child’s
symptom reports: The FILE score for family stress
correlated significantly with the GI Symptom subscale
of the CSCL (rho = 0.10, P < 0.05), though the
correlation is unlikely to be clinically meaningful.

There is a striking tendency for IBS to cluster within
families. We evaluated five psychosocial hypotheses that
may contribute to the intergenerational transmission of
illness behaviors.

Regression analysis to identify contributors
to child symptom reports: In order to determine
which child and parental factors are most important
contributors to child expression of GI and non-GI
problems, two regression analysis was performed: one
with the GI symptom subscale and the other with the
other symptom subscale of the CSCL as the dependent
variable. Variables were included independent of
whether mother-child overlap was found. This was in

We hypothesized that a child may learn expression of
GI symptoms through the observation of a model’s
behavior (i.e., the mother). This implies that the role
model displays a specific behavior pattern and that the
child selectively emulates this behavior pattern. When
we tested the specificity of modeling by mothers, we
found little evidence for it: mothers with IBS consulted
physicians more often than control mothers for a
wide range of somatic complaints, and only about
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0.13

Child
non-GI
Sx

Mom's IBS
status

0.18

Mom's IBS
severity

-0.10

0.21
Child's
Psych Sx

0.24

Child GI
Sx

0.17

0.22
0.16

Child's
catastrophizing

2

Adj R = 0.16

Child's age

2

Adj R = 0.12

Figure 1 Comparison of regression analyses used to identify independent predictors of children’s expression of gastrointestinal symptoms (right side of
figure) and children’s non-gastrointestinal symptoms (left side of figure). Numbers beside arrows represent the beta weights for these predictors. IBS: Irritable
bowel syndrome; Sx: Symptoms.

interpretation of the seriousness of symptoms. These
differences in factors measured in this vs our earlier
work may explain the difference in findings on the
relationship between solicitousness and reported GI
symptoms reported here. Furthermore, behavioral
theory predicts that solicitousness is associated with
changes in pain behaviors, but this study did not
directly measure pain behavior per se, but reported
symptoms.
The finding that both modeling and reinforcement
of somatic symptoms was not different for cold and
GI symptoms suggests that the intergenerational
transmission of illness behavior from IBS mothers
to their children is the transmission of a general
pattern of somatic complaints and not a specific
tendency to report GI symptoms. This is in contrast
to studies in which adults were asked about their
childhood experiences. In this case, specific patterns of
symptoms were reported: adults who remember their
parents reinforcing cold symptoms, reported more
cold symptoms but not GI symptoms, while adults
who remember parents reinforcing GI symptoms
[7]
reported more GI but not cold symptoms . It needs
to be investigated if this discrepancy with our current
findings is due to recall issues in adulthood or to
developmental differences in the effects of parental
reinforcement.

16% of their excess health care utilization was for
GI symptoms. It was therefore not surprising to find
that the children of IBS mothers reported excess
somatic complaints that were not specific to GI as
well: only about 10% of their excess visits were for
GI diagnoses. The correlations between the number
of health care visits by mothers and their children
for all types of illness were more robust than the
correlations between mother and child for GI visits.
These data are consistent with the hypothesis that
the intergenerational transmission of illness behavior
may occur through modeling, but a diffuse pattern of
comorbidity dominates the association. Many studies
have previously found that pain, and IBS in particular,
[2,44]
clusters in families
, corroborating the current
findings.

Reinforcement of illness behaviors

Another way a child may learn from a parent is when
the parent reinforces expression of GI problems in their
children by giving special attention when the child
complains of a stomachache. Multiple studies have
shown that parental protective behaviors can increase
[16-20,44]
pain and disability in children with GI symptoms
.
What is new in the current study is that we predicted
that the correlation between mother’s solicitous
responses and child-reported symptoms would be
stronger for GI symptoms than for cold symptoms.
However, neither correlation exceeded 0.10, and there
was no difference between them. We also previously
found that parental solicitous response to child GI
symptoms is not associated with reported abdominal
pain frequency, but rather with the child’s perception
[1]
of the seriousness of the symptoms . The current
study only focused on the reported occurrence of
symptoms and did not examine which factors influence
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Cognitions and coping styles

We found no support for the hypothesis that inter
generational transmission of GI illness behavior is
explained by the child adopting the methods used by
the mother to cope with the threats posed by illness.
There were no meaningful correlations between
mothers and their children on the PRI. The mother’s use
of passive coping strategies was found to be negatively
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correlated with symptom reporting by the child. This
implies it is obverse, namely that mothers who are
not passive, but rather actively seek to solve their own
stomachaches, are more likely to have children who
make multiple somatic complaints.

that catastrophizing about stomachaches by the child
was associated with an increased tendency to report
both GI and non-GI symptoms. This has been reported
[49]
for adults , but has not previously been confirmed in
children.

Psychological traits

Study limitations

[45]

[46]

Both adults and children with functional GI disorders
are known to have higher levels of psychological
distress, and it has been suggested that psychological
symptoms, such as depression, anxiety, and
somatization, may predispose patients to report more
somatic symptoms of many kinds. We found that
mothers and their children are remarkably similar
to each other in the psychological symptoms they
display, even though there are marked methodological
differences between the SCL-90R used to assess
psychological symptoms in adults and the CBCL
used to assess behavior problems in children. These
findings are in line with studies that have shown
intergenerational transmission of psychological
[47,48]
disorders such as anxiety and depression
.
It is not known how children come to exhibit the
same psychological symptoms as their mothers,
although heredity and social learning through such
mechanisms as modeling are possibilities. It is also
unclear how these similarities in psychological traits
can explain the intergenerational transmission of GI
complaints. It is possible that children learn to emulate
their mothers’ hypervigilance for noticing somatic
sensations and their tendency to attribute disease
significance to these sensations. Consistent with this
speculation, there was a positive correlation between
mothers and children for somatization. However,
the correlations for somatization were no stronger
than the correlations for anxiety and depression
or for psychological symptom severity in general.
Purposefully designed studies are needed to address
the ways in which psychological traits are transmitted
between generations, and the ways in which they
influence GI symptom reporting.

A limitation of this study was a modest participation
rate. The necessity of obtaining consent from two (or
more) family members (i.e., the mother and each
eligible child) was an important factor influencing
the level of participation. A second limitation was
that the control group of mothers was older and
more educated than the cases. We controlled
statistically for this limitation in our analyses, but
we cannot rule out that it may still have affected our
outcomes. A third limitation was that only mothers
were studied; other research has demonstrated that
the health status of the father may have as great
an influence on the illness behavior of the child
[1]
as the mother . Moreover, this study was designed
with the intent of explaining the intergenerational
transmission of illness behavior. However, our study
was retrospective in nature and, therefore, a cause
and effect cannot be confirmed. The findings we report
in this manuscript should be regarded as exploratory,
and should be confirmed in further prospective studies.
Other limitations relate to the challenges of
assessing symptoms in children and the fact that
methods used to assess psychological symptoms
and coping in children were only approximately
equivalent to methods used in their mothers. These
methodological limitations may have contributed to the
relatively low correlations and regression coefficients
we observed.
In our previous publications, we emphasized the
significance of modeling and reinforcement for the
clustering of functional GI symptoms within families.
The important contribution of the present study is that
we expanded our understanding of the many ways
multiple factors, including psychological phenomena,
can influence a child’s response to somatic feelings.
Mothers with IBS and their children are alike in their
tendency to report most types of somatic symptoms,
including both GI and non-GI symptoms. Children are
also similar to their mothers in the severity and types
of psychological traits they have, and psychological
traits in the child are associated with increased
symptom reports. Mothers and children in this study
were not found to share cognitions and coping styles
with pain. However, even if parents and children
did not share similar coping, we found that less
passivity on the part of the mother, and a tendency
to catastrophize about illness on the part of the child,
was associated with more somatic symptom reports.
Thus, it appears that there are multiple independent
factors or behavior patterns that may be passed or
shared between parent and child that contribute to the

Stress

Family stress was significantly correlated with GI
symptom reports by the child; however, the correlations
were relatively weak and likely to be of little clinical
significance.

Multiple factors predicting child GI symptoms

Regression analyses show that there are multiple
psychosocial factors that make independent
contributions to the prediction of children’s symptom
reports. The same psychosocial factors predict both
GI and non-GI symptom reports by the child. These
include both characteristics of the mother (her IBS
status and severity) and characteristics of the child
(his or her overall level of psychological distress and
tendency catastrophize). We would like to emphasize
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clustering of illness within families. Future research,
and the potential for this research to contribute to our
understanding, would benefit from including this more
comprehensive, multidimensional perspective on this
phenomenon.
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Background

Irritable bowel syndrome (IBS) is a chronic condition characterized by
abdominal pain and changes in stool. IBS often runs in families. One reason
for this is that children may inadvertently learn symptoms from their parents.
Research has shown that when parents are sick themselves or respond with a
lot of empathy and sympathy to the child’s symptoms, they may communicate
that gastrointestinal symptoms are important and should be attended to.

6

7

Research frontiers

Parents play an important role in child’s symptoms. Parents drive a large
part of the disability because they make the decision to take the child out
of school and/or consult a doctor. In addition, the way parents react to their
own symptoms and their child’s symptoms has been found to predict child’s
abdominal pain level. Current research is exploring the many ways in which
parents contribute to child’s symptoms and how to help parents in managing
their child’s symptoms.

8

Innovations and breakthroughs

9

Previous studies have mainly focused on children learning through observing
parental reactions to their own pain and to the child’s pain. However, children
may learn from or share other characteristics with their parents that may put
them at risk for developing IBS. For example, stress, psychological symptoms,
and how one copes with the gastrointestinal symptoms have been found to be
important predictors of symptom severity. It is not known if these characteristics
are shared by parent and child.

10

Applications

11

The current study explored if multiple psychosocial mechanisms may explain
how gastrointestinal symptoms are transmitted from parent to child. The authors
found that learning of symptoms was not specific to gastrointestinal symptoms
but to other symptoms as well, indicating that children of parents with IBS
learn to attend to all symptoms, not just those related to IBS. In addition, the
authors found that parents and children shared similar levels of psychological
symptoms, which may indirectly increase gastrointestinal symptoms. Parents
and children did not share the same methods of coping with symptoms, nor did
family stress predict child symptoms. Thus, children of parents with IBS may be
at increased risk of gastrointestinal symptoms because they learn to attend to
all symptoms from their parents and because they share similar psychological
symptoms, which may indirectly increase gastrointestinal symptoms. The
transmission of parent to child is best understood within a model that
incorporates both these factors.
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14

Terminology

Modelling is learning that occurs when a child observes and copies parental
reactions to parent symptoms. Reinforcement is learning that occurs when
the child receives positive or negative reactions of the parent to the child’s
symptoms.
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This is an interesting article looking at the relationship between maternal and
child somatic symptoms in the setting of IBS.
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Abstract
AIM: To evaluate the completion rate and diagnostic
yield of the PillCam SB2-ex in comparison to the
PillCam SB2.
METHODS: Two hundred cases using the 8-h PillCam
SB2 were retrospectively compared to 200 cases using
the 12 h PillCam SB2-ex at a tertiary academic center.
Endoscopically placed capsules were excluded from the
study. Demographic information, indications for capsule
endoscopy, capsule type, study length, completion of
exam, clinically significant findings, timestamp of most
distant finding, and significant findings beyond 8 h
were recorded.
RESULTS: The 8 and 12 h capsule groups were well
matched respectively for both age (70.90 ± 14.19
vs 71.93 ± 13.80, P = 0.46) and gender (45.5% vs
48% male, P = 0.69). The most common indications
for the procedure in both groups were anemia and
obscure gastrointestinal bleeding. PillCam SB2-ex had
a significantly higher completion rate than PillCam SB2
(88% vs 79.5%, P = 0.03). Overall, the diagnostic
yield was greater for the 8 h capsule (48.5% for SB2
vs 35% for SB2-ex, P = 0.01). In 4/70 (5.7%) of
abnormal SB2-ex exams the clinically significant finding
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was noted in the small bowel beyond the 8 h mark.

the PillCam SB2-ex which differs from its predecessor
(PillCam SB2) in that it offers a 12 h operating time
similar to the MiroCam. The PillCam SB2 and the
PillCam SB2-ex have the same size and specifications
[6]
except for the recording time .
While a longer operating time may increase the
rate of complete examinations, defined by passage of
the capsule into the colon during its operating time, it
is still unknown whether the additional 4 h of recording
time will increase diagnostic yield or clinical outcomes.
To answer these questions we investigated the
completion rate and diagnostic yield of the new 12 h
PillCam SB2-ex in comparison to the 8 h PillCam SB2.

CONCLUSION: In our study, we found the PillCam
SB2-ex to have a significantly increased completion
rate, though without any improvement in diagnostic
yield compared to the PillCam SB2.
Key words: PillCam SB2; Capsule endoscopy; Obscure
gastrointestinal bleeding
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The PillCam SB2-ex and the PillCam SB2 have
the same size and specifications, except the PillCam
SB2-ec offers 12 h of operation, 4 more hours than
the original PillCam SB2. There has been no evaluation
regarding the completion rate and diagnostic yield
between these two capsules. We examined 200
cases using the 8-h PillCam SB2 and compared it to
200 cases using the 12 h PillCam SB2-ex. We found
the PillCam SB2-ex to have a significantly increased
completion rate, though without any improvement in
the diagnostic yield compared to the PillCam SB2.

MATERIALS AND METHODS
The study was conducted at North Shore University
Hospital after obtaining institutional review board
approval. There was no external financial support.
Capsules that were placed endoscopically in the
stomach or duodenum were excluded from consi
deration. We conducted a retrospective review of
four hundred consecutive inpatients, 200 of whom
had undergone 8-h PillCam SB2 from 2009 to 2011
and 200 consecutive 12 h PillCam SB2-ex inpatient
exams from 2011 to 2013. No inpatient studies
using the 8-h PillCam SB2 were performed following
the introduction of the 12 h PillCam SB2-ex in our
practice. Demographic information, indications for
capsule endoscopy, capsule type, study length,
completion or incomplete exam (completion defined
as capsule passage into the cecum during the
recording), abnormal capsule findings divided into,
bleeding, Arteriovenous malformation (AVM) (arteriovenous malformation), erosive disease, polyps/
mass, and miscellaneous, timestamp of most distant
finding, and findings beyond 8 h were recorded. All
procedures were read by one of two experienced
gastroenterologists. Standard protocol for inpatients
prior to capsule endoscopy required that each patient
receive nothing but clear liquids by mouth from at
least noon the day before capsule ingestion, and that
they receive nothing by mouth other than medication
and sips of water after midnight the night before
ingestion. There was no standard purgative bowel
prep used at our institution before capsule ingestion.
Two hours after capsule ingestion, the patients were
permitted to have clears and then two hours later
a regular diet if deemed medically appropriate by
the gastroenterology consultant. The primary study
endpoint was the completion rate, defined by passage
of the capsule into the cecum during its operating
time. The secondary endpoint was diagnostic yield,
defined by any finding considered abnormal by the
interpreting gastroenterologist.

Rahman M, Akerman S, DeVito B, Miller L, Akerman M, Sultan
K. Comparison of the diagnostic yield and outcomes between
standard 8 h capsule endoscopy and the new 12 h capsule
endoscopy for investigating small bowel pathology. World J
Gastroenterol 2015; 21(18): 5542-5547 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i18/5542.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i18.5542

INTRODUCTION
Capsule endoscopy has proven to be an effective
method to investigate small bowel pathology including
Crohn’s disease, unexplained abdominal pain, diarrhea,
[1,2]
and obscure gastrointestinal (GI) bleeding
. Of
these indications, capsule endoscopy has become
the first-line option for evaluation of obscure GI
bleeding which is defined as “overt bleeding and/or
anemia with a negative endoscopic workup including
[3]
complete colonoscopy and gastroscopy” . The PillCam
SB (previously known as the M2A; Given Imaging,
[1,4,5]
Yokneam, Israel) which was introduced in 2001
began the era of capsule endoscopy for day to day
[3,4]
clinical use .
The MiroCam (IntroCam, Seoul, South Korea) has a
12 h operating time as compared to 8 h of the Olympus
[3]
Endo Capsule and PillCam SB2 . Longer operating time
can reduce incomplete examination and may increase
[4]
[3]
diagnostic yield . Pioche et al found the MiroCam
to have comparable efficacy to the PillCam SB2. The
MiroCam uses human body communication for image
transmission as opposed to radiofrequency as does
[3]
the PillCam SB2 . In 2010, Given imaging introduced
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Statistical analysis

For the comparison of baseline characteristics and
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as for indications for capsule endoscopy as shown in
Table 1. There were four categories of indications for
capsule endoscopy: anemia, obscure GI bleed, known
history of AVM, and “other”. The “other” category
included Crohn’s/ileitis, chronic nausea and vomiting,
abdominal pain, diarrhea, weight loss, evaluation for
carcinoid tumor, follow up of ileal intussusception,
history of small bowel polyp, and history of small
bowel obstruction.
The PillCam SB2-ex had a significantly higher
completion rate than the PillCam SB2 (88% vs 79.5%,
P = 0.03). The diagnostic yield was greater for PillCam
SB2 than PillCam SB2-ex, (48.5% vs 35%, P = 0.01),
with a greater rate of detection of AVMs (17.5% vs
9.5%, P = 0.03). Other findings were similar between
the two groups. The mean study lengths were 4:15:56
and 4:51:27 for PillCam SB2 and PillCam SB2-ex,
respectively. The most distal timestamp of a positive
finding for the PillCam SB2-ex (15:08:22) was longer
than that of the PillCam SB2 (7:24:21). For the PillCam
SB2, six cases found small bowel polyps and three
cases described a soft tissue lesion. In the PillCam
SB2-ex, two cases identified a duodenal mass, one
case a polypoid lesion in the jejunum, and one case a
duodenal polyp (Table 2).
Nine cases from the total SB2-ex capsule group
(200) had clinical significant findings beyond the 8 h
mark. These findings are summarized in Table 3. Of
these 9 cases, 4/70 (5.7%) of abnormal PillCam SB2ex small bowel findings occurred beyond 8 h.

Table 1 Demographics and indications for capsule endoscopy
in each capsule group n (%)
PillCam SB2 cases

PillCam SB2-ex
cases

P value
(< 0.05)

70.90 ± 14.19
91 (45.5)
131 (65.5)
47 (23.5)
178 (89)

71.93 ± 13.80
96 (48)
146 (73)
36 (18)
182 (91)

0.46
0.69
0.13
0.22
0.62

Age (mean ± SD)
Male
Obscure GI bleed
Anemia
Anemia or obscure
GI bleed
AVM
Other

11 (5.5)
11 (5.5)

9 (4.5)
9 (4.5)

0.82
0.82

GI: Gastrointestinal; AVM: Arteriovenous malformation.

1

Table 2 Characteristics and small bowel findings for each
capsule group n (%)
PillCam SB2 cases PillCam SB2-ex cases
Complete studies
Average
completed study
duration
Abnormal
finding total
Bleeding
AVM
Erosive disease
Polyp/mass (see
text)
Miscellaneous

P value
(< 0.05)

159 (79.5)
4:15:56

176 (88)
4:51:27

0.03

97 (48.5)

70 (35)

0.01

21 (10.5)
35 (17.5)
32 (16)
9 (4.5)

20 (10)
19 (9.5)
26 (13)
4 (2)

1.00
0.03
0.45
0.26

0

1 (1)

1.00

1

Some cases had multiple findings. AVM: Arteriovenous malformation.

DISCUSSION

Table 3 Clinically significant findings beyond the 8 h mark in
the SB2-ex capsule group
Findings outside of the
small bowel
Bleeding in colon

AVM in colon
Portal gastropathy

Time

Findings in the
small bowel

Time

8:59:18;
14:09:59;
15:08:22
8:59:34
10:38:06

Bleeding in
duodenal bulb due
to AVM
AVM
Denuded mucosa
in SB
Jejunitis

8:57:24

Since the introduction in 2003 of the M2A capsule,
capsule endoscopy has become a first line modality
[3,4]
for the evaluation of obscure GI bleed
. The
advancement of longer operating times is expected
to offer the potential of both increasing the rate
of completed studies and detecting more clinically
significant findings. Our findings do confirm that the
extra 4 h of operating time provided by the 12 h SB2ex resulted in a significantly higher rate of complete
studies over the 8 h SB2 capsule for an inpatient
population, 88% vs 79.5%, P = 0.03 respectively. Two
retrospective studies on 8- hour capsule performed
in Thailand and New Zealand demonstrated similar
[7,8]
completion rates as our PillCam SB2 group
.
Unfortunately the authors of the Thai study did not
delineate whether the population of patients involved
in the study were strictly inpatient-based, and the
patients included in the New Zealand study were
a mixed population of inpatients and outpatient.
Additionally, all patients received bowel preparations,
and some may have been given pro-motility agents.
This highlights a difference from our own study which
was performed exclusively in the inpatient population,
and was done without routine use of bowel prep or
pro-motility agents. Previously reported data have

9:34:04
11:15:22
13:02:13

AVM: Arteriovenous malformation.

outcome variables between the PillCam SB2 and
PillCam SB2-ex capsule groups, two sample unpaired
t-test for continuous variables and Fischer’s exact test
for categorical values were used. P value < 0.05 was
considered significant. GraphPad software was used for
all analysis. The statistical methods of this study were
reviewed by Meredith Akerman.

RESULTS
A total of 400 cases were reviewed. The two groups
were well matched for both age and gender as well
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found incompletion rates for 8 h capsule endoscopy
[4,6]
to be as high as 25% of all cases . These previous
results suggest that the difference we observed was
real, and not related to an abnormally low completion
rate in the SB2 group. Incomplete studies may be
due to battery/system failure before reaching the
cecum, though this was not the case in either the
SB2 or SB2-ex group. Other factors more commonly
affecting completion rate such as variable bowel
motility, delayed gastric emptying, capsule retention,
[2,9]
previous SB surgery, and poor bowel cleansing
likely accounted for the incomplete examinations in
both groups.
Despite the significantly higher study completion
rate, we were unable to demonstrate a superior
diagnostic yield for SB2-ex over SB2. In fact the
diagnostic yield between PillCam SB2 and PillCam
SB2-ex was 48.5% vs 35% (P value = 0.01), favoring
improved diagnostic yield for the 8 h PillCam SB2.
This unexpected finding would appear to challenge the
notion that a longer operating time translates into an
improvement in diagnostic yield. We suspect however
that the difference in diagnostic yield found in the
present study is related to the advancing/changing
expertise of the interpreting gastroenterologists
over time. As noted, the PillCam SB2 examinations
all occurred in the years 2009 to 2011 prior to the
PillCam SB2-ex examinations 2011 to 2013. It is
possible that over the time period studied that the
standards by which each of the gastroenterologists
qualified a finding as “positive” may have changed. It
is particularly notable that the largest classification of
significant finding by SB2 was AVMs, found in 17.5%
of studies, compared to 9.5% for the SB2-ex. Since
there is no gold standard for labeling a finding as an
AVM by capsule endoscopy it is possible that with more
practice, the reporters’ threshold to interpret AVMs
as a significant finding increased leading to less AVMs
reported, and a decreased diagnostic yield overall.
Though even if we accept a similar diagnostic
yield between the two capsule systems, there is
still a potential for improved cost effectiveness with
the 12 h system. Since extending the operating life
of the capsule resulted in more complete studies,
this would seem to offer a cost benefit by avoiding
repeating those studies which were incomplete, by
not prolonging the patient’s hospital admission to
repeat incomplete studies, and by limiting the need for
diagnostic imaging to confirm capsule passage which
is often required when visualization of the cecum is not
achieved during capsule recording.
While ours is the largest study to date, it is not
the first to address diagnostic yield of an 8 h vs a
[3,4]
[4]
12 h capsule . Kim et al found a nonsignificant
increased diagnostic yield with the 12 h MiroCam
capsule compared with the 8 h PillCam SB2 in 24
patients (45.8% vs 41.7%), with a completion rate
to the cecum which was higher. However, it should
be noted that the completion was rate for standard
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PillCam SB in his study was very low at 58.3%. Pioche
[3]
et al performed a larger, multicentered, prospective,
randomized study also comparing the diagnostic
yield of the PillCam SB2 and MiroCam capsules in
83 patients. In patients having both examinations
completed, the MiroCam identified significantly more
findings than the PillCam SB2 capsules. However, a
more recently published study performed by Choi et
[10]
al , performed in a similar fashion with 105 patients,
was unable to show an improvement in diagnostic yield
for the MiroCam in comparison to the PillCam SB2,
and only showed a positive trend but not a statistical
difference in completion rates.
In our study, significant SB findings beyond 8 h
were identified in four cases by PillCam SB2-ex, 5.7%
of the total “positive” studies. While this yield beyond
8 h did not contribute to a significantly increased study
yield overall for the 12 h system, it is notable that such
a large percentage of significant findings occurred
beyond the standard 8 h window.
One issue that can occur particularly often in
hospitalized patients, is slowed or altered gastric
motility. A potential weakness of our study was the
lack of any control for this variable, as well as a lack
of data regarding potential prokinetic use by the study
population. Conversely we do know that prokinetic
use is not routine in our institution for capsule studies.
Given the overall demographic similarities between
the two groups it seems unlikely that prokinetic use
effected the study results if it was in fact utilized.
In two of the eight cases mentioned above, despite
the capsule retention in the stomach for a portion of
time equivalent to the complete battery life of the
PillCam-SB2, the additional battery life of the PillCam
SB2-EX allowed the capsule enough time to locate
a finding of clinical interest. Prokinetics have been
used to shorten small bowel transit time and possibly
[11]
improve completion rates . In a meta-analysis by
[11]
Koulaouzidis et al , a statistically higher completion
rate was found in patient who ingested the capsule
with metoclopramide vs control [OR (95%CI):
2.8 (1.35-3.21)]. In addition, a prospective study
comparing metoclopramide ingestion prior to capsule
endoscopy vs control found statistically significant
higher completion rates in the former group (97% vs
[12]
76%) . These studies were both performed using the
8-h capsules.
Additionally, bowel preparation can affect the
[13]
degree of visualization of the small bowel . Currently,
European guidelines advocate the use of a PEG
[14]
preparation for capsule endoscopy . It has been
shown that using a bowel prep in addition to a
prokinetic agent can increase completion rate, as
shown in a meta-analysis published by Koulaouzidis
[11]
et al . In Pioche’s study, polyethylene glycol (PEG)
was used for bowel cleanliness in patients receiving
[3]
the MiroCam or the PillCam SB2 . The diagnostic yield
was higher for the MiroCam when compared to PillCam
SB2. Our institution capsule protocol required each
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patient to have nothing but clear liquids from noon the
day before the examination and to receive “nothing by
mouth” the night prior to capsule ingestion. While no
specific purgative bowel preparation was required for
capsule examination, we know from standard practice
in the institution that many of these patients had their
study performed soon after a negative colonoscopy
which itself involved a bowel cleanse. As it was not
standard to address bowel purgative use prior to
capsule study in the capsule reports, it is unknown how
purgative use may have been a potential confounding
factor.
An additional limitation of our study is its nonrandomized nature, notably with the pre-procedure
indication of obscure GI bleeding differing between the
two groups. When including both obscure GI bleed and
anemia together as an indication, there was no longer
a statistical difference between the study groups.
There was also no control for the timing of capsule
endoscopy in these cases of obscure GI bleeding. Prior
studies have shown that capsule endoscopy performed
within the first few days of obscure GI bleed increases
[15-17]
the diagnostic yield
.
In our study, obscure GI bleeding was the major
indication for both PillCam SB2 (65.5%) and PillCam
SB2-ex (73%) capsule studies. In the PillCam SB2-ex
group, the most common findings were active small
bowel bleeding, erosive disease, and AVM with rates
of 10%, 13%, and 9.5%, respectively. Our findings
are similar to prior reports. In a large meta-analysis
involving 22840 capsule endoscopies, AVM was the
most common diagnosis for obscure GI bleed followed
[9]
by small bowel inflammation/ulcers .
In conclusion we have demonstrated superior
completion rates for the PillCam SB2-ex 12 h capsule
as compared to the 8 h PillCam SB2. We were unable
to demonstrate a superior overall diagnostic yield of
the 12 h system despite a notable number of clinically
significant findings detected beyond the 8 h mark,
including active bleeding, in the SB2-ex group. Further
prospective randomized studies will be needed to
confirm the advantage of PillCam SB2-ex over PillCam
SB2.

Prior studies have compared 12 h operating time capsules to 8 h capsules
but the capsules systems uses different image transmission system. The
PillCam SB2 and the PillCam SB2-ex have the same size and specifications
except for the recording time. The authors found the PillCam SB2-ex to have a
significantly increased completion rate, though without any improvement in the
diagnostic yield compared to the PillCam SB2.

Applications

Despite these findings, there were a small number of patients who had clinically
significant findings beyond the 8 h mark, implying a role for the longer-length
examination in a selected population. Additionally, the significantly increased
rate of successful, completed studies for the longer operating capsule should
offer a cost benefit over the older system.

Terminology

Capsule endoscopy refers to a miniature capsule shaped camera that takes
multiple pictures as its passes through the small intestine. Images are wirelessly
transmitted to a recording device which is attached to the patient. There are
different capsule endoscopy systems. PillCam SB2 is the older capsule with
an 8 h operating time, and PillCam SB2-ex is the newer capsule with a 12 h
operating time.

Peer-review

In this well written study the authors compared 12 h to 8 h camera and
identified that the 12 h camera was associated with higher completion rate
and 6% findings that were distal to the 8 h camera reach. Surprisingly, the
diagnostic yield of the 8 h camera was significantly higher. This is the largest
cohort to date and the results are certainly interesting.
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Phagocytosis (cannibalism) of apoptotic neutrophils by
tumor cells in gastric micropapillary carcinomas
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ascertain relative frequency and document clinicopatho
logical characteristics by reviewing gastric carcinomas.
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METHODS: One hundred and fifty-one patients diagnosed
with gastric cancer who underwent gastrectomy were
retrospectively studied and the presence of a regional
invasive micropapillary component was evaluated by
light microscopy. All available hematoxylin-eosin (HE)stained slides were histologically reviewed and 5 tumors
were selected as putative micropapillary carcinoma
when cancer cell clusters without a vascular core
within empty lymphatic-like space comprised at least
5% of the tumor. Tumor tissues from these 5 invasive
gastric carcinomas were immunostained using an antimucin 1 (MUC1) antibody (clone MA695) to detect
the characteristic inside-out pattern and with D2-40
antibody to determine the presence of intratumoral
lymph vessels. Detection of intraepithelial neutrophil
apoptosis was evaluated in consecutive histological
tissue sections by three independent methods, namely
light microscopy with HE staining, the conventional
terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end-labeling (TUNEL) method and
immunohistochemistry for activated caspase-3 (clone
C92-605).
RESULTS: Among 151 gastric cancers resected for
cure, 5 (3.3%) were adenocarcinomas with a micro
papillary component. Four of the patients died of
disease from 6 to 23 mo and one patient was alive with
metastases at 9 mo. All patients had advanced-stage
cancer (≥ pT2) and lymph node metastasis. Positive
MUC1 immunostaining on the stroma-facing surface
(inside-out pattern) of the carcinomatous cluster cells,
together with negative immunostaining for D2-40 in
the cells limiting lymphatic-like spaces, confirmed the
true micropapillary pattern in these gastric neoplasms.
In all five cases, several micropapillae were infiltrated
by neutrophils. HE staining, TUNEL assay and immu
nostaining for caspase-3 demonstrated apoptotic

Abstract
AIM: To identify those with a micropapillary pattern,
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neutrophils within cytoplasmic vacuoles of tumor cells.
These data suggest phagocytosis (cannibalism) of
apoptotic neutrophils by micropapillary tumor cells.
Tumor cell cannibalism is usually found in aggressive
tumors with anaplastic morphology. Our data extend
these observations to gastric micropapillary carcinoma:
a tumor histotype analogously characterized by
aggressive behavior and poor prognosis. The results are
of interest because they raise the intriguing possibility
that neutrophil cannibalism by tumor cells may be one
of the mechanisms favoring tumor growth in gastric
micropapillary carcinomas.

growth pattern is due to abnormal inversion of tumor
cell polarity where the stroma-facing (basal) surface
[12]
of the cells acquires apical secretory properties .
This inversion of cell polarity has been defined as the
“inside-out” pattern and is considered a diagnostic
[12]
feature of micropapillary carcinoma .
MUC1 is a glycoprotein that plays a key role in
lumen formation and prevents interaction between
[12,13]
cell and stroma
. The “inside-out” pattern of MUC1
expression may explain the aggressive behavior and
[12]
high metastatic potential of micropapillary carcinoma .
Furthermore, MUC1 is one of the epithelial tissuespecific genes repressed in tumor cells during epithelialmesenchymal transition, a process by which epithelial
cells acquire the potential to migrate through the
[14]
extracellular matrix, similarly to mesenchymal cells .
A micropapillary component is usually found at
the invasive front of the tumor, where it may share
morphological features with the histological appearance
of the tumor budding of many colorectal carcinomas.
Recently, we showed the characteristic “inside-out”
pattern of MUC1 expression in the so-called “poorly[15]
differentiated clusters” of colorectal carcinomas .
Therefore, we suggested that a micropapillary
component and “poorly differentiated clusters” are
the same biological phenomenon during epithelial[15]
mesenchymal transition in colorectal cancer .
Several immunohistochemical variants of the “insideout” pattern of MUC1 expression have been reported
in the recent literature. In particular, an incomplete
“inside-out” pattern defined as the presence of tumor
cell clusters partly but not completely decorated with
EMA or MUC1 immunostaining has been described in
[16]
breast carcinoma . Moreover, neutrophils may favor
a micropapillary phenotype via elastase that degrades
[17]
E-cadherin on pancreatic tumor cells . Overall, these
data suggest that the micropapillary phenotype is a
complex phenomenon that has been only partially
explored.
The invasive micropapillary variant of gastric
carcinoma has been the subject of recent review
as well as publications and case reports describing
[11,18-27]
about 144 cases
. These series reported
clinicopathological and immunohistochemical features
of this entity. In this work, gastric carcinomas were
reviewed to identify those with a micropapillary
pattern, ascertain relative frequency and document
clinicopathological characteristics. We also analyzed
the relationship between neutrophils and tumor cells
and found phagocytosis (cannibalism) of apoptotic
neutrophils by micropapillary carcinoma cells.

CONCLUSION: This is the first study showing phago
cytosis (cannibalism) of apoptotic neutrophils by tumor
cells in gastric micropapillary carcinomas.
Key words: Gastric cancer; Micropapillary pattern; Mucin
1; Caspase-3; TUNEL assay
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Five rare cases of micropapillary carcinoma of
the stomach are reported. Phagocytosis (cannibalism)
of apoptotic neutrophils by tumor cells is demonstrated
for the first time in micropapillary components of
gastric carcinomas. These unique features might help
us to better understand the aggressive behavior and
poor prognosis of this rare entity.
Barresi V, Branca G, Ieni A, Rigoli L, Tuccari G, Caruso RA.
Phagocytosis (cannibalism) of apoptotic neutrophils by tumor
cells in gastric micropapillary carcinomas. World J Gastroenterol
2015; 21(18): 5548-5554 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i18/5548.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5548

INTRODUCTION
Micropapillary carcinoma was originally described
[1]
by Siriaunkgul and Tavassoli as a rare subtype of
invasive ductal carcinoma of the breast, characterized
by pseudopapillary cell clusters devoid of fibrovascular
cores and surrounded by empty and clear spaces.
Then, this neoplastic architectural pattern was
identified as a distinct entity in other organs, including
[2]
[3]
[4]
[5]
the bladder , lung , pancreas , parotid gland ,
[6]
[7,8]
gallbladder and colorectum . Ultrastructural studies
performed on breast micropapillary carcinomas
demonstrated the presence of microvilli on the
external surface of tumor cells facing the surrounding
[9,10]
stroma
. Immunohistochemical studies confirmed
these data, showing mucin 1 (MUC1), EMA, CD10 and
villin, normally expressed at the apical surface (luminal
surface) on the cells in normal glandular epithelium,
exclusively on the basal surface of micropapillary
[11]
clusters . These findings suggest that micropapillary
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MATERIALS AND METHODS
Case selection

A consecutive series of 151 patients with gastric
adenocarcinomas who underwent gastrectomy at the
University Hospital of Messina (Italy) between January
2001 and July 2005 were retrospectively analyzed. All
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Table 1 Clinicopathological features of the 5 patients
Case No.
1
2
3
4
5

Age (yr)

Sex

Location

Histology

Tnm

Outcome

55
47
62
58
75

Male
Male
Male
Male
Female

Antrum
Antrum
Antrum
Body
Body

Papillary
Papillary
Papillary
Papillary
Papillary

T3N2
T2N3
T3N1
T3N2
T2N2

DOD, 6 mo
DOD, 10 mo
DOD, 23 mo
DOD, 7 mo
AWD, 9 mo

DOD: Dead of disease; AWD: Alive with disease (metastases).

samples were fixed in 10% neutral formalin for 24-36
h at room temperature and then embedded in paraffin
at 56  ℃. Gastric carcinoma was classified according
[28]
to the World Health Organization classification .
All available slides were histologically reviewed and
5 tumors were selected as putative micropapillary
carcinoma when cancer cell clusters without a vascular
core within an empty lymphatic-like space comprised
at least 5% of the tumor.

deoxynucleotidyl transferase (TdT) buffer containing
deoxynucleotidyl transferase and biotinylated dUTP in
TdT buffer, incubated in a humid atmosphere at 37  ℃
for 90 min and then washed with PBS. The sections
were incubated at room temperature for 30 min with
anti-horseradish peroxidase-conjugated antibody and
the signals were visualized with diaminobenzidine.
Sections of human tonsil and human small intestine,
as well as a control tissue provided with the Apo Tag
Kit, were the positive controls.

Immunohistochemistry

Statistical analysis

Four micrometer thick consecutive sections were cut
from the paraffin blocks of the 5 putative micropapillary
carcinomas and submitted to the immunohistochemical
procedure against MUC1, D2-40 and caspase-3.
Antigen retrieval was performed prior to the addition
of the primary antibody by heating slides placed in
0.01 mol/L citrate buffer at pH 6.0 in a microwave
oven (750 W) for three 5 min cycles. Sections were
successively incubated with the primary monoclonal
antibody against MUC1 (clone Ma695, 1:100 w.d.;
Novocastra Laboratories, Newcastle, United Kingdom),
D2-40 (clone M3612; 1:200 w.d.; DakoCytomation,
Copenhagen, Denmark) and caspase-3 (clone
C92-605, 1:100 w.d.; BD Biosciences). The bound
primary antibodies were visualized by using the
LSAB kit (Dako Cytomation, Glostrup, Denmark)
according to the manufacturer’s instructions. To reveal
the immunostaining, the sections were incubated
in darkness for 10 min with 3,3’-diaminobenzidine
tetrahydrochloride (Sigma Chemical Co., St Louis,
MO, United States) in the amount of 100 mg in 200
mL 0.03% hydrogen peroxide in phosphate-buffered
saline solution. Nuclear counterstaining was carried out
by using Mayer’s hemalum. The immunohistochemical
procedures were carried out automatically by using
Dako Autostainer Link 48 (Dako Cytomation, Glostrup,
Denmark) according to the manufacturer’s instructions.

No statistical analysis was performed.

RESULTS
Clinicopathological features of the 5 patients are
summarized in Table 1. There were 4 males and 1
female. Ages ranged from 47 to 75 years (median,
58 years). Two patients had a clinical stage T2 tumor
and 3 had stage T3 disease (Table 1). All patients had
lymph node metastases. Follow-up data after surgery
were available in all 5 cases (range: 6-23 mo). Four
of patients died of disease from 6 to 23 mo and one
patient was alive with metastases at 9 mo.
At histology, in all 5 cases there was a papillary
adenocarcinoma in the superficial portion of the
tumor and an invasive micropapillary component
at the deep invasive cancer front. In one case, the
micropapillary phenotype was greater than 80% of
the tumor. In all of the investigated cases, the invasive
micropapillary component was characterized by
cancer cell clusters without a vascular core within an
empty lymphatic-like space (Figure 1A). Cluster cells
demonstrated a moderately abundant eosinophilic
cytoplasm and vesicular nuclei with prominent
nucleoli. At immunohistochemistry, clusters cells
were reactive for MUC1 on the stroma-facing surface,
demonstrating an inside-out pattern (Figure 2). In
addition, immunostaining for D2-40 was negative in
the cells limiting the lymphatic-like spaces, which ruled
out the possibility of lymphatic vessel invasion. Several
micropapillae were infiltrated by numerous neutrophils
(Figure 1B). Tumor necrosis was absent. Neutrophils
were mainly intraepithelial and less frequently
were found in the tumor stroma (Figure 1A). Some
intraepithelial neutrophils were observed within
cytoplasmic vacuoles of micropapillary tumor cells

TUNEL assay

TUNEL assay was conducted by using a TUNEL detec
tion kit according to the manufacturer’s instruction
(Apotag, HRP kit DBA, Milan, Italy). Briefly, sections
were incubated with 15 μg/mL proteinase K for 15
min at room temperature and then washed with
PBS. Endogenous peroxidase was inactivated by
3% H2O2 for 5 min at room temperature and then
washed with PBS. Sections were immersed in terminal
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A

B

Figure 3 Intraepithelial neutrophils showing TUNEL-positivity.
Magnification × 200.

Figure 1 Invasive micropapillary carcinoma characterized by cell
clusters surrounded by lacunar spaces and fibrous stroma (A) and
several micropapillae infiltrated by numerous neutrophils. A: HE staining,
magnification × 100; B: HE staining, magnification × 400.
Figure 4 Neutrophils showing cytoplasmic immunoreactivity for
caspase-3 are found within cytoplasmic vacuoles of tumor cells (arrow).
Magnification × 200.

University Hospital of Messina (Italy) from 2001 to
2005, 5 fulfilled the criteria of gastric micropapillary
carcinomas. The frequency of gastric micropapillary
carcinoma was 3.3% in our study. Based on the limited
number of cases in this study, gastric micropapillary
carcinoma is characterized by a particularly aggressive
clinical outcome. In the present study, patients died of
the disease or were alive with metastases less than 2
years from initial diagnosis.
In our study, positive MUC-1 immunostaining on
the stroma-facing surface (inside-out pattern) of the
carcinomatous cluster cells, together with negative
immunostaining for D2-40 in the cells limiting the
lymphatic-like spaces, confirmed the true micro
papillary pattern in these gastric neoplasms.
Neutrophil infiltration has been described in a
series of invasive micropapillary carcinomas of the
[4]
[29]
pancreas and periampullary region , as well as in
[30]
a case of colorectal micropapillary carcinoma . In
our five cases, we showed intraepithelial apoptotic
neutrophils in several micropapillary components
of gastric tumors for the first time. To investigate
neutrophil apoptosis, we chose three independent
techniques: light microscopy with hematoxylin-eosin
staining, TUNEL and caspase-3 immunohistochemistry.

Figure 2 Micropapillary clusters were characteristically MUC-1
immunoreactive on the stroma-facing surface (“inside-out” pattern).
Magnification × 200.

and showed the characteristic morphological findings
of apoptotic death, such as chromatin condensation
and cell shrinkage (Figure 1B). They exhibited
TUNEL-positive nuclei (Figure 3) and cytoplasmic
immunoreactivity for caspase-3 (Figure 4).

DISCUSSION
The aim of the current retrospective study was to
identify the incidence as well as clinicopathological
characteristics of gastric micropapillary carcinomas.
Of 151 gastric carcinomas resected for cure at the
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At the light microscopic level, some intraepithelial
neutrophils were found within cytoplasmic vacuoles
and showed morphological signs of apoptosis, such as
pyknotic nuclei and cell shrinkage. TUNEL staining and
caspase-3 immunoreactivity confirmed the apoptotic
nature of these neutrophil changes. These findings are
similar to that described in tumor cell cannibalism both
in cytological or histological samples of human tumors
where it is possible to detect cells with one or more
vacuoles, possibly containing cells under degradation,
[31,32]
that push the nucleus to the cell periphery
. Taken
together, our data show phagocytosis (cannibalism)
of apoptotic neutrophils by micropapillary carcinoma
cells.
Tumor cell cannibalism is described as the ability of
tumor cells to cannibalize their siblings as well as cells
[32]
from the immune system . Neutrophil cannibalism by
tumor cells must be distinguished from other “cell-incell” phenomena, such as emperipolesis and entosis.
Emperipolesis has been defined as a random passage
of different types of cells through the cytoplasm of
another cell without any important change in either the
[33]
host or invading cells . We ruled out the possibility
that the presence of neutrophils within micropapillary
tumor cells is merely due to emperipolesis as these
neutrophils were apoptotic. Entosis is a term coined by
[34]
Overholtzer et al to describe a form of cell engulfment
involving the cells that resembles emperipolesis.
However, the entosis may be characterized by a nonapoptotic cell death of the internalized cell, whereas
in our cases of micropapillary carcinomas we showed
apoptotic mechanisms of neutrophil death.
While phagocytic behaviors have been reported for
most forms of human cancer, not all cancer cells within a
tumor are phagocytic. For most of the tumors described,
phagocytic/cannibalistic behavior was restricted primarily
to those cells that are highly invasive and metastatic,
such as pleomorphic giant cell carcinoma of the lung,
[33]
gall bladder, pancreas and intestine . In addition to
pleomorphic giant cell carcinoma, our cases of gastric
micropapillary carcinomas represent a further example
of adenocarcinoma with aggressive behavior associated
with neutrophil tumor cell phagocytosis.
Our findings of neutrophil cannibalism by tumor cells
may suggest several intriguing hypotheses. First, this
phenomenon may be interpreted as a sort of “feeding”
activity necessary to sustain survival of tumor cells
[35]
independent of the microvasculature . Second, the
presence of cannibalized cells may interfere with cell
[36]
division, leading to non-genetic polyploidy . Finally,
recent studies have demonstrated that horizontal DNA
transfer between mammalian cells can occur through
the uptake of apoptotic bodies, where genes from
the apoptotic cells were transferred to neighboring
[37-39]
cells phagocytosing the apoptotic bodies
. It has
been suggested that horizontal transfer of DNA from
apoptotic bodies could be one explanation for the
chromosomal instability and aneuploidy observed in
[39]
cancer cells . Cannibalism-mediated chromosomal
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instability and aneuploidy could be one of the reasons
for aggressive behavior of micropapillary carcinoma but
further studies are needed to verify these hypotheses.

COMMENTS
COMMENTS
Background

Micropapillary carcinoma has been recently characterized as a rare
but distinctive variant of adenocarcinoma in several organs. From a
histopathological viewpoint, it is formed by small papillary cell clusters
surrounded by lacunar spaces resembling lymphatic channels. This tumor
histotype is associated with frequent lymphovascular invasion and poor clinical
outcome.

Research frontiers

The phenomenon of tumor cell cannibalism, a morphological feature mainly
seen in highly malignant tumors, is characterized by the ability of tumor cells
to cannibalize their siblings as well as cells from the immune system, such as
neutrophils and lymphocytes. Although cell cannibalism is a morphological
marker of aggressive biological behavior, it has not been studied in
micropapillary carcinoma, a tumor histotype also characterized by a dismal
prognosis.

Innovations and breakthroughs

Previous studies have documented the mere presence of intraepithelial
neutrophils in micropapillary carcinomas of the colon, as well as of the pancreas
and periampullary region. The phenomenon of neutrophil cannibalism by tumor
cells must be distinguished from emperipolesis, where the invading cell appears
normal, or from entosis, where the invading cell undergoes non-apoptotic cell
death. In order to characterize the necrotic changes of cannibalized neutrophils,
we performed three independent techniques: light microscopy with hematoxylineosin, TUNEL and caspase-3 immunohistochemistry. The authors showed
apoptotic neutrophil cannibalism by tumor cells in 5 cases of micropapillary
gastric carcinomas for the first time.

Applications

The presence of cannibalistic tumor cells is a further morphological feature
associated with the high-grade malignancy of gastric micropapillary carcinomas.
A study evaluating this phenomenon in a series of micropapillary carcinomas in
relation to diagnostic purpose, frequency, stage and biology may be of value.

Terminology

Micropapillary carcinoma is a recently recognized type of adenocarcinoma with
an aggressive behavior, as shown by local recurrence and extensive nodal
involvement. Cellular cannibalism is generically defined as a large cell enclosing
a slightly smaller one within its cytoplasm. Neutrophil-tumor cell cannibalism is
a particular form of cannibalism where apoptotic neutrophils are shown in tumor
cell cytoplasm by HE staining, TUNEL assay and specific immunohistochemical
methods.

Peer-review

This topic is very interesting and the significance of apoptotic neutrophils in the
micropapillary tumor cells should be further studied.

REFERENCES
1
2

3

4

5552

Siriaunkgul S, Tavassoli FA. Invasive micropapillary carcinoma
of the breast. Mod Pathol 1993; 6: 660-662 [PMID: 8302807]
Amin MB, Ro JY, el-Sharkawy T, Lee KM, Troncoso P, Silva EG,
Ordóñez NG, Ayala AG. Micropapillary variant of transitional cell
carcinoma of the urinary bladder. Histologic pattern resembling
ovarian papillary serous carcinoma. Am J Surg Pathol 1994; 18:
1224-1232 [PMID: 7977945 DOI: 10.1097/00000478-19941200000005]
Amin MB, Tamboli P, Merchant SH, Ordóñez NG, Ro J, Ayala
AG, Ro JY. Micropapillary component in lung adenocarcinoma: a
distinctive histologic feature with possible prognostic significance.
Am J Surg Pathol 2002; 26: 358-364 [PMID: 11859208 DOI:
10.1097/00000478-200203000-00010]
Reid MD, Basturk O, Thirabanjasak D, Hruban RH, Klimstra
DS, Bagci P, Altinel D, Adsay V. Tumor-infiltrating neutrophils in
pancreatic neoplasia. Mod Pathol 2011; 24: 1612-1619 [PMID:

May 14, 2015|Volume 21|Issue 18|

Barresi V et al . Gastric micropapillary carcinomas with neutrophil cannibalism

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

21822201 DOI: 10.1038/modpathol.2011.113]
Michal M, Skálová A, Mukensnabl P. Micropapillary carcinoma
of the parotid gland arising in mucinous cystadenoma. Virchows
Arch 2000; 437: 465-468 [PMID: 11097376 DOI: 10.1007/
s004280000274]
Hara S, Kijima H, Okada K, Igarashi Y. Invasive micropapillary
variant of the gallbladder adenocarcinoma and its aggressive
potential for lymph node metastasis. Biomed Res 2010; 31: 89-95
[PMID: 20460736 DOI: 10.2220/biomedres.31.89]
Sakamoto K, Watanabe M, De La Cruz C, Honda H, Ise H, Mitsui
K, Namiki K, Mikami Y, Moriya T, Sasano H. Primary invasive
micropapillary carcinoma of the colon. Histopathology 2005; 47:
479-484 [PMID: 16241995 DOI: 10.1111/j.1365-2559.2005.02241.
x]
Haupt B, Ro JY, Schwartz MR, Shen SS. Colorectal adeno
carcinoma with micropapillary pattern and its association with
lymph node metastasis. Mod Pathol 2007; 20: 729-733 [PMID:
17464318 DOI: 10.1038/modpathol.3800790]
Luna-Moré S, Gonzalez B, Acedo C, Rodrigo I, Luna C. Invasive
micropapillary carcinoma of the breast. A new special type of
invasive mammary carcinoma. Pathol Res Pract 1994; 190:
668-674 [PMID: 7808965 DOI: 10.1016/S0344-0338(11)80745-4]
Caruso RA, Cicciarello R, Gagliardi ME, Albiero F, Costa G,
Fedele F, Cavaliere R, Finocchiaro G, Mesiti M, Cavallari V.
Micropapillary carcinoma of the breast with necrosis-like cell
death: a case report. Ultrastruct Pathol 2008; 32: 153-159 [PMID:
18696401 DOI: 10.1080/01913120802179473]
Guzińska-Ustymowicz K, Niewiarowska K, Pryczynicz
A. Invasive micropapillary carcinoma: a distinct type of
adenocarcinomas in the gastrointestinal tract. World J Gastroenterol
2014; 20: 4597-4606 [PMID: 24782612 DOI: 10.3748/wjg.v20.
i16.4597]
Nassar H, Pansare V, Zhang H, Che M, Sakr W, Ali-Fehmi R,
Grignon D, Sarkar F, Cheng J, Adsay V. Pathogenesis of invasive
micropapillary carcinoma: role of MUC1 glycoprotein. Mod
Pathol 2004; 17: 1045-1050 [PMID: 15154007 DOI: 10.1038/
modpathol.3800166]
Barresi V, Vitarelli E, Grosso M, Tuccari G, Barresi G.
Relationship between immunoexpression of mucin peptide
cores MUC1 and MUC2 and Lauren’s histologic subtypes of
gastric carcinomas. Eur J Histochem 2006; 50: 301-309 [PMID:
17213039]
Guaita S, Puig I, Franci C, Garrido M, Dominguez D, Batlle E,
Sancho E, Dedhar S, De Herreros AG, Baulida J. Snail induction of
epithelial to mesenchymal transition in tumor cells is accompanied
by MUC1 repression and ZEB1 expression. J Biol Chem
2002; 277: 39209-39216 [PMID: 12161443 DOI: 10.1074/jbc.
M206400200]
Barresi V, Branca G, Vitarelli E, Tuccari G. Micropapillary pattern
and poorly differentiated clusters represent the same biological
phenomenon in colorectal cancer: a proposal for a change in
terminology. Am J Clin Pathol 2014; 142: 375-383 [PMID:
25125629 DOI: 10.1309/AJCPFEA7KA0SBBNA]
Acs G, Esposito NN, Rakosy Z, Laronga C, Zhang PJ. Invasive
ductal carcinomas of the breast showing partial reversed cell
polarity are associated with lymphatic tumor spread and may
represent part of a spectrum of invasive micropapillary carcinoma.
Am J Surg Pathol 2010; 34: 1637-1646 [PMID: 20975342 DOI:
10.1097/PAS.0b013e3181f5539c]
Gaida MM, Steffen TG, Günther F, Tschaharganeh DF, Felix K,
Bergmann F, Schirmacher P, Hänsch GM. Polymorphonuclear
neutrophils promote dyshesion of tumor cells and elastasemediated degradation of E-cadherin in pancreatic tumors. Eur J
Immunol 2012; 42: 3369-3380 [PMID: 23001948 DOI: 10.1002/
eji.201242628]
Tajima S, Kodama H, Kamiya T, Terasaki M. Gastric carcinoma
with an invasive micropapillary carcinoma component showing
HER2 gene amplification and CD10 expression: a case report and
review of the literature. Pathol Int 2014; 64: 402-408 [PMID:
25143129 DOI: 10.1111/pin.12184]

WJG|www.wjgnet.com

20

21

22

23

24

25

26

27
28

29

30

31

32

33

34

5553

Ninomiya S, Sonoda K, Shiroshita H, Bandoh T, Arita T. Five-year
survival after surgery for invasive micropapillary carcinoma of the
stomach. Case Rep Surg 2013; 2013: 560712 [PMID: 23607038
DOI: 10.1155/2013/560712]
Ohtsuki Y, Kuroda N, Yunoki S, Murakami S, Mizukami Y,
Okada Y, Iguchi M, Lee GH, Furihata M. Immunohistochemical
analysis of invasive micropapillary carcinoma pattern in four cases
of gastric cancer. Med Mol Morphol 2013; 46: 114-121 [PMID:
23471758 DOI: 10.1007/s00795-013-0037-9]
Ushiku T, Matsusaka K, Iwasaki Y, Tateishi Y, Funata N, Seto
Y, Fukayama M. Gastric carcinoma with invasive micropapillary
pattern and its association with lymph node metastasis.
Histopathology 2011; 59: 1081-1089 [PMID: 22175888 DOI:
10.1111/j.1365-2559.2011.04055.x]
Fujita T, Gotohda N, Kato Y, Kinoshita T, Takahashi S, Konishi
M, Daiko H, Nishimura M, Kuwata T, Ochiai A, Kinoshita T.
Clinicopathological features of stomach cancer with invasive
micropapillary component. Gastric Cancer 2012; 15: 179-187
[PMID: 21987353 DOI: 10.1007/s10120-011-0094-5]
Eom DW, Kang GH, Han SH, Cheon GJ, Han KH, Oh HS,
Kim JH, Jang HJ, Hong SM. Gastric micropapillary carcinoma:
A distinct subtype with a significantly worse prognosis in TNM
stages I and II. Am J Surg Pathol 2011; 35: 84-91 [PMID:
21164291 DOI: 10.1097/PAS.0b013e3181ff61e2]
Lee JH, Kim JH, Choi JW, Kim YS. The presence of a
micropapillary component predicts aggressive behaviour in early
and advanced gastric adenocarcinomas. Pathology 2010; 42:
560-563 [PMID: 20854075 DOI: 10.3109/00313025.2010.508790]
Roh JH, Srivastava A, Lauwers GY, An J, Jang KT, Park CK,
Sohn TS, Kim S, Kim KM. Micropapillary carcinoma of stomach:
a clinicopathologic and immunohistochemical study of 11 cases.
Am J Surg Pathol 2010; 34: 1139-1146 [PMID: 20661012 DOI:
10.1097/PAS.0b013e3181e7043b]
Shimoda M, Okada Y, Hayashi Y, Hatano S, Kawakubo H, Omori
T, Ishii S, Sugiura H. Primary invasive micropapillary carcinoma
of the stomach. Pathol Int 2008; 58: 513-517 [PMID: 18705772
DOI: 10.1111/j.1440-1827.2008.02265.x]
Kondo T, Kitazawa R, Kitazawa S. Gastric remnant adenocarcinoma
with micropapillary component. Dig Dis Sci 2008; 53: 2287-2289
[PMID: 18224441 DOI: 10.1007/s10620-007-0136-3]
Lauwers GY, Carneiro F, Graham DY, Curado MP, Franceschi
S, Montgomery E, Tatematsu M, Hattori T. Gastric carcinoma. In:
Bosman FT, Carneiro F, Hruban RH, Theise ND, editors. WHO
Classification of Tumours of the Digestive System. IARC: Lyon,
2010: 52-54
Khayyata S, Basturk O, Adsay NV. Invasive micropapillary
carcinomas of the ampullo-pancreatobiliary region and their
association with tumor-infiltrating neutrophils. Mod Pathol
2005; 18: 1504-1511 [PMID: 16007065 DOI: 10.1038/
modpathol.3800460]
Wen P, Xu Y, Frankel WL, Shen R. Invasive micropapillary
carcinoma of the sigmoid colon: distinct morphology and
aggressive behavior. Int J Clin Exp Pathol 2008; 1: 457-460 [PMID:
18787620]
Caruso RA, Muda AO, Bersiga A, Rigoli L, Inferrera C.
Morphological evidence of neutrophil-tumor cell phagocytosis
(cannibalism) in human gastric adenocarcinomas. Ultrastruct
Pathol 2002; 26: 315-321 [PMID: 12396242 DOI: 10.1080/01913
120290104593]
Caruso RA, Fedele F, Finocchiaro G, Arena G, Venuti A.
Neutrophil-tumor cell phagocytosis (cannibalism) in human
tumors: an update and literature review. Exp Oncol 2012; 34:
306-311 [PMID: 23070016]
Humble JG, Jayne WH, Pulvertaft RJ. Biological interaction
between lymphocytes and other cells. Br J Haematol 1956; 2:
283-294 [PMID: 13342362 DOI: 10.1111/j.1365-2141.1956.
tb06700.x]
Overholtzer M, Mailleux AA, Mouneimne G, Normand G, Schnitt
SJ, King RW, Cibas ES, Brugge JS. A nonapoptotic cell death
process, entosis, that occurs by cell-in-cell invasion. Cell 2007;

May 14, 2015|Volume 21|Issue 18|

Barresi V et al . Gastric micropapillary carcinomas with neutrophil cannibalism

35

36

131: 966-979 [PMID: 18045538 DOI: 10.1016/j.cell.2007.10.040]
Lugini L, Matarrese P, Tinari A, Lozupone F, Federici C, Iessi E,
Gentile M, Luciani F, Parmiani G, Rivoltini L, Malorni W, Fais
S. Cannibalism of live lymphocytes by human metastatic but not
primary melanoma cells. Cancer Res 2006; 66: 3629-3638 [PMID:
16585188 DOI: 10.1158/0008-5472.CAN-05-3204]
Krajcovic M, Overholtzer M. Mechanisms of ploidy increase
in human cancers: a new role for cell cannibalism. Cancer Res
2012; 72: 1596-1601 [PMID: 22447569 DOI: 10.1158/0008-5472.
CAN-11-3127]

37

38
39

Bergsmedh A, Szeles A, Henriksson M, Bratt A, Folkman MJ,
Spetz AL, Holmgren L. Horizontal transfer of oncogenes by uptake
of apoptotic bodies. Proc Natl Acad Sci USA 2001; 98: 6407-6411
[PMID: 11353826 DOI: 10.1073/pnas.101129998]
Yan B, Wang H, Li F, Li CY. Regulation of mammalian horizontal
gene transfer by apoptotic DNA fragmentation. Br J Cancer 2006;
95: 1696-1700 [PMID: 17146478]
Holmgren L. Horizontal gene transfer: you are what you eat.
Biochem Biophys Res Commun 2010; 396: 147-151 [PMID:
20494129 DOI: 10.1016/j.bbrc.2010.04.026]

P- Reviewer: Cai Y, Eom DW S- Editor: Yu J L- Editor: Roemmele A
E- Editor: Zhang DN

WJG|www.wjgnet.com

5554

May 14, 2015|Volume 21|Issue 18|

World J Gastroenterol 2015 May 14; 21(18): 5555-5559
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i18.5555

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Effectiveness of therapeutic barium enema for diverticular
hemorrhage
Mizue Matsuura, Masahiko Inamori, Atsushi Nakajima, Yasuhiko Komiya, Yumi Inoh, Keigo Kawasima, Mai Naitoh,
Yuji Fujita, Akiko Eduka, Noriyoshi Kanazawa, Shiori Uchiyama, Rie Tani, Kennichi Kawana, Setsuya Ohtani,
Hajime Nagase
Telephone: +81-45-7872640
Fax: +81-45-7843546
Received: October 22, 2014
Peer-review started: October 28, 2014
First decision: November 14, 2014
Revised: December 3, 2014
Accepted: January 16, 2015
Article in press: January 16, 2015
Published online: May 14, 2015

Mizue Matsuura, Masahiko Inamori, Atsushi Nakajima,
Hepatology and Gastroenterology, Yokohama City University
Hospital, Yokohama 236-0004, Japan
Yasuhiko Komiya, Yumi Inoh, Keigo Kawasima, Mai Naitoh,
Yuji Fujita, Akiko Eduka, Noriyoshi Kanazawa, Shiori
Uchiyama, Rie Tani, Kennichi Kawana, Setsuya Ohtani,
Hajime Nagase, Department of Gastroenterology, Yokohama
Rosai Hospital, Yokohama 236-0004, Japan
Author contributions: Nakajima A, Kawasima K, Ohtani S
and Nagase H had full access to the data and were involved in
the study design and concept, analysis and interpretation of data,
drafting of the manuscript and critical revision of the manuscript
for important intellectual content; Komiya Y, Inoh Y, Kawana
K, Naitoh M and Fujita Y were involved in the study concept
and design and drafting of the manuscript; Eduka A, Kanazawa
N, Uchiyama S and Tani R drafted the manuscript and critically
revised the manuscript for important intellectual content; all
authors provided final approval to submit the manuscript for
publication.
Supported by Research funding, Abbott Japan Co., LTD.
Ethics approval: The study was reviewed and approved by the
Yokohama City University Hospital Institutional Review Board.
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: Masahiko Inamori has received research
funding from Abbott Japan Co., LTD.
Data sharing: Participants gave informed consent for data
sharing.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Masahiko Inamori, MD, PhD, Hepatology
and Gastroenterology, Yokohama City University Hospital, 3-9
Fukuura, Kanazawa-ku, Yokohama 236-0004,
Japan. inamorim@med.yokohama-cu.ac.jp

WJG|www.wjgnet.com

Abstract
AIM: To evaluate the effectiveness of barium impaction
therapy for patients with colonic diverticular bleeding.
METHODS: We reviewed the clinical charts of patients
in whom therapeutic barium enema was performed
for the control of diverticular bleeding between August
2010 and March 2012 at Yokohama Rosai Hospital.
Twenty patients were included in the review, consisting
of 14 men and 6 women. The median age of the
patients was 73.5 years. The duration of the followup period ranged from 1 to 19 mo (median: 9.8 mo).
Among the 20 patients were 11 patients who required
the procedure for re-bleeding during hospitalization, 6
patients who required it for re-bleeding that developed
after the patient left the hospital, and 3 patients
who required the procedure for the prevention of rebleeding. Barium (concentration: 150 w%/v%) was
administered per the rectum, and the leading edge of
the contrast medium was followed up to the cecum
by fluoroscopy. After confirmation that the ascending
colon and cecum were filled with barium, the enema
tube was withdrawn, and the patient’s position was
changed every 20 min for 3 h.
RESULTS: Twelve patients remained free of rebleeding during the follow-up period (range: 1-19
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[5]

mo) after the therapeutic barium enema, including 9
men and 3 women with a median age of 72.0 years.
Re-bleeding occurred in 8 patients including 5 men
and 3 women with a median age of 68.5 years: 4
developed early re-bleeding, defined as re-bleeding
that occurs within one week after the procedure, and
the remaining 4 developed late re-bleeding. The DFI
(disease-free interval) decreased 0.4 for 12 mo. Only
one patient developed a complication from therapeutic
barium enema (colonic perforation).

muscle layer . As a diverticulum herniates, the vasa
recta drape over the dome of the diverticulum and
[6]
become susceptible to trauma and disruption .
Diverticular hemorrhage is the source of lower
gastrointestinal bleeding in 17%-40% of adults,
and thus, it is the most common cause of lower
gastrointestinal bleeding. However, the exact cause
[7]
of diverticular bleeding is not yet well understood .
Diverticula of the large intestine constitute a common
source of lower gastrointestinal bleeding caused by the
[4,8]
rupture of the underlying vasa recta . A comparison
of bleeding and non-bleeding diverticula has suggested
the role of traumatic factors in the rendering of the vasa
recta as prone to rupture and massive hemorrhage in
[6]
the bleeding diverticula . Although the cause of such
trauma may be stercoral, little evidence has been found
[6]
with respect to inflammation or diverticulitis .
More recent observations from the colonoscopic
appearance of bleeding diverticula suggest that
ulcerations or erosions at the neck or dome of the
diverticula may be more frequent than was previously
[9]
thought . Bleeding has been observed to cease
spontaneously in approximately 75% of undetected
cases, but it is reported to recur in approximately half
[10,11]
of these cases
. In cases with bleeding, endoscopic
hemostasis is an effective treatment; however, it is
often difficult to identify the source of bleeding because
of massive bleeding and the presence of clots.
We use therapeutic barium enema as a treatment
method in cases where the source of bleeding cannot
[12]
be identified by endoscopy. In 1970, Adams
first
reported the outcome of this treatment, but there
have been few other reports of this method.
We present patients with colonic diverticular
bleeding in whom the bleeding was successfully
controlled by the newly designed barium impaction
therapy using a high concentration of barium sulfate.

CONCLUSION: Therapeutic barium enema is effective
for the control of diverticular hemorrhage in cases
where the active bleeding site cannot be identified by
colonoscopy.
Key words: Non-steroidal antiinflammatory drugs;
Barium enema; Diverticular hemorrhage; Re-bleeding;
Barium impaction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In patients who present with diverticular
bleeding, while endoscopic hemostasis is an effective
treatment, the source of the bleeding is often difficult
to identify because of massive bleeding and the
presence of clots. We use therapeutic barium enema
as a second-line treatment in cases where the source
of bleeding cannot be identified by endoscopy. Thera
peutic barium enema can be used relatively safely
and has a low degree of invasiveness. When no other
therapeutic techniques are available, therapeutic barium
enema may be useful as a therapeutic alternative that
can preclude the need for surgical treatment.
Matsuura M, Inamori M, Nakajima A, Komiya Y, Inoh
Y, Kawasima K, Naitoh M, Fujita Y, Eduka A, Kanazawa
N, Uchiyama S, Tani R, Kawana K, Ohtani S, Nagase H.
Effectiveness of therapeutic barium enema for diverticular
hemorrhage. World J Gastroenterol 2015; 21(18): 5555-5559
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i18/5555.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i18.5555

MATERIALS AND METHODS
Subjects

We reviewed the data of patients in whom therapeutic
barium enema was performed for the control of
diverticular bleeding between August 2010 and March
2012 at Yokohama Rosai Hospital. Twenty patients
were included in the review, consisting of 14 men and
6 women. The median age of the patients was 73.5
years (range: 38-92 years). The duration of the followup period ranged from 1 to 19 mo (median: 9.8 mo).
Among the 20 cases were 11 cases in whom the
procedure was performed for re-bleeding during
hospitalization, 6 in whom it was performed for rebleeding that developed after the patient left the
hospital, and 3 cases in whom it was performed for the
prevention of re-bleeding.

INTRODUCTION
In recent years, the overall prevalence of colonic
diverticulosis has increased in Japan; this is likely
[1]
caused by the shift to Westernized low-fiber diets .
In patients in Western countries, this disease usually
[2]
affects the left side of the colon , whereas in patients
in Eastern countries, diverticulosis is more common
[3]
in the right hemicolon . Although diverticular disease
is actually uncommon in people under the age of 40,
by the age of 50, almost one-third of the population
[4]
develops diverticulosis .
Diverticula develop at sites of weaknesses in the
colonic wall where the vasa recta penetrate the circular
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Therapeutic barium enema

Pretreatment enforced the usual bowel evacuation
before the therapeutic barium enema, or therapeutic
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A

B

C

Figure 1 Barium (concentration: 150 w%/v%) was administered per the rectum, and the leading edge of the contrast medium was followed up to the cecum
by fluoroscopy. X-ray follow-up to confirm filling up to the ascending colon and cecum was performed on the following day (A), 3 d after the procedure (B), and 2 mo
after the procedure (C).

methods of this study were reviewed by Masahiko
Inamori from Yokohama City University Hospital.

Table 1 Clinical characteristics of the patients
n = 20

Characteristics
Gender (M/F)
Age (mean ± SD, median: min-max)
Taking anticoagulants
Taking NSAIDs

14/6
70.6 ± 12.5, 72.0: 39-92
9
2

RESULTS
The baseline characteristics of the study patients are
summarized in Table 1. A total of 20 patients (14 men
and 6 women; median age 73.5 years; range: 38-92
years) who were diagnosed with diverticular bleeding
were enrolled in the study.
Table 2 shows the current patients who exhibited
bleeding and those who did not who were diagnosed
with diverticular bleeding. These patients consisted of
12 non-bleeding patients (12/20; 60%), including 9
men and 3 women with a median age of 72.0 years.
Six of these patients were taking anticoagulants, while
none was taking NSAIDs.
By contrast, there were 8 patients who exhibited
bleeding (8/20; 40%), including 5 men and 3 women
with a median age of 68.5 years. Three of these patients
were taking anticoagulants, while two were taking
NSAIDs. Six patients had a history of previous bleeding.
Twelve patients remained free from re-bleeding
during the follow-up period (range: 1-19 mo) after the
therapeutic barium enema.
Re-bleeding occurred in 8 patients: 4 developed
early re-bleeding, defined as re-bleeding that occurs
within one week of the procedure, while the remaining
4 were diagnosed with late re-bleeding.
A significant difference was observed in the rate of
re-bleeding between patients taking NSAIDs and those
who were not (P = 0.0007).
Figure 2 shows the overall disease-free interval
(DFI). The DFI decreased 0.4 for 12 mo. Only one
patient developed a complication from therapeutic
barium enema (colonic perforation).

NSAIDs: Non-steroidal antiinflammatory drugs; M: Male; F: Female.

Table 2 Risk factors for re-bleeding
n = 20
Gender (M/F)
Age (median: min-max)
Taking anticoagulants
Taking NSAIDs

Non-bleeding

Re-bleeding

(n = 12)

(n = 8)

9/3
73.5: 54-90
6
0

5/3
68.5: 39-92
3
2

P value
0.6424
0.58851
0.6699
0.0007

1

The P values were calculated by Fisher’s exact test or Mann-Whitney U
test. NSAIDs: Non-steroidal antiinflammatory drugs; M: Male; F: Female.

barium enema therapy was undertaken on the day
after the colonoscopy without bowel evacuation being
enforced.
Barium (concentration: 150 w%/v%) was administered
per the rectum, and the leading edge of the contrast
medium was followed up to the cecum by fluoroscopy.
After confirmation that the ascending colon and
cecum were filled with barium, the enema tube was
withdrawn, and the patient’s position was changed every
20 min (i.e., prone, left lateral, supine and right lateral
positions) for 3 h. We performed X-ray examinations
during the follow-up to determine the extent of filling to
the ascending colon and cecum (Figure 1).

Statistical analysis

Statistical evaluation was performed using MannWhitney U test and Fisher’s exact test. The level of
significance was set at P < 0.05. Statistical analyses
were performed with the StatView software (SAS
Institute, Cary, NC, United States). The statistical

WJG|www.wjgnet.com

DISCUSSION
In recent years, the prevalence of colonic diverticular
diseases in Eastern countries, including Japan, has
begun to increase. However, most of the reported
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colonic diverticular hemorrhage. In Western populations,
in addition to non-steroidal anti-inflammatory drug
use, antihypertensive medication and concomitant
arteriosclerotic diseases have also been reported as
[4,16]
risk factors for colonic diverticular hemorrhage
.
A reason for the relationship between re-bleeding
and NSAIDs was unclear, but we supposed intestinal
mucosal damage by NSAIDs might cause re-bleeding.
One of the limitations of our study is that the sample
size was small, and a larger number of cases needs to
be accumulated for future studies.
Although there have been a few reports of correla
tions between anticoagulation or antiplatelet therapy
and bleeding from colonic diverticula, no report was
found regarding correlation between these therapies
[3,4,17]
and re-bleeding
.
Figure 2 shows that 60% of the patients in this
study developed re-bleeding within 12-18 mo.
McGuire reported that 38% of patients developed
[10]
recurrent bleeding . In another report of 83 patients
with diverticular bleeding who were not treated, the
predicted recurrence rate of bleeding was 9% at 1
year, 10% at 2 years, 19% at 3 years, and 25%
[18]
at 4 years . Our results, however, may be biased
because most of the patients were over 80 years old or
presented with severe bleeding.
Therapeutic barium enema can be used relatively
safely and has a low degree of invasiveness. However,
one of our 20 patients developed a complication
(perforation) from the procedure. Therefore, the
possibility of perforation must be considered, especially
in patients with diverticulitis.
Therapeutic barium enema is effective for diverti
cular bleeding when the source of active diverticular
bleeding is undiscovered by colonoscopy. When no
other treatments are available, therapeutic barium
enema may be useful as a therapeutic alternative that
can preclude the need for surgical treatment.

Overall disease-free intervial

1
0.8
0.6
0.4
0.2
0
0

3

6

9

12

15

18

t /mo

Figure 2 Overall disease-free interval in cases of diverticular bleeding.

cases of therapeutic barium enema are from Western
[1]
countries .
Colonic diverticular disease exhibits mucosal
outpouchings through the large intestine. Common
complications of this disease are diverticular bleeding
and diverticulitis. Diverticular bleeding is the most
common source of acute severe lower gastrointestinal
bleeding. It has been reported that acute lower
intestinal bleeding occurs in 3%-5% of patients with
[2,13]
colonic diverticula
. In most cases (70%-80%),
diverticular bleeding stops spontaneously and resolves
[10]
by itself ; however, bleeding may recur. Some
patients require treatment with endoscopy, surgical
operation and angiography to stop the bleeding.
Therapeutic colonoscopy may be useful when the
location of acute diverticular bleeding can be identified.
However, when the location of active bleeding cannot be
discovered, therapeutic colonoscopy is unable to stop
the bleeding, because diverticula are usually numerous
and bleeding is intermittent. The identification of precise
localization is very important for endoscopic treatment
for diverticular bleeding.
There are case reports of the use of various colono
scopic techniques for the control of diverticular bleeding,
including heater probes, epinephrine injection therapy,
argon plasma coagulation, and endoclip application. In
our 20 patients, it was difficult to identify the bleeding
points, because colonoscopy revealed large amounts of
blood in the colon and many diverticula with adherent
blood clots. As an alternative therapeutic option, we
performed therapeutic barium enema to control the
bleeding in these patients.
There are some previous reports of the effect of
[12,14]
barium on bleeding in the gastrointestinal tract
.
The precise mechanism that underlies the effect of
[12]
therapeutic barium enema remains unclear. Adams
mentioned two potential factors, namely, pressure by
the barium solution that produces tamponade of the
bleeding vessel and the direct hemostatic action of
[15]
barium sulfate .
Table 2 shows non-steroidal anti-inflammatory drug
use as a risk factor for re-bleeding in patients with
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In patients presenting with diverticular bleeding, while endoscopic haemostasis
is an effective treatment, the source of bleeding is often difficult to identify
because of massive bleeding and the presence of clots. The authors use
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preclude the need for surgical treatment.
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Endoscopic treatment may be useful when the source of lower gastrointestinal
bleeding is known. However, when the source of bleeding cannot be identified
or if multiple sites of bleeding are found, endoscopic treatment is unable to stop
the bleeding. Therapeutic barium enema is effective for diverticular hemorrhage
when the active bleeding site cannot be identified by colonoscopy. The authors
present patients with colonic diverticular bleeding in whom the bleeding was
successfully controlled by the newly designed barium impaction therapy using a
high concentration of barium sulfate.
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Applications

Therapeutic barium enema is effective for diverticular hemorrhage when
the active bleeding site cannot be identified by colonoscopy. When no other
therapeutic techniques are available, therapeutic barium enema may be useful
as a therapeutic alternative that can preclude the need for surgical treatment.
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Terminology
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Diverticula develop at sites of weaknesses in the colonic wall where the vasa
recta penetrate the circular muscle layer. As a diverticulum herniates, the
vasa recta drape over the dome of the diverticulum and become susceptible
to trauma and disruption. Diverticular hemorrhage is the source of lower
gastrointestinal bleeding in 17%-40% of adults, and thus, it is the most common
cause of lower gastrointestinal bleeding.
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The report describes the usefulness of therapeutic barium enema procedure in
preventing bleeding from colonic diverticula.
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Abstract
AIM: To investigate the accuracy of endoscopic or
biopsy diagnoses of superficial nonampullary duodenal
epithelial tumors (NADETs).
METHODS: Clinicopathological data were reviewed for
84 superficial NADETs from 74 patients who underwent
surgery or endoscopic resection between September
2002 and August 2014 at a single prefectural cancer
center. Superficial NADETs were defined as lesions
confined to the mucosa or submucosa. Demographic
and clinicopathological data were retrieved from charts,
endoscopic and pathologic reports. Endoscopic reports
included endoscopic diagnosis, location, gross type,
diameter, color, and presence or absence of biopsy.
Endoscopic diagnoses were made by an endoscopist
in charge of the examination before biopsy specimens
were obtained. Endoscopic images were obtained using
routine, front-view, high-resolution video endoscopy, and
chromoendoscopy with indigocarmine was performed
for all lesions. Endoscopic images were reviewed by at
least two endoscopists to assess endoscopic findings
indicative of carcinoma. Preoperative diagnoses based
on endoscopy and biopsy findings were compared with
histological diagnoses of resected specimens. Sensitivity,
specificity, and accuracy were assessed for endoscopic
diagnosis and biopsy diagnosis.
RESULTS: The majority (81%) of the lesions were
located in the second portion of the duodenum. The
median lesion diameter was 14.5 mm according to
final histology. Surgery was performed for 49 lesions
from 39 patients, and 35 lesions from 35 patients were
endoscopically resected. Final histology confirmed 65
carcinomas, 15 adenomas, and 3 hyperplasias. A final
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[17-19]

diagnosis of duodenal carcinoma was made for 91%
(52/57) of the lesions diagnosed as carcinoma by
endoscopy and 93% (42/45) of the lesions diagnosed
as carcinoma by biopsy. The sensitivity, specificity,
and accuracy of endoscopic diagnoses were 80%,
72%, and 78%, respectively, whereas those of biopsy
diagnoses were 72%, 80%, and 74%, respectively.
Preoperative diagnoses of carcinomas were made in
88% (57/65) of the carcinoma lesions via endoscopy or
biopsy. Endoscopic findings associated with carcinoma
were red color, depression, and mixed-type morphology.

of metastasis
. Endoscopic resection (ER) is a minimally
invasive local treatment compared with surgical resection.
However, ER of superficial NADETs is associated with a high
[10,13,19]
risk of complications, such as bleeding and perforation
.
Therefore, a preoperative diagnosis of superficial NADETs
is required to distinguish between lesions that should be
[16,20,21]
followed-up and those that require treatment
. However,
because the incidence of sporadic NADC is extremely rare,
endoscopic findings suggestive of early NADC have not yet
been established. Although biopsies allow for the determination
of histology and management strategies, their accuracy in
diagnosing superficial NADETs remains unclear. This study
aimed to identify the predictive endoscopic characteristics
of carcinomas and compare the accuracy of endoscopy and
biopsy in the diagnosis of superficial NADETs.

CONCLUSION: Preoperative endoscopy and biopsy
showed similar accuracies in the diagnosis of carcinoma
in patients with superficial NADETs.
Key words: Biopsy; Endoscopic diagnosis; Duodenal
adenoma; Duodenal carcinoma; Duodenal neoplasms

MATERIALS AND METHODS
This study included consecutive patients with superficial
NADETs who were treated with endoscopy or surgical
resection at the Shizuoka Cancer Center between
September 2002 and August 2014. Superficial NADETs
were defined as lesions confined to the mucosa or
submucosa. The indications for resection for superficial
NADETs at our institution include lesions diagnosed as
carcinoma endoscopically or lesions diagnosed as highgrade adenoma or carcinoma via biopsy. Demographic
and clinicopathological data were retrieved from charts,
endoscopic and pathologic reports. Endoscopic reports
included endoscopic diagnosis, location, gross type,
diameter, color, and presence or absence of biopsy.
Endoscopic images were obtained using routine,
front-view, high-resolution video endoscopy (H260 or
H260Z, Olympus, Tokyo, Japan). A duodenoscope or
an enteroscope was not used in this study because
all lesions were accessible using gastroscopes.
Chromoendoscopy with indigocarmine was performed
for all lesions. Images were reviewed by at least two
endoscopists, and endoscopic findings, such as the
[22]
presence of depressed areas, whitish villous color
and the presence of granules within the lesion, were
recorded. Biopsy samples and resected specimens
were pathologically assessed by one experienced
pathologist and were graded according to the Vienna
[23]
classification system .
Preoperative diagnoses based on endoscopy
and biopsy findings were compared with histological
diagnoses of resected specimens. Sensitivity, specificity,
and accuracy were assessed for each modality, and
the endoscopic findings indicative of carcinoma were
assessed.

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

Core tip: An analysis of 84 resected lesions of superficial
nonampullary duodenal epithelial tumors revealed that
preoperative endoscopy and biopsy showed similar
accuracies in the diagnosis of carcinoma or adenoma.
Endoscopic findings associated with superficial duodenal
carcinoma were red color, depression, and mixed-type
morphology.
Kakushima N, Kanemoto H, Sasaki K, Kawata N, Tanaka
M, Takizawa K, Imai K, Hotta K, Matsubayashi H, Ono H.
Endoscopic and biopsy diagnoses of superficial, nonampullary,
duodenal adenocarcinomas. World J Gastroenterol 2015;
21(18): 5560-5567 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5560.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5560

INTRODUCTION
Primary nonampullary duodenal epithelial tumors
[1,2]
(NADETs) are extremely rare . Patients with familial
adenomatous polyposis (FAP) are known to have a
high prevalence of duodenal adenomas (DAs), and
prospective follow-up studies have demonstrated that
[3]
such adenomas can progress slowly to carcinoma .
Sporadic nonampullary duodenal carcinoma (NADC)
occurs de novo or because of the adenoma-carcinoma
[4]
sequence, as observed in FAP patients . Because the
[5,6]
prognosis of advanced duodenal carcinomas is poor ,
early detection and treatment are essential.
Recently, a number of case studies have demonstrated
an increase in endoscopic treatments for sporadic superficial
[7-16]
NADETs, such as DAs or carcinomas
, possibly because
of the widespread use of esophagogastroduodenoscopy.
Previous studies have shown that DAs and mucosal
carcinomas are curable by local resection, with almost no risk
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Gross type of NADETs

The gross types of superficial NADETs were classified
[24]
using the criteria for colorectal tumors . According
to endoscopic features, the gross types included
protruded pedunculated (Ip), protruded sessile (Is),
semipedunculated (Isp), superficial elevated (Ⅱa),
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Figure 1 Case of duodenal adenoma. A: A whitish polypoid lesion is observed in the second portion of the duodenum; B: Chromoendoscopy clarifies the presence
of lobulation. The lesion was diagnosed as a 0-Isp type adenoma; C: Histology of the biopsy specimen confirms a non-carcinomatous lesion, and the final diagnosis is
a low-grade adenoma.

and superficial shallow or depressed types (Ⅱc). Mixed
patterns, including Ⅱa + Ⅰs or Ⅱa + Ⅱc, were diagnosed
when more than one component was observed.

RESULTS
A total of 84 lesions from 74 patients were included in
this study. The clinicopathological characteristics of the
patients and lesions are shown in Table 1. The median
age of the patients was 64 years, and 77% of the
patients were male. The majority (81%) of the lesions
were located in the second portion of the duodenum.
The median lesion diameter was 14.5 mm according
to final histology. The lesions were mostly elevated,
although 4 lesions were of the depressed type (5%).
Biopsies were obtained from 74 lesions (88%). The
median number of biopsies performed for each lesion
was 1 (range 1-5). Among ten lesions in which biopsy
was not performed, two were diagnosed as carcinoma
endoscopically, and biopsy was not performed with
the intent to avoid fibrosis related to biopsy. The other
eight lesions were observed in two FAP patients (four
in each patients), and all of them were diagnosed
as adenoma endoscopically. These lesions were not
biopsied because other larger lesions in the same
patient were biopsied instead. Subsequently, 49
lesions from 39 patients were surgically resected,
and 35 lesions from 35 patients were endoscopically
resected. All resected lesions were sent for pathological
assessment; however, one lesion was not available
for pathologic assessment because of the presence
of necrotic tissue. This lesion was diagnosed as
carcinoma via biopsy and was endoscopically resected.

Endoscopic diagnosis of duodenal carcinomas

Because no criteria have been established for the
endoscopic diagnosis of duodenal carcinomas,
carcinoma or adenoma are currently diagnosed with
reference to the procedures used for early gastric
[25-29]
and colorectal carcinomas
. Whitish elevated
lesions with lobulation or homogenous granules were
considered adenoma (Figure 1), and lesions with
depression, reddish component or heterogeneous
granules were considered carcinoma (Figure 2).
Endoscopic diagnoses were made by an endoscopist
in charge of the examination before biopsy specimens
were obtained.

Statistical analysis

Statistical analyses were performed using the chisquared test followed by multivariate logistic regression
analysis. Differences were considered significant
when P was < 0.05. All analyses were performed
using Excel statistics 2012 (Social Survey Research
Information, Tokyo, Japan). The statistical methods of
this study were reviewed by K. Mori from the Shizuoka
Cancer Center. This retrospective study was approved
by the institutional review board of our hospital
(25-J155-25-1-3).
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Figure 2 A case of duodenal carcinoma. A: A slightly elevated lesion with a reddish depression is observed in the second portion of the duodenum; B:
Chromoendoscopy clarifies the presence of depressions. The lesion was diagnosed as a 0-Ⅱa+Ⅱc type intramucosal carcinoma; C: The final diagnosis is welldifferentiated intramucosal adenocarcinoma.

The specimen was accidentally lost into the intestine
immediately after resection and was collected from
the stool the following day. Therefore, this lesion was
excluded. Eventually, endoscopic and biopsy diagnoses
were compared with final histological diagnoses in 83
and 73 lesions, respectively.

Table 1 Clinicopathological characteristics of the 74 patients
(84 lesions) n (%)
Sex (male/female)
Age, yr, median (range)
Location
1st portion
2nd portion
3rd portion
Final lesion diameter, mm, median (range)
Gross type
Is, Isp, Ip
Ⅱa
Ⅱa + Is, Ⅱa + Ⅱc, Is + Ⅱc
Ⅱc
Biopsy histology
Non-neoplastic
LGA
HGA
Carcinoma
NA
Treatment
Endoscopic resection
Surgical resection
Final histology
Hyperplasia
LGA
HGA
Carcinoma
NE

54/21
64 (33-84)
12 (14)
68 (81)
4 (5)
14.5 (2-80)

Comparisons of endoscopic diagnoses, biopsy
diagnoses, and final histological diagnoses

Among the 57 lesions with endoscopic diagnoses of
carcinoma, 52 (91%) were diagnosed as carcinomas,
3 were diagnosed as adenomas (2 high-grade, 1 lowgrade), and 2 were diagnosed as hyperplasia via final
histology. In contrast, among the 45 lesions diagnosed
as carcinoma via biopsy, 42 (93%) were diagnosed
as carcinomas and 3 were diagnosed as high-grade
adenomas via final histology (Tables 2 and 3).
Among the 24 lesions with endoscopic diagnoses
of adenoma, 12 (50%) were finally diagnosed as
carcinomas. Similarly, among the 26 lesions with
biopsy diagnoses of adenoma (low- or high-grade), 16
(62%) were finally diagnosed as carcinomas.
Two lesions were diagnosed as non-neoplastic via
endoscopy. Both of these appeared to be submucosal
tumors in the first and second portions of the
duodenum, respectively. One of these was diagnosed
using biopsy as a carcinoma, which was consistent
with the final histological diagnoses. The other lesion

17 (20)
25 (30)
38 (45)
4 (5)
2 (2)
19 (23)
7 (8)
46 (55)
10 (12)
35 (42)
49 (58)
3 (4)
10 (12)
5 (6)
65 (77)
1 (1)

LGA: Low-grade adenoma; HGA; High-grade adenoma; NA; Not
assessed; NE: Not evaluable.
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Table 2 Diagnoses of endoscopy, biopsy, and final histology
after treatment n (%)

Table 4 Preoperative endoscopic factors associated with the
final histology of adenoma or carcinoma

Final histology
Endoscopic
Dx (n = 83)

Nonneoplastic
(n = 2)
Adenoma
(n = 24)
Carcinoma
(n = 57)
Nonneoplastic
(n = 2)
LGA
(n = 19)
HGA
(n = 7)
Carcinoma
(n = 45)

Biopsy Dx
(n = 73)

Adenoma Carcinoma P value
(n = 15) (n = 65)

Factor

Non-neoplastic

LGA

HGA

Carcinoma

0

1 (50)

0

1 (50)

1 (4)

8 (33)

3 (13)

12 (50)

2 (3.5)

1 (2)

2 (3.5)

52 (91)

0

2 (100)

0

0

2 (11)

5 (26)

1 (5)

11 (58)

1 (14)

0

1 (14)

5 (71)

0

0

3 (7)

42 (93)

Location, n

Preoperative
diameter,
mm, n
Color, n

1st portion (n = 11)
2nd portion (n = 65)
3rd portion (n = 4)
< 20 (n = 53)
≥ 20 (n = 27)

White or isocolor
(n = 34)
Red (n = 46)
Depressed
Present (n = 40)
Absent (n = 40)
area, n
Lobulation, n
Present (n = 42)
Absent (n = 38)
Marginal
Present (n = 52)
Absent (n = 28)
whitening, n
Gross type, n
Elevated type
(Is, Isp, Ip, Ⅱa) (n = 39)
Depressed type (Ⅱc)
(n = 4)
Mixed type (Ⅱa + Is, Ⅱ
a + Ⅱc, Is + Ⅱc) (n = 37)

Dx: Diagnosis; LGA: Low-grade adenoma; HGA: High-grade adenoma.

Table 3 Comparison of endoscopic and biopsy diagnoses with
final histology

4
11
0
13
2

7
54
4
40
25

12

22

3
3
12
9
6
9
6
13

43
37
28
33
32
43
22
26

0

4

2

35

1

NS

0.060

0.001

0.009
0.500
NS
0.002

1 2

χ test. NS: Not significant.

Final histology
12

14

Table 5 Multivariate logistic regression analysis of endoscopic
factors indicative of duodenal carcinoma

5

52

Factor

12

16

3

42

Non-carcinoma Carcinoma
Endoscopic Dx (n = 83)

Non-carcinoma
(n = 26)
Carcinoma (n = 57)
Sensitivity, 80%; Specificity, 72%; Accuracy, 78%
Biopsy Dx (n = 73)
Non-carcinoma
(n = 28)
Carcinoma (n = 45)
Sensitivity, 72%; Specificity, 80%; Accuracy, 74%

Color
Lobulation
Marginal whitening
Gross type

P value

95%CI

2.360
0.553
0.546
2.258

0.038
0.389
0.359
0.064

1.04-5.32
0.14-2.13
0.15-1.98
0.95-5.35

OR: Odds ratio.

Dx: Diagnosis.

logistic regression analysis of preoperative endoscopic
factors showed only red color as a factor indicative of
carcinoma (Table 5).

was diagnosed to be non-neoplastic via biopsy, and
final histology indicated a low-grade adenoma.
The sensitivity, specificity, and accuracy of the
endoscopic diagnoses were 80%, 72%, and 78%,
respectively, whereas those of the biopsy diagnoses
were 72%, 80%, and 74%, respectively.
Preoperative diagnoses of carcinomas were made
in 88% (57/65) of the NADC cases via endoscopy
or biopsy. All 8 lesions that were not preoperatively
diagnosed as carcinoma were intramucosal cancers,
and biopsies were not performed for 5 of these before
resection.

DISCUSSION
In the present study, the diagnostic accuracy of
endoscopy and biopsy was assessed in a large number
of patients with superficial NADETs. Diagnostic
accuracy was similar between endoscopy (78%) and
biopsy (74%). However, the biopsy diagnoses (80%)
had greater specificity than the endoscopic diagnoses
(72%). Similar results were reported in a retrospective
[19]
study by Goda et al
in which endoscopy diagnosis
showed higher sensitivity (77%) and similar accuracy
(75%) while showing lower specificity (72%) than
those of biopsy diagnosis.
The necessity of obtaining biopsy specimens
from superficial NADETs before treatment remains
controversial. Because the duodenal wall is thin,
the biopsy procedure itself may induce unintended

Endoscopic findings associated with carcinoma

Preoperative factors associated with the final histology
of adenomas or carcinomas are shown in Table 4.
Univariate analyses showed that red color, presence
of a depressed area, and gross types were associated
with carcinomas. Preoperative sizes of 20 mm or
larger were more often diagnosed as carcinoma,
but the difference was not significant. Multivariate
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fibrosis associated with the lesion, which may hamper
subsequent ER. Moreover, histological proof of
malignancy may be preferable prior to treatment with
ER or surgery, which is associated with substantial
risks of complication. Lesions that are endoscopically
diagnosed as carcinoma, which can be treated by
further ER, may not require biopsy because the
sensitivity of endoscopy for the diagnoses of carcinoma
is superior to that of biopsy (80% vs 72%). However,
for lesions requiring surgical resection, the addition of
biopsy to endoscopic diagnoses may provide improved
sensitivity (88%) for the diagnosis of carcinoma.
Endoscopic observations of red color, depressed
areas, and mixed gross type lesions were significant
indicators of duodenal carcinomas. A previous case
study reported that larger-sized lesions, those with
components of depression ( Ⅱ a+ Ⅱ c type or Ⅱ c
type) and those with red and dull surfaces tended to
[20]
have a carcinomatous component . Another study
reported that erythematous color and nodular/rough
surfaces were characteristics of high-grade adenoma,
[21]
which were more likely to progress to carcinoma .
A multicenter study reported that a size of > 5
mm and red color were indicative factors of high[19]
grade adenoma or carcinoma . Our results were in
accordance with these reports, and these factors are
considered essential for the diagnosis of carcinoma
[26,30]
in the duodenum, as well as for gastric lesions
.
The major gross type of superficial NADETs is the
elevated type. Therefore, observations of red color
or depression within elevated lesions may reflect
vascularization and proliferation of glands due to the
presence of carcinomatous components. In this study,
size was not a significant predictor of carcinoma. A
few large carpet-like Ⅱa lesions have been reported to
increase their size as DA without any carcinomatous
[20]
components . This study included only two lesions
of this type, and there were many other small-sized
carcinomas. Developmental mechanisms for these
large DA and small carcinoma lesions may differ,
possibly reflecting differences between the adenomacarcinoma sequence and the de novo sequence of
carcinoma.
Discrepancies between biopsy diagnoses and final
histological diagnoses have been reported for gastric
[30]
[9,10,12,18,21]
epithelial lesions
and duodenal lesions
.
In the present study, 19 lesions (26%, 19/73) were
upgraded at final diagnosis. Among these, 11 were
upgraded from low-grade adenoma to carcinoma, and
another 5 were upgraded from high-grade adenoma
to carcinoma. This discrepancy is likely to reflect
the heterogeneity of tumors because many NADCs
are considered to follow the adenoma-carcinoma
sequence. Therefore, targeted biopsies from reddish
depressed areas observed during endoscopy may help
minimize the underestimation of biopsy diagnoses.
Moreover, lesions with a biopsy diagnosis of high-grade
adenoma should be considered for resection.
In this study, 2 lesions appeared to be submucosal
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tumors and were diagnosed as non-neoplastic via
endoscopy, one lesion was diagnosed as carcinoma
via biopsy. Submucosal tumors in the duodenum are
often benign cysts or Brunner hyperplasia. In contrast,
submucosal invasive carcinomas may appear to be
submucosal tumors. Therefore, biopsies may be
recommended for lesions that appear to be submucosal
tumors to ensure the accurate and timely detection of
carcinomas.
To overcome the diagnostic limitations of conventional
white-light endoscopy with chomoendoscopy, magnifying
endoscopy with or without narrow-band imaging may
provide distinctions between potentially malignant
[22,31,32]
lesions
. Heterogeneous patterns of irregular or
invisible mucosal structures with irregular vascular
patterns have been correlated with high-grade dysplasia
[22,31,32]
(HGD) or intramucosal carcinomas
. However, the
additional advantages of magnifying endoscopy remain
unclear, and further studies are required to clarify these.
This study is limited by its retrospective design.
Our center is specialized for the treatment of cancer
patients; therefore, the high diagnostic performances
of endoscopic diagnosis may have become a bias.
Moreover, patients who were preoperatively diagnosed
with adenoma endoscopically with a biopsy diagnosis
of low-grade adenoma were followed-up without
resection, leading to a potential selection bias. We
tried to minimize the selection bias by including all
patients who underwent resection and had a confirmed
diagnosis based on the resected specimen. Therefore,
the patient cohort in this study is likely to represent
patients of therapeutic objectives. Most of the
carcinomas included in this study were intramucosal,
with only six lesions containing submucosal invasive
carcinomas. Previous studies have shown that lesions
with depressions (Ⅱc, Ⅱa+Ⅱc) have a possibility of
[17,18]
submucosal invasion, regardless of size
. In the
present study, all four Ⅱc lesions were intramucosal
carcinomas. However, the small number of submucosal
invasive carcinomas precluded the analyses of lesion
depths. Further studies on the diagnosis of superficial
NADETs according to tumor depth and magnifying
endoscopic findings are required.
In conclusion, preoperative endoscopy and biopsy
showed similar accuracy in the diagnosis of carcinoma
in patients with superficial NADETs.
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Helicobacter pylori (H. pylori ) infection.

METHODS: Between 2011 and 2013, we conducted
a retrospective review of the medical records of 160
patients who had experienced failure of their first-line
proton pump inhibitor-based eradication therapy and
subsequently received the moxifloxacin-based triple
therapy as a second-line eradication treatment regimen.
The patients who were treated with the moxifloxacinbased triple therapy (oral 20 mg rabeprazole b.i.d.,
1000 mg amoxicillin b.i.d., and 400 mg moxifloxacin
q.d.) for 7 d were assigned to the RAM-7 group (n
= 79) while those who took them for 14 days were
assigned to RAM-14 group (n = 81). The eradication
rates for both groups were determined by intentionto-treat (ITT) and per-protocol (PP) analyses. ITT
analysis compared the treatment groups as originally
allocated while the PP analysis including only those
patients who had completed the treatment as originally
allocated. Successful eradication therapy for H. pylori
infection was defined as the documentation of a
13
negative C-urea breath test 4 wk after the end of the
eradication treatment.
RESULTS: The overall ITT eradication rate was
76.2% (122/160). The final ITT eradication rates were
70.8% (56/79; 95%CI: 63.3%-77.1%) in the RAM-7
group and 81.4% (66/81; 95%CI: 74.6%-88.3%)
in the RAM-14 group (P = 0.034). The overall PP
eradication rate was 84.1% (122/145), and the final
PP eradication rates were 77.7% (56/72; 95%CI:
70.2%-85.3%) in the RAM-7 group and 90.4% (66/73;
95%CI: 82.8%-98.1%) in the RAM-14 group (P =
0.017). The H. pylori -eradication rates in the RAM-14
group were significantly higher compared with that
of the RAM-7 group according to both the ITT (P =
0.034) and the PP analyses (P = 0.017). Both groups
exhibited good treatment compliance (RAM-7/RAM-14
group: 100%/100%). The adverse event rates were
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AIM: To evaluate the efficacy of the 14-d moxifloxacin-
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19.4% (14/72) and 20.5% (15/73) in the RAM-7 and
RAM-14 groups, respectively (P = 0.441). Adverse
events occurred in 14 of the 72 patients (19.4) in the
RAM-7 group and in 15 of the 73 patients (20.5) in the
RAM-14 group. No statistically significant differences (P
= 0.441) were observed.

eradication therapy for persistent H. pylori infection is
required.
Many alternative, second-line treatment regimens
have been studied. Currently, most experts recommend
a bismuth-based quadruple therapeutic regimen,
consisting of a PPI, bismuth salt, metronidazole, and
[3]
tetracycline, that is administered for 7-14 d . However,
a recent meta-analysis revealed a mean failure rate of
[9,10]
nearly 25% and higher with this therapy
.
[3]
In the Maastricht IV/Florence Consensus , a fluoro
quinolone-based triple therapy such as moxifloxacin or
levofloxacin was used as second-line treatment after
failure of the standard triple and the bismuth-based
quadruple therapies. Moxifloxacin is a second-generation
fluoroquinolone widely used to treat respiratory and
[11]
skin infections . Unlike other fluoroquinolones,
moxifloxacin has a low incidence of adverse events and
fewer interactions with other drugs. Gastrointestinal
disturbances such as diarrhea and nausea are the most
[12]
common reported adverse events of moxifloxacin .
Recent studies have reported satisfactory eradication
rates with moxifloxacin-based triple therapy for first-line
[13,14]
H. pylori treatment
. This therapy has also shown
excellent eradication rates as a second-line treatment
[15,16]
regimen
with significantly better compliance and
adverse event rates compared with the bismuth-based
quadruple therapy. However, the eradication rate did
not increase over the course of a prolonged, 7-10-d
[16]
treatment period , due to increased resistance to
[17]
moxifloxacin . We hypothesized that a longer duration
of treatment with moxifloxacin-based triple therapy
might increase the efficacy of H. pylori eradication.
The aim of the present study was to compare the H.
pylori-eradication, treatment compliance, and adverse
event rates, between second-line 14-d moxifloxacinbased triple therapy and the 7-d alternative among
Korean patients.

CONCLUSION: The 14-d moxifloxacin-based triple
therapy is a significantly more effective secondline eradication treatment as compared to the 7-d
alternative for H. pylori infection in South Korea.
Key words: Helicobacter pylori ; Treatment failure;
Second-line treatment; Moxifloxacin; Eradication rate
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study aimed to evaluate the efficacy of
the 14-d moxifloxacin-based triple therapy compared
to the corresponding 7-d regimen for second-line
Helicobacter pylori (H. pylori ) eradication in South
Korea. The H. pylori -eradication rates in the RAM-14
group were significantly higher compared to the
RAM-7 group for both the intention-to-treat and perprotocol analysis. The high eradication rate, excellent
compliance, and safety of the 14-d regimen suggest
its potential suitability as an alternative to the
standard bismuth-based quadruple therapy. The 14-d
moxifloxacin-based triple therapy is a significantly more
effective second-line eradication treatment than the 7-d
alternative for H. pylori infection in Korean patients.
Hwang JJ, Lee DH, Lee AR, Yoon H, Shin CM, Park YS, Kim
N. Efficacy of 14-d vs 7-d moxifloxacin-based triple regimens
for second-line Helicobacter pylori eradication. World J
Gastroenterol 2015; 21(18): 5568-5574 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i18/5568.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i18.5568

MATERIALS AND METHODS
Patient selection

This study was conducted at Seoul National University
Bundang Hospital between January 2011 and
December 2013. The medical records of 160 patients
who had experienced failure of first-line PPI-based
eradication therapy and subsequently received
moxifloxacin-based triple therapy as second-line
eradication treatment for H. pylori infection were
reviewed in this retrospective study. Eradication
failure was defined on the basis of at least one of the
13
following three tests: (1) a positive C-urea breath
13
test ( C-UBT); (2) histological evidence of H. pylori
by modified Giemsa staining in the lesser and greater
curvature of the body and antrum; and (3) a positive
rapid urease test (CLO test; Delta West, Bentley,
Australia) by gastric mucosal biopsy from the lesser
curvature of the body and antrum. None of the patients
had previously received H. pylori-eradication therapy
before the administration of first-line treatment.

INTRODUCTION
Helicobacter pylori (H. pylori) infection is the single
most important factor causing chronic atrophic gastritis,
peptic ulcer disease, gastric cancer as well as gastric
[1]
mucosa associated lymphoid tissue lymphoma . The
eradication of H. pylori infection effectively reduces
the incidence of peptic ulcer and gastric cancer, and
[2]
prevents their recurrence . The most important
first-line treatment for the eradication of H. pylori is
currently the standard triple therapy composed of a
proton pump inhibitor (PPI), clarithromycin, and either
[3,4]
amoxicillin or metronidazole . Although many studies
have reported excellent results with this therapy,
eradication rates vary widely between 70% and
[5,6]
95% , with a tendency to decrease due to increasing
[7,8]
antibiotic resistance
. For those patients who
failed their first-line eradication therapy, second-line
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Patients were also excluded if they had received PPIs,
H2 receptor antagonists or antibiotics in the previous
4 wk, or if they had used NSAIDs or steroids in the 2
13
wk prior to the C-UBT. The other exclusion criteria
were as follows: (1) age below 18 years; (2) previous
gastric surgery or endoscopic mucosal dissection for
gastric cancer; (3) advanced gastric cancer; (4) severe
concurrent disease (hepatic, renal, respiratory, or
cardiovascular systems); (5) pregnancy; and (6) any
condition probably associated with poor compliance
(e.g., alcoholism or drug addiction). The study protocol
was approved by the Ethics Committee at Seoul
National University Bundang Hospital (IRB number:
B-1406/256-105).

taking medications (i.e., bismuth, antibiotics for 4 wk;
PPIs for 2 wk) that could affect the results, and fast
for a minimum of 4 h. After washing the patient’s oral
cavity through gargling, a pre-dose breath sample was
13
TM
obtained. Then, 100 mg of C-urea powder (UBiTkit ;
Otsuka Pharmaceutical Co. Ltd., Tokyo, Japan) was
dissolved in 100 mL of water and administered orally.
Breath samplings were taken with special breath
collection bags while patients were in the sitting position,
both before drug administration (baseline) and 20 min
after the powder medication. The samples were analyzed
using an isotope-selective, non-dispersive infrared
®
spectrometer (UBiT-IR 300 ; Otsuka Pharmaceutical Co.
Ltd, Tokyo, Japan).

First-line eradication regimens for H. pylori

Statistical analysis

Patients received standard and orally administered
triple-, bismuth-based quadruple-, or sequential
therapy as first-line treatment for the eradication
of H. pylori. The standard triple therapy included
1 g amoxicillin taken twice a day (b.i.d.), 500 mg
clarithromycin b.i.d., and 20 mg rabeprazole (or 40 mg
esomeprazole) b.i.d. for 7 d. Bismuth-based quadruple
therapy consisting of 300 mg of tripotassium dicitrato
bismuthate taken 4 times a day (q.i.d.), 500 mg of
tetracycline q.i.d., 500 mg of metronidazole 3 times
a day (t.i.d.), and 20 mg rabeprazole (or 40 mg
esomeprazole) b.i.d. for 10 d. Sequential therapy was
given for 2 wk, and included 1 g amoxicillin and 20
mg rabeprazole (or 40 mg esomeprazole) b.i.d. for the
first week, followed by 500 mg clarithromycin, 500
mg metronidazole, and 20 mg rabeprazole (or 40 mg
esomeprazole) b.i.d for the second week.

The primary and secondary outcomes of the present
study were the H. pylori-eradication rates and the
treatment-related adverse events, respectively. The
eradication rates were determined by intentionto-treat (ITT) and per-protocol (PP) analyses. ITT
analysis compared the treatment groups including
all of the patients as originally allocated while the PP
analysis compared the treatment groups including only
those patients who had completed the treatment as
originally allocated. The mean ± sd were calculated
for the quantitative variables. The student’s t test was
used to evaluate the continuous variables, and the
χ 2 test and Fisher’s exact test were utilized to assess
the non-continuous variables. Additionally, univariate
and multivariate analyses were conducted to assess
the effects of factors on the eradication rate. All of
the statistical analyses were performed using the
Predictive Analytics Software (PASW) 20.0 version for
Windows (SPSS Inc., IBM, Chicago, IL, United States).
A p-value of less than 0.05 was defined as statistically
significant.

Study design

The patients were classified into two groups. Those
who received moxifloxacin-based triple therapy
(oral 20 mg rabeprazole b.i.d., 1000 mg amoxicillin
b.i.d., and 400 mg moxifloxacin q.d.) for 7 d were
assigned to the RAM-7 group while those who received
moxifloxacin-based triple therapy for 14 d were
assigned to the RAM-14 group. Treatment compliance
was evaluated indirectly by remnant pill counting and
directly through a discussion with a physician one
week after completion of the treatment. Compliance
was defined as good when drug intake was at least
85%. At the same time, all of the patients were
asked questions about adverse events. Successful
eradication therapy for H. pylori infection was defined
13
as a negative C-UBT test 4 wk after the cessation
of eradication treatment. Data that was recorded
included demographics (age, gender distribution,
smoking status, alcohol use), previous history of peptic
ulcer, endoscopic findings, reasons for drop-outs, and
the type of first-line regimen that was administered.
13

RESULTS
Characteristics of patients

A schematic diagram of the study is provided in Figure
1. A total of 160 patients who had experienced failure
of first-line eradication therapy for H. pylori were
enrolled (mean age, 63 years; range: 24-86 years). Of
the 160 patients, 145 (90.6) completed their allocated
regimens. The remaining 15 (7% or 4.3% were from
the RAM-7 group and 8% or 5.1% were from the
RAM-14 group) patients (9.4) were excluded from
the study because of loss to follow-up. No patient was
excluded from either group for non-compliance (taking
< 85% of the assigned tablets) or for treatment
discontinuation due to adverse events. A total of 72
RAM-7 and 73 RAM-14 patients were included in
the final PP analysis. The enrolled patients’ baseline
demographic and clinical data are provided in Table
1. There were no statistical differences in age, gender
distribution, smoking status, alcohol use, previous

C-urea breath test

Before the

13

C-UBT, patients were instructed to stop
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H. pylori positive patients after first-line eradication
n = 160

RAM-7 group
n = 79

RAM-14 group
n = 81

ITT analysis

Noncompliance n = 0

Noncompliance n = 0

Follow-up loss n = 7

Follow-up loss n = 8

Discontinued therapy due to
adverse events n = 0

Discontinued therapy due to
adverse events n = 0

PP analysis

n = 72

n = 73

Figure 1 Flow schematic of the study included in intention-to-treat and per-protocol analyses. ITT: Intention-to-treat; PP: Per-protocol; RAM-7: Rabeprazole/
amoxicillin/moxifloxacin triple therapy x 7 d; RAM-14: Rabeprazole/amoxicillin/moxifloxacin triple therapy x 14 d.

Table 2 Helicobacter pylori eradication rates and compliance

Table 1 Demographic and clinical data at baseline (intentionto-treat population) n (%)

Included in ITT analysis
Male/female (n)
Age (yr), mean ± SD
Smoking
Alcohol use
Previous history of peptic ulcer
Endoscopic finding
Gastric ulcer
Duodenal ulcer
Gastric and duodenal ulcer
HPAG
Drop out
Noncompliance
Follow-up loss
Discontinued therapy
Due to adverse events
First-line regimen
RPZ/AMX/CLA
RPZ/BIS/MET/TEC
Sequential therapy

P value

RAM-7

RAM-14

79
36/43
63.1 ± 10.6
6 (7.6)
9 (11.4)
2 (2.5)

81
35/46
63.5 ± 10.7
5 (6.1)
11 (13.5)
4 (4.9)

1 (1.9)
3 (3.8)
0 (0.0)
75 (94.9)
7 (8.8)
0 (0.0)
7 (8.8)
0 (0.0)

1 (1.2)
4 (4.9)
1 (1.2)
75 (92.7)
8 (9.8)
0 (0.0)
8 (9.8)
0 (0.0)

0.741
0.354
0.785
0.659
0.348
0.576
0.775
0.182
0.411
0.287
0.125
0.453
-

23 (28.3)
31 (38.2)
27 (33.5)

0.359
0.176
0.207
0.478

21 (26.6)
29 (36.7)
29 (36.7)

ITT analysis
Eradication rate, n (%)
95%CI
PP analysis
Eradication rate, n (%)
95%CI
Compliance

RAM-14

P value

56 (70.8)
63.3%-77.1%

66 (81.4)
74.6%-88.3%

0.034

56 (77.7)
70.2%-85.3%
100%

66 (90.4)
82.8%-98.1%
100%

0.017
-

RAM-7: Rabeprazole/amoxicillin/moxifloxacin triple therapy x 7 d;
RAM-14: Rabeprazole/amoxicillin/moxifloxacin triple therapy x 14 d;
ITT: Intention-to-treat; PP: Per-protocol.

between the two groups (p > 0.05).

H. pylori eradication rates and compliance

Table 2 shows the rates of eradication of H. pylori
infection according to the ITT and PP analyses. The
overall ITT eradication rate was 76.2% (122/160). The
final ITT eradication rates were 70.8% (56/79; 95%CI:
63.3%-77.1%) in the RAM-7 group and 81.4%
(66/81; 95%CI: 74.6%-88.3%) in the RAM-14 group
(p = 0.034, Table 2). The overall PP eradication rate
was 84.1% (122/145), and the final PP eradication
rates were 77.7% (56/72; 95%CI: 70.2%-85.3%)
in the RAM-7 group and 90.4% (66/73; 95%CI:
82.8%-98.1%) in the RAM-14 group (p = 0.017). The
H. pylori-eradication rates in the RAM-14 group were
significantly higher than in the RAM-7 group according
to both the ITT (p = 0.034) and the PP analyses (p =
0.017). The treatment compliance was 100% in both
groups (Table 2).

RAM-7: Rabeprazole/amoxicillin/moxifloxacin triple therapy x 7 d;
RAM-14: Rabeprazole/amoxicillin/moxifloxacin triple therapy x 14 d;
ITT: Intention-to-treat; HPAG: Helicobacter pylori associated gastritis;
RPZ: Rabeprazole 20 mg b.i.d; AMX: Amoxicillin 1000 mg b.i.d; CLA:
Clarithromycin 500 mg b.i.d.; BIS: Tripotassium dicitrato bismuthate 300
mg q.i.d.; MET: Metronidazole 500 mg t.i.d.; TEC: Tetracycline 500 mg
q.i.d.; Sequential therapy: 1 g amoxicillin and 20 mg rabeprazole (or 40 mg
esomeprazole) b.i.d. for the first week, followed by 500 mg clarithromycin,
500 mg metronidazole, and 20 mg rabeprazole (or 40 mg esomeprazole)
b.i.d for the second week.

history of peptic ulcer, endoscopic findings, reasons
for drop out, or the first-line regimen administered
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levofloxacin and moxifloxacin. As first-line treatment,
levofloxacin-based triple therapy revealed eradication
[24,25]
rates of up to 90%
, with higher rates reported in
[13,14]
moxifloxacin-based triple therapy
.
As first-line treatment, the H. pylori-eradication
rate of moxifloxacin-based triple therapy was reported
between 84.1% and 89%, which is higher than that
[26,27]
of standard triple therapy
. As a second-line
treatment, good efficacy with eradication rates as
[15]
high as 90%, have been previously demonstrated .
Although bismuth-based quadruple therapy has
generally been considered as the second-line treatment
[28]
of choice , moxifloxacin-based therapy is often
preferred because of poor compliance to the former
regimen resulting from adverse events, complicated
[18]
dosing schedules, and low eradication rates . Other
studies indicate that levofloxacin-based triple therapy
administered for 10 d as a rescue treatment was more
effective (compared to the 7-d regimen) than bismuth[29,30]
based quadruple therapy
. In a separate study in
Turkey, moxifloxacin-based triple therapy, has been
[31,32]
evaluated as first-line treatment on a 14-d basis
with eradication rates determined at only 42%-53%
on ITT and 47%-53.3% on PP analyses, respectively.
These results might be related to the different regional
[33]
and institutional usages of fluoroquinolones .
In this study, we compared the eradication rates of
the 14-d with the 7-d regimens of the moxifloxacinbased triple therapy as second-line modalities for
the treatment of H. pylori infection. We believe that
these longer treatment durations would increase
eradication efficacies without increasing or decreasing
adverse-event or drug-compliance rates, respectively.
The ITT and PP analyses revealed eradication rates
of 70.8% and 77.7%, respectively, for the RAM-7
group and 81.4% and 90.4% respectively, for the
RAM-14 group. Although statistically significant
differences in eradication rates were reported, there
were no statistically significant differences in adverse
events or treatment compliance (p > 0.05) with the
moxifloxacin-based therapy. Thus, a longer duration of
moxifloxacin-based triple therapy (14 d) was found to
be more effective as a salvage second-line eradication
treatment compared to a shorter duration of therapy in
patients whose first-line treatment had failed, without
increasing or decreasing the adverse-event or drugcompliance rate, respectively.
The most common adverse events of moxifloxacin
therapy are gastrointestinal disturbances such as
diarrhea and nausea which were also observed in
our present study. The total adverse-event rate for
the 14-d moxifloxacin-based triple treatment was
20.5% (15/73), which was similar to that for the 7-d
moxifloxacin-based triple treatment (19.4%, 14/72),
although the difference was not statistically significant.
In both groups, mild to moderate adverse events
were reported. None was serious enough to require
medication discontinuation or interfered with regular
life. On the other hand, the medication discontinuation

Table 3 Adverse events n (%)
Adverse events
Epigastric discomfort
Constipation
Diarrhea
Dizziness
Headache
Nausea or vomiting
Skin rash
Total

RAM-7
(n = 72)

RAM-14
(n = 73)

P value

3 (4.1)
0 (0.0)
4 (5.5)
1 (1.4)
0 (0.0)
6 (8.3)
0 (0.0)
14 (19.4)

5 (6.8)
1 (1.4)
6 (8.2)
1 (1.4)
1 (1.4)
1 (1.4)
0 (0.0)
15 (20.5)

0.874
0.411
0.991
0.667
0.667
0.415
0.441

RAM-7: Rabeprazole/amoxicillin/moxifloxacin triple therapy x 7 d;
RAM-14: Rabeprazole/amoxicillin/moxifloxacin triple therapy x 14 d;
ITT: Intention-to-treat; PP: Per-protocol.

Adverse events

Table 3 lists the adverse events that occurred in the
two groups. Adverse events occurred in 14 of the
72 patients (19.4) in the RAM-7 group and in 15
of the 73 patients (20.5) in the RAM-14 group. No
statistically significant differences (p = 0.441) were
observed. The most common adverse events were
nausea/vomiting (6/72, 8.3) and diarrhea (4/72, 5.5)
in the RAM-7 group, and diarrhea (6/73, 8.2) and
epigastric discomfort (5/73, 6.8) in the RAM-14 group.
The differences between groups were not statistically
significant (p > 0.05). Most of the adverse events were
mild-to-moderate in intensity and none were serious
enough to warrant discontinuation of treatment in
either group.

DISCUSSION
Determination of the appropriate second-line
eradication treatment for H. pylori infection remains
uncertain. Many guidelines recommend a bismuthbased quadruple therapy (bismuth, PPI, metronidazole,
and tetracycline) as second-line treatment after
[3,5]
failure of first-line eradication therapy . However,
eradication failure rates of more than 20% have
been found with this regimen in several countries
(including South Korea) primarily because of bacterial
[7,8]
resistance . Additionally, poor patient compliance due
to the occurrence of adverse events or complicated
dosing schedules has also been implicated in treatment
[16,18,19]
failures
.
In order to address these problems, various
alternative treatment options designed to prevent
the development of bacterial resistance and promote
[19-21]
treatment compliance have been reported
. Other
regimens that have reported low rates of bacterial
resistance to antibiotics and adverse events have also
been investigated. Fluoroquinolone-based regimens,
for example have been studied as first-line or salvage
treatments. First-generation fluoroquinolones including
pefloxacin and norfloxacin, have shown low eradication
[22,23]
rates
, while better rates have been recorded
in second-generation fluoroquinolones such as
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rate and the incidence of adverse events of 14-d
bismuth-based quadruple therapy have been reported
[34,35]
to be 7.5%-23% and 38.2%-65%
, respectively,
which were higher than the results obtained in our
study. In other words, the adverse events of longerduration moxifloxacin-based triple therapy (14 d) occur
at a similar frequency to those of shorter-duration
therapy (7 d) in the present study.
One limitation of our study is the lack of any
analysis of antibiotic resistance relative to the
eradication rates and treatment regimens. The efficacy
and timing of antibiotic susceptibility testing after
eradication therapy failure remain uncertain. Some
researchers have argued that antibiotic susceptibility
testing is unnecessary after first-line eradication
therapy, because it is neither practical nor cost[5,18]
effective for primary care practices
. For this reason,
bacterial culture and antibiotic susceptibility testing
were not performed in this study. Nevertheless, we
believe such testing to be particularly necessary after
two or more eradication failures.
In conclusion, 14-d moxifloxacin-based triple
therapy is a more highly effective second-line eradi
cation treatment than 7-d moxifloxacin-based triple
therapy for H. pylori infection. The high eradication rate,
excellent compliance, and safety of the 14-d regimen
suggest its potential suitability as an alternative to the
standard bismuth-based quadruple therapy. Further
large prospective studies are required in order to
determine the proper treatment duration and assess
the efficacy and timing of antibiotic susceptibility testing
after eradication therapy failure.

This retrospective study reports the results of 7 and 14 d moxifloxacinbased triple therapy for H. pylori eradication conducted with 160 patients who
experienced failure of their first-line PPI-based therapy. The study is carefully
designed, well described, and discussed according to data from the available
literature. The information provided could serve as a basis for the development
of potential alternative therapies for H. pylori eradication.
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METHODS: Between December 2011 and February
2013, 129 consecutive CHB patients who were admitted
to the study hospitals for histological evaluation of
chronic hepatitis B-related liver ﬁbrosis were included
in this retrospective study. The patients were divided
into two groups based on the fibrosis score: individuals
with a fibrosis score of F0 or F1 were included in the
“no/minimal liver fibrosis” group, whereas patients with
a fibrosis score of F2, F3, or F4 were included in the
“advanced liver fibrosis” group. The Statistical Package
for Social Sciences 18.0 for Windows was used to
analyze the data. A P value of < 0.05 was accepted as
statistically significant.

Abstract

Key words: Chronic hepatitis B; Liver fibrosis; Neutrophil
to lymphocyte ratio; Fibrotic stage; Inﬂammatory
activity; Non-invasive marker

RESULTS: Three experienced and blinded pathologists
evaluated the ﬁbrotic status and inﬂammatory activity
of 129 liver biopsy samples from the CHB patients.
Following histopathological examination, the “no/
minimal fibrosis” group included 79 individuals, while
the “advanced fibrosis” group included 50 individuals.
Mean (N/L) ratio levels were notably lower in patients
with advanced fibrosis when compared with patients
with no/minimal fibrosis. The mean value of the
aspartate aminotransferase-platelet ratio index was
markedly higher in cases with advanced fibrosis
compared to those with no/minimal fibrosis.
CONCLUSION: Reduced levels of the peripheral blood
N/L ratio were found to give high sensitivity, speciﬁcity
and predictive values in CHB patients with significant
fibrosis. The prominent finding of our research suggests
that the N/L ratio can be used as a novel noninvasive
marker of fibrosis in patients with CHB.

AIM: To determine the association between the
neutrophil to lymphocyte (N/L) ratio and the degree of
liver ﬁbrosis in patients with chronic hepatitis B (CHB)
infection.
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MATERIALS AND METHODS

Core tip: Reduced levels of the peripheral blood
neutrophil to lymphocyte ratio were found to give high
sensitivity, specificity and predictive values in chronic
hepatitis B (CHB) patients with significant fibrosis. The
neutrophil to lymphocyte ratio can be used as a novel
noninvasive marker of fibrosis in patients with CHB.

Between December 2011 and February 2013, 129
consecutive patients with CHB, who were admitted
to the study hospitals for histological assessment of
liver ﬁbrosis, were included in this retrospective study.
The participants were chosen from three hospitals
in Turkey: Hitit University Hospital, Gulhane Military
Medical School Ankara Hospital and Gulhane Military
Medical School Haydarpasa Training Hospital.
All were treatment naïve CHB patients. Those who
regularly drank > 20 g alcohol/wk, those with antibiotic
and/or antiinflammatory drug use, decompensated
liver disease, renal failure, thyroid disease, coinfection, chronic inflammatory disease, diabetes,
hepatocellular carcinoma and other malignancies,
previous liver surgery or liver transplantation were
excluded from the study.
Demographic, clinical and laboratory data were
collected. In addition to liver biopsy, hematological
and standard biochemical parameters were tested,
including aspartate aminotransferase (AST), alanine
aminotransferase (ALT), bilirubin, gamma glutamyl
transpeptidase (GGT), albumin, alpha-1 globulin,
alpha-2 globulin, beta globulin, gamma globulin, the
albumin/globulin ratio, prothrombin time (PT), and
alpha fetoprotein (AFP). The NLR was calculated by
dividing the neutrophil count by the lymphocyte count.
APRI, AAR, API and CDS were determined according to
the following accepted formulas:
AAR: AST/ALT
API: Age (years): < 30 = 0; 30 - 39 = 1; 40 - 49
9
= 2; 50 - 59 = 3; 60 - 69 = 4; > 70 = 5. PLT count (10 /
L): ≥ 225 = 0; 200 - 224 = 1; 175 - 199 = 2; 150 174 = 3; 125 - 149 = 4; ≤ 125 = 5. API is the sum of
the above
9
CDS: PLT count (10 /L): > 340 = 0; 280 - 339 = 1;
220 - 279 = 2; 160 - 219 = 3; 100 - 159 = 4; 40 - 99
= 5; < 40 = 6. ALT/AST ratio: > 1.7 = 0; 1.2 - 1.7 = 1;
0.6 - 1.19 = 2; < 0.6 = 3. INR: < 1.1 = 0; 1.1 - 1.4 =
1; > 1.4 = 2
CDS is the sum of the above
9
APRI: [(AST/ULN)/PLT (10 /L)] × 100
Liver biopsy samples were acquired with a 17 G
needle using an ultrasonography-guided technique.
The obtained biopsy samples were ﬁxed in 4%
buffered formalin and then inserted in parafﬁn. Biopsy
samples were prepared for microscopic evaluation
using hematoxylin and eosin and Masson trichrome
stain. In the case of an inadequate number of portal
tracts (< 6) and/or length (< 1.5 cm), liver biopsy
samples were excluded from the final analysis. All
biopsy samples were evaluated by the same three
experienced pathologists and these pathologists were
blinded to the clinical data of the patients.
The histological activity was assessed according to
the Histological Activity Index score and the fibrosis
score was estimated according to the METAVIR Scoring
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INTRODUCTION
More than 350 million humans globally suffer
[1,2]
from chronic hepatitis B virus (CHB) infection
.
Assessment of the degree of liver ﬁbrosis is crucial
for prognostic and therapeutic decisions in patients
[3]
with CHB . Liver biopsy is currently the gold standard
for estimating the seriousness of liver fibrosis. The
accuracy of this invasive procedure is influenced
by technical and methodological interventions, for
example fibrosis stage is misclassified in nearly 20%
[4]
of patients . Non-invasive methods such as the Fibro
Test, mean platelet volume, FibroIndex and Hepascore
are now favorable as an alternative to liver biopsy for
[5-12]
predicting liver ﬁbrosis
. However, some of these
methods are not readily available and are not costeffective.
Liver ﬁbrosis is an inevitable process in CHB.
Many inﬂammatory cytokines, such as transforming
growth factor-beta (TGF-beta) and platelet-derived
growth factor, have been shown to activate hepatic
stellate cells and result in advanced extracellular
matrix deposition, which will eventually lead to liver
[13-16]
ﬁbrosis
. The neutrophil to lymphocyte (N/L) ratio is
a noninvasive and inexpensive marker of inﬂammation
which can be simply acquired from the complete blood
count. This marker combines data from two distinct
pathways, lymphocytes which portray the regulatory
pathway and neutrophils which cause ongoing
[17,18]
[19]
inﬂammation
. Alkhouri et al
demonstrated that
in individuals with nonalcoholic fatty liver disease, the
N/L ratio was related to histological changes and can
be used to identify patients with progressive disease.
In the literature, it has been shown that in addition to
chronic inflammatory diseases, malignancy, infections,
cardiac diseases, diabetes, renal and/or hepatic failure,
metabolic syndrome, thyroid disease, and many drugs
[17,19-21]
.
may easily influence the N/L ratio
In this research, we aimed to determine the
association between the N/L ratio and the severity of
liver ﬁbrosis in patients with CHB infection.
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Table 1 Demographic, biochemical, and histological
characteristics of the patients

0.8

Characteristic
129
92/37
43.9 ± 17.6 (range, 18-81)
14.7 (13.4-15.6)
6300 (5400-7400)
217000 (180000-266000)
13.2 (12.5-13.5)
89.2 (85-91.3)
15.8 (12.9-16.3)
41 (28-67)
54 (33-99)
37
676500 (89000-13113084)
6 (4-8)

Sensitivity

n
Sex (male/female)
Age (yr)
Hemoglobin (g/dL)
White blood cell (× 103 µL)
Platelet (× 103 µL)
Red blood cell distribution width
Mean corpuscular volume
Platelet distribution width
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
HBeAg (+)
HBVDNA (IU/mL)
Histology activity index
Fibrosis
0
1
2
3
4

0.4

0.2

0.0
0.0

37 (28.7)
42 (32.6)
19 (14.7)
26 (20.2)
5 (3.9)

0.2

0.4
0.6
1-Specificity

0.8

1.0

Figure 1 Receiver operating characteristic curve analysis of the N/L
ratio for the severity of liver ﬁbrosis in patients with chronic hepatitis B
infection.

The N/L ratio values were assessed in the two
groups. Mean N/L ratio values were notably lower in
patients with advanced fibrosis compared to patients
with no/minimal fibrosis (P = 0.001). ROC curve
analysis revealed that the optimum cut-off point of ≤
1.9 had the highest sensitivity (80.0%) and speciﬁcity
(53.2%) for the identification of fibrosis ≥ 2 in CHB
patients (Figure 1) with an area under the curve (AUC)
of 0.67 (95%CI: 0.58-0.76).
No significant difference was found between the
two groups regarding sex. However, a significant
difference was found between the two groups in terms
of age. The study groups were divided into subgroups
according to sex, age, HAI and METAVIR score. Mean
age was 52.28 ± 4.7 years for males and 46.63 ± 3.26
years for females (P = 0.243). Median HAI score was 7
(3-12) for females and 7 (2-11) for males (P = 0.177).
Median METAVIR score was 3 (0-6) for females, and
2 (0-6) for males (P = 0.277). The mean platelet
and neutrophil counts were significantly lower in the
advanced fibrosis group when compared with the no/
minimal fibrosis group. Mean corpuscular volume was
significantly higher in patients with advanced fibrosis
compared with patients with no/minimal fibrosis. The
mean serum AST, ALT, and total bilirubin levels were
significantly higher in cases with advanced fibrosis.
The mean values of APRI and the AAR index were
significantly higher in patients with significant fibrosis.
The HAI index was significantly higher in patients with
advanced fibrosis (Table 2).

System. The patients were divided into two groups
based on the fibrosis score: patients with a score of
F0 or F1 were chosen as the “no/minimal fibrosis”
group, while patients with a score of F2, F3, or F4 were
[22]
chosen as the “advanced fibrosis” group .

Statistical methods

Data was analyzed using the Statistical Package for
Social Sciences 18.0 for Windows and expressed
as mean ± SD for normally distributed variables,
as median and range for non-normally distributed
variables, and count and percent for categorical
variables. Categorical variables were compared using
2
the χ test or Fisher’s exact test and continuous
variables were compared using the Student’s t-test or
Mann-Whitney test as appropriate. Receiver operating
characteristic curve analysis was used to assess the
likely usefulness of the N/L ratio in identifying patients
with liver ﬁbrosis. The cut-off values which raised both
sensitivity and speciﬁcity were preferred. A P value of
< 0.05 was accepted as statistically significant.

RESULTS
The mean age of the patients was 43.9 ± 17.6 years
(92 males and 37 females). 92 patients (71.4%)
had CHB with negative HBe antigen, and 37 patients
(28.6%) had CHB with positive HBe antigen. After
evaluating the biopsy samples in accordance with the
METAVIR scoring system, the liver fibrosis stage was
F0 in 37 cases (28.7%), F1 in 42 (32.6%), F2 in 19
(14.7%), F3 in 26 (20.2%), and F4 in 5 (3.9%). The
“no/minimal fibrosis” group included 79 patients, and
the “advanced fibrosis” group included 50 patients. The
demographic, biochemical, and histological features of
the patients are shown in Table 1.
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0.6

DISCUSSION
In this research, we evaluated the N/L ratio as a
surrogate marker for liver fibrosis severity in patients
with CHB. Our results revealed that CHB patients with
advanced fibrosis have a significantly lower N/L ratio
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Table 2 Demographic and biochemical characteristics of patients with significant fibrosis and patients with
no/minimal fibrosis

n
Age (yr)
Sex (male/female)
HbeAg (+)
HBV DNA (IU/mL)
HAI
Hemoglobin (g/dL)
White blood cell (× 103 µL)
Platelet (× 103 µL)
Red blood cell distribution width
Mean corpuscular volume
Platelet distribution width
Neutrophil
Lymphocyte
Neutrophil lymphocyte ratio
Prothrombin time (INR)
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
Albumin (g/dL)
AAR
API
CDS
APRI

Fibrosis < 2

Fibrosis ≥ 2

79
37 (23-53)
57/22
23
460000 (47219-9643500)
4 (3-6)
14.7 (13.5-15.7)
6300 (5600-7450)
235000 (185500-270000)
13.4 (12.5-13.7)
88 (83.8-92)
15 (12.7-16.5)
50.7% (5.3-62.4)
25.2% (2.4-33.0)
1.9 (1.3-2.6)
1.05 (0.95-1.10)
33 (24-52)
52 (28-85)
4.3 (4.1-4.5)
0.73 (0.56-0.93)
3 (1-4)
3 (3-4.75)
0.35 (0.21-0.55)

50
55 (37.8-65)
35/15
14
1215000 (165250-18492000)
8 (7-10)
14.8 (13.2-15.6)
5650 (4950-7350)
198500 (167750-242500)
13.0 (12.5-13.4)
90.7 (87.2-92.8)
16.1 (13.6-16.2)
41.7% (3.0-54.5)
23.6% (2.1-35.2)
1.5 (1.1-1.8)
1.05 (0.99-1.13)
49 (41-109)
54.5 (42-137)
4.3 (4.2-4.7)
0.79 (0.67-1.07)
3 (2-5.25)
4 (3-5)
0.73 (0.45-1.0)

< 0.001
0.80
0.94
0.13
< 0.001
0.76
0.32
0.047
0.51
0.006
0.46
0.005
0.92
0.001
0.43
< 0.001
0.03
0.16
0.03
0.21
0.12
< 0.001

AAR: AST/ALT. API: Age (yr): < 30 = 0; 30-39 = 1; 40-49 = 2; 50-59 = 3; 60-69 = 4; > 70 = 5. PLT count (109/L): ≥ 225 = 0; 200-224
= 1; 175-199 = 2; 150-174 = 3; 125 - 149 = 4; ≤ 125 = 5. API is the sum of the above; CDS: PLT count (109/L): > 340 = 0; 280-339 = 1;
220-279 = 2; 160 - 219 = 3; 100-159 = 4; 40-99 = 5; < 40 = 6. ALT/AST ratio: > 1.7 = 0; 1.2 - 1.7 = 1; 0.6-1.19 = 2; < 0.6 = 3. INR: < 1.1 = 0;
1.1 - 1.4 = 1; > 1.4 = 2. CDS is the sum of the above; APRI: [(AST/ULN)/PLT (109/L)] × 100. INR: International normalized ratio.

than CHB patients with no/minimal fibrosis. Thus,
decreased levels of the peripheral blood N/L ratio were
found to give high sensitivity, speciﬁcity and predictive
values in CHB patients with advanced fibrosis. In light
of our findings, it is suggested that the N/L ratio is a
novel noninvasive marker of fibrosis in patients with
CHB.
In patients with CHB, identification of the degree
of liver ﬁbrosis is necessary for antiviral treatment.
Liver biopsy is an invasive procedure and is the gold
standard in the evidence-based therapy of CHB
patients. However, non-invasive methods for the
evaluation of liver ﬁbrosis degree are now favorable in
[23-25]
patients with CHB
.
Lymphomononuclear cells play a pivotal role in
inflammatory pathways during the development of
[26]
cirrhosis . In our study we noted that the neutrophil
count was markedly lower in patients with advanced
fibrosis compared with patients with no/minimal
fibrosis. It is debatable whether the N/L ratio exactly
reflects the mononuclear inflammation occurring at
the tissue level. However, a recent paper by Alkhouri
[27]
et al
showed that the N/L ratio was elevated in
patients with nonalcoholic steatohepatitis (NASH) and
significant fibrosis compared with patients who did not
have NASH.
The N/L ratio is a non-complex and an easily
available index of systemic inﬂammatory response
which correlates with prognosis in advanced disease
states. In the literature, the N/L ratio has been studied
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in various inﬂammatory states and neoplastic diseases
such as ulcerative colitis, Crohn’s disease, acute
pancreatitis, colorectal cancer, breast neoplasms, lung
[28-34]
cancer and hepatocellular carcinoma
. Furthermore,
in the light of current reports, the N/L ratio is practical
[34]
for estimating survival after coronary interventions
[35]
and non-ST-segment elevation myocardial infarction .
Moreover, it has been demonstrated that this ratio may
be efficacious in predicting outcomes in individuals
following liver resection or liver transplantation for
[31,36]
hepatocellular carcinoma
. Our current findings
showed that N/L ratio values were considerably lower
in cases with advanced liver fibrosis.
Even though prothrombin time (PT) is suggested
to be prolonged with the progression to liver cirrhosis,
some researchers have shown that prolonged PT is
[10,37-39]
not an exact marker of fibrosis
. In our study,
we noted that PT was not significantly prolonged in
patients with advanced liver fibrosis.
Although there are studies which suggest that low
platelet counts are related to advanced hepatic fibrosis,
[5,37-45]
other studies have shown opposite findings
.
In the current research, we found that the mean
platelet count was considerably lower in patients with
advanced fibrosis.
It was previously demonstrated that serum AST
level was not closely related to fibrosis degree in
patients with CHB. In the literature, a few studies have
suggested that AST is an exact predictor of hepatic
[10,37,39,42-45]
fibrosis
. In the present study, we found a
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Terminology

relationship between serum AST levels and hepatic
fibrosis. On the other hand, despite the suggestion
that serum ALT level is not associated with the fibrosis
[10,37,39,40,42-44]
score in patients with CHB
, we found an
association between serum ALT level and fibrosis in
our study.
In previous studies, it was shown that individuals
with higher serum HBV DNA levels had higher fibrosis
[37,39-41,44-46]
scores
. However, no association was found
between serum HBV DNA levels and hepatic fibrosis
scores in our research.
In conclusion, the present study has shown, for the
ﬁrst time, that in patients with CHB, the N/L ratio is
strongly associated with histological severity and can
be used to identify patients with advanced disease. If
our data are confirmed in future studies, we believe
that a standardized cut-off value for the N/L ratio
would simplify the identification of advanced fibrosis in
patients with CHB. Thus, we suggest that the N/L ratio,
a low-cost and useful test, provides a beneficial and
speedy evaluation of fibrosis in patients with CHB. In
light of our findings, it is suggested that the N/L ratio,
in combination with other noninvasive parameters,
may assist in identifying individuals at high risk of
having advanced and progressive disease.

In patients with CHB, the identification of liver ﬁbrosis degree is necessary
for antiviral treatment. Liver biopsy is an invasive procedure, and is the gold
standard in the evidence-based therapy of CHB patients. Non-invasive methods
for the evaluation of liver ﬁbrosis degree are now favorable in patients with
CHB. The N/L ratio is a non-complex and easily available index of systemic
inﬂammatory response, which correlates with prognosis in advanced disease
states. In the literature, the N/L ratio has been studied in various inﬂammatory
states and neoplastic diseases such as ulcerative colitis, Crohn’s disease,
acute pancreatitis, colorectal cancer, breast neoplasms, lung cancer and
hepatocellular carcinoma.
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The manuscript investigated the association between N/L ratio and the severity
of the liver fibrosis in patients with chronic hepatitis B infection. Their results
showed that N/L ratio was decreased in CHB patients with significant fibrosis.
The study was innovation and might provide a noel non-invasive marker of
fibrosis in CHB patients. It is a well-designed study that offers more to our
knowledge in this very interesting field.
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Abstract
AIM: To compare the prognostic ability of inflam
mation scores for patients with hepatitis B virus (HBV)related hepatocellular carcinoma (HCC) undergoing
transarterial chemoembolization (TACE).
METHODS: Data of 224 consecutive patients who
underwent TACE for unresectable HBV-related HCC
from September 2009 to November 2011 were retrieved
from a prospective database. The association of
inflammation scores with clinicopathologic variables
and overall survival (OS) were analyzed, and receiver
operating characteristic curves were generated, and the
area under the curve (AUC) was calculated to evaluate
the discriminatory ability of each inflammation score
and staging system, including tumor-node-metastasis,
Barcelona Clinic Liver Cancer, and Cancer of the Liver
Italian Program (CLIP) scores.
RESULTS: The median follow-up period was 390 d, the
one-, two-, and three-year OS were 38.4%, 18.3%,
and 11.1%, respectively, and the median OS was 390
d. The Glasgow Prognostic Score (GPS), modifed GPS,
neutrophil-lymphocyte ratio, and Prognostic Index
were associated with OS. The GPS consistently had a
higher AUC value at 6 mo (0.702), 12 mo (0.676), and
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[3-5]

24 mo (0.687) in comparison with other inflammation
scores. CLIP consistently had a higher AUC value at
6 mo (0.656), 12 mo (0.711), and 24 mo (0.721) in
comparison with tumor-node-metastasis and Barcelona
Clinic Liver Cancer staging systems. Multivariate
analysis revealed that alanine aminotransferase, GPS,
and CLIP were independent prognostic factors for OS.
The combination of GPS and CLIP (AUC = 0.777) was
superior to CLIP or GPS alone in prognostic ability for
OS.

intermediate- and advanced-stage HCC worldwide ,
[6,7]
and shows survival benefit in select patients
.
However not all patients benefit from TACE, and some
patients even suffer detrimental effects. Thus, it is
important to recruit patients who would most likely
benefit from TACE in such a heterogeneous HCC
[8]
population . Studies have demonstrated that the utility
of most of available staging systems in predicting survival
[9-11]
in patients undergoing TACE was often limited
.
The characteristics of patients with unresectable HCC
might substantially differ from a population of patients
balanced between early and advanced disease, for
which the available staging systems were originally
developed.
There is increasing interest in the role of systemic
inflammation as a predictor of outcome in HCC. The
Glasgow Prognostic Score (GPS), a combination
of serum C-reactive protein (CRP) and albumin is
one of the useful inflammation scores for HCC and
[12-15]
other cancer patients
. Moreover, the neutrophillymphocyte ratio (NLR) is associated with survival in
[16-19]
[20]
patients with HCC
. Pinato et al
suggested the
Prognostic Nutritional Index (PNI), which combines
albumin and lymphocyte levels, as an independent
and externally validated predictor of poor survival in
patients with HCC. The platelet-lymphocyte ratio (PLR)
and Prognostic Index (PI) have also been associated
[21,22]
with outcome of other cancers
. However, which
inflammation score is more suitable for predicting
outcome in patients with hepatitis B virus (HBV)-related
HCC undergoing TACE has not been fully elucidated.
The aims of present study were to validate the
prognostic value of inflammation-based prognostic
scores, including the GPS, modifed GPS (mGPS), NLR,
PLR, PI, and PNI, for patients with HBV-related HCC
undergoing TACE, and to validate the combination of
staging system and inflammation score to improve the
prognostic power.

CONCLUSION: The prognostic ability of GPS is
superior to other inflammation scores for HCC patients
undergoing TACE. Combining GPS and CLIP improved
the prognostic power for OS.
Key words: Hepatocellular carcinoma; Inflammationbased prognostic score; Prognostic index; Staging
system; Transarterial chemoembolization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study compared the inflammation scores
[including the Glasgow Prognostic Score (GPS), modified
GPS, neutrophil-lymphocyte ratio, platelet-lymphocyte
ratio, Prognostic Index, and Prognostic Nutritional Index]
in patients with hepatitis B virus-related hepatocellular
carcinoma undergoing transarterial chemoembolization,
and concluded that GPS was superior to others. To
improve the prognostic power, we proposed a new
combined score containing GPS and Cancer of the
Liver Italian Program, and the results showed that the
combined scores enhanced the predictive ability. Thus,
our study provides evidence for individualized treatment
in clinical practice.
Zhou DS, Xu L, Luo YL, He FY, Huang JT, Zhang YJ, Chen
MS. Inflammation scores predict survival for hepatitis B virusrelated hepatocellular carcinoma patients after transarterial
chemoembolization. World J Gastroenterol 2015; 21(18):
5582-5590 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5582.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5582

MATERIALS AND METHODS
Patients

Patients who received TACE treatment for unresectable
HCC from September 2009 to November 2011 at the
Department of Hepatobiliary Surgery, Sun Yat-Sen
University Cancer Canter (Guangzhou, China) were
identified from our prospective database. The research
was approved by the Institutional Review Board of Sun
Yat-sen University Cancer Center, and written informed
consent was obtained.
The diagnosis of HCC was based on the diagnostic
criteria for HCC used by the American Association
[23]
for the Study of the Liver guidelines . HCC was
diagnosed by at least two radiologic images showing
characteristic features of HCC or one radiologic image
showing characteristic features of HCC associated with
elevated serum alpha-fetoprotein (AFP; ≥ 400 ng/mL)
or histopathologic evidence. Patients that met all of
the following criteria were included in analysis: (1) no

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
frequent cancer worldwide, and the third leading cause
of cancer-related deaths, with an estimated 748300
new HCC cases and 695900 HCC-related deaths
[1]
occurring in 2008 . Only 10%-30% of HCCs are
amenable to curative treatments, including surgical
resection, liver transplantation and local ablation, at
the time of diagnosis because of advanced tumor
[2]
stage and/or underlying advanced liver cirrhosis .
Transarterial chemoembolization (TACE) is considered to
be the standard care for unresectable and unablatable
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of the catheter was advanced into the right or left
hepatic artery; if all the tumors were fed by one
enlarged independent hepatic artery branch, the tip
of catheter was introduced into this tumor-feeding
artery. If the conventional catheter could not enter
the hepatic artery because of technical reasons, a
2.9 Fr micro catheter (Terumo Corp., Tokyo, Japan)
was used. Hepatic artery infusion chemotherapy was
performed using carboplatin 300 mg (Bristol-Myers
Squibb, New York, NY, United States). After that,
chemolipiodolization was performed using epirubicin
50 mg (Pharmorubicin; Pfizer, Inc., New York, NY,
United States), and mitomycin C 6 mg (Zhejiang
Hisun Pharmaceutical Co. Ltd., Taizhou, China) mixed
with 5 ml of Lipiodol (Lipiodol Ultra-Fluide; Andre’
Guerbet Laboratories, Aulnay-Sous-Bois, France). If
the chemolipiodolized arterial territory did not show
stagnant flow, pure Lipiodol was then injected. In
some patients, we were unable to reach stasis in a
tumor-feeding artery even with the injection of the
maximum amount of iodized oil (25 ml) because
of the large size of the tumor. Embolization was
then performed in these patients with injection
of absorbable gelatin sponge particles (Gelfoam;
Hanzhou alc Ltd, China), 1-2 mm in diameter, through
the angiographic catheter. This treatment regimen was
used consistently, regardless of tumor type and size.

Table 1 Inflammation-based prognostic scores
Scoring systems

Score

Glasgow Prognostic Score
CRP (≤ 10 mg/L) and albumin (≥ 35 g/L)
CRP (≤ 10 mg/L) and albumin (< 35 g/L)
CRP (> 10 mg/L) and albumin (≥ 35 g/L)
CRP (> 10 mg/L) and albumin (< 35 g/L)
Modified Glasgow Prognostic Score
CRP (≤ 10 mg/L) and albumin (≥ 35 g/L)
CRP (≤ 10 mg/L) and albumin (< 35 g/L)
CRP (> 10 mg/L)
CRP (> 10 mg/L) and albumin (< 35 g/L)
Neutrophil-lymphocyte ratio
Neutrophil count:lymphocyte count < 3:1
Neutrophil count:lymphocyte count ≥ 3:1
Plt-lymphocyte ratio
Plt count:lymphocyte count < 150:1
Plt count:lymphocyte count ≥ 150:1
Plt count:lymphocyte count > 300:1
Prognostic index
CRP (≤ 10 mg/L) and WBC (≤ 11 × 109/L)
CRP (≤ 10 mg/L) and WBC (> 11 × 109/L)
CRP (> 10 mg/L) and WBC (≤ 11 × 109/L)
CRP (> 10 mg/L) and WBC (> 11 × 109/L)
Prognostic Nutritional Index
Albumin (g/L) × total lymphocyte count × 109/L ≥ 45
Albumin (g/L) × total lymphocyte count × 109/L < 45

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

CRP: C-reactive protein; Plt: Platelet; WBC: White blood cell count.

previous treatment before TACE; (2) HBV positive; (3)
HCV and HIV negative; (4) liver function Child-Pugh A
or B; (5) follow-up period ≥ 3 mo; and (6) HCC was
considered to be unresectable by our multidisciplinary
team including surgeons, oncologists, radiologists,
hepatologists, and pathologists. Unresectable disease
was defined as extensive bilobular involvement of the
liver by a large solitary lesion or by multiple lesions,
or invasion of major blood vessels including the main
portal vein, hepatic veins, inferior vena cava, and
main hepatic artery. Patients with any of the following
were excluded: (1) obstructive jaundice; (2) hepatic
encephalopathy; (3) liver function Child-Pugh C; and
(4) poor data integrity.
All the parameters were recorded and evaluated as
possible predictors of survivals including sex, age, CRP,
white blood cell count, neutrophil count, lymphocyte
count, platelet count, AFP, alkaline phosphatase (ALP),
alpha-L-fucosidase (AFU), total bilirubin level, albumin,
tumor size and number, and tumor thrombus. The
inflammation-based prognostic scores, including GPS,
mGPS, NLR, PLR, PI, and PNI, were determined as
described in Table 1.

Follow-up

Patients were followed carefully after treatment.
Patients underwent liver CT scans one month after
TACE, and liver CT scans were performed at threemonth intervals during the first two years, then every
6 mo thereafter with physical examination and blood
tests for AFP and liver function. When metastasis was
suspected, chest CT, bone scintigraphy, and biopsy if
indicated were also performed to confirm metastasis.
The end of follow-up was the time of last follow-up
(December 2013) or death.
Another session of TACE was performed every
4-10 wk until CT scans and AFP levels suggested
stabilization of the tumor, or until it was not technically
feasible either because of hepatic artery occlusion
or impaired liver function. Overall survival (OS) was
defined as the interval between treatment and death
or last follow-up of surviving patients. Causes of death
were determined from death certificates, medical
interviews, and radiologic findings.

Statistical analysis

The definition and calculation for all inflammation
scores (GPS, mGPS, NLR, PLR, PNI, PI) are listed
in Table 1, and the universal cutoff values reported
by literatures were utilized in the present study.
Comparisons between two groups were conducted
using the Student’s t test for continuous data, and the
χ 2 test for categorical data. The OS was calculated by
the Kaplan-Meier method and compared by a log-rank

TACE procedure

TACE was performed using the protocol that we
[24]
have previously reported . A selective 5 Fr catheter
was introduced into the hepatic artery and visceral
angiography was carried out to assess the arterial
blood supply to the liver. Depending on the size,
location, and arterial supply of the tumor, the tip
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RESULTS

Table 2 Baseline characteristics for hepatocellular carcinoma
patients undergoing transarterial chemoembolization (n = 224)
Variables

Baseline characteristics

A total of 224 consecutive patients who met our
criteria were included in this study. Patients’ baseline
characteristics are summarized in Table 2. There were
199 male (89%) and 25 female (11%) patients with
a median age of 53 years (range: 23-80 years). The
majority of our patients had a good liver functional
reserve with Child-Pugh A (93.0%).
Among the 224 patients, 126 (56%) patients had
an elevated CRP level (> 10 mg/L), 40 (18%) had
hypoalbuminemia (< 35 g/L), and 24 (11%) had
both elevated CRP level and hypoalbuminemia. Sixtyeight (30%) patients had PLR ≥ 150; 116 (52%)
patients had NLR ≥ 3; 70 (31%) patients had PNI >
45, and 109 (49%) patients were allocated to PI 1
or 2. The relationships between inflammatory scores
and clinicopathologic features were analyzed (data not
shown). Both GPS and mGPS were associated with
tumor size, vascular invasion, AST, ALP, Child-Pugh
grade, and Cancer of the Liver Italian Program (CLIP);
NLR with age, tumor size, vascular invasion, AST, ALP,
CLIP, and BCLC stage; PI with tumor size, AST, ALP,
and CLIP, PLR with age, tumor size, and ALP; PNI with
Child-Pugh grade only.

Value

Age (yr)
Sex (M/F)
WBC (× 109/L)
Neutrophil count (× 109/L)
Lymphocyte count (× 109/L)
CRP (mg/L)
PLT count (× 109/L)
ALT (U/L)
AST (U/L)
Albumin (g/L)
Total serum bilirubin (mmol/L)
ALP (IU/L)
AFP (ng/mL)
AFU (U/L)
Diameter of largest lesion (cm)
Tumor number (solitary/multiple)
Vascular invasion (absent/present)
Child-Pugh grade (A/B)
GPS (0/1/2)
Modified GPS (0/1/2)
NLR (0/1)
PLR (0/1/2)
PI (0/1/2)
PNI (0/1)
TNM stage (Ⅰ/Ⅱ/Ⅲa/Ⅲb/Ⅳa/Ⅳb)
CLIP score (0/1/2/3/4/5)
BCLC stage (A/B/C)

53 (23-80)
199/25
6.6 (2.1-24.6)
4.2 (0.7-13.6)
1.5 (0.3-4.8)
21.1 (0.2-218.3)
182 (23-548)
55.6 (8.0-304.0)
76.3 (20.2-472.6)
38.9 (7.6-79.4)
18.0 (4.8-222.9)
148.7 (13.0-574.6)
25828.4 (1.3-1210000.0)
43.8 (12.6-992.0)
9.2 (1.4-20.0)
71/153
149/75
208/16
99/101/24
115/85/24
108/116
156/57/11
115/102/7
154/70
44/24/71/52/5/28
19/56/70/43/34/2
10/124/90

Survival and prognostic factors

AFP: Alpha-fetoprotein level; ALT: Alanine aminotransferase; ALP:
Alkaline phosphatase; AFU: Alpha-L-fucosidase; AST: Aspartate
aminotransferase; BCLC: Barcelona Clinic Liver Cancer; CLIP: Cancer
of the Liver Italian Program; CRP: C-reactive protein; GPS: Glasgow
Prognostic Score; NLR: Neutrophil-lymphocyte ratio; PI: Prognostic Index;
PLR: Platelet-lymphocyte ratio; PNI: Prognostic Nutritional Index; TNM:
Tumor-node-metastasis; WBC: White blood cell count. Data are presented
as mean (range) or n.

The median follow-up period was 390 d (range:
90-1527), and at the time of analysis, 198 patients
had died. The one-, two-, and three-year OS was
38.4%, 18.3%, and 11.1% respectively, and the
median OS was 390 d.
The univariate and multivariate analyses of
prognostic factors for OS are shown in Table 3. In
univariate analysis, age, neutrophil count, CRP, ALT,
AST, ALP, AFU, diameter of the largest lesion, total
bilirubin, AFP, tumor size, tumor number, vascular
invasion, Child-Pugh score, and inflammatory scores
including GPS, mGPS, NLR, and PI were associated
with OS (all P < 0.05). The BCLC stage, CLIP score,
and TNM stage were also confirmed as significant
predictors of OS (all P < 0.001) (Figure 1).
Multivariate analysis showed that ALT, GPS, and
CLIP were independent prognostic factors for OS (all
P < 0.01). When GPS and CLIP were replaced by the
combined scores, multivariate analysis showed that
the combined GPS and CLIP scores (HR = 1.724,
95%CI: 1.347-2.285; P < 0.001) were independent
prognostic factors for OS along with ALT.

test. The prognostic variables in predicting OS were
assessed by multivariate Cox proportional hazards
regression analysis. Variables that proved to be
significant in the univariate analysis were subsequently
tested with the multivariate Cox proportional hazard
model using a forward selection method. The hazard
ratio of survival by Cox proportional hazard model
was calculated to compare the strength of predictors
of survival. To evaluate the discriminatory ability of
each scoring system and each staging, the receiver
operating characteristics (ROC) curve and the area
under the curve (AUC) were constructed at 6-mo,
12-mo, and 24-mo follow-up. The AUC was also
used to assess the discrimination ability of the new
combined scoring with other scorings. Results are
given as mean ± SD. All statistical tests were twosided, and a significant difference was considered at
p < 0.05. All the statistical analyses were performed
using SPSS 13.0 software (SPSS Inc., Chicago, IL,
United States).
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The prognostic power of inflammation scores and
staging systems was compared by means of AUC
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Table 4 Comparison of the area under the curve between
inflammation-based prognostic scores and staging systems

Table 3 Univariate and multivariate analyses of overall
survival for hepatocellular carcinoma patients undergoing
transarterial chemoembolization (n = 224)

Period
Variable

Univariate Multivariate analysis
analysis

P value
Age (< 60/≥ 60 yr)
Sex (M/F)
WBC (≤ 10/> 10 × 109/L)
Neutrophil count (≤ 7/> 7 × 109/L)
Lymphocyte count (≤ 0.8/> 0.8 × 109/L)
CRP (≤ 8/> 8 mg/L)
PLT count (≤ 100/> 100 × 109/L)
ALT (≤ 40/> 40 U/L)

0.008
0.118
0.094
0.038
0.088
< 0.001
0.472
0.002

AST (≤ 45/> 45 U/L)
Albumin (≤ 35/> 35 g/L)
Total bilirubin (≤ 20.5/> 20.5 mmol/L)
ALP (≤ 110/> 110 IU/L)
AFP (≤ 400/> 400 ng/ml)
AFU (≤ 40/> 40 U/L)
Diameter of largest lesion (< 8/≥ 8 cm)
Tumor number (solitary/multiple)
Vascular invasion (absent/present)
Child-Pugh grade (A/B)
GPS (0/1/2)

< 0.001
0.208
< 0.001
< 0.001
< 0.001
0.042
< 0.001
0.025
< 0.001
0.030
< 0.001

Modified GPS (0/1/2)
NLR (0/1)
PLR (0/1/2)
PI (0/1/2)
PNI (0/1)
TNM stage (Ⅰ/Ⅱ/Ⅲa/Ⅲb/Ⅳa/Ⅳb)
CLIP score (0/1/2/3/4/5)

< 0.001
0.009
0.553
< 0.001
0.573
< 0.001
< 0.001

BCLC stage (A/B/C)

< 0.001

HR
(95%CI)

1.005
(1.001-1.009)

6-mo
GPS
mGPS
PI
NLR
PNI
PLR
TNM
BCLC
CLIP
12-mo
GPS
mGPS
PI
NLR
PNI
PLR
TNM
BCLC
CLIP
24-mo
GPS
mGPS
PI
NLR
PNI
PLR
TNM
BCLC
CLIP

P value

0.008

1.697
< 0.001
(1.325-2.174)

1.297
(1.1-1.53)

95%CI

P value

0.702
0.699
0.681
0.582
0.561
0.531
0.649
0.635
0.656

0.630-0.773
0.627-0.770
0.609-0.754
0.505-0.659
0.482-0.640
0.385-0.629
0.575-0.723
0.559-0.712
0.582-0.730

< 0.001
< 0.001
< 0.001
0.410
0.126
0.436
< 0.001
0.001
< 0.001

0.676
0.665
0.652
0.590
0.527
0.537
0.651
0.656
0.711

0.604-0.747
0.592-0.738
0.577-0.726
0.513-0.667
0.450-0.605
0.460-0.615
0.576-0.725
0.584-0.729
0.644-0.778

< 0.001
< 0.001
< 0.001
0.024
0.495
0.346
< 0.001
< 0.001
< 0.001

0.687
0.684
0.682
0.593
0.512
0.554
0.706
0.656
0.721

0.601-0.772
0.601-0.767
0.599-0.766
0.498-0.688
0.415-0.609
0.457-0.652
0.621-0.791
0.572-0.741
0.644-0.797

< 0.001
< 0.001
< 0.001
0.063
0.808
0.279
< 0.001
0.002
< 0.001

BCLC: Barcelona Clinic Liver Cancer; CI: Confidence interval; CLIP:
Cancer of the Liver Italian Program; GPS: Glasgow Prognostic Score;
mGPS: Modifed Glasgow Prognostic Score; NLR: Neutrophil lymphocyte
ratio; PI: Prognostic index; PLR: Platelet-lymphocyte ratio; PNI: Prognostic
nutritional index; TNM: Tumor-node-metastasis.

0.002

AFP: Alpha-fetoprotein level; ALT: Alanine aminotransferase; ALP:
Alkaline phosphatase; AFU: Alpha-L-fucosidase; AST: Aspartate
aminotransferase; BCLC: Barcelona Clinic Liver Cancer; CI: Confidence
interval; CLIP: Cancer of the Liver Italian Program; CRP: C-reactive
protein; GPS: Glasgow Prognostic Score; HR: Hazard ratio; NLR:
Neutrophil-lymphocyte ratio; PI: Prognostic Index; PLR: Plateletlymphocyte ratio; PLT: Platelet; PNI: Prognostic Nutritional Index; TNM:
Tumor-node-metastasis; WBC: White blood cell count.

showed that the combined score divided patients into
subgroups more accurately (Table 4, Figure 2).

DISCUSSION
We compared the prognostic power of six inflam
mation-based prognostic scores (GPS, mGPS, NLR,
PLR, PI, and PNI) for patients undergoing TACE for
HBV-related HCC, and proposed a combined score of
the GPS and CLIP score. Our results demonstrate that
the GPS is an independent predictor of OS for patients
undergoing TACE, and superior to other inflammationbased prognostic scores. The combination of the GPS
and CLIP score improves the prognostic power.
The pathogenesis of HCC is based on inflammation.
Especially in China, most cases of HCC develop
from underlying chronic hepatitis B. As the last
and most redoubtable clinical consequence of
cirrhosis, the onset of HCC is related to a myriad of
proinflammatory stimuli, triggered by well-recognized
noxae such as infection by hepatotropic viruses, iron
[25]
or copper accumulation, or ethanol consumption .
The inflammatory markers are associated with

analysis. ROC curves were calculated for survival
status at 6-mo, 12-mo, and 24-mo follow-up, and
the AUC were compared to assess the discrimination
ability of each inflammation scores and staging
systems. The GPS consistently had a higher AUC value
at 6 mo, 12 mo, and 24 mo in comparison with other
inflammation-based prognostic scores (all P < 0.001),
and the CLIP consistently had a higher AUC value at 6
mo, 12 mo, and 24 mo in comparison with TNM and
BCLC staging systems (all P < 0.001) (Table 4, Figure
2).

Combined score of the GPS and CLIP score

We proposed a combined score of the GPS and CLIP
score (Table 5). The combined score had a higher AUC
of 0.777 (95%CI: 0.692-0.862) when compared to the
CLIP score alone or the GPS alone. The survival curve
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Figure 1 Kaplan-Meier survival curves for overall survival in 224 patients undergoing transarterial chemoembolization for hepatocellular carcinoma. A:
Glasgow Prognostic Score (GPS); B: Modified GPS (mGPS); C: Prognostic Index (PI); D: Neutrophil-lymphocyte ratio (NLR); E: tumor-node-metastasis (TNM); F:
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[16-20,26-28]

the development and progression of HCC
.
We demonstrate that these inflammation-based
prognostic scores are associated with a number of
clinicopathologic characteristics of HCC. In particular,
elevated scores are associated with a larger tumor
size, vascular invasion, and advanced clinical stages,
suggesting the presence of a systemic inflammatory
response is predictive of a more aggressive clinical
phenotype.
Several studies had shown that the inflammationbased prognostic scores are associated with prognosis
in patients with HCC. However, few studies compare
among the inflammation scores, and which scores
are more suitable for predicting outcome in patients
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undergoing TACE has not been evaluated. Although
univariate analysis showed that GPS, mGPS, NLR,
and PI were associated with OS, comparison between
inflammation scores demonstrated that the GPS
consistently had a higher AUC value at 6 mo, 12 mo,
and 24 mo in comparison with other scores, and the
multivariate analysis also showed that only the GPS
is an independent predictor of OS. Although based
[15]
on a different patient population, Kinoshita et al
compared the prognostic value of these inflammation
scores in 150 patients with newly diagnosed HCC in
various stages of disease and different liver functional
status treated with various methods, and their results
demonstrated that the GPS was an independent
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Figure 2 Comparisons of the area under the curve for outcome prediction. Comparisons among the inflammation scores, staging systems, and combined score
of the Glasgow Prognostic Score (GPS) and Cancer of the Liver Italian Program (CLIP) at A, D: 6 mo; B, E: 12 mo; and C, F: 24 mo in patients with hepatocellular
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As sustained inflammation acts as one of the
main factors thought to promote development of
neoplastic foci within the chronically injured liver
[31]
parenchyma , we hypothesize that the combination
of clinical staging system and inflammation scores
might improve their prognostic power for HCC. In the
present study, GPS and CLIP were the most useful
inflammation score and clinical staging system,
respectively. Thus, we proposed a combined score of
GPS and CLIP, which simply added the GPS score into
CLIP score. Our results demonstrate that combined
score has a higher AUC of 0.777 when compared to
the CLIP alone (AUC = 0.722) or GPS alone (AUC
= 0.706), and the Kaplan-Meier survival curves
showed that the combined score divides patients into
subgroups more accurately. We validated the concept
that the combination of GPS with CLIP may increase
the predictive ability of the latter, suggesting the
additive value of systemic inflammation to an accurate
prognostic assessment in HCC. In present study, there
were 90 BCLC C patients and 75 patients with vascular
invasion. However, Child B patients comprised a very

marker of poor prognosis in patients with HCC and was
superior to the other inflammation-based prognostic
scores in terms of prognostic ability. It suggested that
the GPS is more suitable for predicting outcome in
patients with HCC.
The ability of three widely utilized staging systems
to predict survival in patients undergoing TACE
was also compared. Our results show that the CLIP
consistently had a higher AUC value at 6 mo, 12 mo,
and 24 mo in comparison with TNM and BCLC staging
[29]
systems. Similarly, Huitzil-Melendez et al
compared
the prognostic value of seven available staging systems
in 187 newly diagnosed HCC patients with advanced
disease not amenable to curative or local therapies,
and their results demonstrated that CLIP was the most
informative staging system in predicting survival in
[30]
patients with advanced HCC. Collette et al compared
Okuda, CLIP, and BCLC staging systems using different
statistical tools in patients with advanced HCC included
in two French clinical trials, and their results also
indicate that CLIP seems to be the most adaptive
staging system in the setting of advanced disease.
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prognostic power.

Table 5 Combined score of the Glasgow Prognostic Score
and Cancer of the Liver Italian Program score
Variables

COMMENTS
COMMENTS

Score
0

Child-Pugh
A
stage
Tumor
Uninodular and
morphology extension ≤ 50%
AFP (ng/mL)
< 400
Portal vein
No
thrombosis
GPS
CRP ≤ 10 mg/L
and albumin ≥
35 g/L

1

2

B

C

multinodular and
extension ≤ 50%
≥ 400
Yes

multinodular or
extension > 50%

Background

hepatocellular carcinoma (HCC) is one of the most frequent cancers worldwide.
When diagnosed, up to 70%-90% of HCCs are not suitable for curative
treatment because of advanced tumor stage. Transarterial chemoembolization
(TACE), as the main treatment for HCC, has demonstrated improved survival
benefit for select patients, but is not suitable for all patients. The key point
is stratifying and choosing the most suitable HCC patients. To this aim, the
authors compared the prognostic ability of six inflammation scores, and then
proposed a new score by combining the optimal inflammation score with the
staging system to recruit patients who would most likely benefit from TACE in
such a heterogeneous HCC population.

(CRP ≤ 10 mg/L CRP > 10 mg/L
and albumin < 35
and albumin <
g/L) or (CRP > 10
35 g/L
mg/L and albumin
≥ 35 g/L)

Research frontiers

There is increasing interest in the role of systemic inflammation as a predictor of
outcome in HCC. The current research hotspot is to compare six inflammation
scores in HCC patients undergoing TACE.

AFP: Alpha-fetoprotein level; CRP: C-reactive protein.

Innovations and breakthroughs

Previous studies have found that the inflammation scores, including the
Glasgow Prognostic Score (GPS), modified GPS, platelet-lymphocyte ratio,
neutrophil-lymphocyte ratio, Prognostic Nutritional Index, and Prognostic Index,
are associated with patient survival, but which one is most suitable for HCC
patients undergoing TACE is still controversial. Furthermore, the prognostic
ability for only one score to predict survival is still weak. So, in the present study,
the authors compared the prognostic ability of six inflammation scores and
three clinical staging systems, and then combined the optimal score (GPS) and
clinical staging system [Cancer of the Liver Italian Program (CLIP)] together.
The results showed that the combined score can improve the prognostic power;
thus it can help the interventional physician to recruit patients for TACE.

small cohort in this study, indicating that the study
cohort had more tumor-related sickness than the
liver disease per se. The results show that the higher
discriminatory power of combined inflammatory score
and CLIP score may be related to this specific subset
of patients. This was also supported by poor one-year
survival in this study group of only 38.4%. It also
should be pointed out that, according to our combined
scores for patients with a combined score > 4, their
prognoses after TACE were generally poor, which
indicated that these patients could not benefit from
TACE treatment and other treatment strategies or
clinical trials should be suggested. Thus, our combined
score can provide evidence for individualized treatment
in clinical practice. Meanwhile, GPS, as a combination
of CRP and albumin, is almost universally available and
adds minimal additional cost to routine preoperative
workup, which makes it a reasonable candidate for
clinical application.
The presence of an elevated AST level was also
revealed as one of prognostic factors for poor outcome,
[32]
as it had been reported in previous studies . Of note,
in patients with chronic hepatitis and cirrhosis, an
increase in AST/ALT ratio is associated with progressive
liver functional impairment.
There were some limitations that should be noted
in present study: (1) it was a retrospective analysis
from a single institution; and (2) the patient population
was based on HBV-related HCC. Whether these results
can be applied to Western populations wherein HCV,
nonalcoholic steatohepatitis, and other etiologies
of liver disease predominate requires further study.
Therefore, a large-scale prospective validation study is
needed to confirm the results.
For patients undergoing TACE for HBV-related
HCC, the prognostic ability of the GPS is superior to
the other inflammation-based prognostic scores, and
CLIP is superior to TNM and BCLC staging systems.
The combination of clinical staging system (CLIP)
and inflammation scores (GPS) might improve the
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Applications

Those patients with combined score > 3 would not benefit from TACE, other
treatments, for example sorafenib or clinical trials, should be considered.

Peer-review

The authors made an interesting and useful study to improve the estimation of
the prognosis in patients with hepatitis B virus-related HCC after TACE. The
result shows GPS is superior to other inflammation scores and combined use of
GPS and CLIP can improve the prognostic power for overall survival. According
to the combined scores, it can select patients who would most likely benefit
from TACE, and predict survival benefit in these patients.
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Abstract
AIM: To determine the prognostic significance of
preoperative serum neutrophil-lymphocyte ratio (NLR)
in esophageal squamous cell carcinoma (ESCC).
METHODS: Data from 371 eligible patients with ESCC
who had undergone surgery with curative intent at our
institution between October 2000 and May 2007 were
retrospectively recruited for analysis. The cutoff value
of NLR was 3.0 as determined by the receiver operating
characteristic curve, which discriminated between
survival and death; the area under the curve was 0.709,
and the sensitivity and specificity were 66.1% and
69.1%, respectively, at the cutoff point. The correlation
between the NLR and clinicopathological characteristics
2
was analyzed using a χ test. The prognostic influence
of the NLR and other clinicopathological factors on
cancer-specific survival (CSS) and recurrence-free
survival (RFS) was studied using the Kaplan-Meier
method. To evaluate the independent prognostic value
of NLR, multivariate Cox regression models were
applied.
RESULTS: The median age of the patients was 57.0
years, and 276/371 (74.4%) patients were male. The
NLR was ≤ 3.0 in 80.1% (297/371) of the patients,
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and the remaining 19.9% (74/371) had an NLR >
3.0. Median postoperative follow-up was 66.0 mo
[interquartile range (IQR): 49.0-76.0 mo], with a
follow-up rate of 94%. Follow-up was not significantly
different between patients with an NLR ≤ and > 3.0
(63.13 ± 1.64 vs 61.52 ± 3.66, P = 0.711). However,
higher preoperative serum NLR was associated with
significantly increased risks of higher pathological
tumor status (P = 0.007). A significant, independent
association between high preoperative serum NLR and
poor clinical outcome was identified in a multivariate
analysis for CSS (HR = 1.591; P = 0.007) and RFS (HR
= 1.525; P = 0.013). Moreover, when patients were
stratified by pathological tumor-node-metastasis (TNM)
staging, the adverse effects of preoperative serum NLR
on CSS (HR = 2.294; P = 0.008) and RFS (HR = 2.273;
P = 0.008) were greatest in those patients with stage
ⅢA disease.

Iran to North-Central China . Most predictive models
for prognosis utilize tumor-node-metastasis (TNM)
[2]
staging , albeit with discrepant results within the
same stage. Therefore, there is an urgent demand for
new parameters in risk stratification to complement
TNM staging to improve individualized treatment.
Over the past two decades, the interaction between
cancer and the inflammatory system has been
[3-5]
increasingly recognized
. The direct and indirect
interactions between neoplastic and inflammatory cells
can cause DNA damage, promote angiogenesis, inhibit
[3-7]
apoptosis, and increase propensity for metastasis .
The role of the systemic inflammatory response as
an indicator of prognosis has also been recognized
[8]
in various primary operable malignancies . The
prognostic value of the serum neutrophil-lymphocyte
ratio (NLR), which represents an inexpensive, routine,
and repeatable marker of systemic inflammation, has
been well studied in lung, gastric, bladder, pancreatic,
[9-13]
and biliary tract cancers
. However, the value of the
NLR in ESCC patients is ill defined, because relevant
studies have inconsistent results due to short-term
[14-16]
[15,16]
follow-up
, small sample sizes
, receipt of
[15,16]
neoadjuvant therapy
, differences in histological
[15,16]
types
, and omission of pathologic (p)TNM staging
[14]
in survival analyses . Thus, the aim of the present
study was to investigate the association of preoperative
serum NLR with clinicopathological features in patients
with ESCC, as well as to evaluate the risks of tumor
recurrence and mortality for patients treated with
radical esophagectomy.

CONCLUSION: Preoperative serum NLR is a useful
prognostic marker to complement TNM staging for
operable ESCC patients, particularly in patients with
stage ⅢA disease.
Key words: Esophageal squamous cell carcinoma;
Neutrophil-lymphocyte ratio; Prognosis; Radical
esophagectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: From a relatively large cohort of esophageal
squamous cell carcinoma patients who underwent
esophagectomy without neoadjuvant treatment and
extended follow-up, we determined that an elevated
preoperative serum neutrophil-lymphocyte ratio
(NLR) is a negative prognostic factor. When stratified
by pathological tumor-node-metastasis staging, the
adverse effects of NLR were greatest in patients with
stage ⅢA disease.

MATERIALS AND METHODS
Patient characteristics

Between October 2000 and May 2007, 424 conse
cutive patients with histologically confirmed primary
ESCC and who were treated with curative-intent
esophagectomy at the Cancer Center of Sun YatSen University were retrospectively reviewed. The
exclusion criteria were as follows: (1) patients who
received previous anti-inflammatory drugs within
1 wk; (2) patients who had received neoadjuvant
treatment; (3) patients who had previous or other
concomitant cancer; (4) patients with noncurative
resection; (5) patients who had perioperative
mortality; (6) patients with stage 0, stage Ⅳ, or
pathological tumor (pT)4 disease; (7) patients for
whom the records of preoperative complete blood cell
counts with differential were unavailable; (8) patients
who died from non-tumor causes; and (9) patients for
whom follow-up data were not detailed or complete.
Data on NLR were retrospectively retrieved from the
medical records. All of the patient blood samples were
collected within 1 wk before surgery. When multiple
values existed for a patient, those closest to the date
of esophagectomy were used. Clinicopathological
data including patient age, sex, tumor location, tumor

Duan H, Zhang X, Wang FX, Cai MY, Ma GW, Yang H, Fu JH,
Tan ZH, Meng YQ, Fu XY, Ma QL, Lin P. Prognostic role of
neutrophil-lymphocyte ratio in operable esophageal squamous
cell carcinoma. World J Gastroenterol 2015; 21(18): 5591-5597
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i18/5591.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i18.5591

INTRODUCTION
Recent estimations rank esophageal cancer as the
fifth deadliest cancer in men and eighth in women
worldwide, and esophageal cancer was responsible
[1]
for 406800 deaths in 2008 . The major pathological
type of this cancer is esophageal squamous cell
carcinoma (ESCC), which is most frequently found
among individuals in the region ranging from Northern
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year, semiannually for the following 2 years, and
annually thereafter for patients without evidence
of recurrent disease. Recording of medical history,
physical examination, and contrast-enhanced
computed tomography scans of the neck, thorax,
and upper abdomen, including the liver and adrenals,
were routinely performed. The last follow-up was in
June 2014, which included verification of the clinical
attendance records and direct telecommunication with
the patient or their family.

Table 1 Clinicopathological features according to neutrophillymphocyte ratio n (%)
Variable

NLR

Age (yr)
2
≤ 57.0
> 57.0
Sex
Female
Male
Location
Upper
Middle
Lower
Differentiation
Well
Moderate
Poor
pT status
T1
T2
T3
pN status
N0
N1
N2
N3
Stage
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
Total

Cases

≤ 3.0

> 3.0

201 (54.2)
170 (45.8)

167 (83.1)
130 (76.5)

34 (16.9)
40 (23.5)

95 (25.6)
276 (74.4)

78 (82.1)
219 (79.3)

17 (17.9)
57 (20.7)

23 (6.2)
256 (69.0)
92 (24.8)

19 (82.6)
200 (78.1)
78 (84.8)

4 (17.4)
56 (21.9)
14 (15.2)

58 (15.6)
245 (66.0)
68 (18.3)

46 (79.3)
193 (78.8)
58 (85.3)

12 (20.7)
52 (21.2)
10 (14.7)

17 (4.6)
88 (23.7)
266 (71.7)

15 (88.2)
80 (90.9)
202 (75.9)

2 (11.8)
8 (9.1)
64 (24.1)

199 (53.6)
102 (27.5)
55 (14.8)
15 (4.0)

163 (81.9)
82 (80.4)
41 (74.5)
11 (73.3)

36 (18.1)
20 (19.6)
14 (25.5)
4 (26.7)

20 (5.4)
58 (15.6)
148 (39.9)
83 (22.4)
47 (12.7)
15 (4.0)
371 (100)

17 (85.0)
50 (86.2)
119 (80.4)
66 (79.5)
34 (72.3)
11 (73.3)
297 (80.1)

3 (15.0)
8 (13.8)
29 (19.6)
17 (20.5)
13 (27.7)
4 (26.7)
74 (19.9)

P value1
0.112

0.562

0.372

NLR cutoff determination and primary outcomes

The cutoff value of NLR was defined as 3.0 based
on the receiver operating characteristic curve, which
discriminated between survival and death; the area
under the curve was 0.709, and the sensitivity and
specificity were 66.1% and 69.1%, respectively, at
the cutoff point. The primary outcomes were cancerspecific survival (CSS), defined as the time between
the operation and death due to cancer, and recurrencefree survival (RFS), defined as the time between
the operation and local and/or distant soft tissue
recurrence.

0.487

0.007

0.592

Statistical analysis

0.566

All analyses were carried out using SPSS version
20.0 (IBM Corp., Armonk, NY, United States). The
correlations between NLR and clinicopathological
2
characteristics were analyzed using the χ test. CSS
and RFS were estimated using the Kaplan-Meier
method, and the differences were assessed by the
log-rank test. All significant parameters identified by
univariate analysis were evaluated by multivariate
analysis using the Cox proportional hazards model.
The strength of the association between predictors
and survival was assessed by HRs with 95%CIs. Twosided P < 0.05 was considered statistically significant.
The statistical methods of this study were reviewed by
Qing Liu at the Sun Yat-Sen University Cancer Center.

1 2

χ test; 2Median age. NLR: Neutrophil-lymphocyte ratio; pN: Pathologic
node; pT: Pathologic tumor.

differentiation, pT and pathological node (pN) status,
and pathological (p)TNM staging were also collected.
A single pathologist re-reviewed all esophagectomy
pathologic specimens. Tumor differentiation was
determined based on the criteria proposed by the
World Health Organization classification of Tumors of
the Digestive System (2010 version). pTNM staging
was based on the American Joint Committee on Cancer
th
[2]
staging manual, 7 edition . This study was approved
by the Medical Ethics Committee of the Cancer Center
at Sun Yat-Sen University.

RESULTS
Data from a total of 371 eligible patients were included
for analysis. Among these, 297 (80.1%) patients had
an NLR ≤ 3.0 and 74 (19.9%) had an NLR > 3.0. The
median age of the patients was 57.0 years, and 276
(74.4%) patients were male. The median duration of
postoperative follow-up was 66.0 mo [interquartile
range (IQR): 49.0-76.0 mo], during which 206/371
(55.5%) patients experienced disease recurrence
at a median of 14.0 mo (IQR: 7.0-26.0 mo) after
esophagectomy and 192/371 (51.8%) died of ESCC
(median time to death: 18.0 mo, IQR: 11.0-27.0 mo).
The follow-up rate was 94%. Follow-up duration was
not significantly different between patients with an
NLR ≤ and > 3.0 (63.13 ± 1.64 mo vs 61.52 ± 3.66
mo, P = 0.711).
Table 1 shows the distribution of clinicopathological
characteristics according to NLR. Of the examined

Surgical strategy

All patients included in this study were treated with
curative resection by total or subtotal thoracic esopha
gectomy and thoracoabdominal lymphadenectomy, which
included the subcarinal, paraesophageal, pulmonary
ligament, diaphragmatic, paracardial, and left gastric
artery lymph nodes. Esophageal reconstruction was
performed using the stomach, colon, or jejunum.

Patient follow-up

At our institution, follow-up after esophagectomy
is generally recommended quarterly for the first
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Table 2 Univariate analysis of factors associated with recurrence-free survival and cancer-specific survival
Cases (n )

Variable
Age (yr)
1
≤ 57.0
> 57.0
Sex
Female
Male
Location
Upper
Middle
Lower
Differentiation
Well
Moderate
Poor
pT status
T1
T2
T3
pN status
N0
N1
N2
N3
Stage
Ⅰ
Ⅱ
Ⅲ
NLR
≤ 3.0
> 3.0

CSS (mo)
Mean

Median

201
170

61.9
59.1

42
70

95
276

72.2
59.5

NR
45

23
256
92

70.4
52.7
74.8

NR
41
NR

58
245
68

55.0
67.9
44.0

55
70
25

17
88
266

60.5
71.6
59.4

NR
74
39

199
102
55
15

80.9
44.1
25.0
20.7

NR
41
15
11

20
206
145

64.1
77.4
32.7

NR
NR
21

297
74

68.3
41.2

70
24

RFS (mo)

P value

Mean

Median

54.7
53.9

32
66

62.3
52.8

74
34

52.2
48.8
67.5

58
35
74

52.1
59.0
38.1

58
65
22

55.5
65.9
51.1

NR
77
29

71.7
40.1
21.2
12.0

87
29
10
6

62.6
68.3
29.0

NR
85
15

61.0
38.3

58
17

P value

0.259

0.230

0.070

0.113

0.033

0.127

0.014

0.005

0.003

0.008

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.001

1

Median age. CSS: Cancer-specific survival: NLR: Neutrophil-lymphocyte ratio; NR: Not reached; pN: Pathologic node; pT:
Pathologic tumor; RFS: Recurrence-free survival.

A

Kaplan-Meier survival curve or NLR for the complete cohort

B

1.0

1.0

P < 0.001

0.6

0.4
NLR
≤ 3.0
> 3.0
≤ 3.0-censored
> 3.0-censored

0.2

0.0
0

20

40

P = 0.001

0.8
Cumulative survival

0.8
Cumulative survival

Kaplan-Meier survival curve or NLR for the complete cohort

0.6

0.4
NLR
≤ 3.0
> 3.0
≤ 3.0-censored
> 3.0-censored

0.2

0.0
60
CSS (mo)

80

100

120

0

20

40

60
RFS (mo)

80

100

120

Figure 1 Survival curves for the complete cohort. A: Cancer-specific survival (CSS); B: Recurrence-free survival (RFS) curves for patients with esophageal
squamous cell carcinoma according to preoperative serum neutrophil-lymphocyte ratio (NLR).

characteristics, only pT status was significantly
associated with NLR (P = 0.007), with a preoperative
serum NLR > 3.0 associated with a higher pT status.
The results of the univariate analysis revealed
that tumor differentiation, pT and pN status, pTNM
staging, and NLR were negatively associated with CSS

WJG|www.wjgnet.com

and RFS (all P < 0.05) (Table 2). In addition, CSS was
significantly associated with tumor location (P < 0.05).
CSS and RFS were significantly shorter in patients with
an NLR > 3.0 than those with an NLR ≤ 3.0 (all P ≤
0.001) (Figure 1).
Multivariate analysis was performed using significant
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A

Table 3 Results of multivariable cox regression analysis

Kaplan-Meier survival curve or NLR for the stage ⅢA patients
1.0

CSS
Location (upper vs middle vs lower)
Differentiation
(well vs moderate vs poor)
pT status ( T1 vs T2 vs T3)
pN status (N0 vs N1 vs N2 vs N3)
Stage (Ⅰ vs Ⅱ vs Ⅲ)
NLR (≤ 3.0 vs > 3.0)
RFS
Differentiation
(well vs moderate vs poor)
pT status (T1 vs T2 vs T3)
pN status (N0 vs N1 vs N2 vs N3)
Stage (Ⅰ vs Ⅱ vs Ⅲ)
NLR (≤ 3.0 vs > 3.0)

P value

HR

95%CI

0.888
1.156

0.677-1.164
0.911-1.468

0.389
0.233

1.101
1.615
1.460
1.591

0.778-1.559
1.266-2.061
0.907-2.351
1.132-2.235

0.586
< 0.001
0.120
0.007

1.177

0.934-1.482

0.167

1.088
1.703
1.336
1.525

0.782-1.515
1.337-2.169
0.846-2.110
1.094-2.126

0.615
< 0.001
0.215
0.013

20 (5.4)
58 (15.6)
148 (39.9)
83 (22.4)
47 (12.7)
15 (4.0)

B

CSS

RFS
0.590
0.977
0.082
0.008
0.596
0.700

40
CSS (mo)

60

80

Kaplan-Meier survival curve or NLR for the stage ⅢA patients

P = 0.008

0.8

0.6

0.4
NLR
≤ 3.0
> 3.0
≤ 3.0-censored
> 3.0-censored

0.2

0.0
0

CSS: Cancer-specific survival; NLR: Neutrophil-lymphocyte ratio; RFS:
Recurrence-free survival; TNM: Tumor-node-metastasis.

20

40
RFS (mo)

60

80

Figure 2 Survival curves for stage ⅢA patients. A: Cancer-specific survival
(CSS); B: Recurrence-free survival (RFS) curves according to preoperative
serum neutrophil-lymphocyte ratio (NLR) for patients with pathological tumornode-metastasis stage ⅢA esophageal squamous cell carcinoma

prognostic factors as determined by univariate analysis.
Preoperative NLR remained independently associated
with significantly increased risks for tumor recurrence
and ESCC-related death (all P < 0.05) (Table 3). In
addition, higher pN status was an adverse independent
prognostic factor for CSS and RFS (all P < 0.001).
The predictive effect of NLR on CSS and RFS was
further assessed after stratification by pTNM staging.
NLR was associated with disease outcome only in
patients with stage ⅢA disease (Table 4). Stage Ⅲ
A patients with an NLR > 3.0 had significantly worse
CSS (HR = 2.294; P = 0.008) and RFS (HR = 2.273; P
= 0.008) (Figure 2). Although stage IIB patients with
NLR > 3.0 also showed worse survivals, the differences
were not statistically significant. No differences were
observed in patients with other pTNM stages.

= 2.102) in colorectal cancer patients with elevated
pretreatment NLRs in a meta-analysis of 16 studies
[13]
comprising 19 cohorts. Viers et al
reviewed 899
patients treated with radical cystectomy for urothelial
carcinoma of the bladder and also found greater risks
of recurrence (HR = 1.04) and cancer-related death
(HR = 1.04). In addition, our findings indicate that
elevated NLR correlates with pT status, suggesting that
increased NLR favors ESCC tumor invasion. Similarly,
previous studies have reported an association between
preoperative serum NLR and pT status in gastric
[11,13]
cancer and urothelial carcinoma of the bladder
.
Although the mechanism underlying these findings
is complex and has yet to be elucidated, the association
between inflammation and cancer provides us with
some clues. In cancer cells, oncogenes activate
certain inflammatory transcriptional programs to
produce various inflammatory mediators, including
granulocyte and granulocyte-macrophage colony[20]
stimulating factors , which can trigger the proliferation

DISCUSSION
This study shows that elevated preoperative serum
NLR independently and adversely associates with
[9-13]
ESCC prognosis, consistent with other studies
and
[17-19]
[17]
meta-analyses
. For example, Li et al
reported
significantly worse CSS (HR = 1.813) and RFS (HR

WJG|www.wjgnet.com

20

1.0

P value
0.590
0.987
0.082
0.008
0.356
0.440

NLR
≤ 3.0
> 3.0
≤ 3.0-censored
> 3.0-censored
0

Cumulative survival

ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC

0.4

0.0

Table 4 Univariate analysis of neutrophil-lymphocyte ratio
stratified by tumor staging n (%)
Cases

0.6

0.2

NLR: Neutrophil-lymphocyte ratio; pN: Pathologic node; pT: Pathologic
tumor; CSS: Cancer-specific survival; RFS: Recurrence-free survival.

TNM stage

P = 0.008

0.8
Cumulative survival

Prognostic factor
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[21]

cancer patients in order to instruct individualized treatment, which can improve
the overall outcome in cancer patients.

and differentiation of neutrophils in bone marrow .
Moreover, previous studies suggest that neutrophils
from cancer patients are functionally different from
[22,23]
those from healthy counterparts
, and can facilitate
[24,25]
tumor progression and affect patient outcome
.
[26-28]
These neutrophils may inhibit T cells
, which
have anti-tumor activities and favorable prognostic
[29,30]
significance
. These neutrophils may also secrete
agents that promote tumor cellular proliferation,
[31]
angiogenesis, invasion, and metastasis . Consistent
with these observations, studies have shown reduced
tumor progression with inhibition of neutrophil
[32,33]
infiltration
.
The results of this study further demonstrate
that the adverse effects of NLR on CSS and RFS are
greatest in patients with stage ⅢA disease. This result
suggests that NLR is more sensitive as a prognostic
factor in intermediate stage ESCC than in the other
subgroups. However, studies with larger sample sizes
are warranted to confirm these findings. The fact that
the majority of the patients in our study with NLR >
3.0 had shorter CSS and RFS indicates that surgical
resection alone was not sufficient. Preoperative serum
NLR may facilitate the selection of patients with a high
risk of disease recurrence and cancer-specific mortality
to receive neoadjuvant or adjuvant therapy. However,
further investigations evaluating the effect of systemic
therapies with regard to NLR are necessary.
Although the results reveal the prognostic value of
preoperative serum NLR, we acknowledge that there
are some limitations of this study. Patients with stage
0, ⅠA, an Ⅳ and pT4 disease were not included in
the analyses. Future studies are warranted to confirm
these preliminary results in all pTNM stages and to
explore the optimal cutoff point for NLR, as well as the
mechanism behind these phenomena, which would
aid in the development of more effective disease
management.
In conclusion, this study shows that elevated
preoperative serum NLR is associated with tumor
progression and represents a negative prognostic
factor in patients who undergo esophagectomy for
ESCC without neoadjuvant treatment, particularly
those with stage ⅢA disease. NLR measurement is
routine and repeatable, and may be a useful adjunct
to conventional TNM staging for future clinical trial
enrollment and individualized treatments.

Innovations and breakthroughs

With a relatively large cohort of ESCC patients who underwent esophagectomy
without neoadjuvant treatment, we determined that elevated preoperative
serum NLR is a negative prognostic factor. Moreover, we further examined
the predictive effect of NLR with regard to pathological tumor-node-metastasis
(TNM) staging, and found that the adverse effects of NLR were greatest in
patients with stage IIIA ESCC.

Applications

As the measurement of serum NLR is inexpensive, routine, and repeatable, it
may be a useful adjunct to conventional TNM staging that will instruct clinical
trial enrollment and individualized treatment in the future.

Peer-review

This is a good study with a well contemplated statistical analysis. Giver the fact
that literature data considering the preoperative serum neutrophil to lymphocyte
ratio in SCC is scarce the present manuscript merits publication after a minor
revision.
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Abstract
AIM: To evaluate the impact of postoperative infectious
complications on hepatocellular carcinoma following
curative hepatectomy.
METHODS: We performed a retrospective analysis of
200 hepatocellular carcinoma patients who underwent
hepatectomy at our institution between September
2003 and June 2011. The patients’ demographics,
clinicopathological characteristics and postoperative
infectious complications were analyzed. The ClavienDindo classification was adopted to assess the severity
of complications. The dynamic change in the neutrophilto-lymphocyte ratio, defined as the absolute neutrophil
count divided by the absolute lymphocyte count,
after surgery was also investigated. The observation
endpoints for this study were recurrence-free survival
and overall survival of the patients. Statistical analysis
of the survival curves was performed using the KaplanMeier method and the log-rank test. The prognostic
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value of each variable for predicting prognosis was
assessed via multivariate Cox proportional hazards
regression analysis. The cutoff score for each variable
was selected based on receiver operating characteristic
curve analysis. All statistical tests were two-sided, and
significance was set at P < 0.05.

Ruan DY, Lin ZX, Li Y, Jiang N, Li X, Wu DH, Wang TT, Chen
J, Lin Q, Wu XY. Poor oncologic outcomes of hepatocellular
carcinoma patients with intra-abdominal infection after
hepatectomy. World J Gastroenterol 2015; 21(18): 5598-5606
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i18/5598.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i18.5598

RESULTS: The median age of the patients was 49
years, and the majority of patients were male (86%)
and had been infected with hepatitis B virus (86%).
The 30-d postoperative infectious complication rate was
34.0% (n = 68). Kaplan-Meier survival analysis revealed
that postoperative infection was significantly correlated
with tumor recurrence (P < 0.001). The postoperative
intra-abdominal infection group exhibited a worse
prognosis than the non-intra-abdominal infection group
(P < 0.001). A significantly increased incidence of
postoperative intra-abdominal infection was observed
in the patients with hepatic cirrhosis (P = 0.028),
concomitant splenectomy (P = 0.007) or vascular
invasion (P = 0.026). The patients who had an elevated
postoperative neutrophil-to-lymphocyte ratio change
(> 1.643) clearly exhibited poorer recurrence-free
survival than those who did not (P = 0.009), although
no significant correlation was observed between overall
survival and the change in the postoperative neutrophilto-lymphocyte ratio. Based on multivariate analysis,
hepatitis B surface antigen positivity, Child-TurcottePugh class B, an elevated postoperative neutrophilto-lymphocyte ratio change and intra-abdominal
infection were significant predictors of poor recurrencefree survival. Hepatic cirrhosis, the maximal tumor
diameter and intra-abdominal infection were significant
predictors of overall survival.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common cancers in the world, leading to 695900
deaths annually. Globally, nearly half of new HCC
cases occur in China due to the prevalence of hepatitis
[1]
B virus infection . Surgical resection is considered a
curable treatment for HCC, but the recurrence and the
[2]
long-term prognosis of HCC remain unsatisfactory .
The 5-year recurrence-free survival rate has been
[3-5]
reported to be approximately 30%
. Due to
improvements in surgical techniques and perioperative
management, the mortality rate of hepatectomy has
significantly decreased in recent decades. However,
the high incidence of postoperative infectious
complications (ranging from 15.6% to 25.0% based on
previous reports) remains a major problem, especially
in patients with underlying hepatic disease, such as
[6,7]
chronic hepatitis and liver cirrhosis .
Recently, the negative impact of infectious
complications on prognosis has been demonstrated in
[8]
various cancers. The study by Farid et al suggested
that postoperative sepsis was an independent
predictor of both disease-free survival and overall
survival in colorectal cancer patients with liver
metastasis who underwent hepatic resection. Amin
[9]
Andalib et al analyzed a health care database of
lung cancer patients after curative-intent surgery in
Quebec, and discovered a strong negative correlation
between major infectious complications and the longterm survival rate. However, the prognostic impact of
postoperative infectious complications on patients with
HCC remains unclear.
Inflammation and its associated immunomodulation
have been suggested as causes of cancer progression.
Systemic inflammation augments the adhesion of
circulating tumor cells, thereby accelerating tumor
[10]
metastasis , and bacterial antigens directly increase
[11,12]
the metastatic ability of cancer cells
. Additional
evidence has demonstrated the correlation between
inflammation and poor oncologic outcomes of cancer
patients. Markers of systemic inflammatory responses,
such as C-reactive protein (CRP) and the preoperative
monocyte count have been investigated as prognostic
[13,14]
factors
. The neutrophil-to-lymphocyte ratio
(NLR) is a novel marker of the systemic inflammatory
response. An elevated NLR has been experimentally
demonstrated to serve as a predictor of poor prognosis

CONCLUSION: Postoperative intra-abdominal infection
adversely affected oncologic outcomes, and the change
in postoperative neutrophil-to-lymphocyte ratio was a
good indicator of tumor recurrence in hepatocellular
carcinoma patients after curative hepatectomy.
Key words: Hepatocellular carcinoma; Postoperative
intra-abdominal infection; Neutrophil-to-lymphocyte
ratio change; Hepatectomy; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Post-operative infectious complications
adversely affect survival in various cancers. However,
the prognostic value of postoperative infectious
complications for patients with hepatocellular carcinoma
remains unclear. We found that the occurrence
of postoperative intra-abdominal infection was an
independent predictor of tumor recurrence and poor
overall survival. Postoperative neutrophil-to-lymphocyte
ratio change, which indicated a systemic inflammatory
response, was also an independent predictor of tumor
recurrence.
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in cancer patients
.
Long-term survival was reported to be poorer
in HCC patients with operative complications after
[19,20]
hepatectomy
. However, to date, few studies
have focused on the potential association between
postoperative infectious complications and oncologic
outcome of HCC. This study aimed to evaluate the
impact of postoperative infectious complications on
recurrence-free survival (RFS) and overall survival (OS)
among patients receiving curative hepatectomy for
HCC.

operation. The NLR was defined as the absolute
neutrophil count divided by the absolute lymphocyte
count. Patients who were administered hematopoietic
agents such as granulocyte colony-stimulating factor
within one month before surgery were excluded. The
th
postoperative NLR was obtained on the 7 day after
surgery. The dynamic change in the NLR after surgery
was defined as delta-NLR, which was quantitatively
calculated by dividing the postoperative NLR value by
the preoperative NLR value.

Follow-up

The follow-up examinations consisted of physical
examinations, routine blood chemistry, serum AFP
measurement and abdominal ultrasound, were
performed once every 3-6 mo for the first 2 years
and once every 6-12 mo thereafter. In cases with
suspicious lesions on ultrasound or with elevated AFP,
further examinations (contrast-enhanced ultrasound,
CT or MRI) were conducted to confirm or rule out
recurrence. The primary endpoint of this analysis
was RFS, defined as the interval from the date of
surgery to the date of the first recurrence, or the most
recent follow-up that revealed no recurrence. The
patients with recurrence received further individualized
treatment, such as a second hepatectomy, chemoe
mbolization, RFA, percutaneous ethanol injection or
systemic therapy.

MATERIALS AND METHODS
Patient selection and data collection

A total of 200 HCC patients who underwent curative
hepatectomy in an open procedure for HCC at our
institution between September 2003 and June
2011 were included in this study. Patients with
extrahepatic metastasis and patients receiving any
neoadjuvant treatment such as transcatheter arterial
chemoembolization (TACE) and radiofrequency ablation
(RFA) were excluded. Patients were also excluded if
the histological diagnosis was not HCC or if the patient
died within 30 d after surgery. The diagnosis of HCC
was based on the serum α-fetoprotein (AFP) level, at
least two radiological parameters [ultrasonography,
computed tomography (CT) or magnetic resonance
imaging (MRI)], and was ultimately confirmed
postoperatively via histopathological diagnosis. The
collected data included the patients’ demographic
information, baseline clinicopathological characteristics,
and laboratory and radiological results. The study
protocol was approved by an Institutional Review
Board. Informed consent was obtained according to
the Declaration of Helsinki.

Statistical analysis

The statistical analyses were performed using SPSS
version 16.0 (SPSS Inc., Chicago, IL, United States).
2
Categorical variables were compared using the χ
test or Fisher’s exact test, and those variables with
statistical significance were validated by multivariate
analysis. The RFS and OS curves were constructed
using the Kaplan-Meier method, and the results were
compared using the log-rank test. The prognostic
value of each variable for predicting RFS or OS was
assessed via multivariate Cox proportional hazards
regression analysis. The cutoff value of delta-NLR was
selected based on receiver operating characteristic
(ROC) curve analysis. All statistical tests were twosided, and significance was set at P < 0.05.

Diagnosis of postoperative infectious complications

The following infectious complication characteristics
were examined: (1) intra-abdominal infection; (2)
respiratory infection; (3) wound infection; (4) urinary
tract infection; and (5) venous catheter relatedinfection. Infectious complications were diagnosed
based on symptoms with clinical/radiological signs,
together with increased levels of inflammatory
markers, positivity/negativity of sputum/fluid/
blood cultures and requirement for treatment with
antibiotics or further intervention. The Clavien-Dindo
[21]
(C-D) classification
was adopted to assess these
complications and only patients classified as grade Ⅱ
or higher were included in this analysis. In patients
with infectious complications at multiple sites, the
highest grade was recorded. All patients received
antibiotic treatment after the diagnosis of infection.

RESULTS
The characteristics of the studied patients are
summarized in Table 1. The median follow-up duration
was 32 mo (range: 4-103 mo). At the time of the
most recent follow-up, 101 (50.5%) patients had
developed tumor recurrence, 43 (21.5%) patients
had died of HCC progression, and two (1.0%) patients
had died of non-cancerous disease. The 1-, 3-, and
5-year OS rates for all the patients in this study were
96.0%, 83.8% and 81.3%, respectively, and the 1-,
3-, and 5-year RFS rates were 74.5%, 56.0% and
51.0%, respectively. Overall, the 30-d postoperative

Calculation of the NLR change

Preoperative white blood cells and differential cell
counts were measured within five days prior to the
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Table 1 Baseline characteristics of the study participants n (%)

48 ± 11.601
49
22-75
172 (86.0)
46 (23.0)
68 (34.0)
12 (6.0)
172 (86.0)
75 (37.5)
148 (74.0)

1.00-censored

0.6

0.4

0.2

0.0

186 (93.0)
14 (7.0)
0

0

20

40
60
80
Recurrence free survival (mo)

100

120

Figure 1 Graphs displaying the recurrence-free survival curves for
hepatocellular carcinoma patients with and without post-operative intraabdominal infection.

174 (87.0)
26 (13.0)
143 (71.5)
26 (13.0)

1.0

43 (21.5)
18 (9.0)
7 (3.5)
68 (34.0)

0.8

56 (28.0)
11 (5.5)
1 (0.5)

The data are expressed as the total (%) unless specified otherwise. HCC:
Hepatocellular carcinoma; HBsAg: Hepatitis B surface antigen.

0.6

0.4
Non-intra-abdominal infection group
Intra-abdominal infection group

0.2

infectious complication rate was 34.0% (n = 68), and
the peak time of infectious complications occurred
within one to two weeks after surgery. Table 1
also details the specific number and categories of
infectious complications. Five patients exhibiting C-D
grade Ⅰ wound complications were excluded from the
analysis of infectious complications. No urinary tract
infections or venous catheter related-infections were
observed in this study.
Kaplan-Meier survival analysis showed that
postoperative infection was significantly correlated with
tumor recurrence (P < 0.001), although no significant
difference was detected between the different C-D
grades (P = 0.798). Both intra-abdominal infection
and infection at multiple sites were significantly
associated with decreased RFS (P = 0.001 and P <
0.001), although the respiratory infection group was
not significantly different from the non-infection group
(P = 0.338). The source of infection in the patients
with infection at multiple sites was the abdominal
cavity, thus, we considered intra-abdominal infection
as the primary investigated variable in this study.
As shown in Figure 1, the difference between the
groups with and without intra-abdominal infection was
significant (log-rank test, P < 0.001). The 3-year RFS
rate in the intra-abdominal infection group and the

WJG|www.wjgnet.com

0.00-censored

0.8

200
Cum survival

No. of patients
Age, yr
mean ± SD
Median
Range
Gender, male
Drinking
Smoking
HCC family history
HBsAg (+)
Alpha-fetoprotein, > 400 ng/mL
Hepatic cirrhosis
Child-Turcotte-Pugh class
A
B
C
Tumor nodules
Single
Multiple
Maximal tumor diameter, ≤ 5 cm
Vascular invasion
Infectious complications
Respiratory infection
Intra-abdominal infection
Multiple sites of infection
Total
Severity (Clavien-Dindo grade)
Ⅱ
Ⅲa
Ⅳa

Intra-abdominal infection group

Total

Cum survival

Characteristics

Non-intra-abdominal infection group

0.00-censored
1.00-censored
0.0
0

20

40
60
80
Overall survival (mo)

100

120

Figure 2 Graphs displaying the overall survival curves for hepatocellular
carcinoma patients with and without post-operative intra-abdominal
infection.

non-intra-abdominal infection group was 24.0% and
60.6%, respectively. Intra-abdominal infection was
also associated with a poorer 3-year OS rate than nonintra-abdominal infection (52.0% vs 88.6%, P < 0.001;
Figure 2). Based on further analysis, a significantly
increased incidence of postoperative intra-abdominal
infection was observed in patients with hepatic
cirrhosis (P = 0.028), concomitant splenectomy (P =
0.007) or vascular invasion (P = 0.026) in univariate
analysis, and these variables were all significant in
multivariate analysis. However, the results showed no
significant correlation between delta-NLR and any of
the clinicopathological factors (Table 2). Figure 1 shows
the RFS curve for HCC patients with and without postoperative intra-abdominal infection. The 3-year RFS
rate in the intra-abdominal infection group and the
non-intra-abdominal infection group was 24.0% (n =
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Table 2 Clinicopathological characteristics associated with postoperative intra-abdominal infection and delta-neutrophil-tolymphocyte ratio
Characteristics
Age, yr
< 60
≥ 60
Gender
Male
Female
Drinking
No
Yes
Smoking
No
Yes
HCC family history
No
Yes
HBsAg (+)
No
Yes
Alpha-fetoprotein,
≤ 400 ng/mL
> 400 ng/mL
Hepatic cirrhosis
No
Yes
Child-Turcotte-Pugh
Class A
Class B
Concomitant splenectomy
No
Yes
Tumor nodules
Single
Multiple
Maximal tumor diameters
≤ 5 cm
> 5 cm
Vascular invasion
No
Yes

Intra-abdominal infection (No.)
No

Yes

138
37

19
6

151
24

P value

Multivariate analysis

P value

P value

Delta-NLR
> 1.643

≤ 1.643

0.745

108
32

48
9

0.268

21
4

0.759

122
18

48
9

0.587

136
39

18
7

0.525

107
33

44
13

0.908

118
57

14
11

0.259

91
49

39
18

0.646

165
10

23
2

0.649

133
7

53
4

0.733

26
149

2
23

0.540

18
122

10
47

0.393

107
68

18
7

0.294

91
49

33
24

0.349

50
125

2
23

0.0281

36
104

16
41

0.734

163
12

23
2

0.689

130
10

53
4

1.000

165
10

19
6

0.0071

127
13

54
3

0.565

153
22

21
4

0.749

119
21

52
5

0.242

126
49

17
8

0.679

102
38

38
19

0.385

156
19

18
7

0.0261

119
21

52
5

0.242

0.0431

0.0161

0.0061

1

Significant difference. HCC: Hepatocellular carcinoma; HBsAg: Hepatitis B surface antigen.

6) and 60.6% (n = 106), respectively. The difference
between these two groups was statistically significant
(log-rank test, P < 0.001).
Figure 2 shows the OS curve for HCC patients
with and without post-operative intra-abdominal
infection. The 3-year OS rate in the intra-abdominal
infection group and the non-intra-abdominal infection
group was 52.0% (n = 13) and 88.6% (n = 155),
respectively. The difference between these two groups
was significant (log-rank test, P < 0.001).
Postoperative NLR change, which was used as a
measurement of inflammatory response, was another
factor investigated in this study. The optimal cutoff
value of delta-NLR for RFS was determined via receiver
operating characteristic (ROC) curve. The area under
the curve (AUC) was recorded as 0.513 (95%CI:
0.441-0.585). The delta-NLR value of 1.643 was
used as the optimal cutoff value. This value resulted
in the most appropriate sensitivity of 77.23% and

WJG|www.wjgnet.com

specificity of 36.46%. The patients were stratified into
the elevated (> 1.643) and non-elevated (≤ 1.643)
delta-NLR groups. As shown in Figure 3, the 3-year
RFS rate in the patients with an elevated delta-NLR
was significantly poorer than that in the patients with a
non-elevated delta-NLR (50.0% vs 68.4%, P = 0.009).
Nevertheless, no significant correlation was detected
between OS and postoperative NLR change.
Figure 3 shows the RFS curves of the HCC patients
according to the postoperative NLR change (> 1.643
or ≤ 1.643). The 3-year RFS rate in the elevated
group and the non-elevated group was 50.0% (n =
70) and 68.4% (n = 39), respectively. The elevated
postoperative NLR change group exhibited significantly
poorer RFS (log-rank test, P = 0.009).
The results of univariate and multivariate analysis
are shown in Table 3. Indicators of underlying liver
disease, such as the hepatitis B surface antigen
(HBsAg) status and the Child-Turcotte-Pugh (CTP)
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infectious complications were stratified according to
severity using the C-D classification system in our
cohort. No significant differences were detected in the
outcomes of the patients according to the C-D grades,
suggesting the homogeneity of the pro-neoplastic
effects of inflammation on HCC carcinogenesis,
despite differences in the severity of the postoperative
complication.
The association between postoperative intraabdominal infection and poor prognosis is complex and
remains to be elucidated. Several possible mechanisms
may explain the prognostic value of postoperative
intra-abdominal infection. One possible mechanism
is that the deregulated host immunological response
[10,24]
during infection may promote tumorigenesis
. It
has been well documented that infectious complications
correlated with the excessive synthesis and release of
proinflammatory cytokines, such as interleukin IL-1,
IL-6 and TNFα, and these cytokines can affect the
function and regulation of cytotoxic T lymphocytes,
natural killer cells, and other immunocompetent
circulating cells such as dendritic antigen-presenting
[25,26]
cells and induce immunosuppression
. Cellmediated immune function was also suppressed by
the post-surgical stress response. As a result, the
residual malignant cells may progress rapidly during
the periods of relative immunosuppression caused by
postoperative infection and post-surgical stress. In
addition, infectious complications may stimulate the
release of angiogenesis-regulating chemokines, growth
factors and proteases, which are major contributors
[27]
to tumor-related angiogenesis . Furthermore, it has
recently been demonstrated that bacterial antigens,
which are frequently involved in postoperative
infectious complications, exert a direct effect on the
[11]
metastatic capacity of cancer cells .
The presence of a systemic inflammatory response
can be evaluated based on both the elevation of the
[14,28]
CRP level and the NLR
. Because the CRP level was
not routinely measured at our center, we assessed
the prognostic significance of the NLR as a potential
objective biomarker representing the perioperative
change in the inflammatory response. The patients
with an elevated NLR more frequently exhibited
lymphocytopenia and neutrophilic leukocytosis,
shifting the balance to a pro-tumor inflammatory
response. Various studies have demonstrated that
an elevation in the preoperative NLR correlated with
a poor clinical outcome in HCC patients treated by
[29-32]
different methods
. The postoperative NLR was
also considered to be a useful marker that displayed
[33]
remarkable prognostic value . However, neither
the preoperative nor postoperative NLR reflects the
dynamic change in the balance between the host
inflammatory response and the immune response
after curative surgery. Recently, the postoperative NLR
change was found to be an independent prognostic
factor for patients with small HCCs receiving RFA.
The patients with a decreased NLR exhibited a higher

Postoperative NLR change ≤ 1.643
Postoperative NLR change > 1.643
0.00-censored

Cum survival

0.8

1.00-censored

0.6

0.4

0.2

0.0
0

20

40
60
80
Recurrence free survival (mo)

100

120

Figure 3 Graphs displaying the recurrence-free survival curves for
hepatocellular carcinoma patients according to the postoperative
neutrophil-to-lymphocyte ratio change (> 1.643 or ≤ 1.643).

class were identified as significant predictors of
poor RFS. The postoperative NLR change and intraabdominal infection were also identified as predictors
of RFS. Multivariate analysis revealed HBsAg positivity,
CTP class B, elevated delta-NLR and intra-abdominal
infection as independent predictors of poor RFS. The
tumor diameter displayed borderline significance. For
OS, multivariate analysis identified hepatic cirrhosis,
the maximal tumor diameter (> 5 cm) and intraabdominal infection as independent predictors of poor
OS.

DISCUSSION
The impact of postoperative infection on prognosis
[8,22,23]
has been evaluated in various malignancies
. The
presence of intra-abdominal and respiratory infections
was reported to be associated with poorer long-term
outcomes in patients who underwent hepatic resection
[8,14]
for colorectal liver metastasis
. In the present
study, we analyzed the data from a cohort of 200
HCC patients who underwent curative liver resection
and demonstrated that postoperative intra-abdominal
infection was an independent risk factor affecting RFS
and OS.
Our results showed a relatively higher rate of
postoperative infectious complications (34.0%)
[3-5]
compared to the results of previous studies . This
difference may be due to distinct patient population
characteristics, particularly the status of liver
parenchyma. Most of our patients suffered from
hepatic cirrhosis (74.0%), which highly correlated
with postoperative intra-abdominal infection (Table
2). In addition to cirrhosis, vascular invasion and
concomitant splenectomy correlated with an increased
risk of postoperative intra-abdominal infection.
However, the precise mechanism underlying these
correlations remains unclear. The postoperative
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Table 3 Univariate and multivariate analyses of the factors associated with recurrence-free survival or overall survival for
hepatocellular carcinoma patients
Category

3-yr recurrencefree survival rate

Univariate analysis

Multivariate analysis

P value

P value and HR (95%CI)

Gender
Male
55.8%
Female
57.1%
Age, yr
< 60
57.3%
≥ 60
51.2%
Smoking
Yes
51.5%
No
58.3%
Drinking
Yes
52.2%
No
57.1%
Family history
Yes
66.7%
No
55.3%
HBsAg status
Negative
82.1%
Positive
51.7%
AFP, ng/mL
> 400
54.4%
≤ 400
58.7%
Hepatic cirrhosis
Yes
53.4%
No
63.5%
CTP class
A
58.1%
B
28.6%
Delta-NLR
> 1.643
50.0%
≤ 1.643
68.4%
Tumor nodules
Single
57.5%
Multiple
46.2%
Maximal tumor diameter
> 5 cm
47.4%
≤ 5 cm
59.4%
Vascular invasion
Yes
53.8%
No
56.3%
Concomitant splenectomy
Yes
37.5%
No
57.6%
Intra-abdominal infection
Yes
24.0%
No
60.6%

0.751

0.496

0.076

0.443

0.237

0.006

0.184

0.176

0.011

0.009

0.339

0.075
0.176

0.061

< 0.001

0.382
1.381
0.670-2.849
0.100
1.508
0.925-2.460
0.136
1.482
0.883-2.485
0.525
0.829
0.466-1.477
0.199
0.497
0.171-1.444
0.0101
3.019
1.309-6.959
0.279
0.782
0.501-1.220
0.635
1.128
0.686-1.853
0.0321
2.130
1.068-4.246
0.0191
1.807
1.102-2.962
0.891
0.960
0.530-1.736
0.056
1.573
0.989-2.503
0.598
0.828
0.411-1.669
0.721
0.939
0.665-1.326
0.0001
3.308
1.806-6.061

3-yr OS rate Univariate analysis

P value
83.7%
85.7%

0.981

83.4%
86.0%

0.763

83.8%
84.1%

0.374

87.0%
83.1%

0.740

91.7%
83.5%

0.165

92.9%
82.6%

0.057

82.7%
84.8%

0.948
0.0131

80.4%
94.2%
83.9%
85.7%

0.262

81.4%
89.5%

0.161

83.9%
84.6%

0.396

75.4%
87.4%

0.0251
0.163

76.9%
85.1%
75.0%
84.8%

0.343

52.0%
88.6%

< 0.0011

Multivariate analysis

P value and HR (95%CI)
0.834
1.121
0.385-3.267
0.765
0.887
0.402-1.954
0.618
1.237
0.536-2.854
0.338
0.632
0.247-1.615
0.091
0.170
0.022-1.325
0.266
2.374
0.517-10.895
0.972
1.012
0.508-2.018
0.0311
3.233
1.110-9.417
0.147
2.321
0.745-7.233
0.146
1.765
0.820-3.799
0.625
1.26
0.499-3.185
0.0191
2.281
1.148-4.536
0.792
1.144
0.420-3.113
0.308
0.757
0.444-1.292
0.0001
5.357
2.494-11.507

1

Significant difference. HBsAg: Hepatitis B surface antigen; AFP: Alpha-fetoprotein; CTP class: Child-Turcotte-Pugh class; Delta-NLR: Postoperative
neutrophil-to-lymphocyte ratio change.

[30]

survival rate than those with an increased NLR .
Our investigation showed a similar result among the
HCC patients who underwent liver resection. The
postoperative NLR change was an independent factor
for RFS. Neither preoperative nor postoperative NLR
was significantly associated with RFS or OS.
Our results should be interpreted with caution as
this retrospective study contains some limitations.
First, this study was based on retrospective data.
Second, these data were collected from a single
institution. Thus, further validation in prospective
studies enrolling patients from additional institutions

WJG|www.wjgnet.com

is needed. Third, we chose to stratify the patients
according to a delta-NLR of > 1.643 or ≤ 1.643
based on ROC curve analysis. However, it is uncertain
whether a different cutoff value would serve as a
better predictor of disease recurrence for these HCC
patients or whether NLR would be better categorized
into “high”, “intermediate”, and “low” groups rather
than two groups.
In conclusion, the results of our study suggest that
postoperative intra-abdominal infection has an adverse
effect on the oncologic outcomes (RFS and OS) of
HCC patients after hepatectomy. The postoperative
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NLR change (delta NLR), a simple and objective
inflammation index, is an independent predictor of
tumor recurrence in HCC patients.
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Background

Surgical resection is considered a curable treatment for hepatocellular
carcinoma (HCC), but the postoperative recurrence rate and long-term
prognosis is still unsatisfactory. Many clinicopathological characteristics
have been proved to be associated with the prognosis of HCC. Recently,
the association between inflammatory response and cancer progression
has become a research focus. It is reported that postoperative infectious
complications affect prognosis in various cancers and that inflammation
and its associated immunomodulation can cause cancer progression.
However, to date, there is little evidence of the potential association between
postoperative infectious complications and the oncologic outcome of HCC after
hepatectomy. The neutrophil-to-lymphocyte ratio (NLR) is a novel marker of the
systemic inflammatory response. An elevated NLR has been experimentally
demonstrated to serve as a predictor of poor prognosis in cancer patients.

7

8

9

Research frontiers

Recent studies suggested that postoperative infectious complications were an
independent predictor for both disease-free survival and overall survival after
surgery in various types of cancers, such as gastric cancer, esophageal cancer,
and lung cancer, and laboratory research has provided evidence that host
immunological response during infection may promote tumorigenesis. NLR, as
a novel marker of inflammation, had been demonstrated to be a predictor of
clinical outcome in HCC patients treated with different methods.

10

Innovations and breakthroughs

11

This study showed a clear association between postoperative intra-abdominal
infection and prognosis and clarified the prognostic value of dynamic NLR
change as an inflammatory marker for HCC patients after hepatectomy.

12

Applications

The study results suggest that intra-abdominal infection and elevated deltaNLR were significantly associated with poor recurrence-free survival and overall
survival. These parameters could be used in prognosis prediction, postoperative
monitoring and follow up.

13

Terminology

The NLR was defined as the absolute neutrophil count divided by the absolute
lymphocyte count. The dynamic change in the NLR after surgery was defined
as delta-NLR, which was quantitatively calculated by dividing the postoperative
NLR value by the preoperative NLR value.

14

The authors provide data to demonstrate that postoperative intra-abdominal
infection and postoperative NLR change are prognostic indicators for HCC
patients with curative surgery. This study is overall interesting, the outline is
organized clearly and the manuscript is written well.
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AIM: To explore the effects of platelet count (PLT) and
11 platelet-based indices on postoperative recurrence
of hepatocellular carcinoma (HCC).
METHODS: We retrospectively analyzed 172 HCC
patients who were treated by partial hepatectomy.
Preoperative data, including laboratory biochemical
results, were used to calculate the 11 indices included
in the analysis. We performed receiver operating
characteristic curve analysis to determine the optimal
cut-off values for predicting recurrence. Cumulative
rates of HCC recurrence were calculated using KaplanMeier survival curves and differences were analyzed by
log-rank tests. Multivariate analyses were performed
to identify independent predictors of recurrence, early
recurrence (within one year after surgery), and late
recurrence in HCC. To obtain better prognostic models,
PLT-based indices were analyzed separately after being
expressed as binary and continuous variables. Two
platelet-unrelated, validated HCC prognostic models
were included in the analyses as reference indices.
Additional analyses were performed after patients were
stratified based on hepatitis B virus infection status,
cirrhosis, and tumor size to investigate the significance
of platelets in different subgroups.
RESULTS: In the study cohort, 44.2% (76/172) of
patients experienced HCC recurrence, and 50.6%
(87/172) died during a median follow-up time of 46
mo. PLT and five of the 11 platelet-related models
were significant predisposing factors for recurrence (P
< 0.05). Multivariate analysis indicated that, among
the clinical parameters, presence of ascites, PLT ≥ 148
9
× 10 /L, alkaline phosphatase ≥ 116 U/L, and tumor
size ≥ 5 cm were independently associated with a
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higher risk of HCC recurrence (P < 0.05). Independent
and signi ficant models included the aspartate
aminotransferase/PLT index, fibrosis index based on the
four factors, fibro-quotient, aspartate aminotransferase/
PLT/γ-glutamyl transpeptidase/alpha-fetoprotein
index, and the PLT/age/alkaline phosphatase/alphafetoprotein/aspartate aminotransferase index. There
were different risk factors between early and late
recurrences, and PLT and these indices were more
inclined to influence late recurrence. PLT was only
predictive of recurrence in non-cirrhotic HCC patients,
and was not influenced by tumor size, which was a
critical confounder in our study.

[2,3]

such as Asia and Africa . Although the diagnosis
and treatment of HCC have dramatically improved,
the prognosis remains unsatisfactory with an overall
[4]
5-year survival rate of 5%-6% . One reason for this
involves the high risk for postoperative recurrence.
Although microvascular invasion has been implicated
[5,6]
as a major factor , the majority of postoperative
tumor recurrences are due to de novo cancers from the
[5]
cirrhotic liver . The identification of related predisposing
risk factors will help to reduce recurrence rates.
Survival in HCC has been associated with platelet
[7-9]
count (PLT) , which is also an independent predictor
[10-12]
of hepatocarcinogenesis
. Platelets are involved in
[13-15]
thrombosis, inflammatory responses, liver regeneration
,
[15,16]
and the regulation of angiogenesis
. PLTs are
[17]
significantly decreased in cirrhotic patients , and can
be used, along with several platelet-based noninvasive
models, to detect hepatic cirrhosis in patients with
[18-21]
HBV/HCV infection with high accuracy
. Thus, we
hypothesized that platelets might play a crucial role in
HCC relapse. However, few studies have reported the
association between PLT/platelet-based indices and
postoperative recurrence in HCC. Herein, we evaluated
PLT and 11 platelet-related indices for predicting HCC
recurrence. For these analyses, the Cancer of the Liver
[22]
Italian Program (CLIP) , aspartate aminotransferase/
[23]
alanine aminotransferase ratio (AAR) , and two
platelet-unrelated prognostic models of HCC were used
as references.

CONCLUSION: PLT and PLT-based noninvasive
models are effective tools for predicting postoperative
recurrence, especially late recurrence. Larger cohorts
are needed to validate our findings.
Key words: Alkaline phosphatase; Alpha-fetoprotein;
Aspartate aminotransferase; Blood platelets; Hepatocellular
carcinoma; Recurrence
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The high risk of postoperative recurrence is
one of the greatest problems plaguing potential curative
treatment for hepatocellular carcinoma (HCC). Although
several prognostic models have been proposed for
HCC, these indices mainly focus on non-modifiable
tumor characteristics. In contrast, platelet count is an
improvable variable, and there are numerous plateletbased models associated with cirrhosis and HCC
formation. We found that platelet count and nearly
half of the established platelet-related models were
independently associated with postoperative recurrence.
We also demonstrated different risk factors between
early and late recurrences, with platelets more likely to
influence late recurrence.

MATERIALS AND METHODS
Study population

A total of 172 histologically proven HCC patients over
18 years of age who were treated by hepatic resection
at our hospital between December 2002 and July
2012 were enrolled in this study. Complete clinical,
laboratory and follow-up information was available
for all patients. Patients were excluded from the
study due to: (1) coexistent hematologic diseases;
(2) previous treatment for HCC; (3) intrahepatic
cholangiocarcinoma; and (4) extrahepatic spread. This
study was in compliance with the provisions of the
[24]
2013 version of the Declaration of Helsinki , and the
protocol was approved by the Ethics Committee of our
hospital.

Pang Q, Zhang JY, Xu XS, Song SD, Qu K, Chen W, Zhou
YY, Miao RC, Liu SS, Dong YF, Liu C. Significance of platelet
count and platelet-based models for hepatocellular carcinoma
recurrence. World J Gastroenterol 2015; 21(18): 5607-5621
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i18/5607.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i18.5607

Data collection

Electronic medical records were used to collect
information concerning patient age, sex, etiology (HBV,
HCV), cirrhosis status, ascites, preoperative laboratory
data [levels of alanine aminotransferase, aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
γ-glutamyl transpeptidase (GGT), PLT, prothrombin time
(international normalized ratio), and alpha-fetoprotein
(AFP)], operation notes, tumor characteristics (number,
diameter of the largest lesion, vascular invasion), and
pathologic reports. The primary outcome measure
for the study was HCC recurrence. The secondary
outcomes were early (within one year) and late

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
prevalent neoplasm and the third most frequent
[1]
cause of cancer mortality . Major risk factors include
excessive alcohol intake and infection with hepatitis
[2]
C virus (HCV) and/or hepatitis B virus (HBV) , which
represents the most prevalent etiology for HCC and
cirrhosis. Thus, the majority of HCC patients are from
areas where there is a high prevalence of HBV infection,
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either anatomic or non-anatomic resection on the
basis of preoperative hepatic function and tumor
characteristics. HCC diagnosis was confirmed by
pathology of resected tumor tissues.
After discharge, all patients were regularly followed
at outpatient clinics, by either computed tomography
or magnetic resonance imaging, physical examination,
abdominal ultrasound, chest X-ray, and serologic tests
(including liver function and AFP level). The same
evaluations were performed as follow-ups every 3 mo
for the first year, every 4 mo for the second year, and
every 6 mo thereafter. Recurrence was determined
based on the emergence of clinical, radiologic, and/or
pathologic evidence of HCC. Patients who had recurrence
received salvage treatments, including further hepatic
surgery, percutaneous ablation, or transcatheter arterial
chemoembolization, as appropriate.

Table 1 Scoring of noninvasive models
Index

Formula

CLIP

Sum of:
Child-Pugh: A = 0, B = 1, C = 2
Tumor morphology: Uninodular and extension ≤ 50% = 0,
multinodular and extension ≤ 50% = 1, massive or extension
≥ 50% = 2
AFP: < 400 = 0, ≥ 400 = 1
Portal vein thrombosis: no = 0, yes = 1
Pohl
Positive: AAR > 1 and PLT < 150
AARP
Positive: AAR > 1 or PLT < 150
AAR
AST/ALT
API
Sum of:
Age (yr): < 30 = 0, 30-39 = 1, 40-49 = 2, 50-59 = 3, 60-69 = 4, ≥
70 = 5
PLT: ≥ 225 = 0, 200-224 = 1, 175-199 = 2, 150-174 = 3, 125-149
= 4, < 125 = 5
CDS
Sum of:
PLT: > 340 = 0, 280–339 = 1, 220-279 = 2, 160-219 = 3, 100-159
= 4, 40-99 = 5, < 40 = 6
ALT/AST: > 1.7 = 0, 1.2-1.7 = 1, 0.6-1.1 = 2, < 0.6 = 3
PT: < 1.1 = 0, 1.1-1.4 = 1, > 1.4 = 2
APRI
AST × 100/PLT
FIB-4
Age × AST/PLT × ALT1/2
FibroQ
10 × Age × AST × PT/ALT × PLT
Lok
Lok index = exp (log odds)/[1 - exp (log odds)]
Log odds = -5.56-0089 × PLT + 1.26 × AAR + 5.27 × PT
GUCI
Normalized AST × PT × 100/PLT
APGA Log (index) = 1.44 + 0.1490 × log (GGT) + 0.3308 × log (AST) 0.5846 log × (PLT) + 0.1148 × log (AFP + 1)
PAPAS Log (index + 1) = 0.025 + 0.0031 × age + 0.1483 × log (ALP) +
0.004 × log (AST) + 0.0908 × log (AFP + 1) - 0.028 × log (PLT)

Statistical analysis

All statistical analyses were performed using PASW
Statistics for Windows (version 18.0 software; SPSS
2
Inc., Chicago, IL, United States). Student’s t and χ
tests were used to compare continuous and categorical
variables, respectively. The receiver operating
characteristic curve was calculated to determine the
optimal cut-off point (with the highest cumulative
value of the sum of specificity and sensitivity) of
each variable for detecting recurrence. Cumulative
recurrence rates were estimated by the Kaplan-Meier
method and differences were analyzed by log-rank
tests. All variables found to be significant (P < 0.05)
were then entered into a multivariate analysis with
Cox proportional hazard regression models. Normally
distributed (P > 0.05 from a Kolmogorov-Smirnov test)
continuous variables are expressed as mean ± standard
deviation (SD), otherwise they are presented as median
(range).

AAR: Aspartate aminotransferase/alanine aminotransferase ratio;
AARP: AAR-platelet count score; AFP: Alpha-fetoprotein; ALP: Alkaline
phosphatase; ALT: Alanine aminotransferase; APGA: Aspartate
aminotransferase/platelet count/γ-glutamyl transpeptidase/alphafetoprotein index; API: Age/platelet count index; APRI: Aspartate
aminotransferase/platelet count ratio index; AST: Aspartate
aminotransferase; CDS: Cirrhosis discriminant score; CLIP: Cancer of
the Liver Italian Program; FIB-4: Fibrosis index based on the four factors;
FibroQ: Fibro-quotient; GGT: γ-glutamyl transpeptidase; GUCI: Goteburg
University Cirrhosis Index; PAPAS: Platelet count/age/ALP/AFP/AST
index; PLT: Platelet count; PT: Prothrombin time. AFP (ng/mL); Age
(year); ALT (U/L); AST (U/L); GGT (U/L); PLT (109/L); PT (international
normalized ratio).

RESULTS
Patient characteristics

The study population consisted of 139 men and 33
women with an overall mean age of 53.5 ± 10.5
years. Of these, 121 patients were infected with HBV
and 59 were cirrhotic. The median survival time after
surgical resection was 52 mo, with 1-, 3- and 5-year
overall survival rates of 74.1%, 54.4% and 46.6%,
respectively. During a median follow-up of 46 mo,
50.6% (87/172) of the patients died and 44.2%
(76/172) developed recurrence. Demographic data,
serologic tests, tumor characteristics and index scores
of patients stratified by recurrence are summarized in
Table 2. Of all the variables, only tumor size and CLIP
score were significantly different between recurrent
and non-recurrent patients.

recurrences.

Noninvasive platelet scoring models

The following scoring models were used in this study:
[25]
[26]
AAR; CLIP; AAR-PLT score ; Pohl et al
index; age/
[27]
[28]
PLT index ; cirrhosis discriminant score ; AST/PLT
[29]
ratio index ; fibrosis index based on the four factors
[30]
[31]
[32]
(FIB-4) ; fibro-quotient (FibroQ) ; Lok et al
[33]
index; Goteburg university cirrhosis index ; AST/PLT/
[34]
GGT/AFP index (APGA) ; and the PLT/age/ALP/AFP/
[35]
AST index (PAPAS) . Index scores were calculated
based on the formulas presented in Table 1.

HCC diagnosis, treatment and follow-up

HCC was initially diagnosed by computed tomography,
magnetic resonance imaging and/or ultrasound
findings. All patients underwent hepatectomy by
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ROC curve

Table 2 Characteristics of patients stratified according to
recurrence status

Sex, male/female
Age, yr
Etiology, yes/no
HBV
Cirrhosis
Ascites
Laboratory results
in U/L
ALT
AST
ALP
GGT
PLT as 109/L
PT (INR)
AFP, ≥ 200/< 200
ng/mL
Tumor
Size, ≥ 5/< 5 cm
Type, multiple/
single
Vascular invasion,
yes/no
Noninvasive model
score
CLIP
Pohl, negative/
positive
AARP, negative/
positive
AAR
API
CDS
APRI
FIB-4
FibroQ
Lok index
GUCI
APGA
PAPAS
Survival in mo
Death, yes/no

P value

0.8

76/20
52.7 ± 10.6

0.537
0.231

0.6

70/26
36/60
6/90

0.407
0.321
0.073

Recurrence

No recurrence

(n = 76)

(n = 96)

63/13
54.6 ± 10.3
51/25
23/53
11/65

Sensitivity

Parameter

1.0

Source of the curve
PLT
CLIP

0.4

PAPAS
Reference line

0.2
49 (11-1315)
50 (16-1075)
111 (30-732)
80 (12-623)
136 (41-370)
1.06 (0.82-1.63)
38/32

39 (7-1436)
40 (11-1493)
89 (36-867)
62 (14-914)
117 (3-486)
1.06 (0.73-1.62)
36/50

0.291
0.308
0.149
0.084
0.055
0.697
0.122

0.0

0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

Figure 1 Predictive potentials for detecting recurrence. Receiver operating
characteristic (ROC) curves for Cancer of the Liver Italian Program (CLIP)
and platelet count/age/alkaline phosphatase/alpha-fetoprotein/aspartate
aminotransferase (PAPAS) indices and platelet count (PLT).

57/19
18/58

37/59
14/82

< 0.001
0.128

8/68

6/90

0.308

1). A PAPAS cutoff of 2.41 presented a sensitivity of
85.5% and a specificity of 38.4%.

1 (0-4)
47/39

1 (0-4)
60/36

0.027
0.930

Predictors of tumor recurrence

14/62

11/85

0.198

1.08 (0.13-3.29)
7 (1-10)
6 (2-9)
0.90 (0.16-19.71)
2.90 (0.51-17.98)
4.68 (0.48-22.82)
0.56 ± 0.23
1.04 (0.14-19.32)
22.95 (6.03-89.35)
3.67 (1.52-9.40)
23 (5-120)
69/7

Figure 2A and B show the Kaplan-Meier cumulative
recurrence and survival curves of the entire patient
cohort. A log-rank analysis demonstrated that patients
with ascites, AST ≥ 55 U/L, ALP ≥ 116 U/L, GGT ≥
9
144 U/L, PLT ≥ 148 × 10 /L, AFP ≥ 96 ng/mL, and
tumor size ≥ 5 cm had an elevated probability of
postoperative recurrence (Table 3). Scatter plots reveal
the relationship between PLT and recurrence and
overall survival. In addition, the boxplots further reflect
the relations between platelets and postoperative
recurrence (Figure 2C) as well as survival (Figure 2D).
Among the 13 noninvasive indices, CLIP ≥ 1, AAR
≥ 1.07, APRI ≥ 1.94, FIB-4 ≥ 4.30, FibroQ ≥ 6.36,
APGA ≥ 26.9, and PAPAS ≥ 2.41 were significantly
associated with a high risk of relapse. Figure 3 shows
the Kaplan-Meier cumulative recurrence curves
stratified according to PLT and five of these plateletbased indices.
Multivariate analysis of biochemical variables
expressed as binary variables revealed that ascites,
ALP, PLT, and tumor size were independent risk factors
for recurrence (Figure 4A). Among the noninvasive
indices, multivariate analysis performed after adjusting
for the seven predictive factors showed that APRI,
FIB-4, FibroQ, APGA, and PAPAS were independent
predictors for recurrence (Figure 4B). The two
platelet-unrelated indices, CLIP and AAR, were not
independently associated with recurrence. Further
assessment of the noninvasive indices expressed as
continuous variables (with original scores that were not
converted into binary data) revealed that only APGA
and PAPAS were independently related to recurrence

1.02 (0.09-4.85)
0.826
7 (2-10)
0.319
6 (3-9)
0.286
0.90 (0.17-55.71) 0.658
2.94 (0.40-81.57) 0.384
4.49 (0.14-108.25) 0.224
0.58 ± 0.22
0.600
0.95 (0.17-83.56) 0.624
19.03 (5.81-92.94) 0.136
3.02 (1.67-5.75)
0.136
87 (1-117)
0.003
18/78
< 0.001

AAR: Aspartate aminotransferase/alanine aminotransferase ratio;
AARP: AAR-platelet count score; AFP: Alpha-fetoprotein; ALP: Alkaline
phosphatase; ALT: Alanine aminotransferase; APGA: Aspartate
aminotransferase/platelet count/γ-glutamyl transpeptidase/AFP index;
API: Age/platelet count index; APRI: Aspartate aminotransferase/platelet
count ratio index; AST: Aspartate aminotransferase; CDS: Cirrhosis
discriminant score; CLIP: Cancer of the Liver Italian Program; FIB-4:
Fibrosis index based on the four factors; FibroQ: Fibro-quotient; GGT:
γ-glutamyl transpeptidase; GUCI: Goteburg University Cirrhosis Index;
HBV: Hepatitis B virus; INR: International normalized ratio; PAPAS:
Platelet count/age/ALP/AFP/AST index; PLT: Platelet count; PT:
Prothrombin time. Values are expressed as mean ± SD, median (range), or n.

9

indicated that 148 × 10 /L was a cut-off value, as it
corresponded to the maximal sum of sensitivity plus
specificity. Among the indices, only ALP [area under
the curve (AUC) = 0.618, 95%CI: 0.528-0.708], CLIP
(AUC = 0.636, 95%CI: 0.535-0.712), and PAPAS
(AUC = 0.636, 95%CI: 0.548-0.724) were significant
indicators for determining recurrence (P < 0.05) (Figure
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A

B

1.0

Overall survival (propotion)

Cumulative recurrence rate

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0
0

12 24 36 48 60 72
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0

12 24 36 48 60 72

t /mo

C

D
300.00

120

250.00

100

200.00

80

Overall survival

Platelet count

84 96 108 120

t /mo

150.00
100.00

60
40

50.00

20

0.00

0
No

Yes

No

Recurrence

Yes
Platelet count

Figure 2 Survival and recurrence. Kaplan-Meier curves for cumulative recurrence (A) and overall survival (B). Boxplots comparing platelet count with recurrence (C)
and overall survival (D).

recurrence, we assessed their associations with several
clinicopathologic features (Table 4). Patients with APGA
≥ 26.9 or PAPAS ≥ 2.41 had a significantly higher
recurrence rate and larger tumors in comparison with
patients with lower scores (P < 0.05).

(Figure 5).

Predictors of early or late recurrence

Forty-six of the cases of recurrence occurred within
1 year of surgery. Factors significantly contributing
to this early recurrence included elder age, HBV
negativity, tumor size ≥ 5 cm, high AST, ALP, GGT and
AFP levels, and elevated CLIP, APGA and PAPAS scores.
Multivariate analysis showed that age, HBV infection,
AFP, tumor size, and APGA were independent, valuable
tools for predicting early recurrence (Figure 6). There
were 30 late recurrences, and a log-rank test identified
ascites, AST, ALP, GGT, PLT, tumor size, AAR, Lok
index, and PAPAS score as associated factors. Among
these, ALP, PLT, tumor size, Lok index, and PAPAS were
significant independent predictors of late recurrence as
determined by multivariate analysis.

Subgroup analysis according to presence of cirrhosis
and tumor size

Previous studies showed that PLT and platelet-based
indices were significantly associated with probable
cirrhosis in patients with HBV/HCV. To clarify the
subgroups of patients negatively influenced by
preoperative PLT, APGA and PAPAS scores, patients
were classified according to presence of cirrhosis
irrespective of HBV infection. Interestingly, recurrence
rates were significantly higher in non-cirrhotic patients
9
with PLT ≥ 148 × 10 /L, APGA ≥ 26.9 and PAPAS ≥
2.41 (Ps < 0.05), but not in those with cirrhosis (Figure
7). In patients with cirrhosis, PLT values were not
indicative of recurrence rates.
Tumor size was identified in our analyses as a

Relationship between clinicopathologic features and
PLT, APGA, and PAPAS status

As APGA and PAPAS were better tools to predict
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[5]

greatest concerns plaguing HCC treatment . The
recurrence probability after curative therapy was
44.2% in our current study, within the reported range
[36]
of 50%-100% . Thus, it is crucial to identify the
predisposing factors for recurrence and improve them
before treatment. The roles of PLT and platelet-relative
models for evaluating such factors were highlighted
in this retrospective evaluation of 172 patients. The
results confirmed that tumor size, ascites, PLT and
ALP were independent prognostic factors of overall
recurrence. We identified APRI, FIB-4, FibroQ, APGA,
and PAPAS as independent predictors of recurrence.
Due to portal hypertension, a decrease in throm
[17,37]
[13]
bopoietin production
, and capture by the liver ,
[17]
PLT significantly decreases in cirrhotic patients .
Numerous observational studies have shown that
thrombocytopenia is a major risk factor for the
[18,20,38]
development of cirrhosis
. Moreover, PLT is
[39]
associated with HCC , and several platelet-based
indices have been identified as predictors of HCC
[40]
formation. Tamaki et al reported that an FIB-4 > 3.25
independently increased the risk of developing HCC by
a factor of 1.7. However, it is unclear whether platelets
[41]
accelerate or impede HCC occurrence, as Sitia et al
suggested that management of immune-mediated
chronic HBV in an animal model with antiplatelet
drugs, such as aspirin and clopidogrel, could prevent
hepatocarcinogenesis.
The association between platelets and survival
in HCC remains inconsistent and disputable as well.
[42]
Buergy et al demonstrated that an elevated PLT level
at the time of diagnosis was associated with a shorter
survival in many solid tumors, including lung cancer,
pancreatic adenocarcinoma, gastric cancer, and HCC.
[43]
Nouso et al
recruited 157 HCC patients with ChildPugh class C cirrhosis and found that a PLT level > 80
9
× 10 /L was an independent predictor of poor overall
survival. In contrast, additional studies highlighted
that thrombocytopenia/low PLT level adversely
affected survival in HCC patients who received liver
[44-47]
resection
. However, few studies have focused
on the influence of PLT on postoperative recurrence.
[45]
Although Amano et al
showed that decreased PLT
was associated with a higher risk of recurrence in HCC,
our study indicated that patients with a PLT level ≥
9
148 × 10 /L had a higher recurrence probability.
As prognosis of HCC remains far from satisfactory
owing to the high incidence of tumor recurrence,
[48-51]
several HCC prognostic models (such as CLIP
)
have been proposed. However, these models mainly
focus on non-modifiable tumor characteristics.
Furthermore, tumor size and vascular invasion are not
[52]
significant predictors of survival in HCC . Thus, these
models have certain limitations and there is an urgent
need for effective, interventional models to evaluate
the prognosis of HCC. In contrast, PLT is a correctable,
inexpensive index and there are several established
platelet-based models. However, the effects of

Table 3 Predictors of recurrence stratified according to
recurrence time by Log-rank test
Recurrence, P value

Variable
Men
Age ≥ 62 yr
HBV
Cirrhosis
Ascites
ALT ≥ 44 U/L
AST ≥ 55 U/L
ALP ≥ 116 U/L
GGT ≥ 144 U/L
PLT ≥ 148 × 109/L
PT (INR) ≥ 1.17
AFP ≥ 96 ng/mL
AFP ≥ 200 ng/mL
Tumor size ≥ 5 cm
Multiple tumors
Vascular invasion
CLIP ≥ 1
CLIP ≥ 2
Positive Pohl
Positive AARP
AAR ≥ 1.07
API ≥ 6
CDS ≥ 8
APRI ≥ 1.94
APRI ≥ 0.56
FIB-4 ≥ 4.3
FibroQ ≥ 6.36
Lok ≥ 0.33
Lok ≥ 0.70
GUCI ≥ 2.24
GUCI ≥ 0.65
APGA ≥ 26.9
PAPAS ≥ 2.41
PAPAS ≥ 3.62

Overall

Early

Late

0.726
0.080
0.143
0.259
0.022
0.086
< 0.001
< 0.001
< 0.001
0.021
0.398
0.003
0.008
< 0.001
0.125
0.063
< 0.001
< 0.001
0.748
0.181
0.048
0.771
0.678
0.022
0.080
0.044
0.025
0.836
0.078
0.050
0.125
< 0.001
< 0.001
< 0.001

0.768
0.006
0.046
0.134
0.219
0.118
0.005
0.011
0.004
0.376
0.390
0.005
0.011
< 0.001
0.169
0.205
0.001
< 0.001
0.683
0.120
0.491
0.402
0.972
0.053
0.054
0.130
0.131
0.698
0.592
0.318
0.088
< 0.001
0.002
0.001

0.848
0.530
0.875
0.957
0.028
0.429
0.001
0.001
0.007
0.009
0.792
0.246
0.316
0.001
0.471
0.150
0.116
0.386
0.993
0.861
0.021
0.575
0.466
0.213
0.665
0.152
0.084
0.870
0.026
0.050
0.757
0.333
0.034
0.024

AAR: Aspartate aminotransferase/alanine aminotransferase ratio;
AARP: AAR-platelet count score; AFP: Alpha-fetoprotein; ALP: Alkaline
phosphatase; ALT: Alanine aminotransferase; APGA: Aspartate
aminotransferase/platelet count/γ-glutamyl transpeptidase/AFP index;
API: Age/platelet count index; APRI: Aspartate aminotransferase/platelet
count ratio index; AST: Aspartate aminotransferase; CDS: Cirrhosis
discriminant score; CLIP: Cancer of the Liver Italian Program; FIB-4:
Fibrosis index based on the four factors; FibroQ: Fibro-quotient; GGT:
γ-glutamyl transpeptidase; GUCI: Goteburg University Cirrhosis Index;
HBV: Hepatitis B virus; INR: International normalized ratio; PAPAS:
Platelet count/age/ALP/AFP/AST index; PLT: Platelet count; PT:
Prothrombin time.

possible predictor of tumor recurrence. Therefore, we
investigated whether this factor influenced PLT and
platelet-based models. Results show that PLT, PAGA,
and PAPAS were all useful indictors for patients with
large and small tumors (P < 0.05) (Figure 8). Further
analyses revealed that cirrhosis and tumor size were
not associated, and non-cirrhotic patients had a higher
rate of elevated PLT in comparison with cirrhotic
patients (39.8% vs 27.1%).

DISCUSSION
The high risk of recurrence is viewed as one of the
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Figure 3 Cumulative recurrence. Kaplan-Meier curves of patients stratified according to A: Platelet count (PLT); B: Aspartate aminotransferase/platelet count ratio
(APRI) index; C: Fibrosis index based on the four factors (FIB-4); D: Fibro-quotient (FibroQ); E: Aspartate aminotransferase/platelet count/γ-glutamyl transpeptidase/
alpha-fetoprotein (APGA) index; F: Platelet count/age/alkaline phosphatase/alpha-fetoprotein/aspartate aminotransferase (PAPAS) index.

these indices in predicting recurrence have not been
extensively evaluated. This study demonstrates that
nearly half of these indices were helpful predictors of
recurrence, including APRI, FIB-4, FibroQ, APGA and
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PAPAS, which were more powerful prognostic tools
than CLIP.
APRI is a valuable index for predicting survival,
[7]
especially in patients with HBV infection or cirrhosis .
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A
Variable

Crude

Crude

Adjusted

Adjusted

HR (95%CI)

P value

HR (95%CI)

P value

Ascites: Yes

2.61 (1.09-3.92)

0.027

2.52 (1.26-5.02)

0.009

AST: ≥ 55 U/L

2.57 (1.63-4.41)

0.000

1.48 (0.91-2.43)

0.118

ALP: ≥ 116 U/L

2.46 (1.56-3.88)

0.000

2.53 (1.55-4.15)

0.000

GGT: ≥ 144 U/L

2.60 (1.56-4.33)

0.000

1.19 (0.65-2.16)

0.577

9
PLT: ≥ 148 × 10 /L

1.69 (1.07-2.66)

0.024

1.79 (1.10-2.90)

0.019

AFP: ≥ 96 ng/mL

2.00 (1.24-3.22)

0.005

1.62 (0.99-2.66)

0.056

Tumor size: ≥ 5 cm

4.15 (2.46-7.01)

0.000

3.31 (1.85-5.93)

0.000

0.64

1

2

5.94

B
Variable

Crude

Crude

Adjusted

Adjusted

HR (95%CI)

P value

HR (95%CI)

P value
0.347

CLIP: 1-6

2.64 (1.49-4.68)

0.001

1.40 (0.69-2.83)

CLIP: 2-6

2.51 (1.56-4.03)

0.000

1.12 (0.62-2.01)

0.703

AAR: ≥ 1.07

1.56 (1.00-2.45)

0.053

0.81 (0.49-1.33)

0.396

APRI: ≥ 1.94

1.79 (1.07-2.99)

0.026

1.89 (1.04-3.45)

0.037

FIB4: ≥ 4.30

1.64 (1.00-2.67)

0.049

1.76 (1.01-3.05)

0.045

FibroQ: ≥ 6.36

1.69 (1.06-2.70)

0.029

1.77 (1.05-3.00)

0.032

APGA: ≥ 26.9

2.40 (1.49-3.86)

0.000

2.02 (1.22-3.36)

0.007

PAPAS: ≥ 2.41

3.35 (1.71-6.55)

0.000

2.52 (1.25-5.08)

0.000

PAPAS: ≥ 3.62

2.46 (1.53-3.95)

0.000

1.65 (0.99-2.75)

0.055

0.48

1

2

5.09

Figure 4 Multivariate analysis of prognostic indicators expressed as binary variables. A: Clinical and biochemical parameters; B: Noninvasive indices. AAR:
Aspartate aminotransferase/alanine aminotransferase ratio; AFP: Alpha-fetoprotein; ALP: Alkaline phosphatase; APGA: Aspartate aminotransferase/platelet count/
γ-glutamyl transpeptidase/alpha-fetoprotein index; APRI: Aspartate aminotransferase/platelet count ratio index; AST: Aspartate aminotransferase; CLIP: Cancer of
the Liver Italian Program; FIB-4: Fibrosis index based on the four factors; FibroQ: Fibro-quotient; GGT: γ-glutamyl transpeptidase; HR: Hazard ratio; PAPAS: Platelet
count/age/alkaline phosphatase/alpha- fetoprotein/aspartate aminotransferase index; PLT: Platelet count.

Variable

Crude

Crude

Adjusted

Adjusted

HR (95%CI)

P value

HR (95%CI)

P value

CLIP

1.50 (1.22-1.84)

0.000

1.03 (0.78-1.36)

0.831

AAR

1.40 (0.93-2.12)

0.109

0.88 (0.59-1.31)

0.516

APRI

1.01 (0.96-1.07)

0.634

1.03 (0.94-1.14)

0.545

FIB4

1.00 (0.97-1.03)

0.784

0.98 (0.91-1.16)

0.626

FibroQ

0.99 (0.96-1.02)

0.528

0.97 (0.92-1.02)

0.241

APGA

1.02 (1.01-1.04)

0.001

1.02 (1.01-1.03)

0.004

PAPAS

1.55 (1.30-1.86)

0.000

1.36 (1.12-1.65)

0.002

0.58

1

1.66

Figure 5 Multivariate analysis of noninvasive indices expressed as continuous variables. AAR: Aspartate aminotransferase/alanine aminotransferase ratio;
APGA: Aspartate aminotransferase/platelet count/γ-glutamyl transpeptidase/alpha- fetoprotein index; APRI: Aspartate aminotransferase/platelet count ratio index;
CLIP: Cancer of the Liver Italian Program; FIB-4: Fibrosis index based on the four factors; FibroQ: Fibro-quotient; HR: Hazard ratio; PAPAS: Platelet count/age/
alkaline phosphatase/alpha-fetoprotein/aspartate aminotransferase index.
[55]

In our study, we found that an APRI ≥ 1.94 was
independently associated with a high relapse risk.
[53]
Although a prospective analysis by Seo et al
showed that API was an independent predictor of
intrahepatic distance recurrence, our results found no
such association. Our study also showed that an FIB-4
≥ 4.3 was an indictor of recurrence, consistent with
[54]
reports of HCC risk for patients with HIV infection

WJG|www.wjgnet.com

and for prognosis in nonalcoholic fatty liver disease .
Moreover, our multivariate analyses identified APGA
and PAPAS as superior indicators, which have been
seldom used in other studies. However, our study had
a limited number of patients, and more studies are
needed to determine their prognostic value.
[56]
A meta-analysis of 11 studies by Choi et al
confirmed that portal hypertension increases
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Variable

Crude

Crude

Adjusted

Adjusted

HR (95%CI)

P value

HR (95%CI)

P value

Age: ≥ 62 yr

2.21 (1.22-4.00)

0.009

2.66 (1.39-5.09)

0.003

Non-HBV

1.80 (0.99-3.25)

0.053

2.34 (1.17-4.65)

0.016

AST: ≥ 55 U/L

2.22 (1.25-3.97)

0.007

1.28 (0.68-2.44)

0.445

ALP: ≥ 116 U/L

2.61 (1.16-3.69)

0.014

1.53 (0.85-2.77)

0.160

GGT: ≥ 144 U/L

2.40 (1.28-4.51)

0.006

1.24 (0.60-2.54)

0.561

AFP: ≥ 96 ng/mL

2.30 (1.25-4.23)

0.008

2.95 (1.44-6.05)

0.003

Tumor size:≥ 5 cm

5.35 (2.49-11.49)

0.000

3.96 (1.80-8.81)

0.001

CLIP: 1-6

3.38 (1.51-7.58)

0.003

2.20 (0.86-5.66)

0.102

APGA: ≥ 26.9

3.00 (1.67-5.40)

0.000

2.75 (1.45-5.19)

0.002

PAPAS: ≥ 2.41

3.92 (1.55-9.94)

0.004

1.01 (0.31-3.28)

0.983

Ascites: Yes

2.61 (1.09-3.92)

0.027

2.51 (0.91-6.89)

0.074

AST: ≥ 55 U/L

3.23 (1.57-6.62)

0.001

1.70 (0.78-3.70)

0.183

ALP: ≥ 116 U/L

3.25 (1.58-6.69)

0.001

2.95 (1.38-6.33)

0.005

GGT: ≥ 144 U/L

3.03 (1.29-7.13)

0.011

2.30 (0.93-5.69)

0.072

9
PLT: ≥ 148 × 10 /L

2.51 (1.22-5.15)

0.012

2.70 (1.29-5.64)

0.008

Tumor size:≥ 5 cm

3.16 (1.50-6.66)

0.000

2.51 (1.16-5.42)

0.020

AAR: ≥ 1.07

2.30 (1.10-4.79)

0.026

1.38 (0.60-3.21)

0.450

Lok: ≥ 0.70

2.33 (1.08-5.04)

0.032

3.45 (1.25-9.56)

0.017

PAPAS: ≥ 2.41

2.74 (1.03-7.31)

0.044

2.37 (1.00-5.59)

0.049

Early recurrence

Late recurrence

0.3

1

2

9.57

Figure 6 Predictors of early and late recurrences by multivariate analysis. AAR: Aspartate aminotransferase/alanine aminotransferase ratio; AFP: Alphafetoprotein; ALP: Alkaline phosphatase; APGA: Aspartate aminotransferase/platelet count/γ-glutamyl transpeptidase/AFP index; AST: Aspartate aminotransferase;
CLIP: Cancer of the Liver Italian Program; GGT: γ-glutamyl transpeptidase; HBV: Hepatitis B virus; HR: Hazard ratio; PAPAS: Platelet count/age/alkaline phosphatase/
alpha-fetoprotein/aspartate aminotransferase index; PLT: Platelet count.
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E

Cirrhosis (n = 59)
1.0

F

P = 0.123

P < 0.001

0.8
Cumulative recurrence rate

0.8
Cumulative recurrence rate

Non-cirrhosis (n = 113)
1.0

0.6
PAPAS ≥ 2.41
0.4

0.2

PAPAS < 2.41

0.0

PAPAS ≥ 2.41
0.6

0.4

0.2

PAPAS < 2.41

0.0
0

12 24 36 48 60 72

84 96 108 120

0

12 24 36 48 60 72

t /mo

84 96 108 120

t /mo

Figure 7 Cumulative recurrence curves of cirrhotic and non-cirrhotic patients. Kaplan-Meier curves of patients stratified according to A, B: Platelet count (PLT);
C, D: Aspartate aminotransferase/PLT/γ-glutamyl transpeptidase/alpha-fetoprotein (APGA) index; E, F: PLT/age/alkaline phosphatase/alpha-fetoprotein/aspartate
aminotransferase (PAPAS) index.

A
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E

F

Tumor size ≥ 5 cm (n = 94)

Tumor size < 5 cm (n = 76)
1.0

P = 0.034

0.8

P = 0.022

0.8

PAPAS ≥ 2.41
Cumulative recurrence rate

Cumulative recurrence rate

1.0

0.6

0.4
PAPAS < 2.41
0.2

0.6

0.4 PAPAS ≥ 2.41

0.2

0.0

PAPAS < 2.41

0.0
0 12 24 36 48 60 72 84 96 108 120

0

12 24 36 48 60 72

84 96 108 120

t /mo

t /mo

Figure 8 Cumulative recurrence curves of patients with large (≥ 5 cm) and small (< 5 cm) tumors. Kaplan-Meier curves of patients stratified according to A,
B: Platelet count (PLT); C, D: Aspartate aminotransferase/PLT/γ-glutamyl transpeptidase/alpha-fetoprotein (APGA) index; E, F: PLT/age/alkaline phosphatase/alphafetoprotein/aspartate aminotransferase (PAPAS) index.

Table 4 Comparison of clinicopathologic features
Variable

PLT
9

HBV, yes/no
Sex, male/female
Median age in year
Ascites, yes/no
Cirrhosis, yes/no
Tumor size, ≥ 5/< 5 cm
Tumor type, multiple/single
Vascular invasion, yes/no
Recurrence, yes/no
Median survival in mo

< 148 × 10 /L
(n = 111)
82/29
90/21
52.6
8/103
43/68
55/56
19/92
11/100
43/68
37.5

APGA
9

≥ 148 × 10 /L

(n = 61)
39/22
49/12
55.2
9/52
16/45
39/22
13/48
3/58
33/28
29.5

P value
0.172
0.904
0.115
0.113
0.098
0.070
0.499
0.252
0.052
0.050

< 26.9
(n = 105)
75/30
85/20
54
12/93
33/72
51/54
19/84
7/98
39/66
37.3

PAPAS

≥ 26.9

P value

(n = 51)
38/13
42/9
52.1
4/47
21/30
38/13
11/40
6/45
31/20
27.9

0.686
0.833
0.263
0.489
0.230
0.002
0.606
0.440
0.005
0.026

< 2.41
(n = 43)
32/11
36/7
NA
5/38
15/28
14/29
4/39
2/41
10/33
43.4

≥ 2.41
(n = 113)
81/32
91/22
NA
11/102
39/74
75/38
26/87
11/102
60/53
30.8

P value
0.732
0.647
NA
0.958
0.965
< 0.001
0.052
0.482
0.001
0.006

APGA: Aspartate aminotransferase/platelet count/γ-glutamyl transpeptidase/alpha-fetoprotein index; HBV: Hepatitis B virus; NA: Not applicable;
PAPAS: Platelet count/age/alkaline phosphatase/alpha-fetoprotein/aspartate aminotransferase index; PLT: Platelet count.

mortality, morbidity, complications and liver failure
in HCC patients, and several studies demonstrated
that thrombocytopenia, which reflects the degree of
[57-59]
hypertension, induces similar outcomes
. Kubo et
[60]
al
suggested that a low PLT in HCC patients with
HCV was the only independent predictor of multicentric
HCC. In addition, a decreased PLT level was
[11,61,62]
significantly associated with elevated AFP levels
,
[63,64]
both of which are associated with HCC recurrence
.
In contrast, serum PLT levels positively correlate with
[39,65]
tumor size in HCC
, and platelets can stimulate
the growth and invasion of several HCC cell lines in
[66]
vitro . High PLT, such as in thrombocytosis, could also
result in many adverse side effects, including deep vein
[67]
thrombosis . Thus, although thrombocytopenia and
thrombocytosis are not contraindications for resection
[44]
in HCC , it is still recommended to normalize serum
PLT levels by prophylactic platelet transfusions or
taking relevant agents before treatment.
There were some limitations in the current study.

WJG|www.wjgnet.com

First and most important, although there was an
adverse relationship between PLT and plateletbased indices, high levels of all predicted a high
HCC recurrence. This dichotomy may due to the
fact that although thrombocytopenia/low PLT has
been identified as a crucial risk factor for HCC
[10,11]
[44-47]
formation
and prognosis
, it was identified
as a favorable factor for HCC prognosis in our study
[42,43]
and several others
. In addition, our limited study
population included numerous variables that may have
contributed to the discrepancy. Second, performances
of the noninvasive indices for determining recurrence
were all poor in our study. This could be due to the
relatively small number of patients and a short followup period. Third, approximately three-quarters of the
HCC cases in our cohort were caused by HBV infection,
thus it is also necessary to validate our results in
relation to HCV infection. Many of the formulas used
[26-29,32,33]
in these indices were deduced in cohorts with
[23,31]
or partly with
HCV-infected individuals, or with
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Terminology

[30]

HCV/HIV coinfection . On the other hand, detection
of cirrhosis with these indices has been validated in
[68-71]
patients with chronic HCV in numerous studies
.
These findings suggest that these noninvasive models
may demonstrate better prognostic value in patients
with HCV-positive HCC. Fourth, PLT, APGA, and PAPAS
were significant predictors in patients without cirrhosis,
but not in patients with cirrhosis. The limited number
of individuals within each subgroup may explain this
result, and thus further study is need for verification.
This study was the first to explore the performances
of 11 platelet-based indices for detecting postoperative
recurrence in HCC. Furthermore, these indices were
compared with CLIP and AAR, two models that are
not associated with platelets. We demonstrated that
several PLT-based models were more valuable than the
two PLT-unrelated indices. Additionally, stratification
of patients demonstrated that PLT was not affected
by tumor size, which was a major confounder in our
study population. Taken together, the data show that
in patients with HCC, PLT and several platelet-based
indices might be effective tools to assess postoperative
relapse, especially late relapse. As these significant
prognostic models were noninvasive, inexpensive,
and easy to calculate, our findings will be helpful
for surgeons assessing postoperative recurrence
probability in HCC.

Platelets are involved in thrombosis, inflammatory responses, and liver
regeneration via releasing several inflammatory mediators. PLT is a reflection of
platelet function, with a normal range of 100 × 109/L-300 × 109/L.

Peer-review

The authors explored the complicated issue of predicting HCC recurrence and
identified platelet-based indices as a possible tool. The results indicate that high
platelet levels may predict recurrence, especially in non-cirrhotic patients.
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METHODS: From January 2012 to March 2014, 50
patients (28 men, 22 women; mean age: 42.8 years,
range: 14-70 years) underwent POEM. Pre- and
postoperative symptoms were quantified using the Eckardt
scoring system. Barium swallow and esophagogastroscopy
were performed before and after POEM, respectively.
Esophageal motility was evaluated in all patients, both
preoperatively and one month after POEM treatment,
using a high-resolution manometry system. Manometry
data, Eckardt scores, lower esophageal sphincter
pressure and barium swallow results were used to
evaluate the effect of the procedure.
RESULTS: POEM was successfully completed for
all patients. The mean procedure time was 55.4 ±
17.3 min and the mean total length of myotomy
of the circular esophagus was 10.5 ± 2.6 cm. No
specific complications occurred, with the exception
of two patients that developed asymptomatic
pneumomediastinum and subcutaneous emphysema.
Clinical improvement in symptoms was achieved in all
patients. Approximately 77.5% of patients experienced
weight gain 6 mo after POEM, with an average of
4.78 kg (range: 2-15 kg). The lower esophageal
sphincter resting pressure, four second integrated
relaxation pressure and Eckardt scores were all
significantly reduced after POEM (P s < 0.05). A small
segment of proximal esophageal peristalsis appeared
postoperatively in two patients, but without normal
esophageal peristalsis. The average diameter of the
esophageal lumen decreased significantly from 4.39 to
3.09 cm (P < 0.01).
CONCLUSION: POEM can relieve achalasia symptoms,
improve gastroesophageal junction relaxation and
restore esophageal body motility function, but not
normal esophageal peristalsis.

Abstract

Key words: Achalasia; High-resolution manometry;
Peroral endoscopic myotomy

AIM: To assess the safety and feasibility of peroral
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(HRM), validated Eckardt symptom scores, esopha
gogastroscopy and barium swallow.

Core tip: This clinical study describes the successful use
peroral esophageal myotomy to treat achalasia patients.
The efficacy of this procedure was evaluated by
changes in esophageal motility, esophageal morphology
and symptoms. The results show that achalasia
symptoms were relieved and gastroesophageal junction
relaxation and esophageal body motility function were
improved up to one year after the procedure.

MATERIALS AND METHODS
Patient criteria and selection

Patients at the First Affiliated Hospital of Zhejiang
Chinese Medical University in China diagnosed with
achalasia based on clinical symptoms, barium swallow
and HRM [4s integrated relaxation pressure (4sIRP)
≥ 15 mmHg] from January 2012 to March 2014 were
eligible for enrollment in the study. Patient exclusion
criteria included previous surgery of the stomach
and/or esophagus, Barrett’s esophagus, esophageal
malignancy, premalignant esophageal lesions,
esophageal stricture, liver cirrhosis and/or esophageal
varices, active esophagitis, pregnancy, hiatal hernia
(> 2 cm) or other coagulopathy. Previous treatment
failure, such as botulinum toxin injection or endoscopic
balloon dilation, was not considered a criterion for
exclusion.
Before POEM treatment, a comprehensive pre
operative evaluation was completed for all patients,
which included assessment by the Eckardt symptom
[11]
scoring system and routine biochemical examination,
esophagogastroduodenoscopy and computed
tomography (CT) scan. The esophageal motility of
patients, including lower esophagus sphincter resting
pressure (LESP), 4sIRP and lower esophageal sphincter
relaxation rate (LESRR), was evaluated using an
HRM system (Sierra Scientific Instruments Inc., Los
Angeles, CA, United States). HRM was performed by
the same evaluating physician each time to minimize
variability. All patients were then categorized into three
subgroups according to the Chicago classification
criteria of esophageal motility disorders based on HRM
results and various diagnostic criteria: subtype Ⅰ ,
patients with a divided mean 4sIRP ≥ 15 mmHg and
100% failed peristalsis; subtype Ⅱ, patients with the
additional feature of pan-esophageal pressurization
with ≥ 20% of swallows; and subtype Ⅲ, patients with
subtype Ⅰ and Ⅱ characteristics as well as preserved
fragments of distal peristalsis or premature (spastic)
[12,13]
contractions with ≥ 20% of swallows
.
All patients provided written informed consent
for enrollment in this study, which was reviewed and
approved by the Medical Ethics Committee of the
First Affiliated Hospital of Zhejiang Chinese Medical
University (March 8, 2012; 2012X003).

Lu B, Li M, Hu Y, Xu Y, Zhang S, Cai LJ. Effect of peroral
esophageal myotomy for achalasia treatment: A Chinese study.
World J Gastroenterol 2015; 21(18): 5622-5629 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i18/5622.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i18.5622

INTRODUCTION
Achalasia is an esophageal motility disorder of
unknown etiology, characterized by the aperistalsis
of the distal esophagus and defective relaxation of
[1,2]
the lower esophageal sphincter (LES) . Although
achalasia is rare, recent reports suggest an increasing
incidence, with rates of up to 16 per 1000000 per
year in some populations, mainly in South America
[3,4]
and Europe . Clinical symptoms of achalasia include
dysphagia, retrosternal pain and the regurgitation
of undigested food. The diagnosis of achalasia is
made on the basis of symptoms, results of a barium
esophagram and endoscopy, as well as esophageal
manometry, which is the gold standard. This type of
high-resolution manometry (HRM) has demonstrated
an increased diagnostic accuracy and yield of
achalasia patients compared to traditional methods of
[5,6]
diagnosis .
Although the pathophysiology of achalasia remains
[5]
largely unknown , it has a low mortality rate. How
ever, achalasia is a chronic disorder that severely
affects patient quality of life. Endoscopic and surgical
therapies focus on relaxation or mechanical disruption
of the LES. However, these methods are inefficient,
with a high degree of temporary relapse and
[7,8]
complications, such as bleeding and perforation .
Recently, a novel endoscopic technique called peroral
endoscopic myotomy (POEM) was developed as a
[9]
treatment for achalasia treatment . This technique
is based on natural orifice transluminal endoscopic
[10]
surgery , in which surgical instruments, and often a
camera, are passed through existing openings in the
body to avoid scarring and potential complications of
invasive surgery. However, the outcomes for POEM
need to be critically assessed by clinical studies.
Therefore, the aim of this paper was to describe the
use of POEM for treating achalasia patients and to
evaluate its efficacy via high-resolution manometry

WJG|www.wjgnet.com

POEM procedure

The equipment for POEM included a single-channel
high-definition gastroscope (GIF-H260, CLV-260),
a triangle-tip knife (KD-640L), insulation-tipped
electrosurgical (IT) knife (KD-611L) and a hook knife
(KD-620LR) (Olympus Medical Systems Co., Tokyo,
Japan). A transparent distal cap (D-206-02; Olympus)
was attached to the tip of the gastroscope with an
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Figure 1 Peroral endoscopic myotomy procedure. A: A 2 cm oblique incision was made into the mucosal surface; B: A long submucosal tunnel was created by
careful electrocoagulation using an insulation-tipped electrosurgical knife; C: Endoscopic myotomy was initiated 2 cm distal to the mucosal entry using a hook knife.
The inner circular muscle was dissected while the outer longitudinal muscle layer remained intact; D: After complete myotomy (approximately 10 cm), the mucosal
entry site was closed using endoscopic clips.

outer diameter of 9.8 mm. Other equipment included
hemostatic clips (HX-610-090L), hot biopsy forceps
(5XK), injection needles (NM-200U-0423) (Olympus)
and an electrosurgical energy high-frequency
generator (VIO 200D; ERBE, Tokyo, Japan).
Patients were maintained on a clear liquid diet
for three days preoperatively, followed by 24 h of
fasting. Appropriate rehydration therapy, prophylactic
antibiotics and double-dose proton pump inhibitors
(PPI) were given. Before the POEM procedure, patients
underwent esophagogastroduodenoscopy to observe
the esophageal lumen and to clean out any food
remnants from the esophagus. POEM was performed
under general anesthesia, requiring endotracheal
intubation with the patient in the left lateral decubitus
position. The same gastroenterologist performed
POEM on all patients. Carbon dioxide gas insufflation
was performed using a CO2 insufflator (UCR; Olympus)
to control endoscopic air pressure throughout the
operation. The procedure is shown in Figure 1.

anterior/posterior esophagus. Approximately 5-10
mL of a 0.9% saline solution containing methylene
blue (0.2 mg/mL) and epinephrine (5 µg/mL) was
injected to lift the mucosa. After adequate lifting, a 2
cm oblique incision was made on the mucosal surface
using a hook knife to allow the endoscope to enter the
submucosal space.
Submucosal tunnel: The submucosa and muscular
layer were progressively dissected distally using an
endoscopic technique, creating a long submucosal
tunnel that extended to the EGJ and ended 2-3 cm
into the proximal stomach. Hot biopsy forceps were
used to cauterize any large blood vessels that were
hemorrhaging.
Circular myotomy: The myotomy of the esophageal
circular muscle bundle began 2-3 cm distal to the
mucosal entry, approximately 7-8 cm above the EGJ,
under endoscopic control. The edge of the triangletip knife was used to capture and lift the inner circular
muscle bundles toward the esophageal lumen. The
exposed circular muscle bundle was then cut using the
same knife and forceps were used for cauterization.
The muscle layer myotomy was performed gradually,
cutting distally until reaching the gastric submucosa
extending 2-3 cm from the EGJ. Caution was taken to
leave the outer longitudinal muscle intact and avoid
disruption of extraneous tissues. The esophageal

Mucosal incision: A distal transparent oblique
dissecting cap was attached to the endoscope tip to
separate tissues inside the submucosal space. The
gastroesophageal junction (EGJ) was located and the
distance to the incision was measured. A submucosal
injection was performed and an initial mucosal
incision was made at the level of the mid-esophagus,
approximately 10-15 cm proximal to the EGJ on the
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[14]

The GerdQ questionnaire
was used to assess
gastroesophageal reflux-related symptoms post
operatively. Postoperative symptoms at 1, 2, 6
and 12 mo were assessed using follow-up patient
questionnaires to assess the current Eckardt score.
Therapeutic success was defined as amelioration of
symptoms, which was based on a drop ≤ 3 points on
[13]
the Eckardt score after POEM .

Table 1 Patient characteristics (n = 50)
Characteristic
Male:female
Age (yr)
Duration of symptoms (yr)
Eckardt score
Previous treatments, n (%)
Pneumatic dilation
Nifedipine
Achalasia subtype, n (%)
Ⅰ
Ⅱ
Ⅲ

Value
28:22
42.5 (14-70)
6.6 (0.17-40)
7.5 (3-11)
8 (16)
2 (4)
35 (70)
3
28
4

Statistical analysis

SPSS version 17.0 (SPSS Inc., Chicago, IL, United
States) was used to analyze the data. Measurements
were compared using Student’s t-tests for indepen
dent or paired samples and are expressed as mean ±
SD or mean (range). Linear regression analysis was
used to assess the association between manometric
parameters and Eckardt score. A two-tailed corre
lation analysis adopted a Pearson product-moment
correlation. Two-sided P < 0.05 was considered as
statistically significant. The statistical methods of
this study were reviewed by Ji Chonghua from the
First Affiliated Hospital of Zhejiang Chinese Medical
University.

Data are presented as mean (range), unless otherwise indicated.

lumen was then left completely unobstructed.
Closure of the mucosal entry: After myotomy, the
fluids within the submucosal tunnel and esophageal
lumen were absorbed as needed. Small bleeding
vessels or hemorrhaging spots were cauterized using
hot biopsy forceps. The 2-3 cm long incision site
was closed from the distal to the proximal end of the
mucosal fenestration with standard hemostatic clips and
was confirmed by endoscopic analysis. The endoscope
was reintroduced into the esophageal lumen down to
the stomach to ensure smooth passage through the
EGJ and the gastrointestinal decompression tube was
placed under the endoscope to relieve pressure.

RESULTS
From January 2012 to March 2014, POEM was succe
ssfully performed in 50 patients with achalasia. The
demographic information and clinical characteristics of
all enrolled patients are presented in Table 1. None of
the patients showed signs of other unrelated diseases.
The duration of the POEM procedures ranged
from 30 to 120 min, with an average time of 55.4
± 17.3 min. The dentate line was a mean of 43.4
(36.0-55.0) cm from the incision, the submucosal
tunnel was a mean length of 13.5 (8.0-23.0) cm and
circular myotomy was 10.5 (3.0-19.0) cm. During the
procedure, the entry site within the submucosal tunnel
was closed with 2-15 hemostatic clips. No instances
of major bleeding occurred intra- or postoperatively.
Furthermore, there were no serious complications
related to POEM. Mild chest pain appeared in most
patients after 7-14 d, which ultimately subsided
without additional treatment. A small amount of
postoperative asymptomatic pneumomediastinum
and subcutaneous emphysema occurred in 2/50 (4%)
patients, which resolved after one week.
Patients were followed-up for a mean of 7.25 mo.
Thirty-six patients completed 6 mo of postoperative
treatment and 12 cases were followed up for > 1 year
(Figure 2). POEM was successful in almost all (49/50;
98%) cases, as determined by patient assessment at
a 1 mo follow-up exam; one patient had an Eckardt
score of 5 (preoperative Eckardt: 11) and unimproved
LESP (13.2 mmHg vs 26.0 mmHg, pre- and postope
rative, respectively) by HRM, indicating relapse. This
patient was then treated with endoscopic balloon
dilation (EBD), which reduced the Eckardt score to
2, a score that was maintained for the remainder of

Postoperative management

After POEM, all patients were kept nil per OS for 24 h,
followed by rehydration, antiemetics (i.v.), PPIs and
hemostatic treatment as needed. On postoperative
day 1, a chest X-ray/fluoroscopy examination was
used to rule out procedure-related adverse events,
such as opening of mucosal incisions and leaking
at the esophageal closure site. Pneumothorax,
subcutaneous emphysema and pleural effusion were
detected by chest CT on postoperative day 3. If there
was no evidence of leaking or incision dysraphism,
patients were placed on a clear liquid diet and the
gastrointestinal decompression tube was removed.
Once patients demonstrated no difficulties with
ingesting a full liquid diet, they were gradually adjusted
to a semi-liquid diet, followed by a soft diet. Patients
were typically discharged from the hospital with a
double-dose of PPI for two weeks, pending anticipated
results.

Follow-up physiological exams and symptom scores

One month post-procedure, all patients were scheduled
for barium swallow and HRM to re-examine LES
pressure, esophageal motility and patency of the
EGJ. Follow-up upper endoscopy was performed
two months postoperatively to examine esophageal
relaxation and healing of the wound. Six months after
POEM, the barium swallow was repeated.
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Table 2 Peroral endoscopic myotomy data (n = 35)

10

Variable

8
Eckardt score

Before

After (1 mo) P value

Lower esophagus sphincter
28.94 ± 18.70
16.02 ± 5.46
0.000
resting pressure, mmHg
4s integrated relaxation
27.18 ± 14.63
12.22 ± 6.75
0.000
pressure, mmHg
Lower esophageal sphincter
23.00% ± 18.55% 35.59% ± 21.78% 0.005
relaxation rate
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Figure 2 Eckardt scores. The Eckardt scores of patients were recorded
before peroral endoscopic myotomy and at various times postoperatively; P <
0.01 vs before peroral endoscopic myotomy.
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the study. Another patient relapsed 2 mo after POEM,
presenting with a solid swallowing obstruction for
which EBD was requested, which restored the Eckardt
score to 1. An additional five cases that did not meet
the score of recurrence required supplementary
treatment with EBD after POEM for slight discomfort.
Pre- and postoperative results were available for
35/50 patients, with three patients failing to undergo
HRM due to the high pressure within the LES. One
month after POEM, LESP and 4sIRP were significantly
decreased and LESRR was significantly increased in
liquid swallows compared to baseline values (all Ps <
0.01) (Table 2). Representative HRM results are shown
in Figure 3. The change in Eckardt score was correlated
with the decrease in LESP and 4sIRP (Ps < 0.05), but
not with LESP. Interestingly, two patients exhibited a
small segment of proximal esophageal peristalsis at
postoperative examinations, but normal esophageal
peristaltic function was not completely restored.
One month after POEM, substantially improved
emptying from the esophagus to the EGJ could be
observed by a barium swallow (Figure 4). The average
esophageal diameter at its widest changed from 4.4
(2.5-8.5) to 3.1 (2.0-7.0) cm. After 6 mo of followup, the mean diameter was 3.0 (1.7-7.0) cm, with
no retention of barium in the esophagus. The 2 mo
postoperative assessment using upper gastrointestinal
endoscopy showed that the esophageal mucosal
incisions healed well and the endoscopes could pass
through the cardiae smoothly, without any signs
of esophagitis. Six months after POEM treatment,
approximately 77.5% of patients had gained an
average of 4.8 (2.0-15.0) kg. There were no reports of
reflux symptoms or specific complications during any
of the postoperative follow-up assessments (Table 3).

-10.0

5s

B
mmHg
150.0
140
120
100
80
60
40
30
20
10
0
-10.0

5s

Figure 3 Esophageal high-resolution manometry. Representative
manometric results from a patient with type Ⅱ achalasia A: Before; and B: One
month after peroral endoscopic myotomy. Lower esophageal sphincter pressure
was reduced, with relaxation and passage of lower esophageal sphincter seen
upon swallowing.

strategies aim to alleviate symptoms by reducing
LESP and relieving esophageal obstruction. Traditional
treatments for achalasia include medications, EBD,
endoscopic botulinum toxin injection and surgical
myotomy, all of which have various advantages
[5,15-18]
and drawbacks
. Natural orifice transluminal
endoscopic surgery is gaining attention because it is
minimally invasive and results in little to no visible
scarring. POEM is a related technique that was first
[19]
described by Pasricha et al
in 2007, who performed
a myotomy via the esophageal lumen in a porcine
[9]
model of achalasia. Three years later, Inoue et al
demonstrated its effectiveness in relieving achalasia

DISCUSSION
As there is no cure for achalasia, most therapeutic
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A

B

Table 3 Complications n (%)
Complications

Value

Pneumomediastinum
Cervical emphysema
Junctional flap perforation
Major bleeding
Acute bleeding or intraoperative bleeding
Delayed bleeding
GER

2 (4)
0
0
0
0
0
0

GER: Gastroesophageal reflux.

[31]

previous reports . As such, these assessments could
be used as a positive predictor before treatment.
Furthermore, 4sIRP is a quantifiable method of
distinguishing impaired LES relaxation in achalasia
[32]
from that of a healthy individual . In addition, while
the decrease in LESRR is thought to result from the
failure of LES relaxation, this measure rises after
intervention and has been a continuing issue of debate
[33]
in achalasia studies .
To the best of our knowledge, normal driving
esophageal peristalsis cannot be restored by POEM in
[34]
achalasia patients . Nevertheless, there are several
studies showing that some patients can recover a
[35]
certain level of peristalsis after intervention . A
small segment of proximal esophageal peristalsis was
recovered in two patients in our study. These peristaltic
changes may be explained by a higher accuracy of
measurement achieved using the manometry catheter,
the narrowing of the dilated esophagus after POEM,
or the varying levels in impairment of esophageal
inhibitory neurons. If these neurons are damaged
beyond repair, it is unlikely that POEM is sufficient to
completely restore normal peristaltic function. Thus,
POEM cannot completely restore normal esophageal
peristalsis, but can improve esophageal body motility
and EGJ relaxation.
Our study has several limitations. First, the followup assessment period was only one year postprocedure and some patients may show symptom
relapse or develop long-term complications. Therefore,
a longer-term follow-up study is required to assess
the efficacy and safety of this novel treatment method
for achalasia. Furthermore, this study is based on a
small sample size and the number of each subtype
of cases is limited. As POEM is still a relatively new
technique, large-scale and/or multicenter studies are
needed to fully demonstrate its benefits. Lastly, this
was a retrospective study, which has a larger bias than
a prospective study. The reliability of its outcomes
is directly affected by the integrity and authenticity
of collected data. Therefore, there is a need for a
randomized controlled trial with long-term follow-up.
In conclusion, POEM is a promising, feasible and
safe treatment option for patients with achalasia.
This technique demonstrates substantial short-term
therapeutic effectiveness, with relief of achalasia

Figure 4 Barium swallow. A: Dilated esophagus showing a retained column of
barium and “bird’s beak”, suggestive of achalasia; B: Esophagogram one month
after peroral endoscopic myotomy. Barium passed and was excreted quickly
through the lower esophageal sphincter.

symptoms in human patients, generating fewer
traumas and less complications and allowing for rapid
recovery.
A number of recent Chinese studies on POEM have
been reported, which have focused on the evaluation
[20]
[21]
of its effectiveness , patient criteria for treatment ,
[22]
management of complications , length and location
[23]
of entry incision
and the comparison with other
[24]
types of surgery, including Heller myotomy . In
this study, all patients successfully underwent POEM
without reflux symptoms or serious complications
and with significantly improved Eckardt scores. There
was a 100% (50/50) instant remission rate after
surgery and a 96% (48/50) symptom remission rate
after six months. This rate of symptomatic relief with
POEM is considered high and is in line with previous
[25,26]
reports
. The observed symptom recurrence may
have been due to insufficient incision length of the
esophageal circular muscle. Supplementary treatment
with EBD in seven cases demonstrates the feasibility
and safety of POEM. Moreover, 20% of our patients had
received prior treatment, demonstrating that POEM
can be performed efficiently and safely in recurrent
cases. Although some studies have shown that prior
therapies (such as EBD or endoscopic botulinum toxin
injection) can make the operation more difficult and
[27,28]
diminish the outcome
, we found no influence of
prior treatment regimens on the ultimate success rate
of POEM in treating achalasia, in agreement with other
[29,30]
reports
. Taken together, these results demonstrate
that POEM is a suitable treatment option for achalasia
patients with various disease stages.
The manometry results show a clear improvement
on EGJ relaxation, as evidenced by the significant
decrease in LESP and 4sIRP after POEM treatment.
Furthermore, the 4sIRP reduction correlates with the
decrease in Eckardt score, which is consistent with
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symptoms, improved EGJ relaxation and restoration of
a certain degree of esophageal body motility function,
although normal esophageal peristalsis was not
obtained. Importantly, POEM is still in its initial stages
of development and further modifications will likely
improve the overall benefits. Long-term follow-ups
are still needed to thoroughly assess its effectiveness
compared with other therapies for the management of
achalasia.

8

9

10
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Many studies suggest that peroral esophageal myotomy (POEM) is a new
therapeutic method for achalasia. However, the short- and long-term outcomes
should be assessed by clinical studies, particularly among various populations.
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Research frontiers

This study reports the initial experience of POEM performed on achalasia
patients in the Zhejiang province. The efficacy of POEM was measured with
high-resolution manometry, Eckardt symptom scores and barium swallow.
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The majority of previous studies assessing POEM in achalasia patients were
single- or double-dimension evaluations with short follow-up periods. In the
present study, we utilized a multi-dimensional evaluation, which encompasses
esophageal motility, esophageal morphology and symptoms. Postoperative
assessments at 1, 2, 6 and 12 mo show that POEM can relieve achalasia
symptoms, improve gastroesophageal junction relaxation and restore a certain
degree of esophageal body motility function. More importantly, this study was
performed successfully for the first time in humans in Zhejiang province, China.
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Applications

While long-term observation of the efficacy of POEM is still required, our data
indicate that POEM is a safe and effective therapy for achalasia. Thus, the
use of POEM may promote clinical treatment and management and contribute
towards progression in achalasia treatments.
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Achalasia is an esophageal motility disorder characterized by aperistalsis of the
distal esophagus and defective relaxation of the lower esophageal sphincter.
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This is a retrospective study of 50 patients with achalasia in Zhejiang province,
China, which demonstrates the safety and feasibility of POEM. This study
provides strong evidence that POEM is a potential therapeutic treatment that
should be considered in clinical application.
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AIM: To retrospectively evaluate our experience with
the diagnosis and surgical resection of esophageal
gastrointestinal stromal tumors (GISTs).
METHODS: Between January 2003 and August 2014,
five esophageal GIST cases were admitted to our
hospital. In this study, the hospital records, surgery
outcomes, tumor recurrence and survival of these
patients were retrospectively reviewed.
RESULTS: The median age of the patients was 45.6
years (range: 12-62 years). Three patients presented
with dysphagia, and one patient presented with chest
discomfort. The remaining patient was asymptomatic.
Four patients were diagnosed with esophageal
GISTs by a preoperative endoscopic biopsy. Three
patients underwent esophagectomy, and two patients
underwent video-assisted thoracoscopic surgery. The
mean operating time was 116 min (range: 95-148 min),
and the mean blood loss was 176 mL (range: 30-300
mL). All tumors were completely resected. The mean
length of postoperative hospital stay was 8.4 d (range:
6-12 d). All patients recovered and were discharged
successfully. The median postoperative follow-up
duration was 48 mo (range: 29-72 mo). One patient
was diagnosed with recurrence, one patient was lost to
follow-up, and three patients were asymptomatic and
are currently being managed with close radiologic and
clinical follow-up.
CONCLUSION: Surgery is the standard, effective
and successful treatment for esophageal GISTs. Longterm follow-up is required to monitor recurrence and
metastasis.
Key words: Esophagus; Gastrointestinal stromal tumors;
Recurrence
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Core tip: Gastrointestinal stromal tumors (GISTs)
commonly occur in the stomach and small intestine but
are less frequent in the esophagus. To our knowledge,
there are few detailed reports concerning the diagnosis
and surgical treatment of esophageal GISTs. The
main purpose of the present study was to present our
experience with the diagnosis and surgical resection of
esophageal GISTs.
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Figure 1 Representative findings from esophageal barium meal of an
esophageal gastrointestinal stromal tumor. It shows a larger tumor in the
esophagus.

including patient gender, age, clinical presentation,
location and size of lesions, operative time, operative
findings, operative blood loss, tumor size, tumor
characteristics (benign or malignant) and recurrence
during routine follow-up were retrieved for all
cases. The histological and immunohistochemical
characteristics of the tumors, including CD34, CD117,
Desmin, S-100 and SMA expression, were also
reviewed. The diagnosis of malignant GISTs was
made according to the previously published paper
[17]
of Emory . In brief, diagnostic criteria for GISTs
were assessed for the presence of the following: (1)
esophageal GISTs > 5.5 cm in diameter; (2) mitotic
index > 5 mitotic figures/50 high-power fields; and (3)
invasive behavior and metastasis.

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are common
mesenchymal neoplasms arising from the digestive
tract and abdomen and were initially described by
[1]
Mazur and Clark in 1983. Since their discovery,
GISTs have been identified in a number of locations,
including the esophagus, stomach, jejunum, ileum
[2-13]
and colon
. Furthermore, according to a study
[14]
by Miettinen , the most common sites of GISTs
are the stomach (60%-70%) and small intestine
[14-16]
(20%-30%)
. In contrast, esophageal GISTs are
[17-19]
rare and account for fewer than 2% of all GISTs
.
In the past, the origin of esophageal GISTs was initially
[20]
reported to be smooth muscle . However, following
an immunohistochemical-analysis-based study, it
has become well established that GISTs arise from
[21]
pluripotent stem cells or interstitial cells .
We therefore analyzed the clinical features,
histological and immunohistochemical characteristics
of five cases of esophageal GISTs and reviewed our
experience with the diagnosis and surgical treatment
of patients with esophageal GISTs.

RESULTS
Of the five cases, all were males, with a mean age of
45.6 years (range: 12-62 years). Four patients were
symptomatic, three presented with dysphagia and
one presented with chest discomfort. The remaining
patient was asymptomatic. Four patients were
preoperatively diagnosed with esophageal GISTs and
one with esophageal leiomyoma by endoscopic biopsy.
Representative findings from esophageal barium
meals showed a larger tumor in the esophagus (Figure
1), and esophagoscopy revealed a large tumor in
the esophagus (Figure 2). One, two and two tumors
occurred in the upper, middle and lower third of the
esophagus, respectively. Data of the clinical features
are shown in Table 1.
All patients had no history of diabetes mellitus,
hypertensive disease or coronary disease. Other
physical examinations, including electrocardiogram,
lung function examination and echocardiogram, were
+
+
2+
normal. The serum concentrations of Na , K , Ca
and glucose were all within the normal limits. Distant
metastasis was not found by CT of the chest and
abdomen.
Three patients underwent esophagectomy, whereas
the other two patients (No. 4 and No. 5) underwent
tumor resection by VATS. The mean operating time

MATERIALS AND METHODS
Date was retrospectively retrieved for five patients
who underwent surgical resection of esophageal GISTs
at the Department of Thoracic Surgery, Clinical College
of Yangzhou University, Yangzhou, China between
January 2003 and August 2014. This retrospective
study was approved by our Institutional Review
Board, and waiver of consent was obtained. Standard
preoperative work-up included routine blood routine
examination, biochemical examination, chest and
abdominal computed tomography (CT) scanning,
esophageal barium meal, esophagoscopy and
endoscopic ultrasound (EUS) for elective patients.
Clinicopathologic information form hospital records
and the database of the clinical research institute,
WJG|www.wjgnet.com

5631

May 14, 2015|Volume 21|Issue 18|

Zhang FB et al . Esophageal gastrointestinal stromal tumors
do not exhibit clear clinical symptoms. As the tumor
grows, patients present with different symptoms that
are dependent on tumor location and size, including
progressive dysphagia, chest discomfort, reflux and
heartburn feeling.
To our knowledge, the largest single center
experience describing the surgical treatment of primary
[17]
esophageal GISTs was described by Lee . In recent
years, the characteristics of GISTs have become
increasingly recognized. Due to the submucosal
location and rarity, it is not possible to determine
whether a mass is benign or malignant using imaging
examinations, including endoscopic ultrasound,
esophageal barium imaging, chest X-rays and CT.
However, imaging examinations are beneficial for
assessing GISTs and improving detection of distant
metastases. Preoperatively, the diagnosis of GISTs may
be confirmed through endoscopy, combined with typical
histomorphological findings, including atypical spindle
shaped neoplastic cells within red endochylema, as well
+
as through immunohistochemical staining for a CD 117 /
EMA pattern. However, if a well-circumscribed, rounded
or elliptical, submucosal tumor is detected during
endoscopic procedures, a biopsy is rarely performed
due to tumor cells releasing into thoracic cavity,
[17]
leading to metastases . Meanwhile, a biopsy might
cause uncontrolled bleeding. With the advancement of
technology and computers, 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET) may be
beneficial for the diagnosis of GISTs and might play
a crucial role in the assessment and prediction of
treatment responses in the future. The importance
of FDG-PET consists of its ability to detect distant
metastases and its high negative predictive value.
The differential diagnosis of an esophageal GIST
includes malignant and benign tumors, including
leiomyoma, hemangioma, schwannoma, leiomyo
sarcoma and papillary epithelioma. Primarily, they
share similar clinical characteristics, endoscopic
observation and radiographic features. Thus, histology
and immunohistochemistry are the most significant
tools for differentiating between these tumors. For
example, GISTs are c-kit (CD117)-positive and SMAnegative. Thus, the presence of different markers in
GISTs distinguishes them from other tumors.
The most successful and effective treatment for
[22-24]
GISTs is surgery
. In the past, the majority of
esophageal tumor excisions have been approached via
thoracotomy. With the development of thoracoscopic
surgery, surgery is increasing being performed by
[25-27]
thoracoscopy due to decreased pain and blood
.
There is some skepticism for malignant GISTs
concerning lymph node clearance and efficacy due
to the rarity of cases. Therefore, continuous efforts
focusing on the benefits of VATS over open surgery
are needed for more comparative studies. According to
Lee, patients with well-circumscribed, benign tumors
less than 5 cm in diameter should undergo VATS, and
patients with invasive, aggressive tumors greater than
[4]
5 cm may require biopsy and esophagectomy . In

Figure 2 Representative findings from esophagoscopy. A large and regular
tumor in the esophagus.

Figure 3 Representative findings from pathological examination of
esophageal gastrointestinal stromal tumors. The hematoxylin-eosin stained
gastrointestinal stromal tumor shows a rich variety of spindle cells (× 100
magnification).

was 116 min (range: 95-148 min), and the mean
blood loss was 176 mL (range: 30-300 mL). All tumors
were completely resected. The tumor size was available
for five patients, and ranged from 2 to 6 cm, with a
mean size of 3.4 cm. The hematoxylin-eosin stained
GISTs showed a rich variety of spindle cells (Figure 3).
The immunohistochemical reactions for CD 117 were
positive in all patients, and four patients were positive
for CD 34 (Table 1). The mean length of postoperative
hospital stay was 8.4 d (range: 6-12 d). All patients
recovered and were discharged successfully.
The mean duration of follow-up was 48 mo (range,
29-72 mo). One patient (No. 3) was followed for 35.3
mo post-surgery, and evidence of a recurrent tumor in
the bilateral lung was observed. However, this patient
was not treated with imatinib and died after 5 mo. One
patient was lost to follow-up, and three patients were
asymptomatic and are currently being managed with
close radiologic and clinical follow-up.

DISCUSSION
GISTs are common neoplasms of the digestive tract,
and they frequently occur in the stomach and small
intestine and less frequently in the esophagus. In
the early stages of esophageal GISTs, patients often
WJG|www.wjgnet.com
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Table 1 Patient characteristics and treatment history
Feature

Patient No. 1

Patient No. 2

Patient No. 3

Patient No. 4

Patient No. 5

Gender
Age
Presentation
Location of lesions
Surgical procedure
Operating time (min)
Blood loss (mL)
Size of lesion (cm)
Postoperative hospital stay (d)
Time of intrathoracic drain (d)
Cellular pattern
Mitosis per 50 high power fields
CD34
CD117
Desmin
S-100
SMA
Diagnosis
Follow-up (mo)
Recurrence
Current status

Male
12
Dysphagia
Middle
Thoracotomy
148
300
6×4
12
6
Spindle
10
+
+
Malignant
-

Male
49
Chest discomfort
Middle
Thoracotomy
110
30
2 × 1.5
6
4
Spindle
0
+
+
Benign
29
No
NED

Male
48
Dysphagia
Distal
Thoracotomy
122
300
6×5
10
4
Spindle
6
+
+
Malignant
40
Yes
Dead

Male
57
Dysphagia
Upper
VATS
105
150
3×2
7
3
Spindle
1
+
+
Benign
51
No
NED

Male
62
Asymptomatic
Distal
VATS
95
100
1×2
7
3
Spindle
0
+
Benign
72
No
NED

NED: No evidence of disease; VATS: Video-assisted thoracoscopic surgery.

the present case, surgical approaches were prepared
depending on the characteristics of the tumor. If
the tumor was benign, a total tumor excision was
performed. For a malignant tumor, an esophagectomy
and lymph node dissection involving radical dissection
of the mediastinum was performed. Overall, three
patients underwent esophagectomy, and two patients
underwent VATS in our study. A 12-year-old boy, one
of our rare cases, presented to our department with
dysphagia for three months. Barium swallow was
performed, which showed the presence of a tumor
6 cm in diameter at the middle thoracic esophagus.
Reconstruction of the gastroesophageal junction
after tumor resection was difficult and resulted in
developmental immaturity of the digestive tract.
Based on the ability of imatinib to improve outcomes
in GISTs, treatment strategies complementary to radical
surgery have been extensively used. The optimal
duration of preoperative imatinib may be as long as 6–
[28]
12 mo . However, due to tumor necrosis and cystic
changes, preoperative imatinib may result in rupture
[29]
or bleeding and increase the fragility of GISTs .
Adjuvant imatinib in patients with resection of GIST has
consistently been shown to prevent recurrences and
[30,31]
increase survival in many clinical studies
. However,
all cases in these studies have been from the stomach
or intestine. Because of the rarity of esophageal GISTs,
the effectiveness of imatinib requires more comparative
studies.
In conclusion, tumor resection was successfully
performed and the diagnosis of GISTs was determined
based on immunohistochemical findings. Long-term
follow-up with radiological imaging is required to monitor
the recurrence and metastasis of this type of tumor.

WJG|www.wjgnet.com
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AIM: To determine if hyperpolarisation-activated
nucleotide-gated (HCN) channels exist in human colon,
and to investigate the expression of HCN channels in
Hirschsprung’s disease.
METHODS: We investigated HCN1, HCN2, HCN3 and
HCN4 protein expression in pull-through specimens from
patients with Hirschsprung’s disease (HSCR, n = 10)
using the proximal-most ganglionic segment and distalmost aganglionic segment, as well as in healthy control
specimens obtained at the time of sigmoid colostomy
closure in children who had undergone anorectoplasty
for imperforate anus (n = 10). Fluorescent immuno
histochemistry was performed to assess protein
distribution, which was then visualized using confocal
microscopy.
RESULTS: No HCN1 channel expression was observed
in any of the tissues studied. Both HCN2 and HCN4
proteins were found to be equally expressed in the
aganglionic and ganglionic bowel in HSCR and controls.
HCN3 channel expression was found to be markedly
decreased in the aganglionic colon vs ganglionic
colon and controls. HCN2-4 channels were seen to
be expressed within neurons of the myenteric and
submucosal plexus of the ganglionic bowel and normal
controls, and also co-localised to interstitial cells of
Cajal in all tissues studied.
CONCLUSION: We demonstrate HCN channel expres
sion in human colon for the first time. Reduced HCN3
expression in aganglionic bowel suggests its potential
role in HSCR pathophysiology.
Key words: Hyperpolarisation-activated nucleotide-gated;
Interstitial cells of Cajal; Hirschsprung’s; Pacemaker; Ih
current
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identified . Different combinations of HCN channel
subtypes have been reported to be expressed in
various organs, which suggests that the role of these
channels differs based on their anatomical location. To
date, HCN channels have been found to be expressed
[3]
[4]
in the heart , the central nervous system , the
[5]
[6,7]
[2,8]
retina , the urinary system , and mouse colon .
The ENS contains a large number of neurons that
are arranged in ganglionated plexuses within the wall
of the GI tract. Electrophysiologically, there are two
major types of neurons, S/Dogiel Type Ⅰ neurons
and AH/Dogiel Type Ⅱ neurons. AH neurons are so
named due to the “after-hyperpolarisation” that occurs
[2]
following the action potential. Xiao et al investigated
the expression and localization of HCN isoforms in the
mouse distal colon and showed that HCN2 was most
highly expressed on AH/Dogiel Type Ⅱ neurons, with
lower levels of expression of HCN2 and HCN4 and a
lack of HCN3 expression. It is believed that AH/Dogiel
Ⅱ neurons are excitatory neurons and exhibit the Ih
[2]
[9]
current . Recently, Yang et al investigated the role of
HCN2 channels in spontaneous rhythmic activity of GI
tract in mice and showed that the HCN2 channels were
located within the myenteric neurons. More recently,
[8]
Shahi et al reported existence of HCN channels in
cultured interstitial cells of Cajal from the mouse colon
and suggested that HCN channels participate in the
regulation of pacemaker activity in the GI tract.
ICCs are pacemaker cells, which actively propagate
electrical slow waves in the gastrointestinal smooth
muscle. They mediate inhibitory and excitatory motor
neurotransmission. Several investigators have reported
[10]
altered distribution of ICCs in the aganglionic bowel .
As HCN channels are also pacemaker channels that
regulate spontaneous rhythmic activity, we therefore
hypothesized that HCN channel expression is impaired
in HSCR and designed this study to investigate
expression of HCN channels in normal human colon
and in patients with HSCR.

Core tip: Children with Hirschsprung’s disease experience
symptoms of intestinal obstruction due to a spastically
contracted aganglionic segment of distal bowel, however
the mechanism for this spasticity is incompletely under
stood. Hyperpolarisation-activated nucleotide-gated
channels play a key role in regulating cell excitability in
both pacemaker and non-pacing cells. We examined
expression of hyperpolarisation-activated nucleotidegated (HCN) 1-4 in both Hirschsprung’s disease (HSCR)
colon and healthy controls. While HCN-1 expression
was absent, and HCN-2 and HCN-4 were expressed at
similar levels in diseased and healthy bowel, we found
HCN-3 to be reduced in aganglionic bowel in HSCR. We
suggest deficient HCN3 channels may be involved in the
pathophysiology of HSCR.
O’Donnell AM, Coyle D, Puri P. Decreased expression of
hyperpolarisation-activated cyclic nucleotide-gated channel
3 in Hirschsprung’s disease. World J Gastroenterol 2015;
21(18): 5635-5640 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5635.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5635

INTRODUCTION
The enteric nervous system (ENS) is a complex
network of neurons and glia, arranged in concentric
rings of ganglionated plexuses within the walls of
the gastrointestinal (GI) tract. Normal intestinal
motility requires the coordinated interaction of the
ENS, smooth muscle cells (SMCs) and interstitial cells
of Cajal (ICCs). Hirschsprung’s disease (HSCR) is a
congenital condition characterized by an absence of
enteric ganglia in the bowel. This condition is caused
by a failure of neural crest cell migration to the
distal hindgut during the early stages of embryonic
development, which results in a tonically contracted
aganglionic segment. The pathophysiology of HSCR is
poorly understood. It is recognized that the obstructive
symptoms in HSCR are secondary to the abnormal
motility of the distal narrowed segment of bowel, but
there is still no explanation for the occurrence of the
spastic or tonically contracted segment of bowel.
Hyperpolarisation-activated non-specific cation
currents (Ih currents) are important for the regulation
of cell excitability. The Ih current is typically seen as a
slowly developing inward current that is activated by
hyperpolarisation of the membrane beyond the resting
potential. In non-pacing cells, Ih helps determine
resting membrane properties and limits the extent
[1]
of hyperpolarizing responses . These currents are
carried by channels of the hyperpolarisation-activated
nucleotide-gated (HCN) family. Four mammalian
genes that encode HCN isoforms (HCN 1-4) have been
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MATERIALS AND METHODS
Tissue samples

This study was approved by the Ethics Medical
Research Committee, Temple Street Children’s
University Hospital (Ref. 13.003) and tissue samples
were obtained with informed parental consent. HSCR
specimens from 10 patients (9 male, 1 female, aged
3-14 mo) who underwent pull-through surgery were
studied. These specimens were divided into aganglionic
and ganglionic samples. Ganglionic samples were taken
from the most proximal margin of the pull-through
specimen, while ganglionic samples were taken from
the most distal margin of the pull-through specimen.
Normal control samples included 10 specimens from
patients who underwent sigmoid colostomy closure
following anorectoplasty for imperforate anus (7 boys,
3 girls, aged 7-21 mo). Tissue specimens were either
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snap-frozen in liquid nitrogen and stored at -80 ℃
for protein extraction or embedded in OCT Mounting
Compound (VWR International, Leuven, Belgium) for
immunofluorescence and stored at -80 ℃ until use.

antibody detection. Primary antibodies; rabbit antiHCN1 and rabbit anti-HCN2 (Abcam, Cambridge,
United Kingdom) dilution 1:1000, and mouse antiHCN3 and rabbit anti-HCN4 (Santa Cruz, United
States) dilution 1:1000 were used and incubation
was performed overnight at 4 ℃. Following extensive
washing (four times in PBS-0.05% Tween) the
membranes were incubated with the appropriate
secondary antibodies (goat anti-rabbit IgG, HRP-linked
Antibody, dilution 1:10000, and goat anti-mouse IgGHRP, dilution 1:10000, Abcam, Cambridge, United
Kingdom) respectively followed by washing (four times
in PBS-0.05% Tween). Detection was performed with
the ECL plus chemiluminescence kit (Thermo, Fisher
Scientific, Dublin, Ireland). We used GAPDH (mouse
anti-GAPDH, dilution 1:1000, Abcam, Cambridge,
United Kingdom) as an additional loading control.

Immunofluorescence staining and confocal microscopy

Frozen blocks of HSCR colon and normal control
samples were sectioned transversely at a thickness
®
of 10 μm, mounted on SuperFrost Plus slides (VWR
International, Leuven, Belgium) and fixed with 10%
buffered formalin for 5 min. Sections underwent cell
membrane permeabilization with 1% TritonX-100
for 20 min at room temperature. After blocking
with 10% normal goat serum (Sigma Aldrich Ltd,
Arklow, Ireland) for 30 min to avoid non-specific
absorption, sections were incubated with primary
antibodies; rabbit anti-HCN1, rabbit anti-HCN2 (Abcam,
Cambridge, United Kingdom), mouse anti-HCN3 and
rabbit anti-HCN4 (Santa Cruz, United States), mouse
anti-HuC/HuD (Molecular Probes), mouse anti-αsmooth muscle actin, rabbit anti-protein gene product
5.5 (Sigma Aldrich, Ireland), mouse anti-c-kit and
rabbit anti-c-kit (Abcam, Cambridge, United Kingdom)
and rabbit anti-TMEM (Santa Cruz), all used at dilution
1:100, overnight at 4 ℃. Sections were then washed in
PBS+0.05% Tween and incubated with corresponding
®
secondary antibodies (goat anti-rabbit Alexa Fluor 488,
®
dilution 1:200 and goat anti-mouse Alexa Fluor 647,
dilution 1:200, Abcam, Cambridge, United Kingdom)
for 1 h at room temperature. After washing, sections
were counterstained with DAPI antibody, dilution
1:1000 (Roche Diagnostics GmbH, Mannheim,
Germany) for 10 min, washed, mounted and coverslipped with Fluorescent Mounting Medium (DAKO Ltd,
Cambridgeshire, United Kingdom). All sections were
independently evaluated by two investigators with a
LSM 700 confocal microscope (Carl Zeiss MicroImaging
GmbH, Jena, Germany).

RESULTS
Immunofluorescence staining and confocal microscopy

Immunofluorescence double-staining revealed that
HCN2, HCN3 and HCN4 channels were expressed
in neurons located within both the myenteric and
submucosal plexuses of the normal human colon, as
well as on ICCs within both the muscular and myenteric
layers (Figure 1). In the HSCR tissue specimens, HCN3
channels were seen to be decreased in the ganglionic
region compared to normal controls, with a further
decrease evident within the aganglionic region. HCN2
and HCN4 channels appeared to be equally expressed
in aganglionic, ganglionic and normal control specimens.
No co-localisation was evident between any of the HCN
channels and smooth muscle cells.

Western blot

Western blot results showed that HCN1 protein
expression was not evident in any of the tissues studied.
HCN3 protein expression was found to be decreased in
the ganglionic region compared to normal controls, with
a further decrease evident within the aganglionic region
(Figure 2). HCN2 and HCN4 channel proteins appeared
to be equally expressed in aganglionic, ganglionic and
normal control specimens.

Protein extraction and Western Blot

Specimens of HSCR colon and control colon were
homogenized in RIPA buffer (Radio Immunoprecipitation
Assay, Sigma-Aldrich Ltd., Wicklow, Ireland) containing
1% protease inhibitor cocktail (Sigma-Aldrich Ireland
Ltd., Wicklow, Ireland). Protein concentrations were
determined using a Bradford assay (Sigma-Aldrich
Ireland Ltd., Wicklow, Ireland). A total volume of 20
μL Laemmli sample buffer (Sigma-Aldrich Ireland Ltd.,
Wicklow, Ireland) containing 10 μg of protein was
loaded in the 10% SDS-PAGE gel (NuPAGE Novex
Bis-Tris gels, Invitrogen, Carlsbad, United States) for
electrophoretic separation. The electrophoresis was
performed in MES SDS running buffer (Invitrogen,
Carlsbad, United States). Proteins were then transferred
to 0.45 μ m nitrocellulose membrane (Millipore
Corporation, Billerica, United States) by western blotting.
Following western blotting, the membranes were
blocked in 3% BSA-0.05% Tween for 30 min before
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DISCUSSION
The ENS contains more than 150 million nerve cells
and constitutes an integrative neuronal network
composed of intramural ganglia and interconnecting
nerve fibres arranged in two major nerve plexuses, the
submucosal plexus and the myenteric plexus. Mediation
of GI motility, as well as the functions of resorption,
secretion and immunity, is regulated by intrinsic reflex
circuits orchestrated by the ENS. Similarly to the CNS,
the functional integrity of the ENS depends on intact
synaptic transmission and plasticity involving the
synthesis, release and trafficking of a broad range of
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A

B

C

D

E

F

Figure 1 Immunofluorescent staining in normal control tissue of HCN2 channels (green), co-localised (arrows) with neuronal marker HuC/D (red) (A) and
c-kit (red) (D), HCN3 channels (red) co-localised with PGP9.5 (green) (B), and TMEM (green) (E), and HCN4 channels (green) co-localised with HuC/D (red) (C)
and c-kit (red) (F). Nuclei were stained with DAPI (blue).
Protein

MW

HCN2

97 kDa

HCN3

86 kDa

NC

protein was revealed on the cell membranes of many
neurons, including Dogiel type Ⅱ neurons, in the
[2]
guinea-pig . HCN4 was found to only be expressed
by glial cells in the guinea-pig ENS. No HCN3 channel
expression was found in any of the species studied.
Reverse transcription-polymerase chain reaction
revealed mRNA for all four HCN channels in the
longitudinal muscle and myenteric plexus of mouse
distal colon, while HCN2 was the most highly expressed
HCN channel subtype in the myenteric plexus of
mouse distal colon. HCN1 and HCN4 were found to
[2]
be expressed at lower levels . Intracellular recording
to identify neurons with Ih currents revealed that AH
neurons with Ih currents were HCN2 and HCN4 channel
[2]
positive .
[11]
A study by Wang et al
in 2012 investigated the
role of HCN channels in regulating the excitability of
vagal and spinal gut afferents in the mouse small
intestine. They measured the mechano-sensory
response of mesenteric afferent activity in an ex vivo
murine jejunum preparation. HCN channel activity
was recorded through voltage and current clamp
in acutely dissociated neurons of the dorsal root
ganglia and nodose ganglia, which were retrogradely
labeled from the small intestine through the injection
of a fluorescent marker, DiI and examined by
[11]
immunohistochemistry . Their results showed that
ramp distension of the small intestine evoked biphasic
increases in the afferent nerve activity, reflecting
the activation of low- and high-threshold fibers.

Ganglionic Aganglionic

HCN4 116 kDa
GAPDH 36 kDa

Figure 2 Western blot of HCN2, HCN3 and HCN4 protein expression.
HCN2 protein expression was low in normal controls and similarly expressed
in ganglionic and aganglionic specimens. HCN3 protein was highly expressed
in normal controls, decreased in ganglionic specimens with a further decrease
evident in aganglionic segments. HCN4 protein was highly expressed in normal
controls and similarly expressed in both ganglionic and aganglionic specimens.
The loading control GAPDH was similarly expressed in normal controls,
ganglionic and aganglionic specimens.

inhibitory and excitatory enteric neurotransmitters.
Aberrations of enteric neurotransmission are associated
with a wide spectrum of functional GI diseases
characterized by severe disturbances of GI motility.
Over the last decade, several studies have reported
the expression of HCN channels in the ENS of various
[2]
species. In 2004, Xiao et al showed the expression of
HCN1, HCN2 and HCN4 isoforms in the enteric neurons
of mice, rats and guinea-pigs. In rat and mouse ENS,
HCN1 immunoreactivity was observed on Dogiel type
Ⅱ neurons. HCN2 channel immunoreactivity occurred
in the majority of enteric neurons in the guinea-pig,
rat and mouse, while immunoreactivity for the HCN4
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Subsequent administration of two HCN blockers, CsCl
and ZD7288, resulted in inhibiting the responses
of low-threshold fibers to distension but showed no
significant effects on the high-threshold responses.
Double-labelled immunohistochemistry revealed
differential expression of HCN isoforms in vagal and
spinal afferents, with HCN2 and HCN3 being the
more dominant isoforms expressed in DRG and NG,
[11]
respectively .
[12]
In 2012, Si et al demonstrated the expression of
HCN channels on ICCs of the mouse gastric antrum,
and they found that these channels were strongly
affected by Cholecystokinin-8S (CCK-8S). They
therefore concluded that extracellular calcium may be
a trigger in the activation of HCN channels caused by
CCK-8S in cultured ICCs.
[9]
Yang et al performed an immunohistochemical
study focusing on the distribution of HCN2-positive
cells in the mouse GI tract. Their results showed
that HCN2 channels were mainly located within the
myenteric neurons of the ENS, with double-staining
revealing that HCN2-positive neurons were labeled by
ChAT, indicating that these HCN2-positive cells were
cholinergic neurons. No co-localisation was evident
using the anti-kit antibody, however it was noted that
the neuronal processes of HCN2-positive neurons were
in close proximity to ICCs within the myenteric plexus
[9]
region tract . Furthermore, several differences in the
distribution of HCN2 in the stomach, small intestine
and colon were partly consistent with the regional
differences in the spontaneous rhythmic activities
of these organs. The authors concluded that HCN2
channels may facilitate the release of Acetylcholine
from cholinergic neurons to affect the GI peristalsis
by acting on M receptors on the ICCs, despite the fact
that the HCN2 channels are not directly involved in
[9]
spontaneous slow-wave initiation by ICCs .
[8]
In a very recent study by Shahi et al the authors
used reverse transcription- polymerase chain reaction
to assess the expression of mRNA transcripts for
HCN channels in isolated murine colonic ICCs. Their
results revealed that all four HCN channel subtypes
were evident in the whole mount cultured colonic
cells. However, in c-kit and Anoctamin-1- positive
colonic ICCs, only mRNA transcripts for the HCN1
and HCN3 channel were expressed. Functionally HCN
channels were found to be involved in the regulation,
[8]
but not the initiation, of ICC pacemaker activity .
Additionally, they showed that HCN channels on ICCs
in murine colon were tonically activated by basal
[8]
cAMP production . Of interest, however, was the prior
[13]
observation by Stieber et al
who first cloned the
human HCN3 channel in HEK293 cells, that HCN3,
unlike HCN2 and HCN4, lacked a response to cAMP.
To our knowledge this is the first study reporting
distribution and localization of HCN channels in the
normal human colon and HSCR, the most common
congenital gut motility disorder in children. Our
results showed the presence of HCN2, HCN3 and
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HCN 4 channels in the neurons of both myenteric
and submucosal plexuses and on ICCs within the
normal human colon. A striking finding was the
markedly reduced expression of HCN3 channels
not only in the aganglionic bowel but also in the
ganglionic bowel of patients with HSCR. Our group
has previously reported decreased expression of
ICCs both in the aganglionic and ganglionic bowel in
[10,14]
HSCR patients
. Taken together, these findings
suggest that decreased expression of HCN3 channels
and ICCs in the aganglionic may contribute to
motility dysfunction in HSCR by defective regulation
of spontaneous pacemaker activity. HCN3 channels
have already been shown to play a key role in the
[7]
pacemaker activity in renal tissue. Hurtado et al
also demonstrated that HCN3-positive cells were
coupled to smooth muscle cells by gap junctions and
suggested that they play a role in the pathophysiology
of renal motility disorders.
HSCR is characterized by an absence of neurons in
the distal colon for varying distances. This aganglionic
region is resected during surgery in order to restore
normal bowel function in these patients. However,
despite a properly performed pull-through procedure,
our group and others have previously reported that up
to half of all HSCR patients still suffer from persistent
bowel symptoms such as severe constipation, soiling
[15-19]
and enterocolitis
. These observations imply that,
although the ganglionic segment in these patients is
normally ganglionated, the presence of ganglion cells
alone in the pull-through segment is not sufficient as
an indicator of a satisfactory outcome. Other factors
in these patients necessary for normal gut motility
may be absent or deficient in the normoganglionic
region. Decreased HCN3 channel expression observed
in the normoganglionic colon in HSCR patients may
be the cause of motility disturbances in some patients
following a properly performed pull-through operation.
Further studies are required to examine HCN channel
expression in the proximal segment of resected bowel
in HSCR patients to confirm if deficiency of HCN3
channel expression is the cause of persistent bowel
symptoms in these patients.
In conclusion, we demonstrate for the first time
the expression of HCN channels in the human colon.
The decreased expression of HCN3 channels in the
aganglionic and ganglionic bowel of HSCR patients
suggests that HCN3 channels may play a role in the
pathophysiology of this complex condition.
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Background
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Regulation of cell excitability in the gut wall is important in maintaining normal
colonic motility. Hyperpolarisation-activated non-specific cation (Ih) currents are
important in regulating cell excitability. These currents are carried by a family
of channels known as hyperpolarisation-activated nucleotide-gated (HCN)
channels.

6

Research frontiers

HCN channel expression has been studied in several animal colon models.
Importantly, HCN channels have been shown to have a role in the regulation
of pacemaker electrical activity in the gut, a function which is often abnormal
in gut motility disorders. Hirschsprung’s disease (HSCR) is the most common
congenital gut motility disorder. Although the characteristic pathological findings
in HSCR are well understood (aganglionosis and nerve cell hypertrophy), the
mechanism underlying motility disturbance is not completely understood.

7

8

Innovations and breakthroughs

The family of HCN channels (HCN1-4) has been evaluated qualitatively and
functionally in the gastrointestinal tract of mice, rats and guinea pigs in recent
years. We have examined their expression in human colon for the first time,
and shown HCN2, HCN3 and HCN4 to be expressed in the neurons of the
myenteric and submucosal plexuses as well as in interstitial cells of Cajal,
which are key pacemaker cells in gut motility.

9
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Applications

In demonstrating reduced expression of HCN3 in Hirschsprung’s disease, this
study provides the basis for future functional studies that may seek to determine
its exact role in colonic dysmotility in HSCR and potentially in other gut motility
disorders.

11

Terminology

HCN channels are membrane channels involved in transmission of the Ih
electrical current in the gut, a current which controls cell excitability. In this
way, HCN channels contribute to the regulation of the spontaneous electrical
rhythmicity that dictates gut motility.
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Peer-review

13

The authors have explored the expression of HCNs in colon specimens of
HSCR patients. They found the first time thant HCN3 markedly decreased
in the aganglionic colon vs ganglionic colon and controls,while no HCN1 in
colon and no difference of HCN2 and HCN4 expressions between normal and
HSCR patients. The results implicated that HCN3 might be important for the
pathophysiological development of the HSCR.
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ORIGINAL ARTICLE
Observational Study

Association of erectile dysfunction with depression in
patients with chronic viral hepatitis
Bong Oh Ma, Sang Goon Shim, Hae Jin Yang
2014. All outpatients with chronic viral hepatitis in
our liver clinic between 18 and 80 years of age were
considered eligible for this study. The exclusion criteria
included well-established causes of ED, such as
diabetes, hypertension, hyperlipidemia, alcohol abuse,
liver cirrhosis, ischemic heart disease, renal disease,
neurologic disease, and malignancy. We also excluded
the patients who had incompletely answered the
questionnaires. ED was assessed using the validated
Korean version of the International Index of Erectile
Function (IIEF-5) scale. The Korean version of the
self-administered Beck Depression Inventory (BDI)
scale was used to assess depression in the patients.
Demographic and medical data were obtained from the
patients’ medical records. Current or past history of
psychiatric diagnosis and drug history including the use
of an antiviral agent and an antidepressant were also
recorded.
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RESULTS: A total of 727 patients met the initial
eligibility criteria. Six hundred seventeen patients were
excluded because their medical records contained
one or more of the previously determined exclusion
criteria. The remaining 110 patients were assessed
based on the BDI and IIEF-5 questionnaires. Based on
the IIEF-5 scale, the prevalence of ED among patients
with chronic viral hepatitis was 40%. Compared with
the non-ED group, patients in the ED group were older.
The proportion of patients in the ED group who had a
job or who were naïve peg-interferon users was lower
than that in patients in the non-ED group. Patients with
ED had significantly lower scores on the IIEF-5 scale
than patients without ED (11.75 ± 4.88 vs 21.33 ±
1.86, P = 0.000). Patients with ED rated significantly
higher scores on the BDI scale compared with patients
without ED (12.59 ± 7.08 vs 5.30 ± 4.00, P = 0.000).
Also, the IIEF-5 scores were negatively correlated with
age, employment, and BDI scores. In the multiple
logistic regression analysis, age and depression were
independently associated with erectile dysfunction (P =

Abstract
AIM: To investigate the prevalence of erectile
dysfunction (ED) and its association with depression in
patients with chronic viral hepatitis.
METHODS: This single center cross-sectional study
was conducted from August 2013 through January
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0.019 and 0.000, respectively).

outpatients with chronic viral hepatitis who were
recruited between August 2013 and January 2014 at
the Samsung Changwon Hospital, South Korea. All
outpatients with chronic viral hepatitis between 18
and 80 years of age who were being treated in the
liver clinic were considered eligible for this study. Many
factors can cause ED. Therefore, in an effort to avoid
confounding factors, we excluded patients suffering
from diseases that might contribute, such as diabetes,
hypertension, hyperlipidemia, alcohol abuse (including
alcoholic liver disease), liver cirrhosis, ischemic
heart disease, renal disease, neurologic disease, and
[9-13]
malignancy (including hepatocellular carcinoma)
.
We also excluded the patients who had answered the
two questionnaires incompletely.

CONCLUSION: Patients with chronic viral hepatitis
have a high prevalence of ED. Age and depression
are independent factors for ED in male patients with
chronic viral hepatitis.
Key words: Beck depression inventory; Chronic viral
hepatitis; Depression; Erectile dysfunction; International
Index of Erectile Function-5
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prevalence of erectile dysfunction
among patients with chronic viral hepatitis is high. We
assessed the prevalence of erectile dysfunction and its
association with depression after excluding confounding
factors. We confirmed that patients with chronic viral
hepatitis have a high prevalence of erectile dysfunction,
which is associated with depression.

Assessment of sexual dysfunction

Erectile function was assessed using the validated
Korean five-item version of the International Index of
Erectile Function-5 (IIEF-5). The IIEF-5 includes five
items from the IIEF, and it has favorable properties
[14]
for detecting the presence and severity of ED . The
Korean version of the IIEF-5 has also been proven
[15]
to be valid and reliable . It consists of four items
focusing on erectile function, and one item focusing on
intercourse satisfaction. All items were rated on a fivepoint scale. IIEF-5 scores are obtained by calculating
the sum of the item responses, with 1 being the worst
possible score and 25 being the best score. ED is
usually diagnosed below a score of 21 points. However,
[15]
Ahn et al reported the most appropriate cutoff score
between ED and no ED was 17 for Korean patients
(sensitivity = 91.3%, specificity = 86.3%) and ED is
classified as follows: 5-9, severe ED; 10-13, moderate
ED; 14-17, mild ED; and 18-25, no ED.

Ma BO, Shim SG, Yang HJ. Association of erectile dysfunction
with depression in patients with chronic viral hepatitis. World J
Gastroenterol 2015; 21(18): 5641-5646 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i18/5641.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i18.5641

INTRODUCTION
Erectile dysfunction (ED) is defined as the inability
to achieve or maintain an erection sufficient for
[1]
satisfactory sexual performance . The overall
frequency of ED is reportedly 32% and 53.3% among
male populations in the United States and South
[2,3]
Korea, respectively . Based on this high prevalence
of ED, extensive investigations into the clinical and
pathophysiologic mechanisms of sexual dysfunction
[4-6]
have been carried out during the last decade
.
However, ED in patients with chronic viral hepatitis
has been investigated in few limited studies, which
are often not comparable because they use different
[7,8]
surveys and patient-sampling methodologies
.
Moreover, few studies have evaluated the association
between ED and depression in patients with chronic
viral hepatitis. To date, none of the previous studies
have investigated the relationship between ED and
depression in patients with chronic viral liver disease.
The aim of this study was to evaluate the
prevalence of ED in patients with chronic viral hepatitis.
We also aimed to determine whether there is any
correlation between ED and depression in patients with
chronic viral hepatitis by using two questionnaires.

Assessment of depression

The Korean version of the self-administered Beck
Depression Inventory (K-BDI) was used to evaluate
the patients’ subjective depressive mood. Its use
[16,17]
to assess depressive mood has been validated
.
The BDI consists of 21 items, each of which is rated
from 0 to 3. BDI scores range from 0 to 63. The
categories of depression are usually defined as follows:
< 10, normal; 10-15, mild; and ≥ 16, moderate to
[18]
severe . Therefore, in this study, the subjects were
considered as having depression when the K-BDI score
exceeded 10 points.

Data collection

The following data were retrospectively collected from
the medical records of the patients: age, smoking
status, alcohol use, employment, health insurance,
religion, habitation, presence of viral hepatitis,
diabetes, hypertension, hyperlipidemia, cardiovascular
disease, body weight, and height. A history of any
psychiatric diagnosis, such as major depressive
disorder and anxiety/panic disorders was recorded.
A drug history including use of antiviral agents and

MATERIALS AND METHODS
Study design and population

This was a single center cross-sectional study of
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6%

4%

2% 2%

Liver cirrhosis
No question

8%

Alcohol abuse

26%

Diabetes
Malignancy
9%

Hypertension
Hyperlipidemia
Ischemic heart disease
11%

Renal disease

20%

Neurologic disease

12%

Figure 1 Patients excluded after medical analysis. We excluded patients suffering from diseases that might contribute to erectile dysfunction.

BDI and IIEF-5 questionnaires.
Descriptive data are presented in Table 1. The
mean age of the patients was 47.17 ± 10.98 years.
Using the IIEF-5 scale, the prevalence of ED (IIEF-5
score ≤ 17) was found to be 40%. There was no
significant difference between the ED group and the
non-ED group in viral etiology, smoking, BMI, health
insurance, religion, or habitation. Compared with
the non-ED group, patients in the ED group were
significantly older (P = 0.001). The proportion of
patients in the ED group who had a job or who were
naïve peg-interferon users was lower than that in
patients in the non-ED group (both P < 0.05).
Patients with ED had significantly lower scores on
the IIEF-5 scale than the patients without ED (11.75
± 4.88 vs 21.33 ± 1.86, P = 0.000). Patients with ED
reported significantly higher scores on the K-BDI scale
compared with patients without ED (12.59 ± 7.08 vs
5.30 ± 4.00, P = 0.000).
The correlations between IIEF-5 scores and the
patients’ characteristics are displayed in Table 2.
IIEF-5 scores were negatively correlated with age,
employment, and K-BDI score (all P = 0.000). In
the multiple logistic regression analysis, age and
depression were independent factors associated with
ED after adjustment for BMI, smoking, employment,
health insurance, religion, habitation, viral etiology,
and use of peg-interferon (both P < 0.05) (Table 3).

Table 1 Demographic characteristics of the patients n (%)
Characteristic
Age, yr
Viral etiology
HBV
HCV
Smoking
BMI, kg/m2
Employment
Health insurance2
Religion, yes
Habitation, rural
Peg-interferon, yes

Non-ED

ED

P value

(n = 66)

(n = 44)

44.38 ± 8.90

51.36 ± 12.48

0.001

52 (78.8)
14 (21.2)
27 (40.9)
23.93 ± 2.63
64 (97.0)
1 (1.5)
18 (27.3)
11 (16.7)
6 (9.1)

29 (65.9)
15 (34.1)
18 (40.9)
24.03 ± 3.16
35 (79.5)
1 (2.3)
19 (43.2)
11 (25.0)
11 (25.0)

0.1331
0.1331
1.000
0.859
0.003
0.771
0.084
0.284
0.024

1

Among infected patients by the χ 2 test; 2 Medicaid. ED: Erectile
dysfunction; HBV: Hepatitis B virus; HCV: Hepatitis C virus; BMI: Body
mass index.

antidepressants was also recorded. Body mass index
2
(BMI) was calculated as kg/m .

Statistical analysis

Continuous variables are presented as mean ± SD.
Differences in independent variables were analyzed
2
by Student’s t and by Pearson’s χ tests for categorical
variables. Spearman’s single regression analysis was
used to determine the relationships between variables.
Multivariate analysis using logistic regression was
performed to evaluate the association of ED and other
parameters. P < 0.05 was considered statistically
significant. Statistical analyses were performed using
SPSS version 18.0 (SPSS Inc., Chicago, IL, United
States).

DISCUSSION
The reported prevalence of ED in patients with chronic
[7,8,19]
viral hepatitis ranges from 14% to 78%
. We found
that 40% of the patients with chronic viral hepatitis
have ED, based on the IIEF-5 scores ≤ 17. This
prevalence is lower than that observed in the general
[3]
Korean population (53.3%) . However, the actual
difference in prevalence between patients with ED and
general populations may change, because we excluded
confounding factors that might contribute to ED. We
found that age and depression were independently

RESULTS
This cross sectional study initially included 727
patients who met the eligibility criteria. We excluded
617 patients according to the previously determined
exclusion criteria (Figure 1). The remaining 110
patients were assessed based on the self-administered

WJG|www.wjgnet.com

5643

May 14, 2015|Volume 21|Issue 18|

Ma BO et al . ED in chronic viral hepatitis
Table 3 Multiple logistic regression analysis of factors for
erectile dysfunction

Table 2 Correlation of International Index of Erectile Dys
function scores with characteristics of patients with chronic
viral hepatitis

Factor
Characteristic
Age
Viral etiology (HBV)
Smoking
BMI
Employment
Health insurance
Religion
Habitation
Peg-interferon
K-BDI scores

IIEF-5 scores
r

P value

-0.359
-0.148
-0.021
0.089
-0.338
-0.013
0.165
0.132
0.185
-0.563

0.000
0.123
0.825
0.356
0.000
0.894
0.085
0.169
0.053
0.000

Age
Depression

SE

Exp(B)

P value

0.064
2.511

0.027
0.544

1.066
12.322

0.019
0

All models were adjusted for body mass index, smoking, employment,
health insurance, religion, habitation, viral etiology, and peg-interferon
use.
[28,29]

is high in patients with chronic viral hepatitis
, little
is known about the association between depression
and ED. In this study, depression had an independent
negative impact on ED in patients with chronic viral
hepatitis.
ED is associated with substantially broader aspects
[30]
of a man’s life than just erectile functioning . It is
significantly associated with a poor sexual relationship
and sexual satisfaction, diminished confidence, and
[30]
low self-esteem . Our study reveals that depression
is associated with ED. Therefore, depression may
contribute to poor outcomes in patients with chronic
viral hepatitis. Although the impact of depression
on adverse outcomes, such as deteriorating liver
function and poor survival in patients with chronic viral
hepatitis, was not examined in this study, our results
suggest that it is important to develop systematic
approaches to screen these patients for depression,
and to plan proper treatment strategies for these
patients.
There are some limitations to our study. First, the
number of study participants was relatively small,
therefore, the results cannot be generalized. Second,
it is considered shameful to admit to the existence of
ED; hence the number of patients suffering from ED
could have been underestimated. In our study, 20%
of the initially enrolled patients refused to answer the
questionnaire. After excluding these non-responders,
we categorized the participants into an ED group
and non-ED group to minimize bias. Third, our study
did not provide information on a causal relationship
between ED and depression, due to the cross-sectional
design of the study. Therefore, further large-scale
randomized clinical trials are required to determine
whether screening and therapeutic interventions can
prevent and control ED, improve depression, and
positively affect the clinical outcomes of patients with
chronic viral hepatitis. Finally, several factors that we
did not exclude can act as confounders and may have
introduced bias.
In conclusion, patients with chronic viral hepatitis
have a high prevalence of ED, which is associated with
depression. In patients with chronic viral hepatitis,
detection of depression and active interventions should
be considered for proper management of ED.

BMI: Body mass index; HBV: Hepatitis B virus; K-BDI: Korean version of
the Beck Depression Inventory.

associated with ED in patients with chronic viral
hepatitis.
There are some explanations for the high preva
lence of ED in patients with chronic viral hepatitis. One
explanation involves an inflammatory-based pathway.
Several complex mechanisms of HCV and other
mediators of viral hepatitis that lead to inflammation,
increased oxidative stress, insulin resistance, and
apoptosis may be associated with the development of
[8,20,21]
ED
. Chronic systemic inflammation accompanied
by increased C-reactive protein levels decreases nitric
oxide synthesis in endothelial cells, ultimately leading
to endothelial dysfunction, which may account for the
association between ED and hepatitis-related liver
[8,22,23]
disease
.
[19]
Various conditions are associated with ED .
Besides strict exclusion of these conditions, we addi
tionally analyzed other demographic conditions. In
our study, age, employment, and K-BDI scores were
significantly associated with ED. However, only age
was correlated with ED in the logistic regression
analysis. This finding is consistent with the other
[8,19]
previously reported results
. Interestingly, Chung et
[8]
al reported that in the oldest age group (> 69 years),
no significant difference was observed in the frequency
of prior hepatitis diagnosis between ED patients
and controls. They explained that these elderly men
suffered from ED due to age-related factors, which are
unrelated to hepatitis, such as lower testosterone level
and higher peripheral vascular resistance. Three men
belonging to the oldest group were included in our
study. Two had both ED and depression, and one had
ED without depression. Further studies assessing the
correlation between ED and depression in the oldest
age group are recommended.
Depression is associated with impairments of
[24,25]
sexual function and satisfaction
. However,
whether depression has a direct influence on ED is
[26,27]
debatable
. Although the prevalence of depression
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Abstract
AIM: To investigate if correction of hypovitaminosis
D before initiation of Peg-interferon-alpha/ribavirin
(PegIFN/RBV) therapy could improve the efficacy of
PegIFN/RBV in previously null-responder patients
with chronic genotype 1 or 4 hepatitis C virus (HCV)
infection.
METHODS: Genotype 1 or 4 HCV-infected patients
with null response to previous PegIFN/RBV treatment
and with hypovitaminosis D (< 30 ng/mL) prospectively
received cholecalciferol 100000 IU per week for 4 wk
[from week -4 (W-4) to W0], followed by 100000 IU
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per month in combination with PegIFN/RBV for 12 mo
(from W0 to W48). The primary outcome was the rate
of early virological response defined by an HCV RNA <
12 IU/mL after 12 wk PegIFN/RBV treatment.

PegIFN/RBV in chronic genotype 1 HCV infection,
[3-6]
by significantly improving SVR rates
. Despite
promising results in naïve patients, treatment of
non-responders to PegIFN/RBV therapy with these
triple therapies resulted in less than 30% response
[7]
rates . Other promising HCV drug combinations, with
or without PegIFN, very recently showed high SVR
rates in previously treated patients with genotype 1
[8]
HCV infection . However, adverse effects and/or the
cost of such very effective therapeutic combinations
signals the need for other well tolerated and cheaper
therapeutic approaches.
Vitamin D deficiency is frequent in patients with
chronic HCV infection. Hypovitaminosis D (≤ 30 ng/ml)
[9]
was reported in three-quarters of genotype 1 patients
[10]
and in roughly 90% of French patients . Besides its
musculoskeletal effects, vitamin D seems to play a
critical role in the modulation of the balance between
effector and regulatory immune cells. Previous studies
in genotype 1 chronic HCV infection demonstrated
correlations between hypovitaminosis D and severe
liver fibrosis and low virological response rates to
[9]
PegIFN/RBV therapy . 25-OH vitamin D in addition
to PegIFN/RBV in previously untreated genotype
1 patients was also shown to significantly improve
[11]
EVR(94% vs 48%) and SVR (86% vs 42%) .
We hypothesized that correction of hypovitaminosis D
before initiation of PegIFN/RBV therapy and maintenance
of an optimal vitamin D serum concentration during
antiviral therapy could improve the efficacy of PegIFN/
RBV therapy in null-responder patients with genotype 1
or 4 chronic HCV hepatitis.

RESULTS: A total of 32 patients were included, 19
(59%) and 13 (41%) patients were HCV genotype
1 and 4, respectively. The median baseline vitamin
D level was 15 ng/mL (range: 7-28). In modified
intention-to-treat analysis, 29 patients who received
at least one dose of PegIFN/RBV were included in
the analysis. All patients except one normalized their
vitamin D serum levels. The rate of early virologic
response was 0/29 (0%). The rate of HCV RNA < 12
IU/mL after 24 wk of PegIFN/RBV was 1/27 (4%). The
safety profile was favorable.
CONCLUSION: Addition of vitamin D to PegIFN/RBV
does not improve the rate of early virologic response
in previously null-responders with chronic genotype 1
or 4 HCV infection.
Key words: Vitamin D; Hepatitis C virus; Chronic hepatitis;
Pegylated interferon; Ribavirin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Vitamin D deficiency is commonly found in
patients with chronic hepatitis C virus (HCV) infection
and was shown to correlate with sustained virologic
response rates to peg-interferon-alpha/ribavirin
(PegIFN/RBV) therapy. The addition of vitamin D to
PegIFN/RBV was well tolerated but did not improve
the rate of early virologic response in previously nullresponder patients with chronic genotype 1 or 4 HCV
infection.

MATERIALS AND METHODS
Study design

This multicenter, prospective, open-label and
uncontrolled study was designed to assess the efficacy
of a combination of vitamin D and PegIFN/RBV for
retreatment of null-responder patients with genotype
1 or 4 chronic HCV infection (VITAVIC study, NCT
NCT01226446).
The study protocol was approved by the institutional
review boards and committees for the protection of
persons at the individual study sites. The study was
conducted according to the current regulations of the
International Conference on Harmonisation guidelines,
and the principles of the Declaration of Helsinki. All
patients provided written informed consent before
participating in any protocol-specific procedures.
Patients were enrolled from 25 November, 2010 to 13
September, 2011.

Terrier B, Lapidus N, Pol S, Serfaty L, Ratziu V, Asselah T,
Thibault V, Souberbielle JC, Carrat F, Cacoub P. Vitamin D in
addition to peg-interferon-alpha/ribavirin in chronic hepatitis
C virus infection: ANRS-HC25-VITAVIC study. World J
Gastroenterol 2015; 21(18): 5647-5653 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i18/5647.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i18.5647

INTRODUCTION
In patients with genotype 1 or 4 hepatitis C virus (HCV)
chronic infection who failed to obtain a sustained
virological response (SVR) to peg-interferon-alpha/
ribavirin (PegIFN/RBV) treatment, the chance of a
cure is low. Previous studies showed rates of early
virological response (EVR) and SVR of roughly 7% in
[1,2]
non-responders after retreatment with PegIFN/RBV .
Protease inhibitors specific to the HCV nonstructural
3/4A serine protease, i.e., telaprevir and boceprevir,
emerged as promising therapies in combination with
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Participants

To be eligible for the study, patients had to be older
than 18 years, be chronically infected with genotype 1
or 4 HCV, be null-responders to previous PegIFN/RBV
therapy, have received ≥ 80% of PegIFN/RBV therapy
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during previous therapy, and to have hypovitaminosis
D (< 30 ng/mL). Null-responders were defined by a
less than 2 log10 IU/mL decrease in HCV viral load
at week 12 (W12) during the previous PegIFN/RBV
course.

secondary outcomes were carried out, in all patients
who received at least one dose of both PegIFN/RBV
and cholecalciferol. Missing values for all outcomes
were imputed as failures (i.e., absence of HCV RNA
< 12 IU/mL and absence of changes in HCV viral
load > 2 log10 after correction of vitamin D deficiency,
respectively). Outcomes presented as rates (EVR
and SVR) were calculated with their 95% confidence
interval (CI) using the binomial exact test. Changes in
HCV viral load were calculated with their 95%CI using
linear mixed-effects models accounting for repeated
measures.
Associations between EVR or SVR and baseline
covariates or time-dependent vitamin D were explored
with univariable logistic models. Associations between
HCV viral load change and baseline covariates or timedependent vitamin D were explored with the analysis
of comparisons between visits (two-way analysis of
variance on linear mixed-effects models accounting for
repeated measures). P-values were adjusted for the
multiple comparisons.
Vitamin D levels were compared with the use
of the Wilcoxon signed-rank test. All analyses were
performed using R software version 3.0 (Foundation
for Statistical Computing, Vienna, Austria).
The protocol was planned to include 40 patients
in order to demonstrate a difference of 14% in the
primary criteria, based on a hypothesized EVR rate of
21% with vitamin D in comparison to a hypothesized
EVR rate of 7% in the absence of vitamin D, with
an alpha risk of 5% and a power of 80%. Seven
responses or more were expected to establish the
efficacy of the vitamin D strategy.

Therapeutic protocol

Patients were assigned to prospectively receive
cholecalciferol 100000 IU once per wk for 4 wk [from
week -4 (W-4) to W0], followed by 100000 IU once
per month in combination with PegIFN/RBV for 12
months (from W0 to W48). PegIFN/RBV combination
treatment was similar to the previous PegIFN/RBV
course, i.e., type (alpha 2a or alpha 2b) and dose of
PegIFN, and dose of RBV).

Outcomes and measurements

The primary outcome assessment was the rate of EVR
defined by an HCV RNA < 12 IU/mL after 12 wk of
PegIFN/RBV.
Secondary outcome measures included: (1)
changes in HCV viral load after correction of vitamin D
deficiency at day 0; (2) changes in HCV viral load at
W4 and W12; and (3) the rate of HCV RNA < 12 IU/
mL at W24 and W72 (SVR).

Safety

Physical examination, and hematological and
biochemical assessments were performed at each
planned visit. All reported adverse events were graded
(1: mild to 4: life-threatening) using the ANRS grading
[12]
system and coded using MedDRA v16.1 by a trained
monitor.

Virologic, histological and immunological assessment

RESULTS

HCV-RNA was detected with a PCR assay (Abbott
Molecular, Rungis, France) with a detection limit of 12
IU/mL. An EVR was defined as HCV-RNA < 12 IU/mL
at week 12. SVR was defined as HCV-RNA < 12
IU/mL at week 72. Patients were assessed for hepatic
inflammation and fibrosis using liver biopsy and/or
using serum biochemical markers. Inflammatory
lesions and fibrosis on liver biopsy were graded as
[13]
previously reported . Inflammation and fibrosis were
[14]
also assessed using ActiTest® and FibroTest® . HCVRNA tests, genotyping, and histological assessment
of liver biopsy were performed in each center’s
laboratory.

Characteristics of the patients

Of the 40 planned patients, 32 [22 male, 10 female;
median age 53 years (range: 25-79)] were included
before the trial was stopped because of a lack of
efficacy. The statistical analysis was based on 29
patients who received vitamin D and Peg-IFN/RBV
(PegIFN alpha2a in 15 patients and PegIFN alpha2b
in 14 patients). The flow chart of the trial protocol
is indicated in Figure 1. Patient characteristics are
summarized in Table 1.
At inclusion (W-4), the median 25-OH vitamin D
level was 15 ng/mL [interquartile range (IQR): 11-23],
and median HCV viral load was 6.02 log10IU/mL
(IQR: 5.80-6.29). During the study, 25-OH vitamin D
increased significantly to 66 (58-74) at W0, 60 (50-68)
at W4, and 54 (49-58) ng/mL at W12 (P < 0.0001)
(Figure 2).

Serum 25-OH vitamin D3 measurement

Blood samples were immediately centrifuged at
2000 g for 10 min and serum samples were stored
at -80 ℃ . Serum 25(OH)D was measured using a
radioimmunossay (DiaSorin, Stillwater, MN, United
[15]
States), as previously described .

Virologic response at W12

Of the 29 patients analyzed, none achieved the
primary endpoint at 12 wk after initiation of Peg-IFN/
RBV therapy (proportion 0%, 95%CI: 0%-11.9%).

Statistical analysis

Intention-to-treat analyses of both primary and
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42 pre-inclusions
10 non-inclusions:
25-OH vitamin D level > 35 ng/mL (n = 4)
25-OH vitamin D level between 30 and 35 ng/mL (n = 3)
Relapsing patient (n = 1)
Inappropriate medical cover (n = 1)
Non-genotype 1 or 4 (n = 1)
32 inclusions

3 inappropriate treatment:
Vitamin D but no antiviral therapy (n = 2)
No vitamin D nor antiviral therapy (n = 1)
29 subjects who
received vitamin D
and PegIFN/RBV

1 exclusion before W4
Patient lacking inclusion criteria

28 subjects
followed-up at
4 wk

1 exclusion before W12
Patient with exclusion criteria

27 subjects
followed-up at
12 wk

80

8

60

6

40

4
The viral load

20

2

25-OH vitamin D levels

levels or patients’ characteristics was found.
At W12 of PegIFN/RBV compared to W4, median
HCV viral load significantly decreased to 5.04 IU/
mL (IQR: 4.22-5.76) (P < 0.001). Six of 29 (21%)
patients had a reduction in HCV viral load greater
than 2 log10IU/mL between W-4 and W12 (proportion
20.7%, 95%CI: 8%-39.7%). No association between
baseline characteristics and change in HCV viral load at
W12 was found.

HCV viral load (log10/mL)

25-OH vitamin D (ng/mL)

Figure 1 Flow chart of the study.

0

0
W-4

W-0

t

W4

W12

Negativation of HCV viral load at week 24 and week 72

Figure 2 Change in viral load (log10/mL) and 25-OH vitamin D (ng/mL) from
W-4 to W12.

Six patients with a greater than 2log10IU/mL decrease
in viral load at W12 were treated up to W24. Two
achieved a virologic response and three others had a
reduction in HCV viral load greater than 2 log10IU/mL.
Since only six patients and one patient were still
followed up at W24 and W72, respectively, analyses
regarding the related outcomes were not performed.

Evolution of HCV viral load at W0, W4 and W12

Median HCV viral load remained stable between W-4
and W0, with viral load of 6.08 (IQR: 5.72-6.30) at W0
(P = 0.99 compared to W-4). At W4 of PegIFN/RBV
compared to W-4, median HCV viral load significantly
decreased to 5.54 IU/mL (IQR: 5.19-5.83) (P < 0.001).
Only one patient had a reduction in HCV viral load
greater than 2 log10IU/mL (proportion 3.4%, 95%CI:
0%-17.8%) at W4. No association between the change
in HCV viral load at W0 or W4 and baseline vitamin D

WJG|www.wjgnet.com

Safety of vitamin D supplementation

Twenty six events in 11 patients (38%) were recorded
as grade 3, and 2 events in 2 patients (7%) were
recorded as grade 4. No grade 3/4 adverse event was
attributable to vitamin D supplementation.
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hypothesized that correction of hypovitaminosis D before
initiation of PegIFN/RBV therapy and maintenance of an
optimal vitamin D serum concentration during antiviral
therapy could improve the efficacy of PegIFN/RBV in
null-responder patients with genotype 1 or 4 chronic
HCV hepatitis. In addition, previous data demonstrated
the major role of vitamin D and the vitamin D receptor
(VDR) in the regulation of T cell activation by control
[16]
of T cell antigen receptor signaling , supporting the
potential beneficial effect of vitamin D supplementation
in chronic infections.
We decided to include genotype 1 or 4 HCV
infected patients with a previous PegIFN/RBV therapy
null response and hypovitaminosis D as they were
anticipated to have very low SVR rates in case of retreatment with PegIFN/RBV. In the present study, we
demonstrated that the addition of vitamin D to PegIFN/
RBV did not improve the rate of EVR in previously
null-responder patients with chronic genotype 1
or 4 HCV infection. Our findings are disappointing
considering the results of previous studies, and are in
clear contrast with results from several observational
and interventional studies. However, in contrast to
[11]
the study by Abou-Mouch et al , reporting a positive
effect of vitamin D supplementation in naïve genotype
1 HCV infected patients, our study assessed the benefit
of vitamin D supplementation in null-responders who
represent a challenging population of patients with
poor response to antiviral therapies. Along this line,
we cannot exclude that our inclusion criteria, i.e., nullresponders, resulted in selection of patients in whom
the impact of adding vitamin D was negligible.
HCV viral load remained stable during the initial
vitamin D supplementation and significantly decreased
under PegIFN/RBV therapy combined with vitamin D
supplementation, but without reaching our primary
criteria. The change in the serum 25-OH vitamin D
level showed that vitamin D supplementation was
effective and safe to obtain a significant and persistent
increase in serum 25-OH vitamin D. This finding
indicates that our disappointing results could not be
related to serum 25-OH vitamin D insufficiency in our
patients.
We must acknowledge the limitations of our study.
Because we aimed to analyze the efficacy of vitamin
D supplementation in the era of new antiviral agents
in a more challenging population of patients, i.e., nullresponder patients, we conducted an open-label,
uncontrolled study of superiority design that planned
to include 40 patients. Only 32 patients were included
before the trial was stopped for lack of efficacy,
and 29 patients were analyzable for the primary
endpoint. Although it could have been a limitation to
draw any conclusion about the response to vitamin D
supplementation, our findings probably demonstrate
a lack of interest in vitamin D status in previously nullresponder patients with chronic genotype 1 or 4 HCV
infection. In addition, chose weekly then monthly

Table 1 Characteristics of the 29 patients included in the
analysis
Characteristics
Age (yr)
Male
HCV infection duration (yr)
Geographic origin
North Africa
Sub-Saharan Africa
West Indies
Asia
Eastern Europe
Northern Europe
HCV genotype
1
1a
1b
4
4a
4c
Liver biopsy (n = 20)
Activity Metavir score
0
1
2
3
Fibrosis Metavir score
1
2
3
4
Steatosis
Serum biomarkers (n = 18)
Actitest
Fibrotest
Activity Metavir score
0
1
2
3
Fibrosis Metavir score
0
1
2
3
4
Fibroscan (kPa) (n = 20)
> 10 kPa
Hypertension
Dyslipidemia
Alcohol consumption
No
Rarely
Regular
Vitamin D serum level (visit 1, ng/mL)
HCV viremia at inclusion (Log)

Value
53.6 (50.6, 60.9)
20 (68.9)
13.5 (5.6, 17.2)
6 (20.7)
5 (17.2)
1 (3.4)
1 (3.4)
1 (3.4)
15 (51.7)
8 (27.6)
4 (13.8)
6 (20.7)
4 (13.8)
5 (17.2)
2 (6.9)

3 (15)
9 (45)
7 (35)
1 (5)
6 (30)
7 (35)
4 (20)
3 (15)
12 (60)
0.51 (0.41, 0.66)
0.64 (0.47, 0.76)
1 (5.6)
3 (16.7)
8 (44.4)
6 (33.3)
3 (16.7)
2 (11.1)
4 (22.2)
3 (16.7)
6 (33.3)
7.3 (6.2, 12.4)
8 (40)
7 (24.1)
2 (6.9)
25 (86.2)
2 (6.9)
2 (6.9)
15 (11, 23)
6.02 (5.80, 6.29)

Data are n (%) or median (95%CI). HCV: Hepatitis C virus.

DISCUSSION
Previous data in naïve genotype 1 HCV-infected
patients have demonstrated correlations between
hypovitaminosis D and low SVR rates to PegIFN/RBV
[9]
therapy . A significant improvement in EVR and
SVR after vitamin D supplementation during PegIFN/
[11]
RBV therapy has been reported . Therefore, we
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administration of vitamin D rather than daily dosing.
Supplementation with vitamin D was previously shown
to be achieved equally well with daily, weekly, or
[17]
monthly dosing frequencies . Therefore, our protocol
was chosen to optimize adherence to long-term
vitamin D supplementation.
In conclusion, the addition of vitamin D to PegIFN/
RBV does not improve the EVR rate in previously nullresponder patients with chronic genotype 1 or 4 HCV
infection. The lack of an EVR suggests that it is very
unlikely that there is a beneficial effect of vitamin D
supplementation on SVR in this type of difficult to treat
patient. However, based on previous studies, vitamin
D supplementation may still represent an alternative
therapeutic option in naïve patients in which new
specifically targeted antiviral therapy for hepatitis C
would not be available or contraindicated.
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Abstract
AIM: To assess how ascites and alpha-fetoprotein
(AFP) added to the Barcelona Clinic Liver Cancer (BCLC)
staging predict hepatocellular carcinoma survival.
METHODS: The presence of underlying cirrhosis, ascites
and encephalopathy, Child-Turcotte-Pugh (CTP) score,
the number of nodules, and the maximum diameter
of the largest nodule were determined at diagnosis
for 1060 patients with hepatocellular carcinoma at
a tertiary referral center for liver disease in Egypt.
Demographic information, etiology of liver disease, and
biochemical data (including serum bilirubin, albumin,
international normalized ratio, alanine and aspartate
aminotransferases, and AFP) were evaluated. Staging
of the tumor was determined at the time of diagnosis
using the BCLC staging system; 496 patients were stage
A and 564 patients were stage B. Patients with mild
ascites on initial ultrasound, computed tomography, or
clinical examination, and who had a CTP score ≤ 9 were
included in this analysis. All patients received therapy
according to the recommended treatment based on
the BCLC stage, and were monitored from the time of
diagnosis to the date of death or date of data collection.
The effect of the presence of ascites and AFP level on
survival was analyzed.
RESULTS: At the time the data were censored,
123/496 (24.8%) and 218/564 (38.6%) patients
with BCLC stages A and B, respectively, had died.
Overall mean survival of the BCLC A and B patients
during a three-year follow-up period was 31 mo [95%
confidence interval (95%CI): 29.7-32.3] and 22.7
mo (95%CI: 20.7-24.8), respectively. The presence
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[2,3]

of ascites, multiple focal lesions, large tumor size,
AFP level and CTP score were independent predictors
of survival for the included patients on multivariate
analysis (P < 0.001). Among stage A patients, 18%
had ascites, 33% had AFP ≥ 200 ng/mL, and 8%
had both. Their median survival in the presence of
ascites was shorter if AFP was ≥ 200 ng/mL (19 mo
vs 24 mo), and in the absence of ascites, patients
with AFP ≥ 200 ng/mL had a shorter survival (28
mo vs 39 mo). For stage B patients, survival for the
corresponding groups was 12, 18, 19 and 22 mo. The
one-, two-, and three-year survival rates for stage A
patients without ascites and AFP < 200 ng/mL were
94%, 77%, and 71%, respectively, and for patients
with ascites and AFP ≥ 200 ng/mL were 83%, 24%,
and 22%, respectively (P < 0.001). Adding ascites and
AFP ≥ 200 ng/mL improved the discriminatory ability
for predicting prognosis (area under the curve, 0.618
vs 0.579 for BCLC, P < 0.001).

impact treatment modality and patient survival .
Moreover, tumor staging at the time of diagnosis is
essential for selecting the most appropriate therapy
[3]
and to predict survival .
The Barcelona Clinic Liver Cancer (BCLC) system
is the most widely adopted method for staging
[4]
HCC , has been validated in clinical and therapeutic
[5-8]
studies
, and is recommended in the practice
guidelines of the European Association for the Study of
[9]
the Liver (EASL) and the American Association for the
[10]
Study of Liver Diseases (AASLD) . However, patients
with early (BCLC stage A) and intermediate (BCLC
stage B) HCC have varying disease severity, provided
that there is no vascular invasion, extrahepatic spread,
or compromised performance status. Stage A or B
patients can have a Child-Turcotte-Pugh (CTP) score of
[11]
5 (class A) , or can have ascites or encephalopathy
and a CTP score of 9 (class B). A meta-analysis of 30
randomized controlled trials of palliative treatment
in HCC found that ascites was highly correlated with
poor outcome in intermediate and advanced BCLC
[12]
stages . One-year and two-year survival rates in
these patients varied widely among studies included in
the meta-analysis, ranging from 0% to 75% and 0%
to 50%, respectively.
Elevated alpha-fetoprotein (AFP) level, which is an
[5-8]
integral part of several staging systems , may also
impact prognosis and influence treatment decision.
A high AFP level predicts recurrence after resection
and poor outcome after liver transplantation, even for
[13]
patients fulfilling the Milan criteria . In a previous
report, we found that the BCLC staging system
provided the best prognostic stratification, and showed
that the presence of ascites and AFP above 200 ng/mL
(occasionally encountered in stage A and B patients)
[14]
were independent predictors of survival . Other
identified independent predictors of survival (portal
vein invasion and extra-hepatic spread) are used to
assign patients to advanced (stage C) and terminal
(stage D) stages, where the Cancer of the Liver Italian
Program (CLIP) score was found to have the highest
stratification ability. The present study evaluated the
impact of elevated AFP level and presence of ascites
independently on predicting the prognosis of patients
with BCLC stages A and B HCC.

CONCLUSION: Adding AFP and ascites to the BCLC
staging classification can improve prognosis prediction
for early and intermediate stages of hepatocellular
carcinoma.
Key words: Alpha-fetoprotein; Ascites; Barcelona Clinic
Liver Cancer; Hepatocellular carcinoma; Survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although the Barcelona Clinic Liver Cancer (BCLC)
system contains Child-Turcotte-Pugh classification as a
main variable, a patient within BCLC stage A or B may
have ascites, which can interfere with the recommended
treatment. An elevated alpha-fetoprotein level, which
is an integral part of other staging systems, may also
impact prognosis and influence treatment decision. In
this study, we evaluated the utility of adding ascites
and the alpha-fetoprotein level to the BCLC system for
predicting prognosis and survival in a large cohort of
early and intermediate hepatocellular carcinoma patients
at a tertiary referral center for liver disease in Egypt.
Gomaa AI, Al-Khatib A, Abdel-Razek W, Hashim MS, Waked I.
Ascites and alpha-fetoprotein improve prognostic performance
of Barcelona Clinic Liver Cancer staging. World J Gastroenterol
2015; 21(18): 5654-5662 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i18/5654.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5654

MATERIALS AND METHODS
Study design

This prospective study was conducted between
January 2010 and December 2013 and included
stages A and B HCC patients at the National Liver
Institute, a tertiary referral center for liver disease in
Egypt. The study conformed to the ethical guidelines
of the Declaration of Helsinki (1964, as revised in
2004), and was approved by the Institutional Review
Board (IRB00003413). Written informed consent was
obtained from each patient. The diagnosis of HCC was

INTRODUCTION
Hepatocellular carcinoma (HCC) is the second
leading cause of cancer-related death worldwide,
[1]
and its incidence is increasing . Patient prognosis is
determined by tumor characteristics of HCC and by the
presence of chronic liver disease and cirrhosis, which
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liver disease (CTP class C), and were excluded from
analysis. Patients with newly diagnosed, mild ascites on
initial ultrasound, computed tomography (CT) or clinical
examination, or those who were already being treated
for ascites who had a CTP score ≤ 9 were included
in this analysis. A committee determined the therapy
for patients based on the BCLC recommendation, and
patients were monitored from the time of diagnosis to
the date of death or date of data collection at the end of
the study period.

Table 1 Characteristics of the study population n (%)

Number
Age (yr), mean ± SD
Male
Cirrhosis
Ascites
Etiology of liver disease
HCV
HBV
Non-HCV, non-HBV
AFP (ng/mL), mean (range)
AFP ≥ 200 (ng/mL)
Number of tumor nodule
One
Two
Three
More than three
Size of nodule, mean ± SD
Child-Pugh
A
B
Treatment modality
Resection
Transplantation
PEI
RFA
Microwave ablation
TACE
Biochemical data, mean ± SD
Serum total bilirubin (mg/dL)
Serum albumin (g/dL)
International normalized ratio
ALT (IU/mL)
AST (IU/mL)

BCLC A

BCLC B

n = 496
56.2 ± 8.3
414 (83.5)
448 (90.5)
91 (18.3)

n = 564
56.6 ± 8.7
452 (80.3)
510 (90.4)
151 (26.8)

986 (93)
973 (91.8)
43 (4)
52 (4.9)
31 (3)
35 (3.3)
365 (20-12, 660) 890 (20-26, 400)
166 (33.5)
242 (42.9)
404 (81.5)
53 (10.7)
39 (7.9)
0
3.9 ± 1.8

0
204 (36.2)
187 (33.1)
173 (30.7)
7.4 ± 2.7

268 (54)
228 (46)

261 (46.3)
303 (53.7)

113 (22.8)
7 (1.4)
62 (12.5)
262 (52.8)
18 (3.6)
34 (6.9)

0
0
0
0
0
564 (100)

1.5 ± 1.3
3.3 ± 0.6
1.2 ± 0.4
63 ± 45
82 ± 61

1.5 ± 1.1
3.3 ± 0.6
1.2 ± 0.5
62 ± 58
83 ± 80

Outcome assessment

Overall survival was the single end point used to
assess the performance of the staging system. The
length of survival was calculated from the date of
HCC diagnosis to the date of death or, in the case of
survivors, the date of the last follow-up visit. Patients
who were alive at the end of the study or lost to followup were censored.

Statistical analysis

Statistical analyses were performed using SPSS 17.0
software (SPSS Inc., Chicago, IL, United States). The
Kaplan-Meier method was used to compare overall
survival with respect to patient age, sex, presence
of ascites, albumin level, total bilirubin, prothrombin
time, CTP class, serum AFP level, AFP above or below
200 ng/mL, greatest tumor dimension > 5 cm, and
presence of more than one focal lesion. A univariate
analysis was performed to identify predictors of
survival at the time of HCC diagnosis by the log-rank
[16]
test . The overall predictive power of the staging
system for survival was evaluated by the linear trend
χ 2 test using a Cox regression model[17]. The accuracy
of prediction of death at one, two and three years
was evaluated by calculating the area under the
receiver operating characteristic curve (AUROC) for
each score, which is equivalent to the concordance
[18]
statistic . To perform this test, patients censored
before one, two and three years were excluded from
the analysis. Continuous data are expressed as the
mean ± standard deviation. P < 0.05 was considered
statistically significant. The statistical methods of
this study were reviewed by Sameera Ezzat, M.D.,
Associate Professor of Epidemiology, National Liver
Institute.

Data are frequency counts (percentage of total) or mean ± SD. AFP:
Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; BCLC: Barcelona Clinic Liver Cancer; RFA:
Radiofrequency ablation; PEI: Percutaneous ethanol injection; TACE:
Trans-arterial chemoembolization.

mainly non-histologic, according to the AASLD criteria
[15]
of 2005 .

Patients and data collection

All patients diagnosed with BCLC stages A and B in our
center were invited to participate in this observational
study. Of the 2250 eligible patients, 1060 consented
to participate, and were the subjects of this analysis
(these patients’ data were part of a previous publication
[14]
comparing different staging systems in HCC patients ).
For all patients, demographic information, etiology of
liver disease, and biochemical data [including serum
bilirubin, albumin, international normalized ratio (INR),
alanine and aspartate aminotransferases, and AFP]
were evaluated. Presence of underlying cirrhosis, ascites
and encephalopathy, CTP score, the number of nodules,
and the maximum diameter of the largest nodule were
recorded.
The presence of ascites was assessed at the initial
evaluation. Patients who had clinically detectable, largevolume ascites were considered to have advanced

WJG|www.wjgnet.com

RESULTS
The study included a total of 1060 patients, with
866 men and 194 women with a mean age of 56
± 8.4 years. The baseline patient characteristics
and CTP classification are shown in Table 1. In both
groups, > 90% of patients had cirrhosis. All patients
received an intervention according to the BCLC
[4]
stage and recommended therapies . Trans-arterial
chemoembolization (TACE) was recommended for all
stage B patients, and 34/496 (6.9%) stage A patients
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Table 2 Patients’ survival according to Barcelona Clinic Liver Cancer, alpha-fetoprotein level and ascites

BCLC

1-yr survival

2-yr survival

3-yr survival

Median survival (mo)

P value

90%
69%
85%
71%
83%
69%

69%
33%
59%
41%
58%
29%

56%
18%
50%
22%
44%
23%

37
19
33
21
31
19

< 0.001

A (n = 496)
B (n = 564)
< 200 ng/mL (n = 652)
≥ 200 ng/mL (n = 408)
Absent (n = 818)
Present (n = 242)

AFP
Ascites

< 0.001
< 0.001

P < 0.05 is considered significant. AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer.

Table 3 Univariate analysis of baseline predictors of survival for each stage
Variable
Age

BCLC A

BCLC B

Number of patients Median survival (mo) P value

Number of patients Median survival (mo) P value

< 56
≥ 56

Sex
Ascites
Number of tumor nodules
Maximum tumor diameter
AFP (ng/mL)
CTP class

Male
Female
Absent
Present
One
>1
≤ 5 cm
> 5 cm
< 200
≥ 200
A
B

250
246
414
82
405
91
404
92
454
42
330
166
268
228

39
37
37
39
37
22
37
28
37
34
37
28
39
24

0.590
0.550
< 0.001
0.003
0.700
< 0.001
< 0.001

259
305
452
112
413
151
0
564
119
445
322
242
261
303

19
18
18
23
2014
18
25
18
20
17
24
15

0.230
0.080
< 0.001
< 0.001
< 0.001
< 0.001

P-value < 0.05 is considered significant. AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; CTP: Child-Turcott-Pugh score.

(38.6%) patients had died in BCLC stage A and B
groups, respectively. Overall survival according to BCLC
stage, AFP level, and presence of ascites is presented
in Table 2. The overall median survival after a threeyear follow-up period was 37 mo [95% confidence
interval (95%CI): 35-40 mo] for stage A patients and
19 mo (95%CI: 18-20 mo) for stage B patients.

Table 4 Multivariate analysis of baseline predictors of survival
for each stage
Variable

BCLC A

Number of tumor
nodules > 1
Maximum tumor
diameter > 5 cm
Elevated Child
score
AFP ≥ 200 ng/mL
Presence of ascites

BCLC B

HR (95%CI)

P value

HR (95%CI)

P value

1.82 (1.21-2.75)

0.004

-

-

1.02 (0.49-2.13)

0.942

2.95 (1.87-4.6)

< 0.001

3.2 (2.12-4.87)

< 0.001

1.75 (1.27-2.42)

0.001

Univariate and multivariate analyses

1.6 (1.11-2.32)
1.7 (1.16-2.66)

0.012
0.007

1.3 (1.01-1.74)
1.44 (1.03-2.04)

0.040
0.030

≥ 2 neoplastic nodules, maximum tumor diameter
> 5 cm, AFP ≥ 200 ng/mL, and CTP class B were all

Univariate analysis showed that presence of ascites,

significantly associated with poor survival (P < 0.001
for all) (Table 3). Multivariate analysis showed that
the presence of ascites, multiple focal lesions, large
tumor size, AFP level and CTP score were independent
predictors of survival for the included patients (P <
0.001) (Table 4).
Figure 1 illustrates the survival curves of HCC
patients stratified according to the BCLC classification.
2
The BCLC system had a χ of 87.3 using multivariate
analysis, and the AUROC for BCLC stages A and B was
0.579 (95%CI: 0.543-0.616).
For patients with an AFP level ≥ 200 ng/mL, AFP
was inversely correlated with survival (r = -0.142; P <
0.001) (Figure 2). The risk of death increased with a
hazard ratio of 1.6 (95%CI: 1.11-2.32) and 1.3 (95%CI:
1.01-1.74) for BCLC A and B patients, respectively,

P-value < 0.05 is considered significant AFP: Alpha-fetoprotein; BCLC:
Barcelona Clinic Liver Cancer; HR: Hazard ratio; CI: Confidence interval.

received TACE because their lesion was considered
difficult for local ablation under ultrasound guidance or
was > 5 cm and not suitable for resection. Only 7/496
(1.4%) stage A patients received a living donor liver
transplant. The presence of ascites did not influence
referral or administration of recommended treatment,
and patients with AFP levels ≥ 1000 ng/mL were not
considered for liver transplantation or resection.

Overall survival

At the time the data were censored during an average
follow-up of 18 mo, 123/496 (24.8%) and 218/564
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DISCUSSION

1.0

[19-23]

The lack of consensus concerning staging systems
,
and the recommendation of the EASL-EORTC (European
Organisation for Research and Treatment of Cancer)
for clinical or biomarker refinement of the BCLC staging
[9]
system , necessitates improvements in classifying
HCC patients to achieve better prognostic utility.
Some modifications to various prognostic scores have
been made, which appeared to improve prognostic
stratification of the Tumor-Node-Metastasis (TNM),
[24-26]
Japan Integrated Stage (JIS), and CLIP scores
.A
simplified BCLC staging system with the inclusion of
AFP was found to be more useful for stratifying 232
early HCC patients and allocating them for hepatic
[27]
resection .
Although the presence of ascites or elevated AFP
in this study did not prevent or delay referral for
therapeutic interventions, the survival was affected.
Only a small number of patients in this study received
liver transplants, as liver transplants are only performed
from living donors in Egypt, and are only partially
reimbursed. Only patients younger than 60 years of
age, with HCC within the Milan criteria, AFP < 1000
ng/mL, and who had a willing related donor were
referred to the transplant unit for evaluation, where the
donor acceptance rate is very low.
Uncontrolled or refractory ascites modifies the
Child-Pugh score, and advances BCLC staging to
[4,11]
stage D
. However, the presence of mild or minimal
ascites detected clinically or radiologically changes
the CTP score by only one point, and may not change
the BCLC stage. Although the grading of ascites
is subjective, large-volume ascites can be easily
demarcated based on clinical judgment, and these
patients were assigned to CTP class C and not included
in these analyses. Thus, only patients who were within
Child-Pugh A or B and BCLC stages A and B were
investigated in this study. The results show that the
presence of even minimal ascites was significantly
associated with a shorter survival compared to patients
with the same BCLC stage without ascites, which is
[28,29]
consistent with previous reports
.
Disadvantages of the BCLC system are that there
is substantial variation in prognosis among patients
within the same stage, and that it encompasses a
very heterogeneous population in the intermediate
[30-32]
stage B
. Stage B includes patients with a tumor
burden that varies from four small tumors to near
complete replacement of the liver. Thus, this group
of patients is treated by a variety of methods, such
[33]
as TACE, radioembolization, and surgical resection .
Recently, a sub-staging of stage B patients (from B1
to B4) has been proposed, which incorporates the
tumor burden (the “up-to-seven” criteria developed
for liver transplantation) and Child-Pugh score (A5 to
[34]
B9) . Using this strategy, the median survival was
poor for patients with a higher B sub-stage with 34,

Cum survival (%)

0.8

BCLC A

0.6

0.4
BCLC B

0.2

0.0
0

10
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Figure 1 Kaplan-Meier survival curves for the Barcelona Clinic Liver
Cancer staging system for the whole cohort. There is a significant difference
in survival between Barcelona Clinic Liver Cancer stages A and B patients.
BCLC: Barcelona Clinic Liver Cancer stage.

compared to those with AFP < 200 ng/mL. For BCLC A
and B patients with ascites, the risk of death increased
with a hazard ratio of 1.7 (95%CI: 1.16-2.66) and 1.44
(95%CI: 1.03-2.04), respectively.
Among stage A patients, the 280 patients without
ascites and with an AFP level < 200 ng/mL had a
median survival of 39 mo. The 41 patients with ascites
and AFP ≥ 200 ng/mL had a median survival of 19
mo. The 125 patients without ascites and with AFP ≥
200 ng/mL had a median survival of 28 mo, and the
50 patients with ascites and AFP < 200 ng/mL had
a median survival of 24 mo. The survival curves for
the last two subgroups were nearly identical, and the
median survival estimates were very close. The one-,
two-, and three-year rates of survival for BCLC stage
A patients without ascites and AFP < 200 ng/mL were
94%, 77% and 71%, and for patients with ascites
and AFP ≥ 200 ng/mL were 83%, 24%, and 23%,
respectively (P < 0.001).
The median survival for stage B patients with either
AFP ≥ 200 ng/mL, or ascites, or both, was 19, 18,
and 12 mo, respectively, compared to 22 mo in the
absence of both ascites and AFP ≥ 200 ng/mL. The
one-, two-, and three-year rates of survival for stage
B patients without ascites and AFP < 200 ng/mL were
79%, 43% and 24%, respectively, and for those with
both ascites and AFP ≥ 200 ng/mL were 46%, 15%
and 7%, respectively.
Patient survival according to a modified BCLC
staging system, inclusive of ascites and AFP factors, is
presented in Figure 3 and Table 5. When entered into
a Cox regression model, ascites and AFP added to the
BCLC showed better performance in predicting overall
survival compared to the BCLC, with higher homogeneity
2
(χ , 130 vs 87), and a greater AUROC (0.618, 95%CI:
0.583-0.654 vs 0.579, 95%CI: 0.543-0.616).
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[14]

across all BCLC stages . The elevated AFP level
may be an indication of vascular invasion and HCC
progression, and can help identify subsets of HCC
patients with an increased risk for early recurrence and
[36]
[37,38]
poor prognosis after hepatectomy or transplant
.
The AFP level can also be used to predict the antitumor
[39]
response to radiofrequency ablation
and sorafenib
[40]
therapy . The results of the present study show that
patients with early (stage A) or intermediate (stage
B) HCC and AFP ≥ 200 ng/mL have shorter survival.
Further analyses indicate that the addition of ascites as
a factor provided better stratification of survival across
different stages.
Patients with HCC and ascites have a high risk
of death due to the high rate of ascites-related
complications, such as spontaneous bacterial peritonitis,
hyponatremia and hepatorenal syndrome. Although
ascites is a parameter of the Child-Pugh classification
of liver disease and is part of the BCLC staging system,
patients with earlier stage HCC can have ascites.
This study shows that including both the presence of
ascites and AFP to the BCLC staging system increases
its prediction of survival and prognostic determination
ability. In addition, this modification may facilitate
treatment decisions. A patient with early stage HCC
with both ascites and high AFP has an expected survival
similar to an intermediate stage HCC patient with either
ascites or high AFP. This knowledge could help modify
the management of these patients and aid in the
selection of the best possible treatment. Furthermore,
this addition to the BCLC staging system may aid in the
proper stratification of HCC patients in controlled trials,

A, no ascites, AFP < 200
A, ascites or AFP ≥ 200
A, ascites and AFP ≥ 200
B, no ascites, AFP < 200
B, ascites or AFP ≥ 200
B, ascites and AFP ≥ 200

1

0.6

2

0.4

4

3

0.2

5
6

0.0
0

10

20

30

40

50

t /mo

Figure 3 Kaplan-Meier survival curves for modified Barcelona Clinic
Liver Cancer for the whole cohort. There is a significant difference in survival
between the three subgroups of either Barcelona Clinic Liver Cancer stage A or
B patients. AFP: alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer stage.

24, 15, and 12 mo for sub-stages B1, B2, B3, and B4,
[35]
respectively .
The correlation between serum AFP and the
severity of HCC has been investigated in several
[5,28,29,36]
studies
. Our earlier study showed that an AFP
≥ 200 ng/mL was associated with shorter survival

WJG|www.wjgnet.com

5659

May 14, 2015|Volume 21|Issue 18|

Gomaa AI et al . Ascites and α-fetoprotein improve BCLC staging
Table 5 Patients’ survival according to modified Barcelona Clinic Liver Cancer staging system

BCLC A

No ascites, AFP < 200 ng/mL (n = 280)
Ascites or AFP ≥ 200 ng/mL (n = 175)
Ascites, AFP ≥ 200 ng/mL (n = 41)
No ascites, AFP < 200 ng/mL (n = 237)
Ascites or AFP ≥ 200 ng/mL (n = 261)
Ascites, AFP ≥ 200 ng/mL (n = 66)

BCLC B

1-yr survival

2-yr survival

3-yr survival

Median survival (mo)

P value

93%
84%
83%
77%
67%
46%

77%
59%
23%
40%
27%
15%

70%
36%
23%
21%
15%
7%

39
30
19
22
18
12

< 0.001

P-value < 0.05 is considered significant. AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer.

Terminology

particularly for patients with early and intermediate
HCC.

BCLC is the recommended staging system in the practice guidelines of the
European Association for the Study of the Liver and the American Association
for the Study of Liver Diseases.

Limitations of this study

Peer-review

Although the study included a large number of patients
prospectively, no patients were in the very early stage
of HCC, a result of the absence of a national screening
program for early detection of HCC in patients with
cirrhosis. The low accessibility to liver transplantation
and the high cost of sorafenib, which is currently
recommended in combination with TACE, may explain
the low survival in this cohort. Furthermore, this study
was conducted from patients within a single center.
Although our hospital is a tertiary referral center, a
referral bias cannot be ruled out.
In conclusion, our results confirm that the prognostic
determination ability of the BCLC staging classification
for early and intermediate HCC needs improvement,
and that AFP and ascites further distinguish patients into
subclasses with significantly different prognoses, who
might need different classification and management.
The large cohort of > 1000 patients and the rigorous
follow-up validate the results, which can be generalized
to patients with HCC elsewhere. Nevertheless, external
validation is needed.

This is an interesting study in which the authors demonstrate that adding
ascites and AFP to BCLC can improve prediction of survival and prognosis in
stages A and B HCC patients.
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ORIGINAL ARTICLE
Prospective Study

Association of Streptococcus bovis presence in colonic
content with advanced colonic lesion
Maya Paritsky, Nina Pastukh, Diana Brodsky, Natalya Isakovich, Avi Peretz
patients who underwent colonoscopy for any reason
were enrolled in the study. Exclusion criteria included:
antibiotic use in the previous month, age younger than
18 years, and inadequate preparation for colonoscopy.
The colonoscopy was performed for the total length of
the colon or to the occluding tumor. The endoscopic
findings were registered. Samples were obtained
proximal to the colonoscopic part of the suction tube
from each patient and sent to the clinical microbiology
laboratory for isolation and identification of S. bovis .
Samples were incubated in enrichment media with
addition of antibiotic disks for inhibition of growth of
Gram-negative rods. The samples were seeded on
differential growth media; suspected positive colonies
were isolated and identified with Gram staining,
catalase, and pyrrolidonyl arylamidase tests, and further
identified using a VITEK2 system. Statistical analyses
2
were performed using the Student’s t and χ tests.
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RESULTS: Of the 203 patients recruited, 49 (24%)
patients were found to be S. bovis carriers; of them,
the endoscopic findings included: 17 (34.7%) cases
with malignant tumors, 11 (22.4%) with large polyps,
5 (10.2%) with medium-sized polyps, 6 (12.2%) with
small polyps, 4 (8.1%) with colitis, and 6 (12.2%)
normal colonoscopies. Of 154 patients found negative
for S. bovis , the endoscopic findings included: none
with malignant tumors, 9 (5.8%) cases with large
polyps, 11 (7.1%) with medium-sized polyps, 26
(16.9%) with small polyps, 7 (4.5%) with colitis, and
101 (65.6%) normal colonoscopies. S. bovis (Grampositive coccus) is considered part of the normal
intestinal flora. There is an association between S.
bovis bacteremia and colonic neoplasia. It is not well
understood whether the bacterium has a pathogenetic
role in the development of neoplasia or constitutes an
epiphenomenon of colorectal neoplasms. There was
a clear relationship between positivity for S. bovis in
colonic suction fluid and findings of malignant tumors
and large polyps in the colon.

Abstract
AIM: To prospectively examine the association between
presence of Streptococcus bovis (S. bovis ) in colonic
suction fluid and the endoscopic findings on colonoscopy.
METHODS: From May 2012 to March 2013, 203 consecutive
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CONCLUSION: There is an association between S.
bovis bacteremia and malignant colonic lesions; this

Studies that have examined the issue of S. bovis
presence in stool and the risk of colorectal cancer have
produced conflicting results. A correlation between
S. bovis presence in stool and colorectal neoplasia
[2,4,5]
was found in some of the studies
, whereas that
[6-13]
association was not found in others
.
Our primary goal is a further examination of
the nature of that association. We prospectively
investigated the association of S. bovis presence in
colonic content and the nature of endoscopic findings
in colonoscopy of 203 patients.

should prompt for development of a reliable screening
method for advanced colonic lesions.
Key words: Colon cancer; Colonoscopy; Culture; Screening;

Streptococcus bovis

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

Core tip: Currently, there is no available noninvasive,
efficient, predictive tool for screening patients in
high-risk populations for the purpose of colonoscopy
examination. In this prospective study, we show a clear
association between the presence of Streptococcus bovis
in colonic suction fluid and findings of malignant tumors
and large polyps during colonoscopy examination. Stool
samples in different forms can be used as screening
material for detection of the population at risk for
advanced colorectal lesion. This may be preferable to
repeated colonoscopy for surveillance in patients who
underwent treatment of advanced colonic lesions by
endoscopy or surgery.

MATERIALS AND METHODS
Patient characteristics

From May 2012 to March 2013, a total of 203
consecutive patients (101 men and 102 women) who
underwent colonoscopy for any reason were enrolled
in the study. Mean age of the recruited patients was
62.5 years (range: 20-95 years). Exclusion criteria
included an age younger than 18 years and inadequate
preparation for colonoscopy. None of the patients
included in the study received antibiotic treatment
of any kind in the month preceding the colonoscopy
procedure.
The colonoscopy procedure examined the entire
length of the colon or until an occluding tumor was
detected. The study protocol was reviewed and
approved by the Poria-Baruch Padeh Medical Center
Institutional Review Board. All study participants, or
their legal guardian, provided informed written consent
prior to study enrollment.

Paritsky M, Pastukh N, Brodsky D, Isakovich N, Peretz A.
Association of Streptococcus bovis presence in colonic content
with advanced colonic lesion. World J Gastroenterol 2015;
21(18): 5663-5667 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5663.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5663

Bacterial culture

INTRODUCTION

Samples were obtained proximal to the colonoscopic
part of the suction tube that was used in the
colonoscopy procedure. The end of the tubule, 3 cm in
length, was placed in a sterile container and transferred
to Laboratory of Clinical Microbiology following the
colonoscopy procedure. Each tubule was transferred
sterilely into a test tube with 2 mL of Brain-Heart
Infusion Broth (Hylabs, Rehovot, Israel); an antibiotic
disk impregnated with ertapenem (BD Diagnostics,
Sparks, MD, United States) was added in order to delay
growth of Gram-negative rods. Samples were incubated
for 18 h at 37 ℃. At the end of the incubation period, 5
μL of the test tube contents were seeded on Bile esculin
agar (Hylabs), in accordance with the relevant protocol.
Culture samples were incubated for a period of 18 h at
37 ℃ under CO2 atmosphere.

Streptococcus bovis (S. bovis) is part of the normal
flora of the human alimentary tract in 2.5%-15%
[1]
of individuals . The association between S. bovis
bacteremia and colonic neoplasia is well described in the
[1-4]
literature , and all patients with S. bovis bacteremia
are advised to undergo investigation to rule out
[5,6]
gastrointestinal tract neoplasia .
It has not yet been determined whether the relation
between the bacterium and gastrointestinal neoplasia
is etiologic or incidental. Data support the etiologic
nature of this relation because of the proinflammatory
potential and procarcinogenic properties of S. bovis,
including the leukocyte recruitment driven by the
bacterium, the tumor tissue-selective adhesion
potential of S. bovis, selective colonization of S.
bovis in tumor cells, tumor tissue microenvironment
suitability for S. bovis proliferation, the local disruption
of tumor tissues and capillaries that allow the entry
of S. bovis into blood circulation, and the S. bovis[6-9]
induced cytokines and transcriptional factors . Some
researchers have postulated that the increased load
of S. bovis in the colon might be responsible for its
[1]
association with colon cancer .
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Identification of microorganisms

At the end of the incubation period, plates were
examined for presence of S. bovis suspicious colonies.
Presence of black-colored colonies on the plates
indicated suspicion of S. bovis (black color attests
to esculin hydrolysis). These colonies were sampled
for Gram-staining and determination of catalase
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-negative patients among those who were diagnosed
with small- and medium-sized polyps and with colitis/
ileitis.
The mean age of S. bovis carriers was significantly
higher (10 years older) than the non-carriers group
(P < 0.05), which could thereby predict potential
appearance of advanced lesions in later stages of life.

Table 1 Endoscopic findings in accordance with Streptococcus
bovis culture results n (%)
Negative (n = 154) Positive (n = 49)

Variable
Age, yr
Sex, female:male
Normal
colonoscopy
Colitis/ileitis
Small polyp
Medium-sized
polyp
Large polyp
Malignant tumor

P value

60.1
1:1 (77:77)
102 (66.2)

70.1
1:1 (25:24)
6 (12.2)

< 0.0001
0.9010
< 0.0001

7 (4.5)
26 (16.9)
11 (7.1)

4 (8.1)
6 (12.2)
5 (10.2)

0.4428
0.4990
0.4885

8 (5.2)
0

11 (22.4)
17 (34.7)

0.0003
< 0.0001

DISCUSSION
Colorectal cancer is one of the most common cancers
[14-17]
(fourth among men and third among women)
.
There is an association between S. bovis bacteremia
and colonic neoplasia. It is not well understood
whether the bacterium has a pathogenic role in
the development of neoplasia or constitutes an
epiphenomenon of colorectal neoplasms. Possible
mechanisms that may explain this association include
S. bovis overgrowth, breakdown of mucosal integrity,
[18-21]
and subsequent bacterial translocation
.
Performance of a routine colonoscopy examination
in high-risk populations could result in detection, early
treatment of premalignant lesions, and subsequent
prevention of colorectal cancer. Early detection of
a malignant lesion can be crucial in the success of
treatment.
It is important to state that none of the available
noninvasive tests are efficient enough tools for
screening patients in high-risk populations, or to
eventually predict the patients that must undergo
colonoscopy examination. In this prospective study,
we found a clear association between the presence
of S. bovis in colonic suction fluid and findings of
malignant tumor and large polyps in the colon. These
findings confirm the previous data that correlates
[22-24]
the presence of S. bovis with colorectal cancer
.
Findings shown in these studies demonstrate an
association of stool positivity with colorectal cancer,
indicating that bowel suction fluid is representative of
stool positivity for S. bovis. Stool samples in different
forms can be used as screening material for detection
of the population at risk for advanced colorectal lesion.
This can become a preferred surveillance tool instead
of repeated colonoscopy performance in patients who
have undergone treatment of advanced colonic lesions
[25,26]
by endoscopy or surgery
.
Moreover, patients who had S. bovis-positive colonic
content and whose colonoscopy examination showed a
normal nature should be alerted and carefully observed
in the future because of the possible pathogenic role of
S. bovis in colorectal cancer. For this reason, culture of
the suction fluid could shed light and predict the length
of time required until the next colonoscopy. At present,
there is no good noninvasive screening method for
advanced colonic lesion detection.
In conclusion, we have found an association of S.
bovis presence in colonic content and formation of
malignant colonic tumors or large polyps, which could

and pyrrolidonyl arylamidase presence. Colonies
that were found to be Gram-positive cocci and were
catalase and pyrrolidonyl arylamidase negative were
further identified using a VITEK2 system (bioMérieux,
Durham, NC, United States).

Statistical analysis

For statistical analysis, differences between continuous
variables, summarized as mean ± SD, were analyzed
with a Student’s t test. Differences between frequencies
2
were analyzed using a χ test. A P < 0.05 was set to
indicate statistical significance.

RESULTS
Two hundred three consecutive patients with adequate
preparation for the colonoscopy procedure were
recruited and underwent whole colonoscopy procedures
in the Gastroenterology Department (except in cases of
occluding tumor). Forty-nine patients (24%) were found
to be S. bovis carriers.
Among the study population, 17 malignant tumors
were diagnosed. In all these cases S. bovis was
identified in suction fluid. Among 49 patients who were
found positive for S. bovis, the endoscopic findings
included: 17 (34.7%) cases with malignant tumors, 11
(22.5%) with large polyps, 5 (10.2%) with mediumsized polyps, 6 (12.2%) with small polyps, 4 (8.2%)
with colitis, and 6 (12.2%) with normal colonoscopies.
Among 154 patients who were found negative for
S. bovis, the endoscopic findings included: none with
malignant tumors, 8 (5.2%) cases with large polyps,
11 (7.1%) with medium-sized polyps, 26 (16.9%)
with small polyps, 7 (4.6%) with colitis, and 102
(66.2%) normal colonoscopies (Table 1). In all cases,
histopathologic examination was performed with
confirmation of malignant or benign nature of every
lesion.
A significant difference was observed between
S. bovis carriers (patients positive for S. bovis) and
patients without S. bovis (negative) among those
who were diagnosed by colonoscopy with malignant
tumors, large polyps, or normal-nature colonoscopy.
There was no difference between S. bovis-positive and
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be detected in colonoscopy. We suggest considering
our finding of this association in order to develop a
reliable screening method for detection of advanced
colonic lesions. In light of significant developments
in molecular biology and greater sensitivity of these
methods, it is a good idea to utilize this platform for
[27-30]
identification of S. bovis
.

5

6
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7

Background

Streptococcus bovis (S. bovis) is part of the normal flora of the human alimentary
tract. S. bovis bacteremia is often associated with colonic gastrointestinal
neoplasia, because of the pathogen’s proinflammatory potential and
procarcinogenic characteristic. Patients with S. bovis bacteremia are advised to
undergo colonoscopic investigation to rule out gastrointestinal tract neoplasia.
Currently, there is no available noninvasive, efficient, predictive tool for screening
patients in high-risk populations for the purpose of colonoscopy examination.
The results of this study indicate that there is an association of S. bovis presence
in colonic content and the formation of malignant colonic tumors or large polyps;
this knowledge may suggest development of a reliable screening method for
detection of advanced colonic lesions.

8
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Research frontiers

In this study, the authors demonstrate the association between positive
presence of S. bovis bacteria in the colon with precancerous changes and
malignancies of colon. In recent years, there has been growing interest in
research of the human microbiome; this is an example of a human disease that
is associated with bacteria that are natural inhabitants of the human body.
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Innovations and breakthroughs

Most studies examine the association between the presence of bacteria in a
clinical culture, such as a blood culture, and malignancies of the digestive tract.
In this study the authors examined the association between bacterial carriage
in the intestine without knowledge about active infection and malignancies in
the colon. In addition, in this study, differential enrichment of growth media were
performed in order to increase S. bovis detection and identification.
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Applications
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The findings of the association of S. bovis presence in colonic content and
formation of malignant colonic tumors or large polyps could be widely applied
for the development of diagnostic and screening methods for detection of
advanced colonic lesions. For example, S. bovis presence in colonic content
may be applied in molecular biology methods for rapid identification of colonic
malignancy.

14

Terminology

15

Peer-review

16

The VITEK 2 is an automated microbiology system utilizing growth-based
technology for identification and susceptibility testing of the most clinically
important bacteria.
The authors established an association between S. bovis bacteremia and
malignant colonic lesions, it’s interesting and applicable.
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Abstract
AIM: To develop models to predict hepatitis B e antigen
(HBeAg) seroconversion in response to interferon (IFN)-α
treatment in chronic hepatitis B patients.
METHODS: We enrolled 147 treatment-naïve HBeAgpositive chronic hepatitis B patients in China and
analyzed variables after initiating IFN-α1b treatment.
Patients were tested for serum alanine aminotransferase
(ALT), hepatitis B virus-DNA, hepatitis B surface antigen
(HBsAg), antibody to hepatitis B surface antigen,
HBeAg, antibody to hepatitis B e antigen (anti-HBe),
and antibody to hepatitis B core antigen (anti-HBc) at
baseline and 12 wk, 24 wk, and 52 wk after initiating
treatment. We performed univariate analysis to identify
response predictors among the variables. Multivariate
models to predict treatment response were constructed
at baseline, 12 wk, and 24 wk.
RESULTS: At baseline, the 3 factors correlating most
with HBeAg seroconversion were serum ALT level > 4
× the upper limit of normal (ULN), HBeAg ≤ 500 S/CO,
and anti-HBc > 11.4 S/CO. At 12 wk, the 3 factors most
associated with HBeAg seroconversion were HBeAg
level ≤ 250 S/CO, decline in HBeAg > 1 log10 S/CO,
and anti-HBc > 11.8 S/CO. At 24 wk, the 3 factors most
associated with HBeAg seroconversion were HBeAg level
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≤ 5 S/CO, anti-HBc > 11.4 S/CO, and decline in HBeAg
> 2 log10 S/CO. Each variable was assigned a score of
1, a score of 0 was given if patients did not have any of
the 3 variables. The 3 factors most strongly correlating
with HBeAg seroconversion at each time point were
used to build models to predict the outcome after IFN-α
treatment. When the score was 3, the response rates
at the 3 time points were 57.7%, 83.3%, and 84.0%,
respectively. When the score was 0, the response rates
were 2.9%, 0.0%, and 2.1%, respectively.

B surface antigen (HBsAg) seroconversion in a few
[7]
patients . However, IFN-α therapy results in hepatitis
B e antigen (HBeAg) seroconversion in only 30%-40%
[4]
of patients . The molecular mechanism behind why
more patients do not respond to IFN-α therapy is
[8,9]
unknown . Many CHB patients in developing countries
use IFN-α, not PegIFN-α therapy, for economic
reasons. For example, in China, approximately 80% of
[10]
patients are still using IFN-α . To reduce unnecessary
exposure to IFN-α and its potential side effects, as
well as to reduce costs, early predictive parameters
must be developed to determine whether initiation and
continuation of treatment have a reasonable chance of
success in an individual patient.
Factors associated with a favorable response to
IFN-α therapy include serum alanine aminotransferase
(ALT) level, serum HBV DNA level, serum HBsAg and
HBeAg levels, antibody to hepatitis B core antigen
[9,11-19]
(anti-HBc), and HBV genotype
. However, further
studies are needed to confirm these associations.
Several models have been established for assessing
[20-26]
[20]
IFN-α response
. Buster et al
reported that
patients with genotype A HBV, high ALT levels, and/or
low HBV DNA levels had a high predicted probability
(> 30%) of a sustained response to treatment with
PegIFN-α. The model may be used to select patients
for IFN-α therapy, but it does not predict whether
[23]
to continue treatment. Hansen et al
designed a
dynamic model taking into account decline of HBV
DNA during treatment, which provides more accurate
predictions of response to PegIFN-α. This model has a
high negative predictive value (NPV), but the positive
predictive value (PPV) is not good. Clinical usefulness
of model is poor, and the study concentrated on
response to PegIFN-α. A multi-parameter model
shows relatively poor capability for predicting HBeAg
seroconversion in CHB patients treated with IFN-α.
In this study, we followed Chinese CHB patients
treated with IFN-α1b and evaluated the HBeAg
seroconversion achieved by 52 wk. We analyzed
factors such as sex, age, HBV genotype, serum
ALT level, serum HBV DNA level, serum HBsAg and
HBeAg levels, and anti-HBc at baseline, 12 wk, and
24 wk to determine which factors were predictive for
HBeAg seroconversion. We used a multivariate logistic
regression analysis to determine predictive factors,
and then developed predictive models for HBeAg
seroconversion at each of the 3 time points.

CONCLUSION: Models with good negative and positive
predictive values were developed to calculate the
probability of response to IFN-α therapy.
Key words: Chronic hepatitis B; Interferon; Hepatitis B
e antigen; Treatment; Model
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The response to interferon (IFN)-α therapy in
chronic hepatitis B (CHB) patients varies significantly
among individuals. This study of 147 patients evaluated
multiple serological variables in hepatitis B e antigen
(HBeAg)-positive CHB patients treated with IFN-α1b
at baseline, 12 wk, and 24 wk, and then developed
predictive models for HBeAg seroconversion at each
of the 3 time points. The results suggest that models
with good negative and positive predictive values were
developed to calculate the probability of response to
IFN-α therapy.
Wang CT, Zhang YF, Sun BH, Dai Y, Zhu HL, Xu YH, Lu MJ,
Yang DL, Li X, Zhang ZH. Models for predicting hepatitis
B e antigen seroconversion in response to interferon-α in
chronic hepatitis B patients. World J Gastroenterol 2015;
21(18): 5668-5676 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5668.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5668

INTRODUCTION
Hepatitis B virus (HBV) infection is a worldwide
heath problem. An estimated 350 million people are
chronically infected with HBV, leading to complications
such as chronic hepatitis, cirrhosis, and liver carcinoma,
[1-5]
and accounting for one million deaths annually . The
aim of treatment for chronic hepatitis B (CHB) patients
is to decrease cirrhosis and hepatocellular carcinoma
[6]
with the ultimate aim of improving survival .
Currently, two types of antiviral therapies, including
interferon (IFN)-α and nucleo(s)tide analogues, have
[4,5]
been approved worldwide for the treatment of CHB .
IFN-α therapy can include conventional (IFN-α) and
pegylated IFN-α (PegIFN-α). The advantages of IFN-α
therapy include a limited treatment course, fewer cases
of resistance, and sometimes clinical cure, with hepatitis

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

A total of 164 treatment-naïve HBeAg-positive CHB
patients receiving IFN-α1b antiviral therapy were
enrolled in an open, prospective study, all of whom
were followed at the First Affiliated Hospital of Anhui
Medical University from March 2008 to June 2013. The
study was formally approved by the ethics committee
of Anhui Medical University and written informed
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consent was obtained from each participant.
Inclusion criteria were as follows: Patients with
positive results for serum HBsAg for longer than
6 mo; HBV DNA > 10000 copies/mL; persistently
elevated ALT level for 3 mo prior to treatment
where the upper limit of normal (ULN) in this study
was 40 U/mL; IFN-α treatment-naive. Exclusion
criteria were: contraindications to IFN-α treatment,
treatment with nucleotide analogues, infection with
human immunodeficiency virus or hepatitis C or D,
autoimmune chronic liver disease, heritable disorders,
alcoholism, or drug abuse; patients were excluded if
they did not reach 24 wk of IFN-α1b treatment.
HBeAg seroconversion was defined as the loss of
HBeAg (≤ 1 S/CO using the test from Abbott, Chicago,
IL, United States), and positive antibody to hepatitis
B e antigen (anti-HBe) (≤ 1 S/CO using the test from
Abbott) at 52 wk. Patients not fulfilling these criteria
were considered non-responders. Patients with missing
data at 52 wk were classified as non-responders at the
[27,28]
end of treatment
.

± SD, while categorical variables are expressed
as a number (percentage). Statistical analysis of
differences between groups was performed using the
Student’s t-test, analysis of variance (ANOVA), the
χ 2 test, Fisher’s exact test, the Kruskal-Wallis test,
or the Mann-Whitney test, as appropriate. A receiver
operating characteristic (ROC) curve and area under
the curve (AUC) were applied to assess the optimal
parameter cut-off values through maximizing the
Youden’s index (J), where J = sensitivity + specificity
- 1. Spearman’s correlation coefficient was used to
examine relationships among the parameters. We
performed univariate logistic regression analysis to
identify response predictors among the variables. The
variables identified in the univariate analysis entered
multivariate binary stepwise forward (Wald) logistic
regression analysis in order to construct predictive
models. A two-tailed P-value less than 0.05 was
considered statistically significant. All calculations
were performed with SPSS software (version 19.0,
SPSS Inc., Chicago, IL, United States).

Study design

RESULTS

Treatment consisted of IFN-α1b (Shenzhen Kexing
Biotech, Shenzhen, China) at a dose of 5 MU admi
nistered once every other day by a subcutaneous
injection for 52 wk. When ALT level was greater than 10
× ULN, ALT-reducing and liver-protecting drugs were
used until ALT level dropped to < 10 × ULN.
Patient histories were obtained, physical examinations
were conducted, and laboratory assessments were
performed at baseline, 12 wk, 24 wk, and at the end of
treatment (52 wk). Clinical evaluation was performed
to record general characteristics of the patients such as
sex, age, and treatment duration. The HBV genotype
was tested. During the follow-up period, patients were
tested for serum ALT, HBV DNA, HBsAg, antibody to
hepatitis B surface antigen (anti-HBs), HBeAg, antiHBe, and anti-HBc. Serum samples collected at each
visit were stored at -80 ℃ until tested.
Serum HBsAg, anti-HBs, HBeAg, anti-HBe, and
anti-HBc were tested using commercially available kits
(Abbott, Chicago, IL, United States). The sensitivity
of the HBsAg assay ranged from 0.05-250 IU/mL.
Samples with higher concentrations of HBsAg were
diluted 1:500 with ARCHITECT diluents according to
the manufacturer’s instructions. Serum ALT levels were
measured at the time of sampling using an automatic
biochemical analyzer (Roche, Switzerland). An ALT
level ≤ 1 × ULN (40 U/L) was considered normal.
Serum HBV DNA levels were measured using a TaqMan
real-time PCR assay (Shanghai ZJ BioTech, Shanghai,
China) with a lower detection limit of 1000 copies/mL.
The HBV genotype was determined using a real-time
PCR kit (Shanghai ZJ BioTech, Shanghai, China).

Clinical characteristics

One hundred and forty-seven (89.1%) patients were
included in the final modiﬁed intention-to-treat analysis.
Of the patients excluded from the final analysis, 3 did
not take medication, 7 experienced adverse events (1
severe flu-like syndrome, 3 bone marrow suppression,
1 loss of appetite, and 2 abnormal liver function),
and 7 were lost to follow-up. At 52 wk, 135 (91.8%)
patients completed treatment and 12 (8.2%) did not [5
because of adverse events (3 alopecia, 2 psychiatry),
4 because of poor efficacy of IFN-α treatment and
addition of nucleotide analogue treatment, and 3 lost
to follow-up].
We stratified the patients according to whether
or not they experienced HBeAg seroconversion after
IFN-α therapy (Table 1). By the end of treatment, 47
(32.0%) patients experienced HBeAg seroconversion
and 2 (1.4%) patients were HBeAg-/anti-HBe-.
Patients with HBeAg seroconversion had lower HBeAg
than those without HBeAg seroconversion (2.30 ± 0.13
vs 2.67 ± 0.07, P = 0.016). There were no significant
differences between the two groups with regard to
sex, age, HBV genotype, ALT, HBV DNA, HBsAg, or
anti-HBc (P > 0.05).

Quantitative changes in biological markers in CHB
patients after IFN-α therapy

To develop models to predict response to IFN-α
therapy for CHB patients, changes in ALT, HBsAg,
HBeAg, HBV DNA, and anti-HBc levels were analyzed
in patients who had undergone HBeAg seroconversion
(RS group), compared to those who had not (NRS
group) (Figure 1). While ALT, HBV DNA, HBsAg, and
anti-HBc levels at baseline, ALT levels at 12 wk and 24

Statistical analysis

Quantitative variables are expressed as the mean
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markers. The areas under the ROC curves for age, sex,
HBV genotype, serum ALT, HBV DNA, HBsAg, HBeAg,
and anti-HBc were 0.57, 0.51, 0.50, 0.63, 0.60, 0.59,
0.64, and 0.64, respectively. Thus, the predictive value
of each single factor was not high.
As shown in Table 2, in the univariate logistic
regression analysis, sex, age, HBV genotype, and
serum HBV DNA were not statistically different
between those who responded to INF-α vs those who
did not (P > 0.05). The incidence of HBeAg serocon
version was significantly higher among patients with
ALT > 4 × ULN, HBeAg ≤ 500 S/CO, anti-HBc > 11.4
S/CO, and HBsAg ≤ 15000 IU/mL (P < 0.05). A total
of 55 patients had an HBeAg value ≤ 500 S/CO, and
at 52 wk, 26 (47.3%) of these patients had undergone
HBeAg seroconversion. A total of 74 patients had an
ALT value > 4 × ULN, and at 52 wk, 33 (44.6%) of
these patients had undergone HBeAg seroconversion.
A total of 72 patients had anti-HBc value > 11.4 S/
CO, and at 52 wk, 33 (45.8%) of these patients had
undergone HBeAg seroconversion.
In the multivariate logistic regression analysis, ALT
level > 4 × ULN (OR = 2.44, 95%CI: 1.10-5.42, P
= 0.028), HBeAg ≤ 500 S/CO (OR = 2.12, 95%CI:
0.97-4.64, P = 0.060), and anti-HBc > 11.4 S/CO
(OR = 3.02, 95%CI: 1.39-6.57, P = 0.005) were
independent predictors of HBeAg seroconversion. A
model was constructed to predict IFN-α response from
the start of therapy based on 3 variables: ALT, HBeAg,
and anti-HBc. Each variable was assigned a score of 1.
A score of 0 was given if patients did not have any of
the 3 variables.
After applying the model, 26 patients had a
score of 3 and 15 of those (57.7%) exhibited HBeAg
seroconversion. A score of 0 was observed in 34
patients and only 1 (2.9%) exhibited HBeAg serocon
version (Figure 2A).

Table 1 Individual factors of patients with diverse responses
at 52 wk after interferon-α therapy n (%)
Characteristic

Total (n = 147)

RS (n = 47)

NRS (n = 100)

106 (72.1)
41 (27.9)
25.02 ± 056
214.25 ± 17.38

33 (70.2)
14 (29.8)
26.40 ± 1.19
226.23 ± 19.19

73 (73.0)
27 (27.0)
24.37 ± 0.59
208.62 ± 23.94

7.16 ± 0.07

6.93 ± 0.14

7.27 ± 0.09

4.11 ± 0.07

3.93 ± 0.14

4.20 ± 0.07

2.55 ± 0.07
11.13 ± 0.15

2.30 ± 0.13a
11.54 ± 0.27

2.67 ± 0.07a
10.94 ± 0.17

85 (57.8)
55 (37.4)
7 (4.8)

26 (55.3)
21 (44.7)
0 (0.0)

59 (59.0)
34 (34.0)
7 (7.0)

Sex
Male
Female
Age (yr)
ALT (U/L)
HBV DNA
(log10 copies/mL)
HBsAg
(log10 IU/mL)
HBeAg
(log10 S/CO)
Anti-HBc (S/CO)
Genotype
B
C
Other

Data are presented as frequency counts (percentage of total) or mean ±
SD. aP < 0.05, NRS vs RS. RS: HBeAg seroconversion; NRS: No HBeAg
seroconversion; HBV: Hepatitis B virus; ALT: Alanine aminotransferase;
HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; antiHBc: Antibody to hepatitis B core antigen.

Table 2 Factors at baseline influencing hepatitis B e antigen
seroconversion in treated patients evaluated using univariate
and multivariate analyses n (%)
Parameter

RS

Female
gender
Age > 24 yr
ALT > 4 × ULN
HBV DNA ≤ 7
log10 copies/mL
HBsAg ≤
15000 IU/mL
HBeAg ≤ 500
S/CO
anti-HBc >
11.4 S/CO
Genotype B

Univariate
analysis

P value Multivariate P value

OR (95%CI)

OR
(95%CI)

analysis

14 (34.1) 1.15 (0.53-2.47)

0.725

26 (40.0) 1.94 (0.96-3.91)
33 (44.6) 3.39 (1.62-7.12)

0.065
0.001

22 (39.3) 1.71 (0.84-3.46)
27 (40.3) 2.03 (1.00-4.09)

0.138
0.049

26 (47.3) 3.03 (1.48-6.22)

0.003

2.12 (0.97-4.64) 0.060

33 (45.8) 3.69 (1.75-7.75)

0.001

3.02 (1.39-6.57) 0.005

26 (30.6) 0.91 (0.50-1.65)

0.749

2.44 (1.10-5.42) 0.028

Prediction of response to IFN-α at 12 wk

The levels of ALT, HBV DNA, HBsAg, HBeAg, and antiHBc, and the decline in ALT, HBV DNA, HBsAg, HBeAg,
and anti-HBc levels at 12 wk after initiating IFN-α
therapy were comparable in those who responded vs
those who did not. In univariate analysis, patients who
achieved HBeAg seroconversion after IFN-α therapy
had lower serum HBV DNA, HBsAg, and HBeAg levels,
higher anti-HBc levels, and a greater decline in HBV
DNA, HBsAg, and HBeAg than those without HBeAg
seroconversion. ALT and decline in ALT and anti-HBc
levels were not significantly different between patients
who had undergone HBeAg seroconversion and those
who had not. A total of 51 patients showed a decline
in HBeAg values > 1 log10 copies/mL, and at 52 wk,
34 (66.7%) of these patients had undergone HBeAg
seroconversion. A total of 79 patients had an HBeAg
value ≤ 250 S/CO, and at 52 wk, 44 (55.7%) of these
patients had undergone HBeAg seroconversion. A total
of 48 patients had anti-HBc value > 11.8 S/CO, and at
52 wk, 23 (47.9%) of these patients had undergone

ALT: Alanine aminotransferase; ULN: Upper limit of normal; HBV:
Hepatitis B virus; HBsAg: hepatitis B surface antigen; HBeAg: Hepatitis B
e antigen; anti-HBc: Antibody to hepatitis B core antigen; RS: Patients with
HBeAg seroconversion.

wk, and anti-HBc levels at 24 wk were not statistically
significantly (P > 0.05), all other variables were
significantly different between the two groups (P <
0.05). The decline in ALT and anti-HBc levels was not
statistically significant (P > 0.05), but the decline in all
other variables was statistically significant (P < 0.05).

Prediction of response to IFN-α at baseline

To investigate whether response to IFN-α could be
predicted from the start of treatment, ROC curves
were derived from clinical characteristics and biological
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Figure 1 Quantitative changes in biochemical and virus markers in chronic hepatitis B patients after interferon therapy. A: ALT levels; B: HBV DNA levels; C:
HBsAg levels; D: HBeAg levels; E: anti-HBc levels. ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e
antigen; anti-HBc: Antibody to hepatitis B core antigen.

HBeAg seroconversion.
In the multivariate stepwise logistic regression
analyses, HBeAg level ≤ 250 S/CO (OR = 10.90,
95%CI: 2.63-45.27, P = 0.001), decline in HBeAg
> 1 log10 S/CO (OR = 4.53, 95%CI: 1.59-12.91, P
= 0.005), and anti-HBc > 11.8 S/CO (OR = 3.72,
95%CI: 1.41-9.84, P = 0.008) were predictive of
HBeAg seroconversion (Table 3). Each variable was
assigned a score of 1, and a score of 0 was given if
patients did not have any of the 3 variables.
After applying the model, 18 patients had a score
of 3, 15 of whom (83.3%) responded to IFN-α therapy
by exhibiting HBeAg seroconversion. When the score
was 0, the incidence of HBeAg seroconversion was
0.0% (0/50) (Figure 2B).

those who did not (Table 4). A total of 63 patients
had an HBeAg value ≤ 5 S/CO, and at 52 wk, 41
(65.1%) of these patients had undergone HBeAg
seroconversion. A total of 67 patients had an antiHBc value > 11.4 S/CO, and at 52 wk, 30 (44.8%) of
these patients had undergone HBeAg seroconversion.
A total of 45 patients showed a decline in HBeAg
values ≥ 2 log10, and at 52 wk, 30 (66.7%) of these
patients had undergone HBeAg seroconversion.
In the multivariate stepwise logistic regression
analyses, HBeAg level ≤ 5 S/CO and anti-HBc level
> 11.4 S/CO were independent factors predictive of
HBeAg seroconversion (Table 4). Based on clinical
considerations, we included a decline in HBeAg > 2
log10 S/CO in the construction of the scoring model.
Each variable was assigned a score of 1, and a score
of 0 was given if patients did not have any of the 3
variables.
After applying the model, 25 patients had a score

Prediction of response to IFN-α at 24 wk

At 24 wk, all parameters were significantly different
between those who responded to IFN-α therapy vs
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Figure 2 Predictive models at baseline, 12, and 24 wk for hepatitis B e antigen seroconversion by 52 wk in hepatitis B e antigen-positive patients treated
with interferon-α. A: Baseline; B: 12 wk; C: 24 wk. A change in each analyzed variable was assigned a score of 1. A score of 0 was given if patients did not have
changes in any of the analyzed variables. The 3 factors correlating most with hepatitis B e antigen (HBeAg) seroconversion at each time point were used to build
models to predict the outcome after interferon-α treatment.

Table 3 Factors at 12 wk influencing hepatitis B e antigen seroconversion in treated patients evaluated using univariate and
multivariate analyses n (%)
Parameter

RS

Univariate analysis

P value

OR (95%CI)
ALT > 7 × ULN
HBV DNA ≤ 5 log10 copies/mL
HBsAg ≤ 10000 IU/mL
HBeAg ≤ 250 S/CO
anti-HBc > 11.8 S/CO
Decline ALT > 3 × ULN
Decline HBV DNA > 1.5 log10 copies/mL
Decline HBsAg > 0.5 log10 IU/mL
Decline HBeAg > 1 log10 S/CO
Decline anti-HBc > 0.5 S/CO

8 (61.5)
31 (53.4)
41 (48.2)
44 (55.7)
23 (47.9)
20 (40.0)
34 (48.6)
29 (55.8)
34 (66.7)
13 (40.6)

3.90 (1.20-12.66)
5.24 (2.48-11.06)
8.70 (3.39-22.34)
27.24 (7.89-94.09)
2.88 (1.39-5.96)
1.73 (0.84-3.55)
4.65 (2.18-9.93)
5.39 (2.55-11.42)
12.77 (5.60-29.14)
1.64 (0.53-5.07)

Multivariate analysis

P value

OR (95%CI)
0.024
< 0.001
< 0.001
< 0.001
0.005
0.136
< 0.001
< 0.001
< 0.001
0.393

10.90 (2.63-45.27)
3.72 (1.41-9.84)

0.001
0.008

4.53 (1.59-12.91)

0.005

ALT: Alanine aminotransferase; ULN: Upper limit of normal; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen;
anti-HBc: Antibody to hepatitis B core antigen; RS: Patients with HBeAg seroconversion.

of 3 and 21 (84.0%) responded to IFN-α therapy
by exhibiting HBeAg seroconversion. A score of 0
was observed in 48 patients, only 1 (2.1%) of which
exhibited HBeAg seroconversion (Figure 2C).

treatment options. However, 60 patients had a score
of 2 or 3 at the different time points and 65.0%
(39/60) of these patients responded to IFN-α therapy
by 52 wk. Therefore, a score of 2 or 3 correlates
well with IFN-α response as determined by HBeAg
seroconversion.

Response-guided therapy

The study showed that CHB patients with a score
of 0 at baseline, 12 wk, or 24 wk of IFN-α therapy
have a high NPV independent of their score at other
time points. Only 2 of 68 CHB patients with a score
of 0 at any time point responded to IFN-α therapy by
52 wk. Therefore, patients with a score of 0 should
not continue IFN-α therapy and should pursue other
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DISCUSSION
Monitoring responses to IFN-α treatment requires
evaluating sustained suppression of HBV replication,
biochemical remission, histological improvement,
and HBeAg/HBsAg loss or seroconversion in HBeAg-
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Table 4 Factors at 24 wk influencing hepatitis B e antigen seroconversion in treated patients evaluated using univariate and
multivariate analyses n (%)
Parameter

RS

Univariate analysis

25 (45.5)
32 (50.8)
33 (52.4)
41 (65.1)
30 (44.8)
35 (42.2)
36 (46.8)
26 (49.1)
30 (66.7)
19 (47.5)

2.65 (1.30-5.42)
4.48 (2.25-10.01)
5.50 (2.58-11.73)
24.23 (9.11-64.47)
3.01 (1.46-6.18)
3.16 (1.47-6.78)
4.71 (2.15-10.32)
3.35 (1.62-6.91)
10.00 (4.45-22.47)
2.55 (1.20-5.43)

P value

OR (95%CI)
ALT ≤ 1 × ULN
HBV DNA ≤ 4 log10 copies/mL
HBsAg ≤ 2000 IU/mL
HBeAg ≤ 5 S/CO
anti-HBc > 11.4 S/CO
Decline ALT > 2 × ULN
Decline HBV DNA > 2 log10 copies/mL
Decline HBsAg > 1 log10 IU/mL
Decline HBeAg > 2 log10 S/CO
Decline anti-HBc > 0.5 S/CO

Multivariate analysis

P value

OR (95%CI)
0.008
< 0.001
< 0.001
< 0.001
0.003
0.003
< 0.001
0.001
< 0.001
0.015

16.82 (5.07-55.79)
3.01 (1.20-7.56)

1.85 (0.62-5.49)

< 0.001
0.019

0.269

ALT: Alanine aminotransferase; ULN: Upper limit of normal; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen;
anti-HBc: Antibody to hepatitis B core antigen; RS: Patients with HBeAg seroconversion.

[29-31]

positive patients
. HBeAg seroconversion usually
predicts long-lasting suppression of HBV, reduced
[32]
infectivity, and improved clinical prognosis . Because
many patients in our study did not achieve HBeAg
seroconversion and may have therefore continued
treatment using nucleotide analogues, we chose to
[32-34]
end the study after 52 wk
.
Our study showed that 32.0% of the patients
achieved HBeAg seroconversion by the end of
[4]
treatment, consistent with other reports . The CHB
patients in this study mostly came from the Anhui
Province in China where HBV genotypes B and C are
prevalent. Our results are similar to those of other
studies in the region, and HBV genotype did not affect
IFN-α efficacy.
Our data indicate that ALT, HBV DNA, HBsAg,
HBeAg, and anti-HBc levels at baseline and 12 and
24 wk are predictive of response to IFN-α therapy
in HBeAg-positive CHB patients, consistent with
[9,11-19]
previous reports
. Some studies suggested
that HBsAg levels correlate with response to IFN
[9,11,13,18]
therapy
. However, other studies have shown
[35]
no significant difference . In our study, HBsAg levels
showed predictive trends between responders vs nonresponders, but the results did not reach statistical
significance (P = 0.068).
If efficacy of IFN-α treatment could be predicted
prior to and during treatment, many medical resources
would be saved and complications of therapy would
be avoided. Previous models have some drawbacks.
First, some did not use multivariate analyses, hence
[26]
reducing the accuracy of their studies . They also
did not use anti-HBc, which is a predictor for IFN-α
response in our study. Some models did not use more
than one time point; therefore, their results were not
conducive to guiding therapy based on response over
[20]
time . Some studies used complicated mathematical
[24]
models not conducive to clinical use . Our study
overcame these problems.
ALT, HBeAg, and anti-HBc levels are commonly
tested for application in a clinical setting and could be
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used to build predictive models by multivariate stepwise logistic regression analysis at baseline. HBeAg,
decline in HBeAg, and anti-HBc levels could be used
to build predictive models by multivariate stepwise logistic regression analysis at 12 and 24 wk.
At the 3 time points, the PPVs were 57.7%, 83.3%,
and 84.0%, respectively, when the score was 3. In
addition, the NPVs were 97.1%, 100%, and 97.9%,
respectively, at the 3 time points when the score was
[21]
0. For example, In the study by Lau et a , the PPV
was 61% and NPV was 76% at baseline. van der Eijk
[26]
et al reported a PPV of 46% and NPV of 100% at 12
[12]
wk. In the study by Fried et al , the NPV was 96% at
24 wk. Therefore, our model has a higher PPV or NPV
compared with other models.
In this study, the best single factor to predict IFN-α
response was HBeAg level. However, its NPVs were
only 66.3%, 86.7% and 79.5% at baseline, 12 and
24 wk, respectively. In comparison, the model has a
better NPV (97.1%, 100%, and 97.9%, respectively).
Only 2 (2.9%) CHB patients with a score of 0 at any
time point (baseline, 12 or 24 wk) responded to IFN-α
therapy at 52 wk. Therefore, we recommend that
patients with a score of 0 at baseline, 12, or 24 wk
may stop IFN-α therapy and pursue other treatment
options to reduce unnecessary costs. While patients
scoring 2 or 3 at the different time points have a
higher chance of responding to IFN-α therapy and
should continue to treat with IFN-α.
Our study had some limitations. The endpoint of
HBeAg seroconversion was evaluated at 52 wk rather
than 24 wk after initiating treatment. Since the study
was open, most patients began using nucleotide
analogs if they did not achieve HBeAg seroconversion
and so were not still taking IFN-α by 52 wk.
In conclusion, we developed models for predicting
responses to IFN-α therapy in CHB patients. The
models have a good NPV and PPV and are relatively
simple, which is beneficial for clinical application.
Future research should explore whether these models
also hold for prolonged therapy or PegIFN-α therapy.

5674

May 14, 2015|Volume 21|Issue 18|

Wang CT et al . Model predicts interferon-α response

COMMENTS
COMMENTS
Background

10

It is very difficult to predict whether interferon (IFN)-α treatment will be
successful before initiating therapy for an individual chronic hepatitis B (CHB)
patient.

11

Research frontiers

Recent research has been carried out to develop models to assess the efficacy
of IFN-α. However, previous studies used relatively few variables and did not
have good positive and/or negative predictive values.

Innovations and breakthroughs

12

Applications

13

Terminology

14

Peer-review

15

In this study, the authors (1) showed that the presence of antibody to hepatitis
B core antigen may be an independent predictor of IFN-α response in CHB
patients; and (2) developed prediction models for hepatitis B e antigen (HBeAg)
seroconversion in response to IFN-α therapy to help guide treatment at
baseline and 12 and 24 wk after initiating therapy.
It is crucial to identify which CHB patients are responding to IFN-α treatment
in order to determine whether to continue therapy or change the course of
treatment. Using the predictive models developed in this study, practitioners
would be able to monitor IFN-α response and to individualize treatments.
HBeAg is a soluble protein found in hepatitis B virus core particles. It can cause
severe liver cell damage and more infectivity. HBeAg seroconversion improves
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Abstract
AIM: To study the criteria for self-reported dietary
fructose intolerance (DFI) and to evaluate subjective
global assessment (SGA) as outcome measure.
METHODS: irritable bowel syndrome (IBS) patients
were randomized in an open study design with a 2
wk run-in on a habitual IBS diet, followed by 12 wk
with/without additional fructose-reduced diet (FRD).
Daily registrations of stool frequency and consistency,
and symptoms on a visual analog scale (VAS) were
performed during the first 4 wk. SGA was used for
weekly registrations during the whole study period.
Provocation with high-fructose diet was done at
the end of the registration period. Fructose breath
tests (FBTs) were performed. A total of 182 subjects
performed the study according to the protocol (88
FRD, 94 controls).
RESULTS: We propose a new clinically feasible dia
gnostic standard for self-reported fructose intolerance.
The instrument is based on VAS registrations of symptom
relief on FRD combined with symptom aggravation upon
provocation with fructose-rich diet. Using these criteria 43
of 77 patients (56%) in the present cohort of IBS patients
had self-reported DFI. To improve the concept for clinical
evaluation, we translated the SGA scale instrument to
Norwegian and validated it in the context of the IBS diet
regimen. The validation procedures showed a sensitivity,
specificity and κ value for SGA detecting the self-reported
DFI group by FRD response within the IBS patients of 0.79,
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0.75 and 0.53, respectively. Addition of the provocation
test yielded values of 0.84, 0.76 and 0.61, respectively.
The corresponding validation results for FBT were 0.57,
0.34 and -0.13, respectively.

numerous factors that give false-negative and false[5]
positive results, as reviewed by Kyaw and Mayberry .
These include factors such as colonization by nonhydrogen-producing bacteria and gastrointestinal
[5]
dysmotility . In a recently published report we have
described a discrepancy between the FBT and the effects
[11]
of a fructose-reduced diet (FRD) .
Due to the lack of an accurate and valid test for
diagnosing FM, there is an increasing interest to use selfreported responses to FRD as a diagnostic tool for FM.
[6]
Goldstein et al reported that in patients with IBS or
functional abdominal complaints, 56%-60% improved
their symptoms when on a low-fructose diet; a finding
[12-14]
also reported in some observational studies
.
[14]
Therefore, as advocated by Fernández-Bañares et al ,
the use of FRD is a simple and feasible test that should
be utilized more in clinical practice. So far, there is no
standardized procedure for performing FRD tests. This
includes no standardized level for the upper load of
fructose to be used per meal, as well as a lack of a clinical
tool to assess the effects of FRD in IBS patients.
The aims of the present study were: (1) to define
criteria for self-reported dietary fructose intolerance
(DFI) in a cohort of patients with IBS defined by
Rome Ⅱ criteria; and (2) to evaluate subjective global
assessment (SGA) registration as an alternative to a
diary-based symptom registration (VAS scale) as an
outcome measure. This is a follow-up report of the
open multicenter randomized controlled trial, Fructose
[11]
Malabsorption in Northern Norway .

CONCLUSION: FRD improves symptoms in a subgroup
of IBS patients. A diet trial followed by a provocation
test evaluated by SGA can identify most responders to
FRD.
Key words: Breath test; Dietary restriction; Fructose
malabsorption; Functional bowel disease; Sugar intolerance
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this second report from the FINN study,
new diagnostic criteria for self-reported fructose
intolerance, based on fructose-reduced diet (FRD), were
developed. Subjective global assessment of abdominal
relief seems to be a valid outcome measure, which may
be used as a feasible alternative to daily visual analog
scale registrations both in daily routine handling of
these patients and in future studies of irritable bowel
syndrome (IBS). More than half of IBS patients in this
study seemed to benefit from using FRD to control their
IBS symptoms.
Berg LK, Fagerli E, Myhre AO, Florholmen J, Goll R. Selfreported dietary fructose intolerance in irritable bowel syndrome:
Proposed diagnostic criteria. World J Gastroenterol 2015;
21(18): 5677-5684 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5677.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5677

MATERIALS AND METHODS
Enrolment and patient flow

INTRODUCTION
The self-reported intolerance to fructose intake has
been described as fructose malabsorption (FM) due to
small intestinal dysfunction. This was first reported in
[1]
four patients with chronic diarrhea and colic in 1978 ,
[2]
in healthy subjects in 1983 , and in populations with
[3]
irritable bowel syndrome (IBS) in 1986 . Fructose
is absorbed from the intestinal lumen by facilitated
diffusion through the GLUT5 transporter protein in
the mucosa, which is a type of glucose-dependent
[4]
transport . The exact mechanisms leading to
incomplete fructose absorption are unknown, and in
the literature, they are described as ranging from a true
[5]
condition to a variance of normality . Moreover, it is
[6,7]
well established that factors such as dietary sorbitol
[8]
and dietary non-hydrolysable fructans aggravate IBS
[9]
symptoms . The amount of sorbitol needed to provoke
[10]
IBS symptoms appears to be ≥ 10 g .
The current diagnostic test for FM, the fructose breath
test (FBT), is suboptimal due to the many variations in
[5]
the normal capacity of fructose absorption . There are
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[11]

The study outline has been published earlier . In
brief, during the period July 2008 and July 2011,
patients who met the Rome Ⅱ criteria for diagnosis
were recruited. The IBS patients were registered
according to their subtypes: constipation or diarrhea.
An individual diagnostic workup was performed
including, but not mandatory, blood tests, stool
samples, breath tests, endoscopy and histological
examination, and X-ray or ultrasound investigations
to ensure the exclusion of organic disease or other
malabsorption diseases such as lactose intolerance or
celiac disease. Exclusion criteria were patients with
severe chronic disease, severe chronic constipation
(defined as laxative users), patients taking antibiotics
or nonsteroidal anti-inflammatory drugs (NSAIDs),
and patients whom had previously had performed an
FBT or used an FRD.

Study design

[11]

As previously described , the study was designed
with a pre-registration period of 2 wk in which the
patients followed their individual habitual IBS diet
(HID). The patients were then randomized without
stratification to continue HID with or without additional
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[15]

fructose (30 g) during the provocation test . The VAS
and SGA scores (as compared to the last week of main
[11]
registration)
were logged in a separate provocation
diary.

Table 1 Fructose-reduced diet (according to definition < 2
g fructose/meal)
Food item

In moderation

Use sparingly

Avoid

Fruit/berries

Lemon,
All other types of
raspberries,
fruit and berries
blueberries
Vegetables
Most vegetables, Tomato purée Carrots, legumes,
avocado
boiled potatoes
Meat/fish/
100% ground beef
Caviar,
eggs
and fish with no
mackerel in
additives
tomato sauce
Anchovies
and herring
Milk products
White/brown
Cheeses with
Fruit yoghurt,
cheeses/cream and fruit added
ice cream and
sour cream
puddings
Grain
Bread, pasta, rice
Sweet bakery and
products
and white flour
cereals
Miscellaneous Margarine, oils,
Dressings,
Sweets, chocolates
mayonnaise, nuts
ketchup
Drinks
Water, milk, tea, Light orange Juice, nectar, sodas
coffee, light soda
juice
and fructose
drinks, milk with
and light fructose
sugar or fructose
drinks
added

Symptom score of IBS

The subjects filled in a symptom registration diary.
Each day they marked on a VAS form (0-100 mm) the
degree of pain and bloating experienced (0 mm for no
symptoms, and 100 mm for maximal symptom score).
In addition, they counted the number of stools and
gave a description of the stool quality on a scale of 1-7
[13]
(Bristol scale) .

Self reported fructose intolerance: Diagnostic criteria

[11]

Based on the experiences from our first study , a
diagnostic test based on a self-reported (subjective)
intolerance to fructose in IBS was constructed.
We defined fructose-related food intolerance as a
combination of symptom relief associated with dietary
fructose restriction and symptom exacerbation following
[11]
a fructose provocation test. In our previous study
the Bland-Altman analysis showed that the technical
detection limits (corresponding to 1.96 SD of mean
bias) were 18 mm (18% on VAS scale of 100 mm)
for pain/discomfort and 17 mm for bloating. Based on
these boundaries a response to FRD was defined as
> 25 mm relief, whereas > 25 mm worsening of the
VAS score during provocation was considered a positive
[11]
test .

FRD (< 2 g fructose per meal) for 12 wk.
The randomization was assisted by The Scientific
Department, University Hospital of North Norway,
Tromsø.
Individual instructions for the FRD were given both
verbally and through written information that included
a table in Norwegian showing the fructose content in
91 common food ingredients (a similar table can be
found at web site given in reference 15). For a short
version of the table of instructions see Table 1.
In addition to daily VAS registrations of abdominal
pain/discomfort, bloating, stool frequency and
consistency for 4 wk, an SGA registration was
completed once weekly for 12 wk. Early dropouts
(defined as patients who registered for < 3 wk of the
main 12-wk period) were replaced but late dropouts
were not replaced. Data from patients that registered
for > 3 of the 4 wk were included in the total
registration. The main reason for choosing a 4-wk VAS
registration was concern about compliance because
the subject would have to perform daily registrations
throughout the study. After the main registration
period, the patients delivered their diaries, underwent
FBT, and were instructed in the fructose-rich
provocation test for a maximum of 7 d, or for a shorter
time if the test provoked IBS symptoms. For the
provocation test, patients were told to choose sucroserich food and to include ≥ 200 ml of fruit juice with
[15,16]
only small amounts of sorbitol in each daily meal
(e.g., 200 ml orange juice, 8-9 g fructose with no
sorbitol content/200 ml apple juice, 15 g fructose and
1 g sorbitol). Study patients were instructed to use the
same information table as a guide for both reducing
fructose load and ensuring a sufficient intake of

WJG|www.wjgnet.com

SGA score of IBS

Patients determined the SGA of abdominal relief
once during every weekend of the study period by
entering their assessment in their personal diary. The
assessment was completed by answering the following
question: Please consider how you have felt the past
week with regards to your IBS, in particular your
overall wellbeing, symptoms of abdominal discomfort,
pain and altered bowel habit compared to how you
felt before entering the study). How do you rate your
relief (or worsening) of symptoms during the past
week? The scale contained five possible answers: (1)
completely relieved; (2) considerably relieved; (3)
[17]
somewhat relieved; (4) unchanged; or (5) worse .
Using the SGA score, patients who were somewhat
relieved in week 3 and 4, or completely/considerably
relieved in at least 1 wk were considered to have
responded to the FRD.

Breath tests

Hydrogen (H2) and methane (CH4) were measured
by a Microlyzer (Quintron Instrument Co. Inc.,
Milwaukee, WI, United States) in end-expiratory
breath samples. After an overnight fast, H2 and CH4
levels were measured before drinking 15 mL solution
corresponding to 50 g fructose). Measurements were
performed every 30 min until a gas peak was reached,
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(ANOVA) and Spearman’s correlation on ∆VAS (week
0 vs week 4) vs SGA score at 4 wk in all included
patients. The former analysis also yielded information
regarding scale linearity and precision of the SGA
measure. Finally, the face validity denoting whether
the questions made sense was performed in all of the
patients and 10 healthy volunteers.

Table 2 Demographic and baseline variables for patients
included
All (77)

SRFI neg.
(34)

SRFI pos. P value
(43)

Age, yr (median
43 (18-73)
46 (19-73)
43 (18-73)
range)
Female/male ratio (%)
61/16
25/9
36/7
Abdominal pain/
53(3-89)
58 (3 89)
50 (16-76)
discomfort (mm)
Bloating (mm)
55 (20-84)
58 (22-83)
54 (20-84)
Stool frequency
1.5 (0-4)
1.6 (1-4)
1.5 (0-4)
[median (range)]
Boston scale stool
4.4 (1.9-6.0) 4.6 (1.9-6.0) 4.3 (2.6-5.9)
consistency

NS1
NS2
NS1

RESULTS

NS1
NS3

Enrollment of patients

Patient inclusion in this multicenter study is described
[11]
in detail in a previous publication . In brief, 310
patients admitted to hospital with IBS symptoms were
screened, and 108 did not meet the inclusion criteria.
The 202 patients included were randomized, and 182
completed the main registration period of 12 wk. All
early dropouts were replaced. All patients reported a
combination of constipation and diarrhea. A total of 88
patients were randomized to FRD. Among these, we
experienced missing data from 11 patients; nine due
to a missing provocation diary and two that missed
markings for SGA change in week 4 of the main diary.
The remaining 77 patients reported complete VAS and
SGA data both during the pre- and main registration
periods, as well as a complete registration during the
provocation test. We found no significant differences
in age, sex ratio, abdominal pain/discomfort, bloating,
stool frequency or Bristol scale stool consistency
between the FRD + HID and HID groups (Table 2).

NS1

1

Independent samples t-test; 2The χ 2 test; 3Mann-Whitney U. IBS: Measures
are mean preregistration values (95%CI) unless otherwise stated.
Treatment group differences were tested. SRFI: Self reported fructose
intolerance; NS: Not significant.

Four week SGA

Pain/discomfort
Bloating

Four week VAS change (mm)

50

0

-50

Considerably
-100

Completely
relieved

relieved

Unchanged

Somewhat
relieved

Validation analysis of SGA

Worse

Internal consistency was tested by calculating the VAS
change for each of the 182 patients by comparing
status at 4 wk with pre-registration. These ∆ values
were compared to SGA scores at week 4 using the
Spearman Rank correlation test. The analysis yielded ρ
values of 0.59 (SGA vs pain/discomfort, P < 0.0005);
0.58 (SGA vs bloating, P < 0.0005); and 0.84 (bloating
vs pain/discomfort, P < 0.0005). The graph for the
control group illustrated in Figure 1 shows that SGA is
a stable measure throughout the 3-mo study period.
A test-retest analysis was performed by analyzing the
control group SGA values in pairs. For each record,
the differences between pre-registration week 0 and
weeks 1, 4 and 12 were calculated. These delta values
were analyzed with a Wilcoxon signed rank test using
zero as the median for the null-hypothesis. The three
∆ values were not significantly different from zero (P
= 0.41, 0.13, and 0.42 for pre-registration vs week 1,
4, and 12, respectively). Figure 1 shows the raw data
distribution of VAS change registrations in the five SGA
categories at 4 wk for all 182 study participants. The
SGA scale is not linear; it discriminates best between
the span of somewhat relieved and towards completely
relieved. Two-way ANOVA of this dataset (VAS by SGA
× Diet group) was performed and pairwise comparison
is presented in table 3. The traces for the control

Figure 1 Scale and precision of the subjective global assessment measure.
At 4 wk, the change in VAS registration (compared to pre-registration values) was
calculated. Box and whiskers plot of VAS change in the different subcategories of
SGA at 4 wk. It is noted that the scale is not entirely linear, with best discrimination
in the left part of the plot, while the right part shows smaller VAS differences
between groups. SGA: Subjective global assessment; VAS: Visual analog scale.

or up to 4 h. A high load of fructose was used to
minimize false-negative results as indicated by Choi
[12]
et al . Incomplete absorption was defined as an
increase of H2 > 20 ppm or CH4 > 12 ppm, or a sum of
combined peak increase > 15 ppm. Symptoms during
and after the test were recorded.

Statistical analysis and validation

The statistical analysis included all randomized patients
(intention to treat). Patients where split into the two
predefined groups according to the study protocol;
either a normal IBS diet alone or combined with
FRD. A test-retest analysis of SGA was performed by
comparing scores at pre-registration with those at
1, 4 and 12 wk in the control group; ∆ values were
run using a Wilcoxon signed rank test vs 0. Internal
consistency was explored by analysis of variance
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Table 3 Pairwise comparisons of visual analog scale readings by ANOVA
SGA week 4
VAS bloating
Unchanged vs

Model: F = 30.5; P < VAS difference,
0.0005
mean ± SE

P value

2

Adj R = 0.47
Completely relieved
Considerably relieved
Somewhat relieved
Worse

46.1 ± 6.1
23.5 ± 3.0
7.6 ± 2.8
-7.4 ± 3.3

< 0.0005
< 0.0005
0.066
0.275

SGA week 4

Model: F = 32.6; P <
0.0005

VAS pain/discomfort
Unchanged vs

Adj R = 0.46
Completely relieved
Considerably relieved
Somewhat relieved
Worse

VAS difference,
mean ± SE

P value

41.1 ± 5.5
20.8 ± 2.7
5.9 ± 2.5
-9.4 ± 3.0

< 0.0005
< 0.0005
0.202
0.024

2

Results for two-way ANOVA: VAS by SGA × Diet. Mean differences in VAS change of SGA categories compared to unchanged, adjusted for diet type. P
values were adjusted by Bonferroni correction. SGA: Subjective global assessment; VAS: Visual analog scale.

predictive value (Table 4). The sensitivity and
specificity parameters for the FBT were low (Table 4).

Table 4 Testing new diagnostic criteria of self-reported
fructose intolerance in irritable bowel syndrome (for
definition, see text) against fructose breath test and response
of subjective global assessment test
Predictive

Sensitivity Specificity

FBT
SGA weeks 3-41
SGA week 3-42

0.57
0.79
0.84

Self-reported DFI: Agreement with breath tests

Using our new criteria for the diagnosis of self-reported
DFI, we established a diagnostic tool for fructose
intolerance based on the results from the agreement
testing (frequency analysis) (table 4). As described in
[11]
our earlier report , a discrepancy was found between
the self-reported fructose intolerance and FBT. This was
confirmed in the frequency analysis that gave a κ value
of -0.13. There was a good agreement between the
diagnosis of self-reported DFI and the SGA responses
to FRD according to the criteria used (see methods)
with a κ value of 0.61 (table 4). When results from the
provocation test were excluded from the diagnostic
criteria, the κ value was less precise (κ = 0.53).

Positive Negative Kappa
predictive predictive
value
value

0.34
0.75
0.76

0.58
0.82
0.83

0.29
0.71
0.79

-0.13
0.53
0.61

1

Without result provocation; 2With result provocation. SGA: Subjective
global assessment; FBT: Fructose breath test.

Effect of FRD
SGA

IBS-diet
FRD

5

4

Prevalence of self-reported fructose intolerance

The prevalence of self-reported fructose intolerance,
defined as a combination of response to FRD and a
positive provocation test, was 56% (43 of 77 patients).

3

2

DISCUSSION
-2

0

2

4

6

8

10

In this open label, unstratified, randomized multicenter
study of FRD in patients with IBS, we proposed new
diagnostic criteria for FM based on the combination
of effects from FRD and a positive provocation test.
This is based on symptom registration (using a VAS
scale) as the outcome measure. The FBT shows
poor characteristics for identifying these patients. An
alternative SGA registration, as an outcome measure
for FRD, showed a good agreement with the new
diagnostic criteria. Our study opens a new approach
in the management of DFI in IBS patients. A fructoserestricted diet of < 2 g fructose per meal, together with
a standardized method for SGA registration, can be used
as the first step in the management of IBS patients in
clinical practice. Using these new diagnostic criteria, the
prevalence of self-reported fructose intolerance in the
IBS cohort admitted to a gastroenterology unit was as
high as 56%.
In this study, the criteria for the diagnosis of fructose
intolerance are based on self-reported symptoms
of relief, whilst on FRD, and symptom aggravation

12

t /wk

Figure 2 Subjective global assessment of irritable bowel syndromerelated symptoms during the whole study. Mean registration (95%CI)
for study groups. The control group showed stable mean value during the 2
+ 12 wk registration. The mean effect of FRD was marked, showing stable
improvement of symptom rating during the whole study. The SGA ratings
were: 1: Completely relieved; 2: Considerably relived; 3: Somewhat relieved;
4: Unchanged; 5: Worse. FRD: Fructose-reduced diet; SGA: Subjective global
assessment; IBS: Irritable bowel syndrome.

group in figures 2 and 3 show that the VAS measure
and the SGA rating were stable over time when used
in an IBS setting.
As shown in table 4, for SGA, there was good
sensitivity and specificity of 0.84 and 0.74, respectively,
for identifying self-reported DFI. The inclusion of a
provocation test in the diagnostic criteria improved
the quality of the test criteria; especially the negative
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for this patient group, these transitions represent
VAS differences that are lower than the technical
discrimination limits of 17 and 18 mm for bloating
[11]
and pain/discomfort, respectively . In contrast,
the categories completely relieved and considerably
relieved both represent a mean VAS change above the
technical discrimination limit. Thus, a single SGA rating
should reliably identify an improvement in symptoms
when rated as completely relieved or considerably
relieved. The test-retest analysis showed no significant
time-related bias, which was also demonstrated in the
graph for the control group in figure 3. Face validity
was evaluated in healthy volunteers, and revealed no
problems in the interpretation of the questions. Finally,
good sensitivity and specificity for identifying selfreported DFI was found for SGA.
According to the proposed diagnostic criteria, the
prevalence of self-reported fructose intolerance in a
cohort of IBS patients admitted to a gastrointestinal
unit was 56%. Among the few studies reporting the
prevalence of FM, defined according to FBT, Goldstein
[6]
et al reported that 44% of patients with IBS or
functional abdominal complaints had the condition.
This was based on a consumption of 50 g fructose
[6]
and 56%-60% improved on a low-fructose diet ,
[22]
whereas Barrett et al
found FM as high as 34% in
healthy volunteers. Finally, in the recently published
FODMAP diet studies, representing a diet reduced in
fructose and other carbohydrate types, about 50% of
the IBS patients improved their symptoms and VAS
[23]
scores . Our prevalence data must be interpreted
with some caution. Including only those who reported
complete relief of their symptoms by FRD, the
prevalence was reduced to about 20%. Moreover, based
on the individual normal variation for the capacity of
[5]
fructose absorption , the prevalence of self-reported
fructose intolerance in IBS has to be compared with
the reference population, including potential factors
such as genetics and the fructose content in daily food
intake.
The strength of this study was that we performed
a prospective randomized study with validation of the
SGA as a tool for assessing IBS-related symptoms
during dietary treatment. The FBT was performed after
12 wk observation, which prevented potential bias
during registration of symptoms.
There were some limitations to the study. First,
the intervention could not be blinded for obvious
reasons. Second, a more exact diary registration of
the amount of fructose, glucose, and sorbitol intake in
[7]
each meal during the FRD , could have given valuable
information. Finally, based on our knowledge of
normal variations with regards to fructose absorption
[5]
capacity , a more detailed background registration of
the fructose/sucrose content in the daily food intake of
the IBS patients and in the reference population would
have given more comprehensive data.
A substantial increase in the prevalence of IBS has

Pain/discomfort
Mean VAS (mm)
60

IBS diet

40
FRD

-10

0

10

20

30

t /d
Bloating
Mean VAS (mm)
60

IBS diet

40
FRD

-10

0

10

20

30

t /d

Figure 3 Visual analog scale registrations of irritable bowel syndromerelated symptoms during the first 2 + 4 wk. Mean registration (95%CI) for
the study groups. FRD: Fructose-reduced diet; VAS: Visual analog scale; IBS:
Irritable bowel syndrome.

following a fructose provocation test.
This was chosen due to the lack of a more precise
[5]
or accurate objective test, including breath tests .
The international consensus of nomenclature for food[18]
related disorders from 2001
defines self-reported
fructose intolerance as a nonallergic hypersensitive
reaction to fructose-rich food items. Moreover, the
concept of self reporting is a descriptive term based on
[19]
patient registration of symptoms . In other reports
of food-related disorders in which objective diagnostic
tests were lacking, the patient’s symptoms were
[20]
[21]
referred to as subjective or perceived .
In this study, we used SGA as a clinical tool to
assess the effects of FRD. A translated modification of
a 5-degree scoring system of a validated questionnaire
[17]
for IBS, described by Müller-Lissner et al , was
performed. The validation of the Norwegian translation
of SGA, used in IBS patients on an FRD, showed good
agreement with VAS measures - and in particular, the
categories completely relieved and considerably relieved
indicated a substantial change in VAS recordings. The
scale is not linear, and the VAS recordings do not as
clearly differentiate between the category transitions
somewhat relieved-unchanged and unchanged-worse.
Considering our earlier study on VAS recordings
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of fructose intake. FM is a similar concept, but mainly based on the abnormal
intestinal absorption of fructose measured by FBT. The two concepts are used
interchangeably in the literature and most likely describe the same medical
condition.

been observed in the past 20 years. During the same
period, consumption of fructose as well as processed
food and additives has increased in the general
[24]
population . It is tempting to speculate that the
increased fructose ingestion may explain the observed
increase in IBS. If so, an FRD could be an appropriate
option for diagnosis and treatment of patients with
IBS. If this diet induces symptom relief, according to
SGA registrations, a subsequent simple provocation
test, two glasses of fruit juice with low sorbitol content
at each meal, in combination with an augmented
intake of fructose-rich food, could be performed.
New diagnostic criteria for self-reported fructose
intolerance, based on FRD are proposed. SGA appears
to be a valid outcome measure, which is a feasible
alternative to daily VAS registrations; both in daily
routine management of these patients and for future
studies of IBS.

Peer-review

Although the findings of this study replicate commonsense practice, this is
a useful addition to literature in these days of evidence-based medicine.
The sequence the authors followed is historically what happened with the
lactose-intolerance studies, where the focus shifted from mucosal lactase
measurements to lactose tolerance curves to symptom analysis
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a randomized, placebo-controlled, double-blind trial.
Patients were orally administered with autologous
protein-containing colon extract three doses of
autologous study drug per week for 15 wk, for a total of
45 doses. Patients were followed for safety parameters.
Remission was defined as a Crohn’s disease activity
index (CDAI) score of less than or equal to 150. All
patients were followed for changes in subsets of T cells
by fluorescence-activated cell sorting analysis.
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RESULTS: Analysis was performed on a total number
of evaluable patients of 14 in the study drug group and
15 in the placebo group. Treatment was well tolerated
by all patients. No major treatment-related adverse
events were reported or observed in any of the treated
patients during the feeding or follow-up periods.
Between weeks 6 and 9 of the study, six of the 14
(43%) evaluable subjects who received the study
drug achieved a CDAI of 150 or lower. In contrast,
five of the 15 (33%) evaluable subjects in the placebo
group achieved remission. Between weeks 9 and 12,
the remission rates were 50% and 33% for the drug
group and placebo group, respectively. Among the
drug-treated subjects who achieved remission, the
effect of the drug was judged as stable in eight of
the 14 subjects as measured by at least two CDAI
scores indicating remission in the 15-wk treatment
period. A decreased percentage of peripheral natural
killer T regulatory cells (a decrease of 28% vs an
+
+
increase of 16%) and an increased ratio of CD4 /CD8
T lymphocytes (an increase of 11% vs a decrease of
9%) were noted in subjects with a significant clinical
response.

Abstract
AIM: To evaluate the safety and efficacy of oral
administration of Alequel™, an autologous proteincontaining colon extract.

CONCLUSION: Oral administration of the autologous
colonic extract could be a safe and effective for the
treatment of patients with moderate to severe Crohn’s
disease.

METHODS: A total of 43 patients were enrolled in

Key words: Oral tolerance; Crohn’s disease; Natural
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killer T cells; Immune modulation

antigens from the bowel results in an active immune
response and is an attractive physiologic approach
for immunotherapy towards antigens presented
[10]
in the gut mucosa . Recent progress in mucosal
immunology provides new insights into the potential
use of oral tolerance in the clinic as a mechanism
to induce regulatory T cells that may play a role in
[13,16-18]
the suppression of inflammation
. This method
of antigen-specific therapy is non-toxic and can be
[8,18]
administered on a chronic basis
.
The efficacy of mucosal tolerance has been
[19-22]
clearly demonstrated in animal models of CD
. In
TM
humans, oral administration of Alequel , an extract
of autologous colonic protein-derived antigens, was
[23]
shown to be safe in patients with CD . Ten patients
TM
with CD were treated orally with Alequel three times
a week for 16 wk. Seven patients achieved clinical
remission with an increase in their mean inflammatory
bowel disease (IBD) questionnaire (IBDQ) score.
High levels of colitis extracted protein-specific
interferon (IFN)-gamma spot forming colonies were
detected prior to treatment and a marked decrease
in these colonies was observed following treatment.
+
+
Furthermore, treatment altered the CD4 /CD8
lymphocyte ratio and increased peripheral natural
killer T (NKT) cell numbers. A significant increase
in serum IL-10 and IL-4 levels was observed during
[23]
the treatment period . In a recently conducted
randomized, double-blind, placebo-controlled trial, 31
patients with moderate to severe CD were enrolled
[24]
TM
in a 27-wk study . Oral administration of Alequel
resulted in clinical remission of CD in 58% of the
patients in the treated group compared to clinical
remission of 29% in the placebo group. A clinical
response was seen in 67% and 43% of the patients
TM
receiving Alequel and placebo, respectively. An
improved IBDQ score was seen in 43% of the patients
TM
receiving Alequel and only 12% of the patients
receiving the placebo. A decrease in the number of
subject-specific, antigen-directed, IFN-gamma spotforming colonies and an increased percentage of
peripheral blood NKT cells were only seen in the drugtreated cohort who achieved remission.
The gut epithelium has an ability to discriminate
between pathogens and commensals and plays a role
[25-28]
in mucosal immunology
. Dysfunctional interactions
between microbes and epithelia play a role in IBD.
Patients with IBD had altered microbiota, enhanced
expression of inflammatory genes, and increased
correlations between specific gene expression and
[25]
microbes . It was suggested that part of the effect
TM
of Alequel are mediated by an immune modulatory
effects of bacterial antigens which are part of the
mixture.
The aim of the phase Ⅱ study reported here was
to further evaluate the safety and efficacy of oral
administration of this personalized drug in a more
diverse cohort of CD patients in a randomized, doubleblind, placebo-controlled format. Furthermore, we

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

Core tip: Oral administration of the autologous colonic
extract could be a safe and effective for the treatment
of patients with moderate to severe Crohn’s disease
+
+
(CD). Increased ratio of CD4 /CD8 T lymphocytes was
noted in subjects with a significant clinical response
and may serve as a biomarker for response to therapy.
Israeli E, Zigmond E, Lalazar G, Klein A, Hemed N, Goldin E,
Ilan Y. Oral mixture of autologous colon-extracted proteins for
the Crohn’s disease: A double-blind trial. World J Gastroenterol
2015; 21(18): 5685-5694 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i18/5685.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5685

INTRODUCTION
Crohn’s disease (CD) is an idiopathic immunemediated disorder, resulting in chronic inflammation of
[1,2]
the gut . Although the pathogenesis of CD has not
been adequately clarified, the current understanding
is that transmural inflammation, the primary presen
tation of CD, is the result of a cascade of events and
processes initiated by one or more antigens that
remain unspecified. In the normal state, low-level
physiological inflammation of the gut is kept in check
[3]
through an active process of immune tolerance .
Evidence in humans points to an over-responsiveness
[4]
and loss of tolerance of mucosal T-cells . Current
therapeutic approaches to treat CD are based on a
relatively non-specific suppression of the immune
[5,6]
system . Undesirable side effects, some of which
are severe, remain a major hurdle to the use of these
therapies.
Oral tolerance is a natural immunologic process
driven by the oral administration of an exogenous
[7-9]
antigen . Oral antigen administration can activate
specific subsets of cells, suppress effector cells, and
[6-8,10,11]
alleviate unwanted autoimmunity
. Multiple
mechanisms of tolerance are induced by oral antigen
administration. Due to their privileged access to the
internal milieu, commensal bacteria and dietary Ag
that continuously contact the mucosa represent a
frontier between foreign and self-components. Low
doses favor active suppression, whereas higher
doses favor clonal anergy and clonal deletion. Oral Ag
[12]
administration promotes regulatory T cells , including
+
+
Th2 [interleukin (IL)-4 /IL-10 ], Th3 [transforming
+
+
growth factor (TGF)-beta] cells, CD4 CD25 regulatory
+
[13-15]
cells, and LAP T cells
. Induction of oral tolerance is
enhanced by IL-4, IL-10, anti-IL-12, TGF-beta, cholera
toxin B subunit, Flt-3 ligand, anti-CD40 ligand and
[8]
continuous Ag administration . Thus, oral exposure to
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evaluated several markers that could be used to
construct an immune profile to predict which of
these individuals would be likely to respond to the
TM
administration of Alequel .

for participation in the study were scheduled for a
colonoscopy. During the colonoscopy, colon biopsies
were removed for preparation of the colon-specific
TM
antigen-containing extract (the study drug, Alequel ).
Each subject received a regimen of three doses of
autologous study drug per week for 15 wk, for a total
of 45 doses following an overnight fast. To prevent the
possible effect of gastric acidity on the extract, patients
also received Omeprazole together with the study drug
at a dose of 20 μg throughout the trial.

MATERIALS AND METHODS
Patient population

A randomized, double-blind, placebo-controlled, onecenter trial was conducted comprising subjects with
moderate to severe CD. The study was carried out
in accordance with the guidelines of the Hebrew
University-Hadassah Institutional Committee for
Human Clinical Trials and with the approval of the
Israel Ministry of Health Committee for Human Trials.
NIH Gov, NCT02185183.

Randomization

Subjects were randomized by a computer-generated
randomization program to receive either the study
drug or the placebo. All subjects and investigators were
blinded regarding treatment allocation. Confidentiality
of the blinding code was ensured by an independent
statistician.

Inclusion criteria

Participants (men and women older than 18 years of
age) were evaluated for eligibility after they had signed
a written informed consent form. The diagnosis of CD
with clinical evidence of active (symptomatic) disease
was based on clinical history, blood tests and/or
histology, X-ray, or endoscopy. Subjects were required
to have a Crohn’s disease activity index (CDAI) score
between 220 and 400 as a condition for enrollment
irrespective of endoscopic findings. Subjects receiving
oral steroid therapy at the time of enrollment were
required to be on a stable dose regimen of less than
10 mg of prednisone per day for four weeks prior to
enrollment.

Clinical and laboratory follow-up

Safety parameters: Study subjects were monitored
by a variety of clinical, laboratory, and quality of life
parameters during the treatment period (weeks 0-15)
and during the follow-up period (weeks 16-21) after
treatment. These terms were determined based
on previous data from the phase Ⅰ and Ⅱ clinical
[23,24]
trials
. Safety and tolerability of oral administration
of the study drug was assessed by evaluating the
subjects’ diary entries detailing adverse events and
general health. A physical examination, record of vital
signs, interim history and adverse events assessment
was conducted every three weeks. Blood was
drawn at each visit to obtain complete blood counts,
sedimentation rate, and standard chemistries.

Exclusion criteria

Patients falling into the following categories were
ineligible for entry into the study: subjects who
underwent bowel surgery within three months prior
to the commencement of the trial; those who had
experienced a prior colostomy, ileostomy, or colectomy
with ileorectal anastamosis; subjects whose symptoms
were believed to be due to the presence of fibrotic
strictures; or individuals who were likely to require
emergency surgery for persistent intestinal obstruction,
bowel perforation, toxic megacolon, uncontrolled
bleeding, or abdominal abscess or infection. Subjects
with an infectious or neoplastic disease were also
ineligible. Potential subjects on a dose regimen of oral
steroid therapy greater than 10 mg of prednisone per
day and those who were receiving an elemental diet
or parenteral nutrition were also ineligible. In addition,
subjects who had been treated with methotrexate,
cyclosporine, or anti-tumor necrosis factor (TNF)-α
or who had participated in another clinical trial within
three months prior to enrollment were ineligible.
However, patients on 6-mercaptopurine/azathioprine
could be included.

Efficacy parameters and surrogate markers: The
effect of the study drug on the clinical status of the
subjects was assessed by following the CDAI score for
the week prior to the clinic visit. The primary end point
was complete clinical remission, defined as a decrease
in CDAI to 150 or lower for at least six consecutive
weeks. As a means of identifying a possible surrogate
marker to assess the clinical effect of the study drug,
fluorescence-activated cell-sorting (FACS) analysis of
peripheral blood T-cell populations were performed on
specimens obtained at weeks 0, 9 and 15.

FACS analysis for the determination of the effect of
treatment on peripheral blood CD4, CD8, and NKT
lymphocytes

Blood samples were collected throughout the study
period. Following lymphocyte isolation, duplicates of 2
4
4
× 10 -5 × 10 cells in 500 μL PBS were deposited into
Falcon 2052 tubes, incubated with 4 mL of 1% bovine
serum albumin (BSA) for 10 min, and centrifuged
at 1400 rpm for 5 min. Cells were suspended in 10
μL fetal bovine serum with 1:20 FITC-labeled antihuman CD3, CD4, CD8, CD16, or CD56 antibodies

Study drug preparation and administration

Subjects who fulfilled the inclusion/exclusion criteria
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60

Sex (M:F)
Age (yr), mean (range)
Duration of disease
mean
Location of disease
Small bowel
Colon
Both
Steroid treatment
Thiopurine treatment
Baseline CDAI
Baseline IBDQ

Alequel (n = 14)

Placebo (n = 15)

6:8
35 (26-53)
9.1

6:9
30 (19-48)
7.4

8
5
1
1 (7)
2 (14)
303 (223-394)
142

6
3
6
3 (20)
4 (27)
281 (228-365)
151

Percent of subjects in remission

Table 1 Clinical parameters of evaluable patients n (%)

40
30
20
10
0
3-6

6-9

9-12

t /wk

Figure 1 Effect of oral administration of AlequelTM on clinical remission.
Percent of subjects in clinical remission (Crohn’s disease activity index < 150)
during the course of the study. Black bars represent the AlequelTM-treated group
and open bars represent the placebo group. The evaluable number of patients
in each group was too small to reach a statistical significance.

M: Male; F: Female; CDAI: Crohn’s disease activity index; IBDQ:
Inflammatory bowel disease questionnaire.

(Pharmingen and RD, Minneapolis, MN, United States).
Cells were washed twice with 1% BSA, and 0.5 mL
of 1% paraformaldehyde was added. For the control
group, 5 μL of 1% BSA was added. Cell phenotyping
was performed by a FACSTAR plus (Becton Dickinson,
NJ). Only live cells were counted, and background
fluorescence from non-antibody-treated lymphocytes
was subtracted.

score of 220. Therefore, final analysis was performed
on a total number of evaluable patients of 14 in the
study drug group and 15 in the placebo group.
Table 1 summarizes the clinical data of the
evaluable patients. The drug group included six males
and eight females. The mean age of the patients in
the drug group was 35 years old (range of 26 to 53
years old). The placebo group included six males and
nine females, and the mean age of the patients in the
placebo group was 30 years old (range of 19 to 48
years old). One subject in the drug group and three
subjects in the placebo group were on a regimen of
corticosteroids (less than or equal to a dose of 10 mg
of prednisone) at initiation of treatment. Two patients
in the drug group and four patients in the placebo
group were receiving azathiopurine at initiation of
treatment. Table 1 presents the average baseline
CDAI score for each of the study groups, 281 vs 303,
for patients in the placebo and study drug groups
respectively (P value was not significant).

Statistical analysis

Sample size and power calculations were made based
on the results of the phase Ⅰ and Ⅱ clinical trials.
A total of 43 subjects were enrolled in the study,
randomized, and treated according to the protocol.
The study was not designed to detect rarely occurring
treatment associated adverse events. Summary
statistics at each time-point for all clinical and
laboratory variables were calculated, and the statistical
significance of differences from baseline were assessed
by the Student’s t-test.

RESULTS
Study population

Effect of oral administration of AlequelTM on clinical
remission

A total of 43 subjects were randomized after meeting
all the inclusion and exclusion criteria. Of these
subjects, 21 patients received the placebo and 22
patients received the study drug. After enrollment, two
subjects in the study drug group withdrew consent
and were not treated. The study was terminated
prematurely by 11 subjects (five from the study drug
and six from the placebo group). After the week 3 visit,
two patients dropped out (one from the placebo group
and one from the drug group), two more patients (both
from the placebo group) dropped out after week 6;
four patients dropped out (two from the placebo and
two from the drug group) after week 9; and three
dropped out (one from the placebo and two from the
drug group) after week 12. Data from one additional
subject was determined to be invalid due to a CDAI
score at initiation of treatment below the required
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Clinical remission was defined as a decrease in CDAI
score to 150 or lower at two consecutive visits during
the study period. Clinical remission was used as the
primary measure of treatment efficacy. Figure 1 shows
TM
the effect of oral administration of Alequel on clinical
remission. The evaluable number of patients in each
group was too small to reach a statistical significance.
Between week 6 and week 9 of the study, six of the
14 (43%) evaluable subjects who received the study
drug achieved a CDAI of 150 or lower. In contrast,
five of the 15 (33%) evaluable subjects in the placebo
group achieved remission. Between weeks 9 and 12,
the remission rates were 50% and 33% for the drug
group and placebo group, respectively. Among the
drug-treated subjects who achieved remission, the
effect of the drug was judged as stable in eight of the
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Figure 2 Effect of oral administration of AlequelTM on peripheral blood T cell populations. Flow cytometry bioinformatics analysis of CD4+ and CD8+ lymphocyte
subsets was performed. The effect was analyzed based on response to treatment comparing weeks 0 to 15 results for the AlequelTM-treated patients. A: CD4 T cells;
B: CD8 T cells; C: CD4/CD8 ratio of peripheral blood T cell populations. Black bars represent subjects who reached clinical remission (DR), while open bars represent
subjects who did not reach clinical remission (DNOR). The evaluable number of patients in each group was too small to reach a statistical significance.
+

14 subjects as measured by at least two CDAI scores
indicating remission in the 15-wk treatment period.

for the CD4 lymphocytes at baseline or at end of
treatment (Figure 2A). Figure 2B shows that at
+
baseline the percentage of CD8 lymphocytes was
higher in the DR group vs the DNOR group (29.8%
vs 19.1%, respectively). In the DR group there was
+
a decrease of 6% of the CD8 subset (from 29.8% to
28.2%) while in the DNOR group there was a 30%
increase (from 19.1% to 24.7%).
The CD4/CD8 lymphocyte ratio was previously
suggested to correlate with response in patients with
[24]
CD . Figure 2C demonstrates a distinct difference in
+
+
the trend over time of the CD4 /CD8 T lymphocyte
TM
ratio between the Alequel -treated DR patients
compared to DNOR patients. In the DR-group, there
+
+
was an 11% increase in the CD4 /CD8 ratio between
week 0 and week 12 (from 1.11 to 1.23). In the DNOR
group, this ratio decreased by 9% (from 1.84 at week
0 to 1.68 at week 12).
NKT cells were previously suggested to play a role

Safety measures

Treatment was well tolerated by all patients. No major
treatment-related adverse events were reported or
observed in any of the treated patients during the
feeding or follow-up periods. No major changes in
any of the extra-intestinal systems monitored were
reported in any of the patients during the study period.

Biomarkers for prediction of clinical remission

Analysis of the effect of treatment on peripheral blood
lymphocytes revealed a difference between subjects in
the drug treated group who achieved remission (DR)
and those drug treated subjects who did not achieve
remission (DNOR). The evaluable number of patients
in each group was too small to reach a statistical
significance. There was no difference between groups
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adjuvants. Data presented here further support the
TM
safety of administration of Alequel to patients with CD
and its efficacy in these subjects.
The present protocol was based on the results of
TM
previous studies and tested the effect of Alequel in a
diverse group of patients with moderately to severe CD.
Some of these patients had previously failed standard
therapy (such as anti-TNF-α and/or thiopurines).
The efficacy of treatments inducing mucosal
tolerance have been clearly demonstrated in animal
[19,21,22,31]
models of IBD
and other immune-mediated
[32-34]
disorders
. Significant results have been observed in
[35]
nonobese diabetic mice , experimental autoimmune
[32,36,37]
[6,7,11,38]
encephalomyelitis (EAE)
, hepatitis
, type
[34]
[35,39]
[12,40]
2 diabetes , arthritis
, graft vs host disease
,
[22]
[23,24]
metabolic syndrome , atherosclerosis
, malignant
[6-8,10]
[41,42]
[36,43-54]
disorders
, allergies
, and uveitis
. In
several animal models, oral tolerance was more
effective in preventing disease by treating an active
immune response. These data suggest that induction of
oral tolerance can be used to maintain disease remission
rather than to induce remission of active disease.
Human studies aimed at suppression of unwanted
immune responses have been conducted in patients
[32,37]
[33]
with multiple sclerosis (MS)
, myasthenia gravis ,
[34,35,39,40]
[38]
[46-48]
uveitis
, thyroid disease , rheumatoid arthritis
,
[49]
[29-31,38]
Behcet’s disease , and type 1 diabetes
. Although
these studies showed immune modulatory effects, most
treatments did not lead to a profound suppression of
[18]
disease activity . Induction of oral tolerance towards
keyhole limpet hemocyanin (KLH) was evaluated in
normal individuals and in those with ulcerative colitis
[41]
or CD . Oral administration of KLH prior to systemic
immunization decreased the magnitude of the T cell
proliferative response, as well as skin test responses
to KLH in normal individuals immunized with KLH.
In individuals with ulcerative colitis, and to a greater
extent, CD, prior oral administration of KLH led to
an augmentation of the T cell proliferative response.
However, this study did not measure any in vivo
parameters, and there was only a two week interval
between administration of the tolerance-inducing
agent and the challenge by KLH. These results support
the concept that oral administration of antigens can
alter the systemic immune balance and show that
such alterations occur in patients with IBD, although
not necessarily in the same direction as in normal
[24]
subjects .
Although it is clear that oral Ag administration can
suppress autoimmunity and inflammatory diseases in
animals, successful application of oral tolerance for the
treatment of human diseases may depend on several
factors. One important requirement is an improved
formulation, including using adjuvants, optimizing
the dose and frequency of administration, developing
immune biomarkers to assess immunologic effects,
and developing strategies to target the correct cells
in the gut and liver and to target the right patient
population. Early therapy is also an important factor

4
3.5

Percent NKT cells

3
2.5
2
1.5
1
0.5
0
Week 0 Week 15

Week 0 Week 15

DR

DNOR

Figure 3 Effect of oral administration of AlequelTM on peripheral natural
killer T cells. Flow cytometry analysis analysis of the peripheral natural killer
T (NKT) lymphocyte subset was performed. Black bars represent subjects who
reached clinical remission (DR), while open bars represent subjects who did not
reach clinical remission (DNOR).

in the regulation of the immune response in patients
[29,30]
TM
with CD
. Figure 3 shows the effect of Alequel
treatment on NKT lymphocytes. A decrease in the
percentage of peripheral NKT regulatory cells of 28%
(from 3.36% to 2.43%) was noted in DR patients
compared to an increase of 16% (from 2.38% to
2.76%) in the DNOR group.

DISCUSSION
TM

This study examined the efficacy of Alequel , an
autologous protein-containing extract of colon mucosal
tissue. The results of the present study suggest
that the induction of oral immune-regulation via
TM
oral administration of Alequel appears to be safe
for the treatment of moderate to severe CD. Oral
administration of Alequel™ resulted in an improved
clinical remission rate (43% vs 33%) at weeks 6 to
9 in the drug treated group compared to the placebo
group. From weeks 8 to 12, the clinical remission rates
were 50% and 33% for the drug treated and placebo
treated groups, respectively. Although the number
of patients treated in the present study is small and
did not enable the data to reach a level of statistical
significance, the results support the induction of
oral tolerance as an active response towards orally
administered immunogenic material, involving the
presentation of an epitope to cells in the gut-associated
[16]
lymphoid tissue .
Phase Ⅰ and Phase Ⅱ clinical trials have suggested
TM
that oral administration of Alequel is safe and may
[23,24]
be effective in patients with CD
. These data
suggest that the beneficial clinical effect noted by oral
administration of this mixture of autologous proteins
may involve the induction of tolerance towards bystander
proteins or may be associated with the presentation
of the relevant antigens along with some mucosal
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[27,69]

since oral tolerance is mostly effective before or shortly
[18]
after disease onset .
Data from clinical studies in patients with
[40,49,50]
[33,51]
uveitis
and animal models of myasthenia
[52,53]
and EAE
suggest that protein mixtures may not
be as effective oral tolerogens as purified proteins.
Bystander suppression is a concept in which regulatory
cells induced by oral Ag administration can suppress
immune responses stimulated by other Ag, as long as
[18,54,55]
the Ag is present in the anatomic vicinity
. During
the course of chronic inflammatory autoimmune
processes in animals, there is intra- and inter-antigenic
[56,57]
spread of autoreactivity at the target organ
.
Human patients with autoimmune diseases such
as MS and type Ⅰ diabetes are also reactive to
[58,59]
multiple autoantigens in the target tissue
. As
regulatory cells induced by oral Ag administration
secrete nonspecific cytokines after being triggered
by the fed Ag, they suppress inflammation in the
microenvironment where the administered Ag is
localized. Thus, it is not necessary to know the specific
Ag that is the target of an autoimmune response in a
human organ-specific inflammatory disease, but rather
to feed an Ag capable of inducing regulatory cells
that then migrate to the target tissue and suppress
inflammation.
In the clinical study reported here, differences
and changes in several immunological parameters
were assayed during the treatment course, enabling
the conclusion that there is a significant difference
in the immune profile of subjects who respond to
treatment. The data presented here show an increased
+
+
ratio of CD4 /CD8 T lymphocytes in subjects with a
significant clinical response, compared with a decrease
in the ratio in non-responders.
NKT cells are a unique lineage of T cells that share
[60]
properties with both NK cells and memory T cells .
Their ability to generate both Th1 and Th2 responses
indicates their importance as immunoregulatory
[61,62]
cells
, and they play a role in the immune regulation
[29,30,63,64]
of colitis
. NKT cells have been suggested to be
[57]
essential for induction of oral tolerance . Oral tolerance
is associated with promotion of NKT cells in both animal
[19,20,38,54,55,61]
models and humans
. In an experimental
model of colitis, induction of oral tolerance was
associated with an increase in the number of NKT cells
[20,65-67]
and a change in their function
. In the present
study, we noted a 28% decrease and a 16% increase
in the percentage of peripheral NKT regulatory cells
in drug responders and non-responders, respectively.
Previous studies suggested an increase in NKT cells in
responders. Therefore, the decrease noted here may
be associated with altered expression of NK1.1 on the
[68]
surface of NKT cells over time . As patients were
tested at different time points compared to previous
studies, these differences may suggest over-activation
of NKT cells resulting in reduced expression of NK1.1.
Alternatively, some of the effects noted here can be
explained by a potential beneficial immune effects of
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the gut microbiome
. Bacteria in the gut, and gut
microbial products can exert an immune modulatory
[70-72]
TM
effects in animal models and humans
. Alequel
contains bacterial products which may underline its
immune modulatory effects.
Oral administration of the autologous colonic
extract Alequel™ is a patient tailored approach that is
safe and may be an effective method for the treatment
of patients with moderate to severe CD. The level of
peripheral NKT and the CD4/CD8 lymphocyte ratio
may serve as surrogate markers to predict clinical
response. Oral tolerance may thus provide a side
effect-free, disease-antigen-specific approach for the
treatment of patients with CD.
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administration of an exogenous antigen. Recent progress in mucosal
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clinic as a mechanism to induce regulatory T cells that may play a role in the
suppression of inflammation
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AlequelTM appears to be safe for the treatment of moderate to severe CD. Oral
administration of Alequel™ resulted in an improved clinical remission rate (43%
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METHODS: Literature searches on the PubMed and
Chinese National Knowledge Infrastructure databases
were performed to identify eligible studies published
before July 2014. Records were limited to crosssectional surveys or baseline surveys of longitudinal
studies that reported the adult prevalence of FLD
and recruited subjects from the general population
or community. The gross domestic product (GDP) per
capita was chosen to assess the economic status.
Multiple linear regression and Loess regression were
chosen to fit the data and calculate the 95%CIs.
Fitting and overfitting of the models were considered in
choosing the appropriate models.
RESULTS: There were 27 population-based surveys
from 26 articles included in this study. The pooled
mean prevalence of FLD in China was 16.73% (95%CI:
13.92%-19.53%). The prevalence of FLD was correlated
with the GDP per capita and survey years in the country
2
(adjusted R = 0.8736, P GDP per capita = 0.00426, P years =
2
0.0000394), as well as in coastal areas (R = 0.9196,
P GDP per capita = 0.00241, P years = 0.00281). Furthermore,
males [19.28% (95%CI: 15.68%-22.88%)] presented
a higher prevalence than females [14.1% (95%CI:
11.42%-16.61%), P = 0.0071], especially in coastal
areas [21.82 (95%CI: 17.94%-25.71%) vs 17.01%
(95%CI: 14.30%-19.89%), P = 0.0157]. Finally, the
prevalence was predicted to reach 20.21% in 2020,
increasing at a rate of 0.594% per year.
CONCLUSION: This study reveals a correlation
between the economy and the prevalence of FLD in
mainland China.
Key words: Fatty liver disease; Epidemiology; Gross
domestic product per capita; Prevalence; Economy

Abstract
AIM: To investigate the relationship between the
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Nevertheless, the fast pace and heavy pressure of
life and work also bring problems of unhealthy diet,
increased alcohol consumption and less physical
exercise in the meantime. This phenomenon could
have led to the diversity of FLD prevalence among
the areas with different economic statuses. A limited
number of studies have hypothesized that compared
with developed areas, FLD is considered to be less
[10,11]
common in underdeveloped areas
. However, the
influence of the economic status on the prevalence of
FLD is unclear, especially in China, which has the world’
s fastest-growing major economy.
In this study, a systematic review of populationbased surveys was performed to explore the adult
prevalence of FLD in mainland China. By linking the
prevalence to the economy, we believe that the results
will be valuable to evaluate the prevalence of FLD from
a novel epidemiological perspective.

Core tip: The influence of the economy on the preva
lence of fatty liver disease (FLD) is unclear, especially
in China, which was the world’s fastest-growing
major economy. In this study, a systematic review of
population-based surveys was performed to explore
the adult prevalence of FLD in mainland China. The
gross domestic product per capita was chosen as
an indicator to evaluate local economic status. Our
analysis indicated that the mean prevalence of FLD in
China was 16.73% and that the prevalence increased
as China’s economy developed over the past 20 years.
In addition, the prevalence over the next 7 years was
estimated based on the current trend.
Zhu JZ, Zhou QY, Wang YM, Dai YN, Zhu J, Yu CH, Li
YM. Prevalence of fatty liver disease and the economy in
China: A systematic review. World J Gastroenterol 2015;
21(18): 5695-5706 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5695.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5695

MATERIALS AND METHODS
Search strategies and study inclusion

In this study, the Preferred Reporting Items for
Systemic Reviews and Meta-Analyses (PRISMA) guide
lines were used for the study evaluation and protocol
[12]
description . Literature searches on the PubMed and
Chinese National Knowledge Infrastructure (CNKI)
databases were performed to identify eligible studies
published before July 10, 2014. The searches were
conducted with the following terms: (fatty liver) and
(prevalence or incidence or epidemic OR morbidity).
Records were limited to cross-sectional surveys or
baseline surveys of longitudinal studies that offered the
adult prevalence of FLD and recruited subjects from
the general population or community. Additionally,
surveys were included if they provided the age- and
sex-adjusted prevalence based on the local population
census. Convenience studies were excluded, including
hospital check-up program and surveys examining
adolescent or elderly or sub-groups from a specific
career or race. In terms of the sample size, at least
500 adults (aged 15 years and older) were involved in
each survey. If multiple studies were conducted from
the same population, the authors were contacted to
avoid duplication. Abstracts or unpublished data were
not included.
Two investigators (Wang YM and Dai YN) performed
independently the eligibility evaluation. The agreement
between the two investigators was evaluated by kappa
coefficient. Any disagreements on study eligibility or
data extraction were resolved according to a third
reviewer’s opinion (Zhu JZ).

INTRODUCTION
Fatty liver disease (FLD), characterized by macrove
sicular steatosis in hepatocytes, is a chronic liver
disorder that can progress to hepatic cirrhosis, hepatic
[1]
failure and even hepatocellular carcinoma . FLD
can be divided into nonalcoholic fatty liver disease
(NAFLD) and alcoholic liver disease (ALD) based on
[2,3]
the assessment of ethanol consumption . According
to the guidelines of the European Association for the
Study of the Liver, NAFLD is diagnosed when ethanol
consumption is less than or equal to 20 g/d in females
and 30 g/d in males after the exclusion of other
causes, hepatitis virus infection and of steatogenic
[4]
drug administration . In addition to excess alcohol
intake, factors such as insulin resistance (IR),
oxidative stress, mitochondrial dysfunction, immune
deregulation, and adipokine release play important
[5-7]
roles in the pathogenesis of FLD .
In the past decades, with a prevalence reaching
approximately 30%, FLD has become one of the
most common chronic liver disorders in industrialized
[8]
Western countries . It has been accepted that lifestyle
changes significantly with economic development. With
economic growth rates averaging 10% over the past
30 years, Westernized diet, alcoholic beverage intake
and sedentary lifestyle have dramatically reshaped
the pattern of Chinese daily life. The gradually
growing prevalence of obesity, diabetes, dyslipidemia,
and metabolic syndrome (MS) has put the Chinese
[9,10]
population at the risk of developing FLD
.
As mentioned above, the prevalence of FLD might
vary with the change in lifestyle. A higher economic
status tends to come with better material condition.
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Data extraction

Data were independently extracted according
to the meta-analysis of observational studies in
epidemiology (MOOSE) guideline and the results were
[13]
crosschecked .
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Records identified through
base searching in PubMed
n = 5607

Records identified through
base searching in CNKI
n = 23111

Evaluated by title and abstract
excluded because:
Irrelevant study topics
n = 5557

Evaluated by title and abstract
excluded because:
Irrelevant study topics
n = 22898
Records retrieved
for evaluation
n = 50

Evaluated by full-text
excluded because:
Duplication = 11
NAFLD or ALD = 3
Elderly or Children = 6
Review = 3
Data in Taiwan = 12
Data in Hong Kong = 3
Clinical checkup = 8

Records retrieved
for evaluation
n = 213
Evaluated by full-text
excluded because:
Duplication = 5
NAFLD or ALD = 4
Review = 11
Elderly or Children = 89
Clinical checkup = 82

Articles included in this study
27 surveys in 26 articles (4 from PubMed, 22 from CNKI)

Figure 1 Flowchart of the study evaluation process.

If there were discrepancies in the extracted
data, a consensus was reached by reviewing of the
original reports and engaging in further discussion.
Data were extracted to a Microsoft Excel spreadsheet
(2011 Edition for Mac; Microsoft, Redmond, WA,
United States) and stored for further utilization. From
each study, two researchers (Wang YM and Dai YN)
independently extracted the information as follows:
author(s), publication year, year(s) when the survey
was conducted, region(s), recruitment methods,
diagnosis criteria, number of subjects, age range, the
prevalence in the general population and the genderspecific prevalence, if available.

growing rate over the past 5 years and The Twelfth
[15]
Five-Year Guideline approved by the National People’s
Congress.
The method used to separate the interior areas
from the coastal areas was referred from the Wikipedia
[16]
page concerning Chinese economic geography .

Data synthesis and statistical analysis

All statistical tests were two-sided, and all statistical
analyses were carried out with RStudio software
(version 0.98.484; RStudio, Inc., Boston, MA, United
States). The significance level was set at 0.05. Data
visualization was utilized to gain the initial distribution
of the data, which allowed the authors to build models.
Multiple linear regression and Loess regression were
chosen to fit the data and to calculate 95%CIs. Fitting
and overfitting of the models were considered in
choosing appropriate models. An unpaired t-test was
used to compare one value in two related samples.
Associated data were plotted using RStudio software
and Prism 6 (GraphPad, San Diego, CA, United States).

Gross domestic product per capita and Chinese
economic geography

The Gross domestic product (GDP) per capita was
chosen to assess the local economic status for the
survey year. The GDP per capita information is available
[14]
on the National Bureau of Statistics of China website
or can be acquired from the yearbooks of the local
Bureau of Statistics via an internal network.
If one study was concerned with multiple cities in a
province, the data of the province were considered in
the analysis. Provided that the survey was performed
for more than one year, the middle-year of the period
was regarded as the survey year in the analysis. If an
article failed to offer the precise time when the survey
was conducted, the year was estimated according to
the following equation: survey year = publication year
- mean survey duration (2.57 years, according to the
available data).
In addition, the GDP per capita in 2013-2020
was estimated according to the data from 2013, the

WJG|www.wjgnet.com

RESULTS
Studies involved

As shown in Figure 1, 5607 records on PubMed and
23111 records on CNKI were obtained from the
literature search. From those, 50 articles on PubMed
and 213 articles on CNKI that appeared to be relevant
to the topic were identified. Finally, 27 surveys from
26 articles (4 English and 22 Chinese) were included in
this study (Table 1).
Table 2 and Figure 2 show that according to
geography, there were 8 surveys conducted in the
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Table 1 Characteristics of surveys included in the study
Ref.

Publication Survey year
year

No. of
subjects

Prevalence
(%)

Male prevalence
Female
(%)
prevalence (%)

Cities,
provinces

Recruitment methods

Handan,
Hebei
Shanghai

Random multistage stratification
and cluster sampling
Random multistage stratification
and cluster sampling
All residents in selected
communities
All residents in selected
communities
All residents in selected
communities
Random multistage stratification
and cluster sampling
Random multistage stratification
and cluster sampling
All residents in selected
communities
All residents in selected
communities
Cluster sampling

Shang et al[35]

2004

2003

14950

7.85

9.12

5.41

Fan et al[36]

2005

2002-2003

3175

17.29

19.30

15.08

He et al[37]

2006

2001-2005

14069

17.80

21.70

10.90

Chen et al[38]

2006

NA

670

12.52

23.54

9.53

Peng et al[39]

2007

2006

5313

9.80

NA

NA

Ma et al[40]

2007

NA

2043

13.81

18.55

14.54

Fuoshan,
Guangdong
Nantong,
Jiangsu
Shantou,
Guangdong
Guangdong

Zhou et al[41]

2007

2005

3164

19.09

21.07

18.03

Guangdong

Zhang et al[42]

2007

NA

15701

4.80

5.09

4.21

Guangxi

Wang et al[43]

2007

1995-2004

12247

22.20

28.10

13.80

Tang et al[44]

2007

2006

628

4.10

NA

NA

Luo et al[45]

2007

NA

5267

24.20

30.77

17.32

Huang et al[46]

2007

2005

1495

16.76

19.90

10.20

Shi et al[47]

2007

NA

5703

3.50

NA

NA

Yan et al[48]

2007

2005

1500

16.46

20.72

7.34

Zhou et al[49]

2009

NA

95567

19.86

22.37

17.20

Yu[50]

2010

2008

14739

14.97

11.60

18.25

Yi[51]

2011

NA

669

9.26

NA

NA

Zhang et al[52]

2011

2010

1116

15.68

19.07

14.15

Lu et al[53]

2011

2009-2010

502

16.40

18.30

14.85

Qu et al[54]

2011

2008

9871

7.22

7.86

6.55

Shi et al[55]

2011

2007

3815

19.06

19.31

19.18

Zheng et al[56]

2011

2008

1872

11.96

14.58

10.26

Qin et al[57]
Yan et al[58]

2012
2013

2011
NA

3017
3762

21.25
35.10

24.53
45.30

20.40
30.00

Wuhan,
Hubei
Zhuzhou,
Hunan
Shaoyang,
Hunan
Nantong,
Jiangsu
Shenyang,
Liaoning
Shanxi/
Gansu
Ningbo,
Zhejiang
Nanjing,
Jiangsu
Jiangmen,
Guangdong
Dongguan,
Guangdong
Guangzhou,
Guangdong
Yichang,
Hubei
Changchun,
Jilin
Wenzhou,
Zhejiang
Shanghai
Beijing

Pan et al[59]

2014

2012-2013

800

21.00

26.75

15.06

Zhou[60]

2014

2008

6129

20.54

20.11

20.86

Guangzhou,
Guangdong
Shanghai

Zhou[60]

2014

2012

6298

22.39

25.05

20.47

Shanghai

Random multistage stratification
and cluster sampling
Random multistage stratification
and cluster sampling
Cluster sampling
Random multistage stratification
and cluster sampling
Random multistage stratification
and cluster sampling
All residents in selected
communities
All residents in selected
communities
All residents in selected
communities
Random multistage stratification
and cluster sampling
Random multistage stratification
and cluster sampling
Random sampling
Cluster sampling
Cluster sampling
Random multistage stratification
and cluster sampling
Random multistage stratification
and cluster sampling
All residents in selected
communities
All residents in selected
communities

NA: Not applicable.

[21,22]

interior areas and 19 in the coastal areas. Additionally,
23 surveys presented data concerning the prevalence
in males and females.
The diagnostic criteria mainly included the
guidelines established by the Chinese Medical
[17,18]
Association (11 surveys using the 2002 Edition
,
[19,20]
5 surveys using the 2006 Edition
, and 1 survey

WJG|www.wjgnet.com

using the 2010 Edition
, Table 3). Furthermore,
all of the surveys chose ultrasound as the diagnostic
tool. The recruitment methods used in these surveys
primarily comprised random multistage stratification
and cluster sampling (Table 1). In additional,
agreement between the researchers for the evaluation
of study eligibility was excellent (kappa statistic, 0.893).
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Table 2 Pooled prevalences and correlation analyses
No. of
studies

Weighted mean
prevalence (%)

Lower-upper
95%CI (%)

Correlations between prevalence, survey years and GDP per capita

GDP per capita

Survey years

Mainland China

27

16.73

13.92-19.53

0.8736

0.00426

0.0000394

Prevalence = 0.0001352 x GDP
per capita + 0.005158 x year

Region
Interior areas
Coastal areas

8
19

11.931
18.531

5.11-18.74
15.37-21.68

0.7150
0.9196

NA
0.00241

0.0025100
0.0028100

Prevalence = 0.006601 x year
Prevalence = 0.0001591 x GDP
per capita + 0.004391 x year

Gender
Female

23

14.012

11.42-16.61

0.9110

0.000808

0.0000554

Male

23

19.282

15.68-22.88

0.8741

0.066800

0.0000248

Prevalence = 0.0001333 x GDP
per capita + 0.004394 x year
Prevalence = 0.0001108 x GDP
per capita + 0.007886 x year

Region + Gender
Females in interior areas
Females in coastal areas

7
16

9.293
17.103,4

3.65-14.94
14.30-19.89

0.7394
0.9397

NA
0.008230

0.0038200
0.0017300

Males in interior areas
Males in coastal areas

7
16

13.92
21.824

4.53-23.31
17.94-25.71

0.7330
0.9132

NA
0.096440

0.0041200
0.0015600

Adjusted R

2

P value

Equations

Prevalence = 0.00526 x year
Prevalence = 0.0001243 x GDP
per capita + 0.0047037 x year
Prevalence = 0.008618 x year
Prevalence = 0.0001172 x GDP
per capita + 0.007758 x year

1

The P-value is 0.2420, interior vs coastal areas; 2The P-value is 0.0071, female vs male; 3The P-value is 0.0329, female: interior areas vs coastal areas; 4The
P-value is 0.0157, coastal areas: female vs male. NA: Not applicable.
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Figure 2 Prevalence in China.
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Table 3 Characteristics of surveys included in the study
Ref.

Publication
year

Survey year

Years in
analysis

GDP per
capita (Yuan)

Diagnosis criteria

Ages of
subjects

Shi et al
Tang et al
Zhang et al
Qu et al

2007
2007
2007
2011

NA
2006
NA
2008

2005
2006
2006
2008

29985
16526
8762
25445

18
18
20
35-74

Shang et al
Yi et al

2004
2011

2003
NA

2003
2009

8936
32484

Peng et al

2007

2006

2006

14956

Zheng et al
Chen et al
Ma et al
Yu et al

2011
2006
2007
2010

2008
NA
NA
2008

2008
2004
2005
2008

31555
15806
41166
49744

Zhang et al
Lu et al
Yan et al
Huang et al
Fan et al
He et al
Shi et al
Zhou et al
Zhou et al
Zhou et al
Pan et al
Qin et al
Wang et al
Zhou et al
Luo et al
Yan et al

2011
2011
2007
2007
2005
2006
2011
2007
2009
2014
2014
2012
2007
2014
2007
2013

2010
2009-2010
2005
2005
2002-2003
2001-2005
2007
2005
NA
2008
2012-2013
2011
1995-2004
2012
NA
NA

2010
2009
2005
2005
2002
2003
2007
2005
2007
2008
2012
2011
1999
2012
2005
2011

51653
79383
14847
19061
33958
28162
28131
41166
61032
66932
106909
82560
14751
85373
5439
80394

NA
Self-defined
NA
Standards of Ultrasonic Medicine (Chunzheng Wang, 2006,
People's Medical Publishing House)
Chinese Medical Association, 2002 Guideline
6th Chinese Academic Materials, People's Medical
Publishing House
Ultrasonic Medicine (Yong-Chang Zhou, 2006, Scientific and
Technical Documentation Press)
Chinese Medical Association, 2006 Guideline
Chinese Medical Association, 2002 Guideline
Chinese Medical Association, 2002 Guideline
Ultrasonic Medicine (Yong-Chang Zhou, 2006, Scientific and
Technical Documentation Press)
NA
Chinese Medical Association, 2002 Guideline
Chinese Medical Association, 2006 Guideline
Chinese Medical Association Guideline, unknown year
Chinese Medical Association, 2002 Guideline
Chinese Medical Association, 2002 Guideline
Chinese Medical Association, 2006 Guideline
Chinese Medical Association, 2006 Guideline
Chinese Medical Association, 2002 Guideline
Chinese Medical Association, 2002 Guideline
Self-defined
Chinese Medical Association, 2010 Guideline
Chinese Medical Association, 2002 Guideline
Chinese Medical Association, 2002 Guideline
Chinese Medical Association, 2002 Guideline
Chinese Medical Association, 2006 Guideline

NA
18
NA
18
20
18
20
NA
18
18-81
NA
16
16
18
18
18
35
20
40-70
18
35
18
20

NA: Not applicable.

Prevalence

in the coastal areas, males [21.82% (95%CI:
17.94%-25.71%)] presented a higher prevalence of
FLD than females [17.01% (95%CI: 14.30%-19.89%)]
(P = 0.0157, Figure 3F). Furthermore, the prevalence
of FLD in females in the interior areas was lower than
that in the coastal areas (P = 0.0329, Figure 3B).

Mainland China: As indicated in Table 2, the mean
prevalence of FLD in mainland China was 16.73%
(95%CI: 13.92%-19.53%).

Region

The prevalence of FLD was 11.93% (95%CI:
5.11%-18.74%) in the interior areas, while it was
18.53% (95%CI: 15.37%-21.68%) in the coastal areas.
No apparent difference was found in the general
prevalence between the two areas (P = 0.2420, Figure
3A).

Correlations

General: A significant correlation of the prevalence
of FLD with GDP per capita and survey years was
2
detected (R = 0.8736, PGDP per capita = 0.00426, Pyears =
0.0000394, Figure 4A and Table 2).

Gender

Region: Although the prevalence of FLD correlated
2
with the survey years (R = 0.715, P = 0.00251), the
interior areas failed to present a correlation of the
prevalence with the GDP per capita. Interestingly, in
the coastal areas, a correlation of the prevalence of
FLD with the GDP per capita and survey years was
2
observed (R = 0.9196, PGDP per capita = 0.00241, Pyears =
0.00281, Figure 4A and Table 2).

In terms of gender, the mean prevalence was 14.1%
(95%CI: 11.42%-16.61%) in females, whereas it was
19.28% (95%CI: 15.68%-22.88%) in males, which
was significantly higher than the female prevalence (P
= 0.0071, Figure 3D).

Cross-comparisons between gender and region

In the interior areas, the prevalence of FLD between
males [13.92% (95%CI: 4.53%-23.31%)] and
females [9.29% (95%CI: 3.65%-14.94%)] showed
no difference (P = 0.1584, Figure 3E). By contrast,

WJG|www.wjgnet.com

Gender: Twenty-three surveys provided the preva
lence of FLD by gender and indicated the correlation of
the prevalence with GDP per capita and survey years
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Figure 3 Comparisons of the prevalence of fatty liver disease according to gender and region. A: All: Interior areas vs coastal areas; B: Females: interior areas
vs coastal areas; C: Males: interior areas vs coastal areas; D: All: females vs males; E: Interior areas: females vs males; F: Coastal areas: females vs males.

Trend of the prevalence

2

in females (R = 0.911, PGDP per capita = 0.000808, Pyears
= 0.0000554, Figure 4C and Table 2). However, the
prevalence of FLD in males failed to correlate with the
2
GDP per capita (R = 0.8741, PGDP per capita = 0.0668,
Pyears = 0.0000248, Figure 4B and Table 2).

General trends: As shown in Figure 4D, the general
prevalence of FLD increased along with the GDP per
capita in mainland China, although two slight decreases
were observed in two ranges (GDP per capita <
30000 Yuan and GDP per capita > 90000 Yuan).
Regarding gender, the prevalence of FLD in males
increased steadily (Figure 4E), whereas the trend of
the prevalence in females dropped remarkably, after
the time when GDP per capita reached approximately
8000 yuan (Figure 4F).

Cross-analyses between gender and location:
In Table 2, the interior areas presented correlations
only between the survey year and the prevalence of
2
FLD in males (R = 0.733, P = 0.00412) and females
2
(R = 0.7394, P = 0.00382), individually. By contrast,
in the coastal areas, a correlation of the female FLD
prevalence with the GDP per capita and survey years
2
was observed (R = 0.9397, PGDP per capita = 0.00823,
Pyears = 0.00173, Table 2). However, the prevalence
did not seem to correlate with the GDP per capita for
2
males (R = 0.9132, PGDP per capita = 0.09644, Pyears =
0.00156, Table 2).

WJG|www.wjgnet.com

Trends in cities: Figure 2 displays the multiple
surveys conducted in Shanghai (2002, 2008, 2011
and 2012), Nantong (2004 and 2005) and Guangzhou
(2009 and 2012). It was evident that all of the three
cities witnessed an upward trend of the FLD prevalence
in the past decade. Specifically, the prevalence in
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Shanghai was 17.29% in 2002, which increased to
20.54% in 2008 and 21.25% in 2011, and reached
22.39% in 2012.

calculation, the prevalence will stably increase at a rate
of 0.594% per year to 20.21% by 2020.

DISCUSSION

prevalence from 2013 to 2020

This study revealed that the weighted mean preva
lence of FLD in mainland China was 16.73%. The
correlation of the prevalence with the GDP per capita
and survey years demonstrated that the prevalence
of FLD in China increased along with China’s economic

Given the equation of the GDP per capita, survey
years and prevalence obtained by regression analysis
(Prevalence = 0.0001352 x GDP per capita + 0.005158
x year) in Table 2, the prevalence of FLD in China from
2013 to 2020 was estimated (Figure 5). Based on this
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development and progression of ALD are increasing as
[31,32]
the intake of alcohol increases
. China witnessed
a consistent upward trend of recorded alcohol
consumption per capita between 2000 and 2010,
according to Global Information System on Alcohol
[33]
and Health . The previous studies have also revealed
a male predominance in the prevalence of NAFLD. A
previous meta-analysis showed that the prevalence
of NAFLD in males was almost two times that of
[27]
females . A possible reason for this is the difference
[34]
in hormonal regulation between males and females .
In this study, the prevalence of FLD was confirmed
to correlate with the GDP per capita and survey
years in mainland China and in the coastal areas.
In contrast, the prevalence in the interior failed to
correlate with the GDP per capita. Additionally, the
prevalence between the interior areas and the coastal
areas failed to present a difference. The two negative
results probably stemmed from the notable diversity
among the studies in the interior. The results above
demonstrated that the prevalence of FLD in mainland
China increased as the economy developed, especially
in the coastal areas.
Regarding gender, males presented a higher
prevalence than females in mainland China and in the
coastal areas. Furthermore, the prevalence of FLD
in females in the interior was lower than that in the
coastal areas. Interestingly, the female FLD prevalence
correlated with the GDP per capita and survey years
within the country and in the coastal areas.
Shanghai, the largest city and the commercial
and financial center of China, displayed a steadily
rising trend of the FLD prevalence from 2002 to 2012.
Correspondingly, the similar rise was observed in
Guangzhou and Nantong, two well-developed cities in
the coastal areas. Additionally, based on the current
trend, the prevalence of FLD in China was predicted to
reach 20.21% in 2020, increasing at a rate of 0.594%
per year.
This study has several strengths. First, the GDP
per capita was chosen as an indicator to evaluate the
local economic status. In additional, considering the
diversity of the economy and environment, 22 cities
and 2 provinces were divided into two groups, the
interior and the coastal. Finally, the prevalence over
the next 7 years was estimated based on the current
trend.
In terms of weaknesses, first, this study failed to
compare the rural and the urban areas, owing to a lack
of GDP per capita. Second, there were several factors
that were difficult to detect, including ethnic, dietary or
cultural disparities among areas. Moreover, although
ALD and NAFLD differ in a series of characteristics,
ranging from differences in clinical features to patient
outcomes, this study failed to separately process the
two prevalences because most Chinese records only
offered FLD data, not separated data. Finally, the
numbers of studies from the interior and the coastal
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Figure 5 Estimated prevalence of fatty liver disease from 2013 to 2020,
based on the current trend.

development in the past 20 years.
After the United States, China has the second
largest economy in the world by the nominal GDP and
by purchasing power parity. It is the world’s fastestgrowing major economy, with growth rates averaging
10% over the past 30 years. It is well known that the
coastal areas have obtained the highest benefit for
the recent development of the Chinese economy. By
contrast, the interior areas tend to be regarded as the
less well-developed areas.
Population aging, urbanization, Westernized
diet, increased alcoholic beverage consumption,
and sedentary lifestyle, along with a consequent
obesity and diabetes epidemic, have probably led to
the rapid increase in the FLD burden in the Chinese
[10]
population . The Chinese dietary structure has
recently changed, with traditional Chinese food being
replaced by foods that are higher in fat, sugar, and
salt. Owing to the rapid rate of urbanization, the
Chinese lifestyle is experiencing a series of changes,
including a reduction in physical activity.
Given this background, obesity and MS have drawn
widespread concern. It had been confirmed that
obesity predisposes the individuals to the development
[23]
[24]
of both ALD
and NAFLD , whereas the latter has
[25]
been recognized as the liver manifestation of MS .
[26]
Popkin et al
reported a difference in the association
between the socioeconomic status and obesity in rural
and urban areas in China in 1993. Another study by
[27]
Li et al
suggested that the pooled prevalence of
NAFLD in the northern part of China is higher than in
the southern part (21.87% and 18.21%, respectively).
A national survey concerning the diabetes prevalence
[28]
in China by Yang et al
revealed that there was a
remarkable upward trend of the prevalence of diabetes
[29]
[30]
in China, increasing from 2.5%
in 1994 to 5.5%
in 2001 and reaching 9.7% in 2008. This study also
suggested that the level of economic development
and the associated lifestyle and diet might explain
the differences in the prevalence of diabetes between
persons living in urban settings and those living in rural
areas. There can be little doubt that the risks for the
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areas were clearly imbalanced. More studies reporting
the prevalence in the west and the central areas are
required.
In conclusion, this is the first study to explore the
relationship between the economy and the prevalence
of FLD in mainland China. This study demonstrated
that the prevalence increased as the GDP per capita
grew over the past 20 years, especially in the coastal
areas. In addition, males presented a higher prevalence
than females in the country and in the coastal areas
in particular. We believed that this study suggests
a symbiotic correlation between the prevalence of
FLD and the economy, offering a novel epidemiologic
perspective on the global situation of FLD.
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status of FLD. However, more studies reporting the prevalence in the west and
the central areas of China are required.

13

The GDP is the total market value of all of the final products and services
produced during a specific time period in a country. It is considered to be the
foremost parameter of the standard of living of a country. The GDP per capita
is an indicator used by many countries to indicate the overall growth and
development of a country. It is calculated by dividing the GDP by the population
of the country. It is studied under macroeconomics and is related to national
accounts.
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Applications

Terminology

15
16

Peer-review

17

Authors evaluated association between prevalence of FLD and GDP in China
by using published articles from 2007 to 2014. then they made a projection for
the prevalence of FLD in 2020 if GDP continues to increase steadily.
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2014 on IL-17 polymorphisms with gastric cancer
susceptibility systematically. Relevant articles were
identified in the MEDLINE, Science Citation Index,
Cochrane Library, PubMed, EMBASE, CINAHL and
Current Contents Index databases. We used version
12.0 STATA statistical software to evaluate the statistical
data. Two reviewers abstracted the data independently.
Odds ratios (ORs) and 95% confidence intervals
(95%CIs) were calculated.
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RESULTS: Seven independent, case-control studies
were chosen for the meta-analysis, which included
3210 gastric cancer patients and 3889 healthy controls.
The overall estimation showed a positive association
between the IL-17 rs2275913 G>A polymorphism and
the occurrence of gastric cancer for five genetic models
(all P < 0.05) and similar results were observed for the
IL-17 rs763780 T>C variation with four genetic models
(all P < 0.05), but not for the dominant model (P >
0.05). Subgroup analysis by country revealed that the
rs2275913 G>A and rs763780 T>C polymorphisms may
be the main risk factor for gastric cancer in Chinese
and Japanese populations.
CONCLUSION: The IL-17 gene may be significantly
correlated with gastric cancer risk in Asian populations,
especially those carrying the rs2275913 G>A and
rs763780 T>C polymorphisms.
Key words: IL-17 ; Genetic polymorphism; Gastric cancer;
Asian populations; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There may be a relationship between the IL-17
gene and gastric cancer risk, especially in individuals
carrying the rs2275913 G>A and rs763780 T>C poly
morphisms. The IL-17 gene polymorphisms might be
important in determining an individual’s susceptibility to
gastric cancer.

Abstract
AIM: To investigate associations between the IL-17
rs2275913 G>A and rs763780 T>C polymorphisms and
susceptibility to gastric cancer in Asian populations.
METHODS: We reviewed studies published up to
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activated by single nucleotide polymorphisms (SNPs)
in the IL-17 gene, IL-17 functions as a potent inducer,
similar to the role of interferon gamma, promoting
Th1-related chemokine production in various tissues,
resulting in neutrophil and monocyte recruitment to
tumor sites. In addition, IL-17 contributes to reducing
tumor growth by increasing the numbers of dendritic
cells, natural killer cells, and cytotoxic T cells within
[21]
the tumor microenvironment . Therefore, while
the question of whether IL-17 promotes tumor
growth remains controversial, we postulated that
the primary functions of IL-17 polymorphisms are
originally beneficial, but that they can accelerate
tumor growth because of alterations in the tumor
[22]
microenvironment . To date, accumulating studies
[2,23]
provide support for this speculation
, but several
[7]
lines of evidence have presented contrary views . The
outcomes of clinical trials focusing on this issue have
been inconsistent; therefore, we conducted the current
meta-analysis to focus on the relationship between
IL-17 polymorphisms and susceptibility to gastric
tumors.

Long ZW, Yu HM, Wang YN, Liu D, Chen YZ, Zhao YX,
Bai L. Association of IL-17 polymorphisms with gastric
cancer risk in Asian populations. World J Gastroenterol 2015;
21(18): 5707-5718 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5707.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5707

INTRODUCTION
Gastric cancer is the fourth most common cancer
worldwide and is the second leading cause of cancer
[1]
death in both sexes . Gastric cancer has a major
impact on public health because of its high morbidity
[2]
and mortality rates . There has been a steady
increase in gastric cancer incidence and mortality
in most countries, reaching approximately 8.52 to
[3,4]
9.68 people per 100000 individuals . An estimated
988000 new cases and 736000 deaths associated with
[5]
the disease have been reported annually worldwide .
In addition, more than 70% of cases are from
developing countries and half of these cases are in
[2,6]
China . In China, gastric cancer is the second most
common cause of cancer-related death, leading to
[2]
approximately 231193 deaths in 2008 . Although
there have been advances in the treatment strategies
for gastric cancer, the prognosis of gastric cancer is
still poor; the 5-year survival rate is only 20%-30%
because most cases are diagnosed in an advanced
[3]
stage . It is universally accepted that the causes of
gastric cancer are complex and include a myriad of
environmental factors, inherited susceptibilities and
behavioral factors, such as smoking and a high salt
[7]
diet, which are especially linked to gastric cancer .
In recent decades, many researchers have postulated
that inflammation-related gene polymorphisms, such
as interleukin (IL)-1β, IL-6, IL-16 and IL-17A, which
induce multiple pro-inflammatory mediators, are
[2,8]
correlated with gastric cancer .
IL-17 is a family of pro-inflammatory cytokines
consisting of six similar cytokines and five receptors.
IL-17A has the founding role for this new cytokine
[2]
family . The gene for human IL-17 is located on
[9,10]
chromosome 6p12 and comprises 1874 base pairs
.
IL-17 is preferentially produced by T helper type 17
(Th17) cells as a homodimer; IL-17 can also be secreted
by invariant natural killer T cells and IL-17-producing
+
[11,12]
CD8 T cells
. Based on previous investigations,
high expression of IL-17 is increasingly recognized as
a potential key player in inflammation, autoimmune
[13-15]
disease and graft-vs-host disease
. Furthermore,
IL-17 is significantly upregulated in many tumors, such
as hepatocellular carcinoma, non-small cell lung cancer,
[16-18]
and advanced gastric cancer
. A few frequent
genetic polymorphisms of the IL-17 gene, such as
rs2275913 G>A and rs763780 T>C, are known to play
a critical role in interleukin activity by altering cytokine
[19,20]
function and dysregulating its expression
. Once
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MATERIALS AND METHODS
Search strategy

We searched the MEDLINE, Science Citation Index,
Cochrane Library, PubMed, Embase, CINAHL and
Current Contents Index databases for articles that
assessed correlations between IL-17 genetic variants
and gastric cancer susceptibility, which were published
st
up to March 31 , 2014. We utilized the search terms
(“Interleukin-17” or “IL-17” or “IL 17” or “Interleukin
17” or “Interleukin-25” or “Interleukin 25” or “IL-25”
or “Interleukin-17A” or “Interleukin 17A” or “IL-17A”
or “CTLA-8” or “CTLA 8” or “Cytotoxic T lymphocyteAssociated Antigen 8” or “Cytotoxic T lymphocyte
Associated Antigen 8”) and (“stomach neoplasms”
or “gastric cancer” or “stomach cancer” or “gastric
neoplasms” or “gastric carcinomas” or “stomach
carcinomas” or “carcinoma ventriculi” or “stomach
neoplasms”) in our initial search. We did not set any
limitations on the language of the article. Additional
potentially relevant articles were further identified by a
manual search of references from retrieved articles.

Selection criteria

We evaluated studies on patients with gastric cancer
and IL-17 genetic polymorphisms as risk factors.
The following inclusion criteria were applied to assess
each publication for inclusion: (1) independent casecontrol study that evaluated the relationship between
IL-17 genetic polymorphisms and the risk of gastric
cancer; (2) all patients diagnosed with gastric cancer
were confirmed by histopathological examinations
[24]
demonstrating the occurrence of invasion ; (3) the
number of evaluated cancer cases was provided;
(4) at least 150 cases were included in the study;
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(5) the genotype number and frequency information
were supplied; and (6) the controls conformed to the
Hardy-Weinberg equilibrium (HWE). The exclusion
criteria were the following: (1) studies on familial
and hereditary gastric cancer; and (2) studies on
haplotypes alone. If the same population was included
in previous studies, only the most recent or largest
sample size study was included.

heterogeneity across the enrolled studies, using
the Cochran’s Q-statistic (P < 0.05 was considered
[27]
statistically significant) . As a result of the low
2
statistical power of the Cochran’s Q-statistic, the I
test was also calculated to determine the possibility
[26]
of heterogeneity between studies . A sensitivity
analysis was performed and funnel plot constructed to
assess publication bias, which might affect the validity
of the estimates. The symmetry of the funnel plot was
[28]
further evaluated by Egger’s linear regression test .
All tests were two-sided and a P value of < 0.05 was
considered statistically significant. To ascertain that
the results were credible and accurate, all information
was entered in the STATA software, version 12.0 (Stata
Corp, College Station, TX, United States).

Data extraction

To reduce bias and enhance credibility, two investigators
abstracted information using a standardized protocol
and data recording form independently, and any
disagreements were resolved through consensus.
Information was collected prospectively from each
study, including the first author’s surname; publication
year; publication language; study type; study design;
sources of controls; sample size; participant age, sex,
ethnicity and country of origin; genotyping method;
gene type; relevant polymorphisms; DNA sample types;
genotype and mutation frequencies; and HWE evidence
in controls.

RESULTS
Baseline characteristics of extracted articles

The original keyword search yielded 60 papers.
Through screening titles, key words and abstracts, 28
of these articles were excluded (two were duplicates;
five were letters, reviews or meta-analysis; eight
were not human studies; and 13 were not related
to the research topics). Thirty-two full-text articles
were then reviewed and an additional 23 trials were
excluded (three were not case-control, seven were not
relevant to the IL-17 gene, and 13 were not relevant
to gastric cancer), leaving nine studies applicable for
full publication review. Of these, two were excluded
because of the lack of necessary data. Therefore,
[2,7,20,23,29-31]
seven papers
, representing 7099 subjects
(3210 patients with gastric cancer and 3889 healthy
controls), conformed to our inclusion criteria. The
entire article selection process is summarized in
Figure 1. The publication years ranged from 2009
to 2014. The included articles were case-control
studies that evaluated the relevant correlation in a
Chinese population (four studies), Japanese population
(two study) or Iranian population (one study). The
genotype methods included PCR-RFLP, PCR-SSCP and
Sequenom MassArray. Two SNPs were addressed in
the seven studies, rs2275913 G>A and rs763780 T>C
polymorphisms in the IL-17 gene. All enrolled studies
showed that the genotypes in the healthy control
group did not deviate from the HWE (all P > 0.05).
All quality scores of the enrolled papers were higher
than 20 (moderate-high quality). Table 1 summarizes
the characteristics and methodological qualities of the
enrolled studies. The number of eligible articles in the
searched electronic databases from 2011 to 2014 is
summarized in Figure 2.

Quality assessment

To determine whether the study in question was high
quality, two investigators assessed the studies using
the Strengthening the Reporting of Observational
studies in Epidemiology (STROBE) quality score
[25]
systems independently . The STROBE score consists
of forty assessment items associated with quality
appraisal, with scores ranging from 0 to 40. According
to the STROBE scores, the included studies were
classified into the following three levels: low quality
(0-19), moderate quality (20-29), and high quality
(30-40). Any discrepancies in assigning STROBE scores
to the included publications were resolved through
discussion with a third reviewer.

Statistical analysis

The summary odds ratio (OR) and 95% confidence
interval (CI) were calculated for the correlations
between IL-17 genetic polymorphisms and gastric
cancer risk with five genetic models. 95%CIs were
calculated using the Z test. Only crude ORs were
pooled in the meta-analysis because there were
adjustments for different variables in different studies.
To aggregate quantitative evidence from all selected
studies and minimize the variance of the summary,
we conducted the current statistical meta-analyses
with a random-effects model (DerSimonian and Laird
method) or fixed-effects model (Mantel-Haenszel
method) for individual study results when data from
[26,27]
independent studies could be combined
. The
random-effects model was applied when there was
heterogeneity among studies; otherwise, we applied
the fixed-effects model. The subgroup meta-analyses
were also conducted by country and genotyping
method to explore potential effect modification and
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Relationship between IL-17 genetic mutations and
gastric cancer risk

Seven case-control studies referred to IL-17 genetic
variants in gastric cancer. The primary results for
the correlation between IL-17 genetic mutations
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Identification

Long ZW et al . IL-17 SNPs and gastric cancer risk
Additional articles identified through
a manual search
(n = 1)

Articles identified through electronic
database searching
(n = 59)

Screening

Articles reviewed for duplicates
(n = 60)

Articles after duplicates removed
(n = 58)
Studies were excluded, due to:
(n = 5) Letters, reviews, meta-analysis
(n = 8) Not human studies
(n = 13) Not related to research topics

Eligibility

Full-text articles assessed
for eligibility
(n = 32)

Studies were excluded, due to:
(n = 3) Not case-control
(n = 7) Not relevant to IL-17 gene
(n = 13) Not relevant to gastric cancer

Included

Studies included in
qualitative synthesis
(n = 9)

Studies included in quantitative
synthesis (meta-analysis)
(n = 7)

Figure 1 Flow chart of the literature search and study selection. Ultimately, seven case-control studies were included in this meta-analysis.

Table 1 Characteristics of the included studies focusing on IL-17 genetic polymorphisms
Ref.

Year Country

Sample size
Case Control

Gender (M/F)

Age (yr)

Case

Control

Case

Control

Wu et al[30]
Zhang et al[23]

2014
2014

China
China

945
260

768
512

162/98

280/232

60.6 ± 10.7

51.3 ± 11.2

Zhu et al[2]

2014

China

293

550

189/104 312/238

57.5 ± 11.3

56.7 ± 12.7

Rafiei et al[7]
Arisawa et al[29]
Zeng et al[31]
Shibata et al[20]

2013
2012
2010
2009

Iran
China
China
Japan

161
337
927
287

171
587
777
524

89/72
84/87
234/103 314/273
203/84 307/217

62.6 ± 12.4
65.3 ± 11.4
65.0 ± 11.8

60.8 ± 12.8
61.4 ± 13.7
55.7 ± 18.3

Genotyping
methods

Gene

SNP

STROBE

PCR-RFLP
Sequenom
MassArray
Sequenom
MassArray
PCR-RFLP
PCR-SSCP
PCR-RFLP
PCR-SSCP

IL-17A
IL-17A

rs2275913 G>A
rs2275913 G>A
rs763780 T>C
rs2275913 G>A
rs763780 T>C
rs2275913 G>A
rs2275913 G>A
rs763780 T>C
rs2275913 G>A
rs763780 T>C

29
30

IL-17A
IL-17F
IL-17A
IL-17A
IL-17F
IL-17A
IL-17F

31
27
33
29
32

M: Male; F: Female; PCR-RFLP: Polymerase chain reaction-restriction fragment length polymorphism; PCR-SSCP: Polymerase chain reaction-single-strand
conformation polymorphism; STROBE: Strengthening the Reporting of Observational Studies in Epidemiology.

and susceptibility to gastric cancer are summarized
in Table 2 and Figure 3. The random-effects model
was applied under the allele model because there
was heterogeneity (P < 0.05). Meta-analysis results
identified a positive association of the IL-17 rs2275913
G>A mutation with the occurrence of gastric cancer
with five genetic models (all P < 0.05). A positive
relationship between the rs763780 T>C variation in
the IL-17 gene and susceptibility to gastric cancer
was observed with four genetic models (all P < 0.05),
which was not true for the dominant model (P = 0.299).
All subgroup analysis in our current meta-analysis used
random-effects because of the existing heterogeneity
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(all P < 0.05). Subgroup analysis by country indicated
that the rs2275913 G>A polymorphism might be the
main risk factor for gastric cancer in China and Japan
for the allele model (all P < 0.05), but this was not the
case for Iranian populations under the allele model
(OR = 1.22, 95%CI: 0.90-1.65, P = 0.207) (Figure
4). Additionally, the IL-17 rs763780 T>C variation,
shown in Figure 4, was associated with gastric cancer
susceptibility in China and Japan for the allele model
(China: OR = 1.85, 95%CI: 1.32-2.59, P < 0.001;
Japan: OR = 2.31, 95%CI: 1.71-3.12, P < 0.001).
Additional subgroup analyses by genotyping method
showed obvious positive associations between the
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1.05-2.05
0.90-1.65
1.04-1.37

0.98-1.26
1.48-2.00
1.04-1.37
1.47-2.59

1.32-2.59
1.71-3.12

1.19-1.66
1.78-2.66
1.71-3.12

1.47
1.22
1.19

1.11
1.72
1.19
1.95

1.85
2.31

1.40
2.17
2.31

95%CI

1.12-1.57

1.33

OR

W allele vs M
(Allele model)

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001

0.088
< 0.001
0.013
< 0.001

0.024
0.207
0.013

0.001

P value
OR

1.40
0.94
2.60

1.13
2.60

1.24
1.85
1.12
1.21

1.59
1.07
1.12

1.34

0.91-2.14
0.62-1.41
0.88-7.72

0.84-1.54
0.88-7.72

1.02-1.52
1.43-2.41
0.89-1.40
0.85-1.72

1.19-2.11
0.66-1.73
0.89-1.40

1.11-1.62

95%CI

0.122
0.759
0.085

0.421
0.085

0.034
< 0.001
0.322
0.299

0.001
0.788
0.322

0.003

P value

WW + WM vs MM
(Dominant model)
OR

1.51
3.14
2.68

2.42
2.68

1.15
2.06
1.37
2.47

1.60
1.49
1.37

1.50

1.24-1.84
2.45-4.01
1.91-3.75

1.40-4.18
1.91-3.75

0.79-1.69
1.66-2.56
1.11-1.70
1.63-3.74

0.95-2.70
0.93-2.39
1.11-1.70

1.15-1.94

95%CI

< 0.001
< 0.001
< 0.001

0.002
< 0.001

0.468
< 0.001
0.004
< 0.001

0.078
0.095
0.004

0.002

P value

WW vs WM + MM
(Recessive model)
OR

1.60
1.32
3.44

1.45
3.44

1.23
2.61
1.36
1.54

1.98
1.39
1.36

1.65
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1.04-2.46
0.87-1.99
1.15-10.26

1.07-1.95
1.15-10.26

0.97-1.57
1.95-3.49
1.04-1.77
1.15-2.05

1.12-3.50
0.79-2.44
1.04-1.77

1.23-2.20

95%CI

0.033
0.194
0.027

0.016
0.027

0.088
< 0.001
0.022
0.004

0.019
0.258
0.022

0.001

P value

WW vs MM
(Homozygous model)
OR

1.50
4.20
2.62

2.93
2.62

1.13
1.83
1.38
2.83

1.43
1.57
1.38

1.42

1.21-1.85
3.14-5.62
1.86-3.70

1.34-6.39
1.86-3.70

0.67-1.93
1.45-2.32
1.10-1.74
1.63-4.91

0.86-2.38
0.94-2.63
1.10-1.74

1.10-1.84

95%CI

The main aim of this meta-analysis was to explore the exact relationship between IL-17 gene polymorphisms and the risk of gastric cancer. The results of our metaanalysis indicated that IL-17 genetic polymorphisms, especially the rs2275913 G>A genetic polymorphism, were significantly correlated with an increased risk of
gastric cancer under the allele and dominant models, suggesting that IL-17 genetic variants may be crucial predictors in the development and progression of gastric
cancer. Furthermore, the IL-17 rs763780 T>C polymorphism was positively related to the susceptibility to gastric cancer for the allele model, but not for the dominant
model. Generally, genetic polymorphisms contribute to inter-individual variation and can be the main genetic elements involved in the development of common and
[32]
complex diseases . However, the precise mechanism by which IL-17 genetic variants increase the risk of gastric cancer is still not fully understood. IL-17 is a pro[12]
inflammatory cytokine; it actively works with local tissue inflammation by inducing the release of pro-inflammatory and neutrophil-mobilizing cytokines . Elevated
[33-35]
IL-17 expression has been correlated with a variety of tumor tissues, including breast cancer, ovarian cancer and gastric cancer
. At present, several documents

DISCUSSION

During sensitivity analysis, the overall statistical results did not change when any single study was omitted, suggesting that the meta-analysis data are relatively stable
and credible (Table 3, Figure 5). Funnel plots presented symmetrical data for the correlation between the rs2275913 G>A mutation and the risk of gastric cancer, and
Egger’s test suggested no publication bias (P > 0.05) (Figure 6). However, considering the IL-17 rs763780 T>C variant model, the graphical funnel plots presented
some asymmetrical data under the allele model, and Egger’s test showed a publication bias for this association (t = 6.54, P = 0.023) (Figure 6).

Sensitivity analysis and publication bias

< 0.001
< 0.001
< 0.001

0.007
< 0.001

0.644
< 0.001
0.006
< 0.001

0.167
0.087
0.006

0.008

P value

WW vs WM
(Heterozygous model)

rs2275913 G>A and rs763780 T>C mutations and gastric cancer risk in the PCR-RFLP, PCR-SSCP and Sequenom Mass ARRAY subgroups (all P < 0.05).

W: Wild-type allele; M: Mutant allele; WW: Wild-type homozygote; WM: Heterozygote; MM: Mutant homozygote; SNP: Single nucleotide polymorphism.

rs2275913 G>A
Country
China
Iran
Japan
Genotyping method
PCR-RFLP
MassArray
PCR-SSCP
rs763780 T>C
Country
China
Japan
Genotyping method
PCR-RFLP
MassArray
PCR-SSCP

Subgroup analysis

Table 2 Meta-analysis of the association between IL-17 genetic polymorphisms and gastric cancer
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Table 3 Univariate and multivariate meta-regression analyses of the potential source of heterogeneity
Heterogeneity factors

rs2275913 G>A
Coefficient

Publication year
Univariate
Multivariate
Country
Univariate
Multivariate
Genotyping method
Univariate
Multivariate

SE

Z

rs763780 T>C

P value

95%CI

Coefficient

LL

UL

SE

Z

P value

95%CI
LL

UL

0.042
0.040

0.048
0.030

0.87
1.32

0.386
0.185

-0.053
-0.019

0.137
0.098

0.034
-0.093

0.065
0.056

0.52
-1.67

0.601
0.094

-0.093
-0.202

0.161
0.016

-0.119
0.035

0.123
0.087

-0.97
0.41

0.332
0.684

-0.360
-0.135

0.121
0.206

0.225
0.279

0.335
0.167

0.67
1.67

0.502
0.094

-0.432
-0.048

0.882
0.606

-0.209
-0.218

0.049
0.051

-4.27
-4.31

0.000
0.000

-0.305
-0.317

-0.113
0.119

-0.216
-0.219

0.091
0.067

-2.36
-3.27

0.018
0.001

-0.395
-0.350

-0.037
-0.087

UL: Upper limit; LL: Lower limit.

30

Number of articles

25

PubMed database
All database

20
15
10
5
0

2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014
Publication year

Figure 2 Distribution of the topic-related literature in electronic databases over the last decade.

and studies have revealed that two common promoter
SNPs of the IL-17A gene (rs2275913) and IL-17F gene
(rs763780) may be related to susceptibility to gastric
[7,36]
carcinoma
. In addition, gene polymorphisms in the
IL-17 gene, as well as their receptors, may be involved
in the development of Th1-mediated diseases, an
increase in the risk of Helicobacter pylori (H. pylori)
infection and the development of gastric diseases and
[37]
neoplasms . It is worth noting that IL-17 is secreted
by T-helper cells and that it can combine with tumor
necrosis factors and IL-1, which may participate in the
process of inducing and mediating pro-inflammatory
[38]
responses . As a subset of T helper cells, Th17 cells
are crucial mediators of inflammation, autoimmune
disease and malignancy, especially through the
[39]
production of IL-17A and IL-17F . In this respect, we
suspected that the IL-17 genetic polymorphisms might
affect the process of inflammation and carcinogenesis
of gastric mucosa. It has been reported that the IL-17F
rs763780 (7488T/C) is a natural IL-17F antagonist,
which may result in a His-to-Arg substitution at amino
acid 161 (H161R), and the genetic variant might
lead to various diseases. As a result, the expression
or activity of IL-17F may be suppressed in IL-17F
[40]
(7488T/C) allele carriers . More specifically, IL-17A
and IL-17F have been suggested to share similar
functions with respect to their ability to stimulate

WJG|www.wjgnet.com

various chemokines, cytokines and adhesion molecules
[20]
when recruiting and activating neutrophils . Both
cytokines, coordinately or independently, may promote
the development of gastric inflammation and further
induce the development of gastric malignancy.
Moreover, IL-17F (7488T/C) is related to H. pyloriinfection by increasing the inflammatory activity,
revealing an association with the risk of intestinal-type
[36]
[20]
gastric cancer . A previous study by Shibata et al
also suggested that the IL-17A rs2275913 (G-197A)
may be bound up with the degree of gastric mucosal
atrophy and may elevate the risk of gastric mucosal
atrophy-related disorders.
We also carefully performed stratified analyses by
country to evaluate the correlation between the IL-17
genetic variations and increased risk of gastric cancer.
For the rs2275913 G>A genetic polymorphism, the
country-stratified analysis results revealed that this
polymorphism is closely related to an elevated risk of
gastric cancer in China and Japan for the allele model.
On the other hand, there was no such connection in
Iran, suggesting that country differences might be a
potential source of heterogeneity for this association.
We speculated that country differences might be reflect
differences in alleles and genotypes among different
ethnic populations. However, there was a positive
relationship between the IL-17 rs763780 T>C genetic
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rs2275913 G>A
(G allele vs A allele)

Included study

OR (95%CI)

Weight%

Wu XQ (2014)

1.09 (0.96, 1.25)

19.53

Zhang X (2014)

1.66 (1.34, 2.06)

16.42

Zhu QH (2014)

1.78 (1.45, 2.18)

16.80

Rafiei A (2013)

1.22 (0.90, 1.65)

12.99

Arisawa T (2012)

1.19 (0.98, 1.44)

17.40

Shibata T (2009)

1.20 (0.97, 1.47)

16.86

2
Heterogeneity test: (I = 77.0%, P = 0.001)
Z test (Z = 3.27, P = 0.001)

1.33 (1.12, 1.57)

100.00

OR (95%CI)

Weight%

Random effects analysis
0.458

   1

2.18

rs2275913 G>A
(GG + GA vs AA)

Included study
Wu XQ (2014)

1.28 (1.03, 1.60)

23.71

Zhang X (2014)

1.70 (1.17, 2.45)

15.15

Zhu QH (2014)

2.03 (1.40, 2.94)

15.10

Rafiei A (2013)

1.07 (0.66, 1.73)

10.87

Arisawa T (2012)

1.09 (0.80, 1.49)

18.27

Shibata T (2009)

1.15 (0.83, 1.61)

16.90

2
Heterogeneity test: (I = 49.3%, P = 0.079)
Z test (Z = 3.02, P = 0.003)

1.34 (1.11, 1.62)

100.00

OR (95%CI)

Weight%

0.341

   1

2.94

rs763780 T>C
(T allele vs C allele)

Included study
Zhang X (2014)

2.00 (1.50, 2.66)

23.97

Zhu QH (2014)

2.37 (1.78, 3.15)

23.97

Zeng ZR (2010)

1.40 (1.19, 1.66)

28.60

Shibata T (2009)

2.31 (1.71, 3.12)

23.46

1.95 (1.47, 2.59)

100.00

OR (95%CI)

Weight%

2

Heterogeneity test: (I = 80.1%, P = 0.002)
Z test (Z = 4.60, P = 0.001)
Random effects analysis
0.317

   1

3.15

rs763780 T>C
(T allele vs C allele)

Included study
Zhang X (2014)

0.84 (0.48, 1.47)

27.19

Zhu QH (2014)

1.07 (0.59, 1.95)

24.83

Zeng ZR (2010)

1.40 (0.91, 2.14)

38.59

Shibata T (2009)

2.60 (0.88, 7.72)

9.39

2
Heterogeneity test: (I = 28.1%, P = 0.243)
Z test (Z = 1.04, P = 0.299)

1.21 (0.85, 1.72)

100.00

Random effects analysis
0.129

   1

7.72

Figure 3 Forest plot of the relationships between IL-17 polymorphisms and susceptibility to gastric cancer.
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rs2275913 G>A
(Country: G allele vs A allele)

Included study

OR (95%CI)

Weight%

Wu XQ (2014)

1.09 (0.96, 1.25)

19.53

Zhang X (2014)

1.66 (1.34, 2.06)

16.42

1.78 (1.45, 2.18)

16.80

1.47 (1.05, 2.05)

52.75

1.22 (0.90, 1.65)

12.99

1.22 (0.90, 1.65)

12.99

1.19 (0.98, 1.44)

17.40

China

Zhu QH (2014)
2

Heterogeneity test: (I = 89.9%, P < 0.001)
Z test (Z = 2.26, P = 0.024)

Iran
Rafiei A (2013)

Z test (Z = 1.26, P = 0.207)

Japan
Arisawa T (2012)
Shibata T (2009)

1.20 (0.97, 1.47)

16.86

2

Heterogeneity test: (I = 00.0%, P = 0.983)
Z test (Z = 2.49, P = 0.013)

1.19 (1.04, 1.37)

34.26

2
Heterogeneity test: (I = 77.0%, P = 0.001)
Z test (Z = 3.27, P = 0.001)

1.33 (1.12, 1.57)

100.00

OR (95%CI)

Weight%

Wu XQ (2014)

1.09 (0.96, 1.25)

19.53

Rafiei A (2013)

1.22 (0.90, 1.65)

12.99

1.11 (0.98, 1.26)

32.53

1.66 (1.34, 2.06)

16.42

1.78 (1.45, 2.18)

16.80

1.72 (1.48, 2.00)

33.21

1.19 (0.98, 1.44)

17.40

Random effects analysis
0.458

   1

2.18

rs2275913 G>A
(Genotyping_method: GG + GA vs AA)

Included study
PCR-RFLP

2
Heterogeneity test: (I = 0.00%, P = 0.532)
Z test (Z = 1.71, P = 0.088)

MassARRAY
Zhang X (2014)
Zhu QH (2014)
2

Heterogeneity test: (I = 0.00%, P = 0.668)
Z test (Z = 7.16, P = 0.001)

PCR-SSCP
Arisawa T (2012)
Shibata T (2009)

1.20 (0.97, 1.47)

16.86

2

Heterogeneity test: (I = 00.0%, P = 0.983)
Z test (Z = 2.49, P = 0.013)

1.19 (1.04, 1.37)

34.26

2
Heterogeneity test: (I = 77.0%, P = 0.001)
Z test (Z = 3.27, P = 0.001)

1.33 (1.12, 1.57)

100.00

Random effects analysis
0.458
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   1

2.18
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rs763780 T>C
(Country: T vs C allele)

Included study

OR (95%CI)

Weight%

Zhang X (2014)

2.00 (1.50, 2.66)

23.97

Zhu QH (2014)

2.37 (1.78, 3.15)

23.97

1.40 (1.19, 1.66)

28.60

1.85 (1.32, 2.59)

76.54

2.31 (1.71, 3.12)

23.46

Z test (Z = 5.48, P = 0.001)

2.31 (1.71, 3.12)

23.46

2
Heterogeneity test: (I = 80.1%, P = 0.002)
Z test (Z = 4.60, P = 0.001)

1.95 (1.47, 2.59)

100.00

OR (95%CI)

Weight%

Zhang X (2014)

2.00 (1.50, 2.66)

23.97

Zhu QH (2014)

2.37 (1.78, 3.15)

23.97

2.17 (1.78, 2.66)

47.94

1.40 (1.19, 1.66)

28.60

1.40 (1.19, 1.66)

28.60

2.31 (1.71, 3.12)

23.46

2.31 (1.71, 3.12)

23.46

1.95 (1.47, 2.59)

100.00

China

Zheng ZR (2010)
2

Heterogeneity test: (I = 82.3%, P = 0.003)
Z test (Z = 3.59, P = 0.001)

Japan
Shibata T (2009)

Random effects analysis
0.317

   1

3.15

rs763780 T>C
(Genotyping_method: TT + TC vs CC)

Included study
MassARRAY

2
Heterogeneity test: (I = 0.00%, P = 0.415)
Z test (Z = 7.51, P = 0.001)

PCR-RFLP
Zheng ZR (2010)

Z test (Z = 3.99, P = 0.001)
PCR-SSCP
Shibata T (2009)

Z test (Z = 5.48, P = 0.001)
2

Heterogeneity test: (I = 80.1%, P = 0.002)
Z test (Z = 4.60, P = 0.001)
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Figure 4 Subgroup analyses for the relationships between IL-17 polymorphisms and susceptibility to gastric cancer.

polymorphism and gastric cancer in China and Japan
for the allele model. Our findings were in agreement
with previous reports that genetic variations in the
IL-17 gene, especially IL-17A (rs2275913, G-197A)
and IL-17F (rs763780, 7488 T/C), may lead to gastric
carcinoma, implying that these genetic polymorphisms
could be potential markers for predicting an increased
risk of gastric cancer.
Some limitations of this meta-analysis should
also be considered when interpreting our results.
First, this research is biased by the fact that it was

WJG|www.wjgnet.com

conducted on a population with a single ethnicity,
and the participants might not be representative of
the general population. Second, publication bias may
have resulted from the exclusion of unpublished data,
as well as papers published in languages other than
English and Chinese. A third limitation is that the
controls in some of the included studies on IL-17A
(rs2275913) and IL-17F (rs763780) deviated from
HWE (P < 0.05). Such disequilibrium suggested that
the samples were not representative of the expected
genotype distribution; therefore, they may have
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Applications

distorted our findings. Fourth, the data included in
this meta-analysis did not have a sufficiently large
sample size for a comprehensive analysis because of
the limited number of published studies and samples.
Finally, we failed to uncover adequate evidence of an
increased expression and function of the IL-17 axis and
IL-17-driven inflammatory response associated with
rs2275913A and rs763780C alleles (in the presence
and absence of H. pylori infection), which largely
restricted a comprehensive explanation of the role
of IL-17 polymorphisms in the risk of gastric cancer.
Future alternative experimental models for studying
the development of H. pylori infection may be useful.
In this study, the first meta-analysis on the association
between the IL-17 gene polymorphisms and gastric
cancer, we used a statistical approach to rigorously
quantify, combine and analyze the inconsistent results
of previous studies, contributing to a more reliable
understanding of the association.
In brief, this study indicated that the IL-17
rs2275913 and rs763780 polymorphisms are associated
with an increased susceptibility to gastric cancer. These
results suggested that SNPs in the IL-17 gene may
have a significant relationship with the risk of gastric
cancer and may be helpful in identifying individuals who
are at an increased risk of developing gastric cancer.
Future large, population-based and multicenter studies
are warranted to determine the exact mechanism
underlying the involvement of the IL-17 gene in gastric
cancer progression.

Future larger population-based and multicenter studies are warranted to confirm
the exact mechanism underlying the involvement of the IL-17 gene in gastric
cancer progression.

Peer-review

The authors extracted the published data to perform a meta-analysis of the
relationship between the IL-17 gene polymorphisms and gastric cancer risk.
They concluded that IL-17 rs2275913 and rs763780 polymorphisms are
associated with increased susceptibility to gastric cancer. Overall, this is a very
interesting study, the experiments are well designed and conducted, the data
are properly analyzed and presented, and the limitations of the study are also
discussed. Thus, the result from this study may provide useful information in the
field of IL-17 in gastric cancer.
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METHODS: PubMed, Web of Science, and the
Cochrane Library were systematically searched to
obtain relevant articles published before January
2014. Publications were retrieved if they met the
selection criteria. The outcomes of interest included:
mortality, morbidity, postoperative pancreatic fistula
(POPF), clinically relevant pancreatic fistula (CRPF), abdominal abscess, reoperation rate, the rate of
interventional radiology drainage, and the length of
hospital stay. Subgroup analyses were also performed
for pancreaticoduodenectomy (PD) and for distal
pancreatectomy. Begg’s funnel plot and the Egger
regression test were employed to assess potential
publication bias.
RESULTS: Nine eligible studies involving a total
of 2794 patients were identified and included in
this meta-analysis. Of the included patients, 1373
received prophylactic abdominal drainage. A fixedeffects model meta-analysis showed that placement of
prophylactic drainage did not have beneficial effects
on clinical outcomes, including morbidity, POPF, CRPF, reoperation, interventional radiology drainage,
and length of hospital stay (P s > 0.05). In addition,
prophylactic drainage did not significantly increase the
risk of abdominal abscess. Overall analysis showed
that omitting prophylactic abdominal drainage resulted
in higher mortality after pancreatectomy (OR =
1.56; 95%CI: 0.93-2.92). Subgroup analysis of PD
showed similar results to those in the overall analysis.
Elimination of prophylactic abdominal drainage after
PD led to a significant increase in mortality (OR = 2.39;
95%CI: 1.22-4.69; P = 0.01).
CONCLUSION: Prophylactic abdominal drainage
after pancreatic resection is still necessary, though
more evidence from randomized controlled trials
assessing prophylactic drainage after PD and distal
pancreatectomy are needed.

Abstract
AIM: To investigate whether prophylactic abdominal
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Key words: Prophylactic abdominal drainage; Pancreatic
resection; Systemic review; Meta-analysis

study by Heslin et al showed that intra-abdominal
drainage did not significantly reduce the rate of major
complications after pancreaticoduodenectomy (PD). In
[7]
addition, a prospective cohort study by Fisher et al
demonstrated that a no drainage policy was associated
with a decreased incidence of delayed gastric emptying
and wound infection. The first randomized controlled
[8]
trial (RCT) by Conlon et al showed that omitting
prophylactic drainage was not associated with a
significant increase in mortality or morbidity. However,
[9]
Correa-Gallego et al showed that eliminating routine
abdominal drainage resulted in a higher mortality
rate based on the results of 739 patients. The latest
randomized prospective multicenter trial by Van
[10]
Buren et al demonstrated that omitting prophylactic
drainage after PD was associated with higher morbidity
and mortality.
The results of these studies are conflicting, and the
value of prophylactic abdominal drainage in pancreatic
resection has been intensively debated in recent years.
Therefore, this meta-analysis was conducted to clarify
whether prophylactic drainage is necessary for all
patients after pancreatic resection.

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

Core tip: The elimination of prophylactic abdominal
drainage resulted in an increase in mortality rate
after pancreatic resection, especially in patients who
underwent pancreaticoduodenectomy (PD). Therefore,
prophylactic abdominal drainage is still necessary after
pancreatic resection. Randomized controlled trials
assessing the value of prophylactic abdominal drainage
after PD and distal pancreatectomy are required to
provide more powerful evidence. Based on current
evidence, future prophylactic abdominal drainage may
not be routine due to advances in surgical techniques
and perioperative management. Moreover, drainage
strategy after pancreatic resection should be tailored
based on the characteristics of each patient.
Dou CW, Liu ZK, Jia YL, Zheng X, Tu KS, Yao YM, Liu QG.
Systematic review and meta-analysis of prophylactic abdominal
drainage after pancreatic resection. World J Gastroenterol 2015;
21(18): 5719-5734 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5719.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5719

MATERIALS AND METHODS
Search strategy

PubMed, Web of Science, and the Cochrane Library
were searched to obtain relevant articles published
up until January 2014. The following medical subject
heading (Mesh) terms were used in combination
with Boolean operators AND or OR: pancreatico
duodenectomy, Whipple, pancreatectomy, pancreatic
resection, drain, and drainage. Furthermore, the
references in relevant articles were screened manually
to identify additional eligible studies. No language
restriction was imposed during the electronic search.

INTRODUCTION
Prophylactic abdominal drainage, which is considered
routine and mandatory after pancreatic resection, is a
highly invasive surgery with a morbidity rate as high as
40%. This traditional practice is based on the concept
that prophylactic drainage can evacuate anastomotic
leakage fluid and abdominal collections. Drainage fluid
can serve as a warning sign of anastomotic leakage,
intra-abdominal hemorrhage, and abdominal infection.
Therefore, it can facilitate the early detection and
timely management of postoperative complications.
However, prospective studies have demonstrated
that prophylactic drainage does not result in any
benefit after other abdominal surgeries including
[1]
[2,3]
cholecystectomy , hepatectomy , and colorectal
[4]
surgery . Some surgeons have begun to question the
significance of prophylactic drainage after pancreatic
resection, and studies assessing the value of
prophylactic drainage after pancreatic resection have
been conducted.
[5]
As early as 1992, Jeekel
reported that 22
patients who underwent Whipple’s procedure without
abdominal drainage had acceptable postoperative
outcomes. The study concluded that abdominal
drainage was not mandatory after Whipple’s
procedure. In the following two decades, comparative
studies were conducted to examine the value of
prophylactic abdominal drainage. A retrospective
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Selection criteria

Studies eligible for this meta-analysis had to fulfill
the following inclusion criteria: (1) comparative study
evaluating the efficacy of prophylactic abdominal
drainage after pancreatic resection; (2) at least
one postoperative outcome was reported, including
mortality, morbidity, pancreatic fistula, abdominal
abscess, interventional radiology drainage, reoperation
rate, or length of hospital stay; and (3) the study was
published as a full-length article.
Abstracts, letters, case reports, editorials, expert
opinions, reviews, animal studies, and articles not
reporting outcomes of interest were excluded.

Outcomes of interest

The outcomes of interest included mortality, morbidity,
postoperative pancreatic fistula (POPF), clinically
relevant pancreatic fistula (CR-PF), abdominal abscess,
reoperation rate, the rate of interventional radiology
drainage, and the length of hospital stay. Table 1
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Table 1 Definitions of clinical outcomes in each included study
Author

Mortality

Morbidity

POPF

Heslin et al[6]

NA

NA

Drain output at a rate of ≥ 30 mL/d or more
and lasting for more than 7 d

Conlon et al[8]

Deaths within 30 d
of surgery

NA

Fisher et al[7]

Deaths within 30 d
of surgery.
NA

CTCAE (v4.0)[35]

Deaths within 90 d
of surgery

Clavien
classification[37]

Correa-Gallego et Deaths within 90 d
al[9]
of surgery

CTCAE (v4.0)[35]

Lim et al[27]

Clavien
classification[37]
Clavien
classification[37]
CTCAE (v4.0)[35]

Paulus et al[26]

Adham et al[29]

Mehta et al[28]
Van Buren et al[10]

Clavien
classification[37]
Deaths within 30 d
of surgery
Deaths within 90 d
of surgery

NA

Abdominal abscess

Abdominal collection associated with
fever and a positive culture requiring
either percutaneous or operative drainage
yielding positive cultures
Drain output on postoperative day 5 or > 30 Abdominal collection associated with fever
mL and amylase level > 150 IU/L and/or three
and a positive culture requiring either
times greater than the serum value
surgical or radiologic drainage
ISGPF[36]
Abdominal collection with a positive Gram
stain or cultures
ISGPF[36]
Abdominal collection associated with
fever, abnormal blood routine test, and
positive cultures
ISGPF[36]
Abdominal collection associated with fever
and a positive culture requiring surgical
drain or interventional treatment
Clinical signs and symptoms with amylase-rich Clinical signs and symptoms or radiologic
drainage > 50 mL/d beyond postoperative day
diagnosis of abdominal abscess or
10
peritonitis
ISGPF[36]
NA
ISGPF[36]

NA

ISGPF[36]

NA

NA: Not available; CTCAE (v4.0): Common terminology criteria for adverse effects, version 4.0; ISGPF: International Study Group of Pancreatic Fistula.

[12]

shows the definition of clinical outcomes in each study.

based on the Cochrane Collaboration guidelines .
The statistical tests were two-sided, and P < 0.05 was
regarded as statistically significant. The Cochrane Q
test was conducted to assess statistical heterogeneity;
P < 0.1 indicated statistically significant heterogeneity,
thus the fixed-effects model was used. Otherwise, the
2
random-effects model was employed. The I statistic,
2
which was transformed from the Cochrane Q test [I =
100% × (Q-df)/Q], was also used to assess statistical
2
heterogeneity. An I value of < 25% indicated low
heterogeneity, a value of > 50% indicated high
heterogeneity and a value between 25 and 50%
[12]
indicated moderate heterogeneity . To determine the
influence of non-RCTs (NRCTs) on pooled results, we
performed a restricted analysis of RCTs. A sensitivity
test was conducted by reanalyzing the data after
removing each trial to assess the robustness of pooled
results.
As distal pancreatectomy (DP) and PD are two
distinct operations, subgroup analyses were conducted
to evaluate the efficacy of prophylactic abdominal
drainage in PD and in DP. Begg’s funnel plot and the
Egger’s regression test were employed to assess
potential publication bias in this meta-analysis. A
P > 0.1 in the Egger’s test indicated no significant
publication bias.

Study extraction and quality assessment

The titles and abstracts of the search results were
scanned for potentially eligible studies. Then, the full
texts of potentially eligible studies were screened to
determine whether they should be included based on
the selection criteria. Data from the included articles
were extracted independently by two reviewers, and
inconsistencies were resolved by consensus. The
quality of RCTs was assessed using the Cochrane
Risk of Bias Tool, while that of cohort studies and the
case-control study was assessed using the modified
Newcastle-Ottawa Scale.

Data synthesis and statistical analysis

This meta-analysis was conducted based on the
recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
Statement, using Review Manager 5 software (The
Cochrane Collaboration, Oxford, United Kingdom).
Dichotomous variables are presented as ORs with
95%CI, while continuous variables are presented as
mean difference (MD) with 95%CI. If the mean value
was not available, median values were converted to
[11]
means for pooled analysis based on Hozo’s method .
If the standard deviation (SD) was not available and
the range value was available, the SD was calculated
[11]
from the range value according to Hozo’s formula .
If the SD was not reported and the P value or
interquartile range value was available, the SD was
calculated from the P value or interquartile range value
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RESULTS
Figure 1 illustrates the process of study selection.
Initially, a total of 5432 articles were obtained through
a search of PubMed (n = 2063), Web of Science (n
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Records identified through
PubMed
(n = 2063)

Records identified through
Web of Science
(n = 2935)

Records identified through
the Cochrane Library
(n = 434)

Records after duplicates removed
(n = 2101)

Eligibility

Screening

Identification

Dou CW et al . Prophylactic abdominal drainage after pancreatic resection

Records screened
(n = 3331)

Records excluded (n = 3308):
Non-related articles, reviews, comments, letters,
case reports, not enough data for extraction

Full-text articles assessed for
eligibility
(n = 23)

Full-text articles excluded, with reasons (n = 14)
Not comparative studies (n = 1)
Review (n = 8)
Early vs late removal of drain tube (n = 2)
Not related (n = 3)

Included

Studies included in
qualitative synthesis
(n = 9)

Studies included in quantitative
synthesis (meta-analysis)
(n = 9)

Figure 1 Flow diagram of literature search and selection.

= 2935) and the Cochrane Library (n = 434). After
scanning the titles and abstracts, 2101 duplicates and
3308 irrelevant articles were excluded. Full texts of the
remaining 23 potentially eligible articles were screened
[5]
for detailed assessment. One study was excluded
[13,14]
due to lack of a control group. Two studies
comparing early removal with late removal of drain
[15-22]
tubes and eight review articles
were excluded.
[23-25]
Three articles
were irrelevant and were excluded
[6-10,13,26-28]
after full-text assessment. Nine studies
were
finally included in the meta-analysis.

the type of pancreatic resection was uniformly PD. In
[7,8,10,26,29]
the other four studies
, the type of surgery
included DP, PD, and other types of pancreatic
resection. The study conducted by Correa-Gallego
[9]
et al included two distinct subgroups of patients.
Patients in one subgroup underwent PD, while those in
the other subgroup underwent DP.
Basic medical information (including comorbidity,
preoperative treatment, preoperative biochemical
tests, pathology, length of operation, and estimated
blood loss) was also reported in the nine included
studies. A summary of the comparability of patients in
the two groups in each study is shown in Table 3. Most
aspects were comparable between the two groups in
each study.

Characteristics of the included studies

Basic information on the nine included studies, such
as author, year of publication, country, study design,
baseline demographics, and surgical procedures are
[8,10]
listed in Table 2. Of the nine included studies, two
[27]
were RCTs, one study
was a case-control study
[6,7,9,26,28,29]
and the other six
were observational cohort
studies. A total of 2794 patients were included in this
meta-analysis; 1373 patients received prophylactic
abdominal drainage and the remaining 1421 patients
did not. The average age of the patients in each study
ranged from 62 to 69 years, and the percentage of
[6,10,27,28]
males varied from 29.6 to 58.1. In four studies
,
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Quality assessment of the included studies

The risk of bias in six cohort studies and one casecontrol study were assessed by the modified Newcastle[6,7,9,26,28,29]
Ottawa scale. In the six cohort studies
, the
exposed cohorts in most studies were representative
of the patients who had prophylactic drainage after
pancreatic resection. The non-exposed cohorts were
selected from the same patient base as the exposed
cohorts in most studies. The cohort study by Heslin
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Table 2 Characteristics of included studies
Author, year
Heslin et al[6]
1998
Conlon et al[8]
2001
Fisher et al[7]
2011
Paulus et al[26]
2012
Adham et al[29]
2013
Correa-Gallego et al[9]
2013

Lim et al[27]
2013
Mehta et al[28]
2013
Van Buren et al[10]
2013

Country

Design

No. of patients

Group

Age (yr)

Male:female

Operation type: No. of patients

United States

OCS

89

United States

RCT

179

United States

OCS

228

United States

OCS

59

France

OCS

242

United States

OCS

Drain
No drain
Drain
No drain
Drain
No drain
Drain
No drain
Drain
No drain
Drain
No drain

65 ± 2
65 ± 2
66 (23-81)
69 (33-87)
63 (53-72)
59 (51-70)
52 (44-66)
58 (52-68)
61.5 (20-85)
66.5 (19-85)
NA
NA

18:20 (58.1)
32:19
46:42 (49.7)
43:48
78:101 (40.7)
19:40
NA
NA
66:64 (52.4)
61:51
NA
NA

PD: 51
PD: 38
PD: 73, DP: 15
PD: 66, DP: 25
PD: 123, DP: 56
PD: 30, DP: 17
DP: 39
DP: 30
PD: 79, DP: 29, Others: 22
PD: 69, DP: 37, Others: 6
PD: 386
PD: 353

Drain
No drain

NA
NA

NA
NA

DP: 154
DP: 196

Drain
No drain
Drain
No drain
Drain
No drain

62 (40-76)
62 (38-78)
60
62.5
62.1 ± 11.7
64.3 ± 12.6

8:19 (29.6)
8:19
130:121
232:236
37:31
38:31

PD: 27
PD: 27
PD: 251
PD: 458
PD: 68
PD: 69

France

OCS

739 (Subgroup
A of PD)
350 (Subgroup
B of DP)
54

United States

OCS

709

United States

RCT

137

OCS: Observational comparative study; PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy; Others: Enucleation and Central pancreatectomy; NA:
Not available.

Table 3 Comparability between drained patients and non-drained patients
Author

Comorbidity

Preoperative
treatment

Preoperative
biochemical test

Pathology

Length of
operation

Estimated
blood loss

Texture of
pancreas

Diameter of
pancreatic duct

Heslin et al[6]
Conlon et al[8]
Fisher et al[7]

Comparable
NA
Significant
difference
NA
Comparable

Comparable
Comparable
NA

Comparable
Comparable
Comparable

NA
Comparable
Comparable

NA
NA
Comparable

Comparable
Comparable

Comparable
NA

Comparable
Comparable
Significant
difference
Comparable
NA

NA
NA
Comparable

NA
Comparable

Comparable
NA
Significant
difference
NA
Comparable

Comparable
NA

NA

NA

Comparable

NA

Comparable

NA

NA

NA

Comparable

Comparable
Comparable

Comparable
Comparable

Comparable
Comparable

Comparable
Comparable

Van Buren et al[10]

Comparable

Comparable

Comparable

Comparable

Significant
difference
Significant
difference
Comparable
Significant
difference
Comparable

Significant
difference
NA

Lim et al[27]
Mehta et al[28]

Significant
difference
Significant
difference
Comparable
Significant
difference
Comparable

Paulus et al[26]
Adham et al[29]
Correa-Gallego et al[9]
PD subgroup
DP subgroup

Comparable
NA
Comparable

Comparable
Significant
difference
Comparable
Significant
difference
Comparable

NA: Not available; PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy.

Effect of prophylactic drainage on patients’ clinical
outcomes

[6]

et al reported an independent assessment of the
[6,26]
clinical outcomes. Two studies
did not have a clear
description of the length of follow-up. In the case
[27]
control study , the comparability of cases and controls
was ensured by one-to-one matching. The risk of bias
[8,10]
in the two RCTs
was evaluated by the Cochrane
Risk of Bias Tool. The two RCTs had a low risk of bias in
random sequence generation, allocation concealment
and selective reporting. The study by Van Buren et
[10]
al
did not report the blinding assessment of clinical
outcomes. The results of the quality assessment for the
nine included studies are shown in Table 4.
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The results of this meta-analysis are summarized in
Table 5. Forest plots representing the results of the
overall analysis are displayed in Figure 2. Forest plots
representing the results of subgroup analyses of PD
and DP are shown in Figures 3 and 4.

Mortality

Seven of nine studies reported mortality. The mortality
rate in the non-prophylactic drainage group was higher
than that in the prophylactic drainage group (2.96%
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Table 4 Quality of assessment of included studies
Cohort studies
Heslin et al[6]
Paulus et al[26]
Fisher et al[7]
Adham et al[29]
Correa-Gallego et al[9]
Metha et al[28]
Case-control study
Lim et al[27]
RCTs

Conlon et al[8]
Van Buren et al[10]

Representativeness of Selection of the non- Ascertainment of Comparability between
the exposed cohort
exposed cohort
exposure
the two cohorts
Potential selection bias Same patient base
Surgical record No restriction/matching
Representative
Representative

Same patient base
Different patient
base
Representative
Same patient base
Representative
Same patient base
Representative
Same patient base
Representativeness of Selection of Controls
the cases
Potential selection bias
Hospital control
Random sequence
Allocation
generation
concealment
Low risk
Low risk

Low risk
Low risk

Surgical record
Surgical record

No restriction/matching
No restriction/matching

Surgical record No restriction/matching
Surgical record No restriction/matching
Surgical record No restriction/matching
Ascertainment of Comparability of cases
exposure
and controls
Surgical record
One to one matching
Blinding of
Blinding of outcome
participants and
assessment
personnel
High risk
Low risk
High risk
Unclear risk

Assessment of
outcome
Independent
assessment
Surgical record
Surgical record

Length of followup
NM

Surgical record
Surgical record
Surgical record
Assessment of
outcome
Surgical record
Incomplete
outcome data

90 d
90 d
90 d
Definition of
Controls and cases
Surgical record
Selective reporting

Unclear risk
Low risk

Low risk
Low risk

NM
30 d

RCT: Randomized controlled trial.

Table 5 Summary of results
Outcome of interest
Mortality
Overall analysis
Restricted analysis of RCTs
Subgroup analysis of PD
Overall morbidity
Overall analysis
Restricted analysis of RCTs
Subgroup analysis of PD
Subgroup analysis of DP
POPF
Overall analysis
Subgroup analysis of PD
Subgroup analysis of DP
CR-PF
Overall analysis
Subgroup analysis of PD
Abdominal abscess
Overall analysis
Restricted analysis of RCTs
Subgroup analysis of PD
Interventional radiology drainage
Overall analysis
Restricted analysis of RCTs
Subgroup analysis of PD
Subgroup analysis of DP
Reoperation
Overall analysis
Restricted analysis of RCTs
Subgroup analysis of PD
Subgroup analysis of DP
Length of hospital stay
Overall analysis
Restricted analysis of RCTs
Subgroup analysis of PD
Subgroup analysis of DP

Studies

Patients

Results

Pooled estimates

P value P value for
HG

I2

No drainage

Drainage

No drainage

Drainage

(95%CI)

7
2
5

1353
160
954

1283
150
911

2.96%
6.25%
3.35%

1.87%
2.56%
1.32%

1.56 (0.93-2.62)
2.55 (0.79-8.30)
2.39 (1.22-4.69)

0.09
0.12
0.01

0.31
0.25
0.52

15%
26%
0%

9
2
5
2

1421
160
945
226

1373
150
783
193

43.54%
66.88%
46.35%
27.88%

52.59%
67.31%
51.34%
33.68%

0.69 (0.52-0.92)
1.00 (0.58-1.72)
0.69 (0.56-0.84)
1.29 (0.24-6.81)

0.01
1.00
< 0.01
0.76

0.01
0.26
0.23
< 0.01

58%
20%
28%
89%

7
4
2

1292
907
226

1234
732
193

13.78%
13.34%
16.81%

27.55%
26.23%
24.87%

0.55 (0.42-0.72)
0.46 (0.35-0.59)
0.39 (0.07-2.21)

< 0.01
< 0.01
0.29

0.07
0.24
0.17

46%
28%
46%

6
3

743
554

694
346

9.02%
8.84%

13.26%
15.32%

0.72 (0.33-1.59)
0.61 (0.14-2.66)

0.42
0.51

< 0.01
< 0.01

69%
81%

7
2
3

414
160
134

582
150
146

11.84%
15.00%
14.18%

8.59%
7.70%
6.85%

1.29 (0.84-1.98)
1.95 (0.53-7.16)
2.12 (0.95-4.72)

0.25
0.32
0.07

0.34
0.09
0.13

11%
65%
50%

8
2
5
2

1309
160
945
226

1243
150
783
193

11.38%
14.38%
10.16%
18.14%

12.31%
10.90%
12.52%
20.73%

1.05 (0.69-1.62)
1.35 (0.26-6.97)
0.87 (0.65-1.19)
1.03 (0.38-2.80)

0.81
0.72
0.39
0.95

0.03
0.02
0.13
0.13

52%
81%
43%
57%

9
2
5
2

1421
160
945
226

1373
150
783
193

4.71%
16.67%
4.02%
3.54%

4.73%
6.41%
2.68%
6.22%

1.01 (0.70-1.47)
1.11 (0.17-7.29)
1.26 (0.73-2.17)
0.80 (0.29-2.17)

0.95
0.91
0.41
0.66

0.59
0.07
0.51
0.46

0%
70%
0%
0%

9
2
5
2

1421
160
945
226

1373
150
783
193

-

-

-0.96 [-1.74-(-0.18)]
0.78 (-0.40-1.97)
-0.75 (-1.73-0.24)
-2.10 [-2.46-(-1.73)]

0.02
0.19
0.14
< 0.01

< 0.01
0.49
< 0.01
0.29

92%
0%
85%
11%

PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy; RCT: Randomized clinical trial.
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No drainage
Study or subgroup
Adham 2013
Conlon 2001
Correa-Gallego 2013 (a)
Correa-Gallego 2013 (b)
Fisher 2011
Lim 2013
Mehta 2013
Van Buren 2013

Odds ratio

Odds ratio

Events

Total

Routine drainage
Events

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

5
2
11
1
1
1
11
8

112
91
353
196
47
27
458
39

7
2
3
3
1
1
5
2

130
88
386
154
179
27
251
68

26.1%
8.4%
11.7%
14.1%
1.7%
4.1%
26.5%
7.5%

0.82 [0.25, 2.66]
0.97 [0.13, 7.01]
4.11 [1.14, 14.84]
0.26 [0.03, 2.51]
3.87 [0.24, 63.04]
1.00 [0.06, 16.85]
1.21 [0.42, 3.52]
4.33 [0.88, 21.18]

1283

100.0%

1.56 [0.93, 2.62]

Total (95%CI)
1353
Total events
40
24
2
2
Heterogeneity: χ = 8.26, df = 7 (P = 0.31); I = 15%
Test for overall effect: Z = 1.70 (P = 0.09)

0.01

0.1

1

Favours (No drainage)

10

100

Favours (Drainage)

A. Mortality
No drainage
Study or subgroup

Routine drainage

Odds ratio

Events

Total

Events

Total

Weight M-H, Random, 95%CI

45
52
105
43
22
15
15
248
20
55

112
91
353
196
47
38
27
458
30
69

83
55
139
50
117
23
19
171
15
50

130
88
386
154
179
51
27
251
39
68

11.7%
10.3%
15.8%
12.5%
9.5%
6.9%
4.7%
15.5%
5.6%
7.5%

0.38 [0.23, 0.64]
0.80 [0.44, 1.46]
0.75 [0.55, 1.02]
0.58 [0.36, 0.94]
0.47 [0.24, 0.89]
0.79 [0.34, 1.86]
0.53 [0.17, 1.62]
0.55 [0.40, 0.76]
3.20 [1.18, 8.67]
1.41 [0.64, 3.14]

Total (95%CI)
1421
1373 100.0%
Total events
620
722
2
2
2
Heterogeneity: Tau = 0.10; χ = 21.40, df = 9 (P = 0.01); I = 58%
Test for overall effect: Z = 2.58 (P = 0.010)

0.69 [0.52, 0.92]

Adham 2013
Conlon 2001
Correa-Gallego 2013 (a)
Correa-Gallego 2013 (b)
Fisher 2011
Heslin 1998
Lim 2013
Mehta 2013
Paulus 2012
Van Buren 2013

Odds ratio
M-H, Random, 95%CI

0.01
0.1
1
10
100
Favours (No drainage)
Favours (Drainage)

B. Morbidity
No drainage
Study or subgroup

Routine drainage

Risk ratio

Events

Total

Events

Total

Weight M-H, Random, 95%CI

14
59
38
5
0
48
0
14

112
353
196
47
27
458
30
69

21
104
42
79
6
61
6
21

130
386
154
179
27
251
39
68

12.0%
24.1%
19.8%
7.9%
0.9%
21.5%
0.9%
13.0%

0.77 [0.41, 1.45]
0.62 [0.47, 0.82]
0.71 [0.48, 1.04]
0.24 [0.10, 0.56]
0.08 [0.00, 1.30]
0.43 [0.31, 0.61]
0.10 [0.01, 1.70]
0.66 [0.37, 1.18]

Total (95%CI)
1292
1234 100.0%
Total events
178
340
2
2
2
Heterogeneity: Tau = 0.06; χ = 12.95, df = 7 (P = 0.07); I = 46%
Test for overall effect: Z = 4.35 (P < 0.0001)

0.55 [0.42, 0.72]

Adham 2013
Correa-Gallego 2013 (a)
Correa-Gallego 2013 (b)
Fisher 2011
Lim 2013
Mehta 2013
Paulus 2012
Van Buren 2013

Risk ratio
M-H, Random, 95%CI

0.01

0.1

1

Favours (No drainage)

10

100

Favours (Drainage)

C. POPF
No drainage
Study or subgroup
Adham 2013
Fisher 2011
Lim 2013
Mehta 2013
Paulus 2012
Van Buren 2013

Routine drainage

Odds ratio

Events

Total

Events

Total

Weight M-H, Random, 95%CI

13
5
0
35
0
14

112
47
27
458
30
69

12
21
5
41
6
7

130
179
27
251
39
68

22.1%
19.5%
5.8%
26.4%
5.9%
20.2%

Total (95%CI)
743
694
100.0%
Total events
67
92
2
2
2
Heterogeneity: Tau = 0.56; χ = 16.07, df = 5 (P = 0.007); I = 69%
Test for overall effect: Z = 0.81 (P = 0.42)

1.29
0.90
0.07
0.42
0.08
2.22

[0.56,
[0.32,
[0.00,
[0.26,
[0.00,
[0.83,

Odds ratio
M-H, Random, 95%CI

2.96]
2.52]
1.42]
0.69]
1.56]
5.90]

0.72 [0.33, 1.59]

0.01

0.1

1

Favours (No drainage)
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D. CR-PF
No drainage
Study or subgroup
Adham 2013
Conlon 2001
Fisher 2011
Heslin 1998
Lim 2013
Paulus 2012
Van Buren 2013

Odds ratio

Odds ratio

Events
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G. Reoperation
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9
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7
7
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1
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130
88
386
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179
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68

2.3%
5.7%
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14.2%
14.5%
14.2%
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0.00 [-2.54, 2.54]
-1.00 [-1.27, -0.57]
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0.00 [-0.26, 0.26]
0.00 [-0.42, 0.42]
-5.00 [-9.57, -0.43]
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-2.50 [-3.33, -1.67]
1.00 [-0.33, 2.33]

Total (95%CI)
1421
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2
2
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Heterogeneity: Tau = 1.07; χ = 113.60, df = 9 (P < 0.00001); I = 92%
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Figure 2 Forest plots of clinical outcomes in patients with prophylactic drainage vs those without prophylactic drainage after pancreatic resection. The
effect of prophylactic abdominal drainage on A: Mortality; B: Morbidity; C: Postoperative pancreatic fistula (POPF); D: Clinically relevant pancreatic fistula (CR-PF); E:
Abdominal abscess; F: Interventional radiology drainage; G: Reoperation; and H: Length of hospital stay.

vs 1.87%), although the difference was not statistically
significant (OR = 1.56, 95%CI: 0.93-2.92; P = 0.09;
2
I = 15%). Pooled analysis of the two RCTs showed
consistent results. The sensitivity test showed that
eliminating prophylactic drainage was associated with
a significant increase in mortality (OR = 1.83, 95%CI:
2
1.02-3.28; P = 0.04; I = 13%), after excluding the
[29]
study by Adham et al .

formation between the two groups and showed
discordant results. Prophylactic drainage did not lead
to a significantly higher rate of abdominal abscess
2
formation (OR = 1.29, 95%CI: 0.84-1.98; P < 0.25; I
= 11%). Restricted analysis of the RCTs confirmed this
result. This was unchanged after the sensitivity test.

Interventional radiology drainage

Eight studies reported the rate of postoperative
interventional drainage. The frequency of interventional
radiology drainage was not different between the
2
groups (OR = 1.05, 95%CI: 0.69-1.62; P = 0.81; I
= 52%). This result was also supported by restricted
analysis of the two RCTs. The result was not altered
after the sensitivity test.

Morbidity

All nine studies reported morbidity. Pooled results
favored the elimination of prophylactic drainage due to
significantly lower morbidity in the non-drainage group
2
(OR = 0.69, 95%CI: 0.52-0.92; P = 0.01; I = 58%).
However, restricted analysis of the two RCTs showed
that omitting prophylactic drainage was not associated
with reduced morbidity (OR = 1.00, 95%CI: 0.58-1.72;
2
P = 1.00; I = 58%). The sensitivity test demonstrated
that the difference in morbidity between the groups
was not significant after excluding the study by Mehta
[28]
2
et al (OR = 0.73, 95%CI: 0.53-1.01; P = 0.06; I =
60%).

Reoperation

All nine studies reported the rate of reoperation after
pancreatic resection. Four studies reported higher
reoperation rates in the non-prophylactic drainage
group, while the other five studies reported the
opposite results. The reoperation rates were similar
2
(OR = 1.01, 95%CI: 0.70-1.47; P = 0.95; I = 0%)
between the two groups. Restricted analysis of the
RCTs showed a similar result. The robustness of this
result was confirmed by the sensitivity test.

POPF and CR-PF

Seven studies reported the rate of POPF and CR-PF.
The pooled results suggested that omitting prophylactic
drainage was associated with a significantly lower rate
2
of POPF (OR = 0.55, 95%CI: 0.42-0.72; P < 0.01; I
= 46%). The difference in the rate of CR-PF was not
statistically different between the groups (OR = 0.72,
2
95%CI: 0.33-1.59; P = 0.42; I = 69%). Restricted
analysis of the RCTs showed consistent results. The
sensitivity test for POPF and CR-PF confirmed the
above results.

Length of hospital stay

Nine studies reported the length of hospital stay. Pooled
results showed that eliminating prophylactic drainage
resulted in a significantly shorter length of hospital
stay [MD = -0.96, 95%CI: -1.74-(-0.18); P = 0.02].
Noteworthy was the high statistical heterogeneity
2
between the studies (I = 92%). Restricted analysis
of the RCTs showed consistent results. However, the
results were altered after removing the study by Mehta
[28]
2
et al (MD = -0.80, 95%CI: -1.61-0.01; P = 0.05; I

Abdominal abscess

Seven studies compared the rate of abdominal abscess
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2
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Heterogeneity: χ = 4.19, df = 3 (P = 0.24); I = 28%
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2
2
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Heterogeneity: Tau = 1.21; χ = 10.71, df = 2 (P = 0.005); I = 81%
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Heterogeneity: χ = 4.02, df = 2 (P = 0.13); I = 50%
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E. Abdominal abscess
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Total
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1
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8
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15
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7

2.96
1
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2
2
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Test for overall effect: Z = 1.49 (P = 0.14)
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Figure 3 Forest plots of subgroup analysis of patients who underwent pancreaticoduodenectomy. For patients who underwent pancreaticoduodenectomy (PD),
the effect of prophylactic abdominal drainage on A: Mortality; B: Morbidity; C: Postoperative pancreatic fistula (POPF); D: Clinically relevant pancreatic fistula (CR-PF);
E: Abdominal abscess; F: Interventional radiology drainage; G: Reoperation; and H: Length of hospital stay.
[26]

2

= 93%) or the study by Paulus et al
(MD = -0.74,
2
95%CI: -1.53-0.05; P = 0.07; I = 91%).

(OR = 0.61, 95%CI: 0.14-2.66; P = 0.51; I = 81%),
abdominal abscess (OR = 2.12, 95%CI: 0.95-4.72;
2
P = 0.07; I = 50%), reoperation rate (OR = 1.26,
2
95%CI: 0.73-2.17; P = 0.41; I = 0%), postoperative
interventional drainage (OR = 0.87, 95%CI: 0.65-1.19;
2
P = 0.39; I = 43%) and length of hospital stay (MD
2
= -0.75, 95%CI: -1.73-0.24; P = 0.14; I = 85%),
no significant differences were observed between the
groups.

Subgroup analysis

Subgroup analysis of patients who underwent
PD: Mortality in the non-prophylactic drainage group
after PD was significantly higher than that in the
prophylactic drainage group with a pooled estimate
2
of 2.39 (95%CI: 1.22-4.69; P = 0.01; I = 0%). This
indicated that omission of prophylactic drainage after
PD resulted in significantly higher mortality. However,
patients who underwent PD without prophylactic
abdominal drainage had a significantly lower rate
of morbidity (OR = 0.69, 95%CI: 0.56-0.84; P <
2
0.01; I = 28%) and POPF (OR = 0.46, 95%CI:
2
0.35-0.59; P < 0.01; I = 28%). In terms of CR-PF
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Subgroup analysis of patients who underwent
DP: Only two studies were eligible for the subgroup
analysis of patients who underwent DP. No significant
difference was found between the groups with respect
to morbidity (OR = 1.29, 95%CI: 0.24-6.81; P = 0.76;
2
I = 89%), POPF (OR = 0.39, 95%CI: 0.07-2.21; P
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Figure 4 Forest plots of subgroup analysis of patients who underwent distal pancreatectomy. For patients who underwent distal pancreatectomy (DP), the
effect of prophylactic abdominal drainage on A: Morbidity; B: Postoperative pancreatic fistula (POPF); C: Interventional radiology drainage; D: Reoperation; and E:
Length of hospital stay.
2

2

= 0.29; I = 46%), reoperation (OR = 0.80, 95%CI:
2
0.29-2.17; P = 0.66; I = 0%), or interventional
radiology drainage (OR = 1.03, 95%CI: 0.38-2.80; P
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= 0.95; I = 57%). Eliminating prophylactic drainage
was associated with a significantly reduced length of
hospital stay [MD = -2.10, 95%CI: -2.46-(-1.73); P <
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Figure 5 Begg’s funnel plots. Publication bias based on mortality (A); and overall morbidity (B).
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0.01; I = 11%].

that omitting prophylactic drainage resulted in higher
morbidity. This meta-analysis found that the rate of
morbidity was significantly lower in patients without
prophylactic drainage tubes. However, the pooled
results of two RCTs showed comparable morbidity
between the groups. Therefore, the actual effect of
prophylactic drainage on overall morbidity requires
more evidence from RCTs.
In this meta-analysis, POPF was significantly lower
in patients without prophylactic drainage. Subgroup
analysis of patients who underwent PD showed
[32]
consistent results. Grobmyer et al
proposed that
closed drainage suction could generate high negative
pressure which possibly contributed to surrounding
tissue damage and the formation of a fistula. This
may be a possible explanation for increased POPF in
drained patients. We put forward another possible
explanation: for patients with prophylactic drainage,
the fluid from drainage tubes facilitates the detection
of mild postoperative complications, which have no
obvious symptoms. Mild complications can easily be
ignored in patients without prophylactic drainage.
Radiologic examinations are not usually performed
in patients without clinical symptoms suggestive of
intra-abdominal complications. This likely results in
a significantly lower rate of overall morbidity and
POPF in patients without prophylactic drainage. The
discrepancy between the results of POPF and CR-PF
support the feasibility of the latter explanation.
Although a significantly lower rate of POPF was
observed in patients without prophylactic drainage, no
significant difference was found between the groups
regarding CR-PF, which caused obvious symptoms.
[6,8,33]
Prospective studies
have suggested that
drainage tubes can potentially be utilized by various
pathogens and increase the risk of infection, which will
subsequently lead to the formation of an abdominal
abscess. A prospective study of 104 consecutive
patients compared early with late drain removal after
pancreatic head resection and concluded that early
drain removal reduced the risk of intra-abdominal
[13]
[8]
infections . Conlon et al also reported that patients

Publication bias

Begg’s funnel plots depicting publication bias are
presented in Figure 5. The Egger’s test confirmed that
there was no publication bias regarding mortality (P =
0.87) or morbidity (P = 0.32).

DISCUSSION
Prophylactic drainage at the operative bed after
pancreatic resection is a closely held belief for most
pancreatic surgeons based on the rationale that it
contributes to the early detection of intra-abdominal
complications and evacuation of abdominal collections.
In contrast, placement of an abdominal drainage
[6,8]
tube potentially increases the risk of infection
and
[30]
leads to injury of visceral organs . The development
of imaging modalities has helped doctors identify
intra-abdominal complications early and perform
interventional radiology drainage to effectively
[31]
evacuate abdominal collections . Moreover, the
results from comparative studies evaluating the
efficacy of prophylactic drainage after pancreatic
resection are inconsistent. Therefore, the necessity
for prophylactic abdominal drainage after pancreatic
resection in all patients has been challenged and its
value after pancreatic resection is controversial.
This study shows that prophylactic drainage after
pancreatic resection does not improve clinical outcomes
in terms of morbidity, POPF, CR-PF, abdominal abscess,
reoperation, interventional radiology drainage, or length
of hospital stay. However, our results demonstrate that
the elimination of prophylactic abdominal drainage
results in increased mortality after pancreatic resection.
Subgroup analysis of PD patients also shows that
omitting prophylactic drainage results in a significantly
higher mortality. Therefore, our pooled analysis
supports the conclusion that it is unsafe to abandon
prophylactic drainage after pancreatic resection,
especially in patients undergoing PD.
[10]
The most recent RCT by Van Buren et al showed
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with routine drainage were more likely to develop
abdominal abscesses. However, the pooled results of
the present meta-analysis indicate that prophylactic
drainage does not increase the risk of abdominal
abscess.
Another concern related to abdominal drainage is
the potential injury to visceral organs caused by the
[30]
drainage tubes. Bae et al
reported the case of a
70-year-old man who underwent PD due to a distal
common bile duct malignancy. The two drainage
tubes placed at the pancreaticojejunostomy and
choledochojejunostomy sites led to penetration of
the jejunum. In this meta-analysis, injury of visceral
organs directly caused by drainage tubes was not
reported in the nine included studies. This evidence
indicates that the risk of potential injury to visceral
organs related to drainage tubes after pancreatic
resection is minimal.
Based on the results of the subgroup analysis of
patients who underwent DP, elimination of prophylactic
drainage was associated with a significantly shorter
length of hospital stay and had no adverse influence
on other clinical outcomes including morbidity, POPF,
interventional radiology drainage and reoperation.
However, this conclusion is not robust as only two
studies were included in this subgroup analysis. To
determine whether prophylactic drainage can be safely
eliminated after DP requires further investigation.
To date, two RCTs have been conducted to evaluate
the efficacy of prophylactic abdominal drainage after
PD and their results were conflicting. Patients without
prophylactic abdominal drainage have been shown to
have acceptable outcomes in several observational
studies. Thus, more RCTs should be conducted to
examine the value of prophylactic abdominal drainage
after PD.
With the further development of surgical techniques
and perioperative management, postoperative
complications related to pancreatic resection will
subsequently decrease. Therefore, we are optimistic
that prophylactic abdominal drainage will not be routine
practice in the future. Moreover, numerous studies
have been conducted to evaluate the risk factors for
POPF and other complications after pancreatic surgery.
[34]
Callery et al
proposed a clinical risk score predicting
pancreatic fistula after PD based on intraoperative
bleeding, diameter of the pancreatic duct, texture
of the pancreas, and pathologic diagnosis. Lim et
[27]
al
suggested that it was safe to abandon the
practice of abdominal drainage after PD in patients
with low risk for POPF. Based on these studies, it is
predicted that surgeons in the future will evaluate
the risk of postoperative complications and tailor an
appropriate drainage strategy for each patient, instead
of performing prophylactic drainage for all patients
undergoing pancreatic resection.

First, most of the studies included in this meta-analysis
[6,7,9,26-29]
were observational comparative studies
.
An inevitable disadvantage of NRCTs is that the
surgeon’s criteria for use of prophylactic drainage
may be affected by surgery progression, including
intraoperative bleeding, the length of operation,
and other factors (as shown in Table 3). These
factors during surgery will influence the incidence of
postoperative complications and even the prognosis
of patients. Therefore, we compared these influencing
factors between the patients in the two groups.
Most influencing factors were comparable between
the patients in the two groups. Moreover, to further
eliminate the influence of NRCTs on the pooled results,
we performed a restricted analysis of the two RCTs.
Most pooled results of the two RCTs were consistent
with those in the overall analysis, indicating the
soundness of the conclusion of this meta-analysis.
Second, in most studies, the patients were not
stratified by risk factors for POPF (including diameter
and texture of the pancreatic duct, intraoperative
bleeding, and pathology). Therefore, we were unable
to perform a more detailed subgroup analysis in
which the patients were stratified by these known risk
factors. Third, detailed information on the included
patients was not available in most published studies.
This detailed patient information, such as the number
of postoperative days to drain removal and the type
and number of drainage tubes, can potentially affect
the clinical outcome of patients. Studies in the future
should provide more complete information on included
patients to obtain a more detailed analysis. Fourth,
the mean value and SD of the length of hospital stay
were not available in some studies. We calculated the
mean and SD from median, range, interquartile ranges
or P value. This possibly influenced the accuracy
and reliability of the results. Fifth, the definitions
and grading systems for assessing postoperative
complications were not universal between the studies.
The operative techniques, anastomotic methods, and
the perioperative management were not the same in
each study. These factors increased the heterogeneity
and hindered the comparison of clinical outcomes
between the studies. Sixth, only two studies were
included in the subgroup analysis that evaluated the
need for prophylactic drainage in patients undergoing
DP. Thus, the results of the subgroup analysis of DP
were not reliable.
In conclusion, our results fail to show that patients
receiving prophylactic abdominal drainage have
improved outcomes in terms of morbidity, POPF, CR-PF,
interventional treatments, and length of hospital
stay. However, this meta-analysis demonstrates that
the elimination of prophylactic drainage results in an
increase in mortality rate after pancreatic resection,
especially in patients who underwent PD. Placement
of prophylactic drainage did not increase the risk
of abdominal abscess. Based on present evidence,
we conclude that prophylactic abdominal drainage

Limitations

There are several limitations related to this study.
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is still necessary for patients undergoing pancreatic
resection, especially for those undergoing PD. More
RCTs assessing the value of prophylactic drainage
after PD and DP are required to provide more powerful
evidence. Based on this study and current evidence,
we are optimistic that prophylactic abdominal drainage
will not be routine practice in the future due to the
development of surgical techniques and perioperative
management. Moreover, instead of universally
performing prophylactic drainage in all patients after
pancreatic resection, the drainage strategy should be
tailored based on the characteristics of each patient.

2
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4
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Background

Prophylactic abdominal drainage is considered routine and mandatory after
pancreatic resection, which is a highly invasive surgery. However, prospective
studies have demonstrated that prophylactic drainage does not result in
any benefit after other abdominal surgeries, including cholecystectomy,
hepatectomy, and colorectal surgery. Some surgeons have questioned the
significance of prophylactic drainage after pancreatic resection. Studies
assessing the value of prophylactic drainage after pancreatic resection have
been conducted. The results of these studies are conflicting, and the value of
prophylactic abdominal drainage after pancreatic resection has been intensively
debated in recent years.
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Research frontiers
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Over the past two decades, studies have been performed to investigate the
value of prophylactic abdominal drainage after pancreatic resection. In addition,
several reviews have recently been published discussing this issue. However,
these reviews were methodologically insufficient and thus did not reach a
comprehensive conclusion.
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Innovations and breakthroughs

This meta-analysis found that prophylactic drainage after pancreatic resection
does not improve clinical outcome in terms of morbidity, postoperative
pancreatic fistula, clinically relevant pancreatic fistula, abdominal abscess,
reoperation, interventional radiology drainage, and length of hospital stay. The
elimination of prophylactic abdominal drainage results in increased mortality
after pancreatic resection. Subgroup analysis of pancreaticoduodenectomy (PD)
patients also showed that omitting prophylactic drainage results in significantly
higher mortality.
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Applications

The results of this study suggest that it is unsafe to omit prophylactic
drainage after pancreatic resection, especially in patients undergoing PD.
Additional RCTs assessing the value of prophylactic drainage after PD and
pancreatectomy are required to provide more powerful evidence.
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Terminology

Pancreatic resections, including PD and distal pancreatectomy, are highly
invasive procedures for treating benign and malignant periampullary diseases.
Prophylactic abdominal drainage is traditionally considered an effective method
to evacuate anastomotic leakage fluid and abdominal collections after invasive
abdominal surgery.
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This is a well-performed meta-analysis of currently available studies on the
value of prophylactic abdominal drainage after pancreatic resection. The
authors found that prophylactic drainage after pancreatic resection did not
improve clinical outcomes, including morbidity, postoperative pancreatic
fistula, clinically relevant pancreatic fistula, abdominal abscess, reoperation,
interventional radiology drainage, and length of hospital stay. However,
eliminating prophylactic abdominal drainage results in increased mortality after
pancreatic resection, especially for patients who underwent PD. This metaanalysis will provide useful guides for pancreatic surgeons.
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and an elevated plasma free hemoglobin consistent
with intravascular hemolysis. After the hemolysis
ceased, both the black urine and dysphagia resolved
spontaneously. Transient esophageal dysfunction, as a
manifestation of gastrointestinal dysmotility, is known to
occur in the setting of hemolysis. Paroxysmal nocturnal
hemoglobinuria is another recognized cause of massive
hemolysis with gastrointestinal dysmotility occurring in
25%-35% of patients during a paroxysm. Intravascular
hemolysis increases plasma free hemoglobin, which
scavenges nitric oxide (NO), an important second
messenger for smooth muscle cell relaxation. The
decrease in NO can lead to esophageal spasm and
resultant dysphagia. In our patient the resolution of
hemolysis resulted in resolution of dysphagia.

Abstract

Wuschek A, Iqbal S, Estep J, Quigley E, Richards D. Left
ventricular assist device hemolysis leading to dysphagia. World
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Core tip: Transient esophageal dysfunction, as a
manifestation of gastrointestinal dysmotility, is known
to occur in the setting of hemolysis. We present a
case of dysphagia secondary to hemolysis caused by
a continuous-flow left ventricular assist device. Our
case report aims to bring this etiology of dysphagia to
the attention of gastroenterologists and cardiologists
to limit invasive investigations in these patients and
highlight the possibility that hemolysis may serve as
an early indicator of pump thrombosis and adverse
outcomes.

A 41-year-old man with a continuous-flow left
ventricular assist device presented for evaluation
of dysphagia and dark urine. He was found to have
a significantly elevated L-lactate dehydrogenase
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venous distension nor a hepatojugular reflux could be
appreciated. On examination of the abdomen neither
a fluid wave nor shifting dullness were detected. There
was no lower extremity edema. On auscultation, a
constant LVAD hum, superimposed on a faint S1 and
S2, could be heard. No other murmurs or carotid bruits
were auscultated.
On admission, free plasma hemoglobin was 125.1
mg/dL [reference interval (RI): 0.5-5 mg/dl] and
Haptoglobin was less than 10 mg/dL (RI: 30-200 mg/
dL). L-lactate dehydrogenase (LDH) was elevated to
1607 IU/L (RI: 87-225 U/L). In our patient population
an LDH greater than 1050 IU/L is associated with
a sensitivity and specificity of 80% and 86%,
respectively, for the detection of device thrombosis
and malfunction and is similar to the LDH cutoff
[7]
[8]
(1103) reported by Estep et al and Uriel et al as an
indicator for device thrombosis. Platelet count was 126
9
9
(RI: 150 × 10 /L-400 × 10 /L), his INR calculated to
1.3, and plasma fibrinogen was 486 (150-400 mg/dL).
Blood creatinine was found to be elevated to 4.4 mg/
dL, which was elevated from a baseline of 1.5 mg/dl.
The patient had black tea colored urine with a positive
urine test strip for hemoglobin but red blood cells were
absent on microscopy.
Controller device interrogation of the patient’s LVAD
had shown a speed of 9200 revolutions per minute,
an estimated flow of 4.5 l/min, pulsatility index of
5.5 and a power of 6.4 watts. Renal ultrasound and
chest X-ray did not reveal any significant findings.
A transthoracic echocardiogram found no evidence
of intracardiac inflow cannula, or outflow cannula
thrombus. Continuous wave Doppler peak inflow
velocity was not increased. Other cardiac dimensions
were unchanged compared to a prior study.
In order to rule out immediately treatable causes
like a food bolus impaction, the patient underwent
esophagogastroduodenoscopy, which did not show any
macroscopic abnormalities (Figure 1) and pathological
examination of esophageal biopsy specimens revealed
normal esophageal epithelium.
The patient was initially started on a heparin
infusion, initially because his INR was subtherapeutic
despite warfarin therapy. Thrombolytic therapy with
tissue plasminogen activator was not initiated, per
our institutional protocol because of concern for the
development of intracranial hemorrhage. Over the
course of two days, the patient’s dysphagia resolved
with simultaneous return of his urine color to normal.
Plasma hemoglobin, haptoglobin and LDH trended
toward normal values. Creatinine kept on rising over
the following week and he was diagnosed with heme
pigment nephropathy. This acute kidney injury slowly
resolved over the course of the subsequent weeks. He
has not experienced any further dysphagia.

INTRODUCTION
Hemolysis is a known complication in patients
[1]
with left ventricular assist devices (LVADs) .
Hemoglobin-mediated nitric oxide scavenging, a
well described circumstance in paroxysmal nocturnal
[2]
hemoglobinuria , results in several clinical sequelae.
Nitric oxide is an important second messenger which
among other actions, mediates esophageal smooth
[3]
muscle relaxation during the act of swallowing .
Attributed to a the abundance of free hemoglobin and
subsequent lack of nitric oxide, esophageal spasm,
and associated dysphagia, are commonly seen in
patients with paroxysmal nocturnal hemoglobinuria
and occur in 25%-35% of patients during paroxysms.
Similar symptoms and motility patterns have been
elicited in healthy volunteers who received solutions
[4,5]
of plasma free hemoglobin . The overall clinical
scenario and the elimination of other causes of
dysphagia in our patient supports the hypothesis that
the same phenomenon was at work in our patient with
LVAD hemolysis and dysphagia. This has only been
reported once before in the literature and is an underrecognized cause of dysphagia in a growing LVAD
[6]
population .

CASE REPORT
A 41-year-old obese African-American man with end
stage heart failure treated with a continuous-flow
LVAD was transferred to our institution with a threeday history of dark urine and dysphagia. He had
never had similar complaints before and could clearly
differentiate the new symptom of dysphagia from
any of the symptoms related to long-standing gastroesophageal reflux disease. He had a several year
history of mild typical epigastric burning discomfort
attributed to acid reflux that was relieved with use
of pantoprazole 40 mg po daily, which he was taking
on admission. He had not had an upper endoscopy
prior to admission. Additional medications present on
admission included warfarin, hydralazine, furosemide,
magnesium oxide, fluticasone nasal spray, tiotropium,
levetiracetam, alprazolam, carvedilol, isosorbide
dinitrate, digoxin, gabapentin, aspirin, and clonidine.
His primary difficulty related to swallowing solids. He
had attempted drinking liquids to help get the food
down but this had been unsuccessful and resulted in
epigastric pain. Whenever he tried to drink liquids on
their own, they were immediately regurgitated.
The patient’s past medical history is significant for
non-ischemic cardiomyopathy, felt to be secondary
to remote history of cocaine abuse, which resulted
in severe systolic heart failure and a left ventricular
ejection fraction of 20%. A HeartMate Ⅱ (Thoratec
Corp, Pleasanton, CA) LVAD had been implanted
18 mo prior to admission as a bridge to heart
transplantation. Physical examination was notable
for marked obesity with a BMI of 34. Neither jugular
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circulation free heme was previously proposed based
on observations among subjects with paroxysmal
nocturnal hemoglobinuria (PNH). In PNH paroxysms of
intravascular hemolysis lead to the massive release of
free heme; similar values of plasma free hemoglobin
were recorded in the patient reported here.
Smooth muscle dysfunction, leading to dysmotility,
characterized as esophageal spasm is a common
clinical manifestation in PNH, occurring in 25%-35%
[5,11]
of patients during a paroxysm
. Hemoglobinuria is
[2]
also frequently observed . More direct evidence of
the impact of intravascular hemolysis was provided
in a trial where recombinant human hemoglobin was
administered intravenously to healthy volunteers.
Spontaneous, simultaneous high-pressure contractions
were induced in 8 of 9 subjects, lower esophageal
sphincter relaxation was inhibited, and several subjects
developed lower sub-sternal discomfort during
[5]
swallowing .
Our presentation of this case aims to accomplish
several goals. Firstly, for the gastroenterologist,
it draws attention to intravascular hemolysis as a
potential cause of dysphagia among patients with
LVADs, thereby obviating the need of invasive
investigations, such as endoscopy. Secondly, for the
cardiologist, it emphasizes that hemolysis, in patients
with LVADs, may serve as an early indicator of pump
[12,13]
thrombosis and adverse outcomes
. Larger studies
may be needed to fully establish the cause and effect
relationship between pump failure, hemolysis, and
dysphagia but could prove valuable should they
establish that dysphagia is an early marker of LVAD
dysfunction.

A

B

Figure 1 Normal lower esophagus (A) and normal gastro-esophageal
junction, retroflexed view (B).

described of dysphagia in a patient with LVAD pump
[6]
thrombosis . In comparison, our case is unique in
terms of its presentation and the detail of its evaluation
with the latter strongly supporting our contention that
intravascular hemolysis was the reason for dysphagia.
Furthermore, endoscopy excluded food impaction,
neoplasm, stricture, eosinophilic esophagitis, and
candida esophagitis as possible causes of this
individual’s difficulty with swallowing. Moreover, this
is the first publication to describe the occurrence of
dysphagia in the setting of LVAD associated hemolysis
in the absence of definitive evidence of pump
thrombus. Thus, the patient’s echocardiogram did
not show any abnormalities in the inflow or outflow
cannulas, inflow peak velocities were within normal
limits, and the expected paradoxical increase in LVAD
[9,10]
power was absent
. Moreover, with pump speed
ramp up echocardiography testing, the patients LVAD
was noted to be functioning appropriately.
While, in the absence of serial esophageal imaging
and manometric studies, it is difficult to conclusively
prove our hypothesis that dysphagia, in this instance,
resulted from NO scavenging by free heme, a
convergence of several highly suggestive pieces
of circumstantial evidence renders this extremely
unlikely. Most convincingly, both the dysphagia and
the discoloration of the patient’s urine (proven to
be due to hemoglobinuria) developed and resolved
simultaneously.
The proposal that gastrointestinal dysmotility
could be induced by large concentrations of
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Case characteristics

The patient presented with dysphagia to solids and liquids secondary to
hemolysis caused by a continuous-flow left ventricular assist device (LVAD).

Clinical diagnosis

The patient’s physical exam was notable for auscultation of a continuous hum
from his LVAD and esophagogastroduodenoscopy was grossly normal.

Differential diagnosis

The differential diagnosis included esophageal obstruction from benign causes
like food impaction and malignant causes, eosinophilic esophagitis, and
esophageal motility disorders.

Laboratory diagnosis

Elevated plasma free hemoglobin 125.1 mg/dL, haptoglobin less than 10 mg/dL
LDH elevated to 1607 IU/L, platelet count 126, INR 1.3, creatinine elevated to
4.4 mg/dl from a baseline of 1.5 mg/dl, black tea colored urine with a positive
urine test strip for hemoglobin but absent red blood cells on microscopy.

Imaging diagnosis

Renal ultrasound and chest X-ray did not reveal any significant findings,
transthoracic echocardiogram found no evidence of intracardiac inflow cannula,
or outflow cannula thrombus and continuous wave Doppler peak inflow velocity
was not increased.

Pathologic diagnosis

Histopathologic examination of endoscopic biopsies showed normal esophageal
epithelium.

Treatment

The patient was placed on a heparin infusion and thrombolytic therapy with
tissue plasminogen activator was not initiated per our institutional protocol
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because of concern for the development of intracranial hemorrhage.

Related reports

One case had been reported before or LVAD associated related hemolysis and
associated dysphagia that resolved with treatment with tissue plasminogen
activator and cessation of hemolysis. A similar mechanism of gastrointestinal
dysmotility has been described in patients with paroxysmal nocturnal
hemoglobinuria and hemolysis.

6

7

Term explanation

Left ventricular assist devices are implantable pumps designed to unload and
assist the left ventricle and are approved for both bridge to transplantation and
destination therapy.

Experiences and lessons

Intravascular hemolysis is a potential cause of dysphagia among patients with
LVADs and recognition of this pathophysiologic mechanism may obviate the
need for invasive investigations like endoscopy. Recognition of hemolysis in
patients with LVADs may serve as an early indicator of pump thrombosis and
adverse outcomes.

8

Peer-review

The authors have described a case of dysphagia secondary to LVAD induced
hemolysis. The article highlights gastrointestinal dysmotility secondary to
hemolysis-induced release of free plasma hemoglobin and the subsequent
scavenging and reduction of nitric oxide.

9

10
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CASE REPORT

Esophageal subepithelial lesion diagnosed as malignant
gastrointestinal neuroectodermal tumor
Sung Bum Kim, Si Hyung Lee, Mi Jin Gu
Endoscopic ultrasonography showed an about 35 mm
sized irregular margined in-homogenous hypoechoic
lesion with an obscure layer of origin. Endoscopic
ultrasonography fine needle aspiration revealed spindle
cell proliferation without immunoreactivity for CD117,
SMA, and cytokeratin. The patient underwent excision
of the subepithelial lesion at the distal esophagus. On
pathologic examination of the specimen, the tumor was
composed of short fascicles of oval to spindle cells with
eosinophilic and clear cytoplasm and vesicular nuclei.
The tumor cells were positive for S-100 and SOX10
and negative for CD117, SMA, HMB-45, melan-A,
cytokeratin, and CD99. The split-apart signal was
detected in EWSR1 on FISH, suggesting a malignant
gastrointestinal neuroectodermal tumor. At the time
of writing, the patient is on radiation therapy at the
operated site of esophagus and doing well, with no
recurrence for three months. Malignant gastrointestinal
neuroectodermal tumor is a rare gastrointestinal tumor
with features of clear cell sarcoma, without melanocytic
differentiation, and shows a poor prognosis. This is
the first reported case of malignant gastrointestinal
neuroectodermal tumor arising as subepithelial lesion in
the esophagus.
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Core tip: This is the first reported case of malignant
gastrointestinal neuroectodermal tumor arising in the
esophagus. Malignant gastrointestinal neuroectodermal
tumor is a tumor with a similar morphology, immuno
phenotype, and molecular genetic features to clear
cell sarcoma of tendons and aponeurosis lacking
melanocytic differentiation arising in the gastrointestinal
tract. Malignant gastrointestinal neuroectodermal

Abstract
A 21-year-old male visited our hospital with a complaint
of aggravating dysphagia and odynophagia for a
few days. Esophagogastroduodenoscopy showed
huge bulging mucosa with an intact surface causing
luminal narrowing at 35 cm from the incisor teeth.
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tumors show aggressive disease behavior with a poor
prognosis.
Kim SB, Lee SH, Gu MJ. Esophageal subepithelial lesion
diagnosed as malignant gastrointestinal neuroectodermal tumor.
World J Gastroenterol 2015; 21(18): 5739-5743 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i18/5739.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i18.5739

INTRODUCTION
Figure 1 Esophagogastroduodenoscopy at admission. A huge bulging
mucosa with an intact surface causing luminal narrowing at 35 cm from the
incisor teeth was seen.

Subepithelial lesion (SEL) of the gastrointestinal
tract is defined as any bulging covered with intact
mucosa, and represents either intraluminal lesions
arising from any layers of the gastrointestinal wall
or external compression caused by neighboring
[1]
organs . Most SELs are found incidentally during
esophagogastroduodenoscopy and, in some cases,
may cause symptoms. Endoscopic ultrasonography
(EUS) and/or fine needle aspiration is useful in making
differential diagnoses of SEL, with the average accuracy
[2]
of fine needle aspiration reaching 80% . Differential
diagnosis of esophageal SEL includes leiomyoma,
granular cell tumor, glomus tumor, gastrointestinal
stromal tumor, lipoma, cyst, varices, submucosal
cancer/metastasis, or external compression by
adjacent structures. The majority of mesenchymal
tumors of the gastrointestinal tract are gastrointestinal
stromal tumor or leiomyoma, with the diagnosis of
malignant gastrointestinal neuroectodermal tumor
[3]
(MGINET) being reported in rare cases .
We report on a case of a SEL of the esophagus
diagnosed as MGINET, which is the first to be reported
in the esophagus. We also provide a short review of
the literature on MGINET.

Figure 2 Endoscopic ultrasonography at admission. Irregular margined
inhomogeneous hypoechoic lesion measuring approximately 35 mm × 22 mm
in size with an obscure layer of origin was noted.

301 IU/L lactate dehydrogenase, 12.0 s prothrombin
time, 7.5 mg/dL blood urea nitrogen, 1.01 mg/dL
+
+
creatinine, 134 mEq/L Na , 4 mEq/L K , and 97 mEq/L
Cl . Esophagogastroduodenoscopy showed a huge
bulging mucosa with an intact surface causing luminal
narrowing at 35 cm from the incisor teeth (Figure
1). On EUS, an irregular margined in-homogenous
hypoechoic lesion measuring approximately 35 mm
in size with an obscure layer of origin was observed
(Figure 2). EUS guided fine needle aspiration was
performed and, on microscopic view, spindle cell
proliferation without immunoreactivity for CD117 and
CD34. DOG-1, smooth muscle actin, and cytokeratin
were observed. An abdominal computed tomography
scan showed a well-defined round mass measuring
approximately 3.5 cm in size in the distal esophagus
(Figure 3). The patient underwent excision of the
subepithelial lesion at the distal esophagus. Gross
finding showed a mass measuring 3.5 cm × 3.5 cm
in size with the cut surface showing a heterogeneous
white grayish appearance with focal hemorrhage. On
microscopic examination of the specimen, the tumor
was composed of short fascicles of oval to spindle cells
with eosinophilic and clear cytoplasm and vesicular

CASE REPORT
A 21-year-old male visited our hospital with a
complaint of aggravating dysphagia for a few days.
The patient had experienced intermittent dysphagia
after over-eating for a year. He had no significant past
medical or familial history, and was a non-smoker
and a social alcohol drinker. On physical examination,
he had the appearance of relative well-being, with
an alert mentality and a soft, non-tender abdomen
with no palpable mass. Initial vital signs included
140/90 mmHg blood pressure, 97 beats/min heart
rate, 20 breaths/min respiration rate, and 36.9 ℃
body temperature. The initial laboratory findings
were as follows: 9820 cells/μL white blood cells, 16.5
5
g/dL hemoglobin, 2.09 × 10 cells/μL platelets, 0.67
mg/dL total bilirubin, 7.18 g/dL total protein, 4.18
g/dL albumin, 13 IU/L aspartate aminotransferase,
24 IU/L alanine aminotransferase, 263 IU/L alkaline
phosphatase, 166 IU/L γ-glutamyl transpeptidase,
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A

B

Figure 3 Abdominal computed tomography scan at admission. A welldefined mass measuring 35 mm in size in the distal esophagus was noted
(arrow).

Figure 5 Histologic examination with immunohistochemical staining.
Positivity for S-100 (A) and SOX10 (B) was noted (× 200).

Zambrano first designated these tumors as clear
cell sarcoma-like tumor of the gastrointestinal tract
[4]
in 2003 . Further studies have demonstrated that
clear cell sarcoma-like tumor of the gastrointestinal
tract arises from the autonomic nervous system, and
[3]
Stockman et al re-designated clear cell sarcomalike tumor of the gastrointestinal tract as MGINET
in 2012. Immunohistochemical staining of MGINET
characteristically shows positive results for vimentin,
S100, and SOX10, and negative results for human
melanoma black (HMB) 45, melan-A, tyrosinase,
CD117, CD34, DOG-1, CD99, α-smooth muscle actin,
desmin, and glial fibrillary acidic protein. Conflicting
immunohistochemical staining results for CD56,
synaptophysin, NB 84, non-specific enolase, and
neurofilament protein have been reported. Consistent
[3,5-11]
with previous reports
, our case showed positive
immunohistochemical staining results for S-100
protein, SOX 10, and vimentin, and negative results
for HMB 45 and melan-A. Differential diagnosis with
gastrointestinal stromal tumor was made by negative
immunohistochemical staining results for CD117,
CD34, and DOG-1. In our case, final diagnosis of
MGINET was confirmed by split-apart signal detected
in the EWSR1 on fluorescence in situ hybridization.
For our review of English language case reports on
the subject, we included 40 cases of MGINET (39 from
®
a search of PubMed and Google Scholar in addition
[3-16]
to our own case)
. Median age of the 40 patients
diagnosed as MGINET was 35 years (range: 10-81),
with 25 (62.5%) patients being diagnosed at younger

Figure 4 Histologic examination. Malignant gastrointestinal neuroectodermal
tumor consisting of spindle cells with eosinophilic and clear cytoplasm and
vesicular nuclei was noted. (HE stain, × 200).

nuclei (Figure 4). Mitosis was seen frequently, with
a mitotic count of 55/50 under a high power field.
The tumor cells were positive for S-100, SOX10
(Figure 5), and vimentin, and negative for CD117,
CD34, Dog-1, smooth muscle actin, desmin, HMB-45,
melan-A, cytokeratin (AE1/AE3), and CD99. The splitapart signal was detected in the Ewing sarcoma break
point region 1 gene (EWSR1) on fluorescence in situ
hybridization. Further evaluation with positron emission
tomography showed no evidence of regional or distant
metastasis. At the time of writing, the patient is on
radiation therapy at the operated site of the esophagus
and is doing well, with no recurrence for 5 mo.

DISCUSSION
Clear cell sarcoma of tendons and aponeurosis is
a malignant melanoma arising in soft tissue, with
characteristic features of melanocytic differentiation
and chromosomal translocation of EWSR1-ATF1
t(11;22)(q13;q12). Tumors with similar morphology,
immunophenotype, molecular genetic features
to clear cell sarcoma of tendons and aponeurosis
lacking melanocytic differentiation arising in the
gastrointestinal tract have been previously reported.
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Clinical diagnosis

than 40 years. Male to female ratio was equal. The
most commonly affected site of MGINET was the
small intestine with 28 patients (70%), followed by
the stomach in 8 (20%) cases, the colon in 3 (7.5%)
cases, and the esophagus in 1 (2.5%) case. Mean
size of the primary tumor was 4.86 cm. Among 33
patients with information on lymph node status, 23
(69.7%) patients had lymph node metastasis at initial
diagnosis and among 36 patients with information on
local or distant metastasis, 14 (38.9%) patients had
local or distant metastasis at initial diagnosis. The
most common site of metastasis in MGINET was the
liver with 16 cases (40%), followed by the peritoneum,
mesentery, omentum, pelvis, and lung. Among 13
patients with information on tumor invasion depth, 11
(84.6%) had transluminal involvement. Stockman et
[3]
al reported clinical follow-up data of 12 patients with
MGINET; six patients died with tumor and four patients
were alive with regional or distant metastasis, leaving
only two patients alive without recurrence. MGINET
showed aggressive clinical feature with a high rate of
recurrence even after complete resection and a high
mortality rate. Among 12 patients with both initial and
follow-up clinical information, even patients with a
small tumor size of 3.5 cm developed liver metastasis
at 12 mo. Among two patients with intact serosa,
one patient developed liver metastasis at 24 mo and
one had no metastasis at 24 mo. Among five patients
with positive lymph node metastasis, three patients
developed or died from metastasis and, among four
patients without lymph node metastasis, two patients
developed or died from metastasis. Four patients were
free of disease at last follow-up, although long-term
data were not available. As one patient developed
metastasis at 60 mo from initial diagnosis, further
follow-up may increase the incidence of metastasis
or death from tumor in these patients. Involved site,
tumor size, presence of trans-mural involvement,
and lymph node involvement at initial diagnosis do
not appear to affect prognosis of MGINET. More cases
and further follow-up data are needed in order to
understand MGINET behavior. In our case, the patient
had localized disease resected with negative margin
and had no evidence of regional or distant metastasis
on imaging studies, including computed tomography
and PET. Early detection of the esophageal lesion due
to symptoms caused by narrowing of the esophageal
lumen might have led to a better prognosis in our
patient, however further clinical follow-up data are
needed. We report on a case of subepithelial lesion
diagnosed as malignant gastrointestinal neuroecto
dermal tumor, which is the first report case found in
the esophagus.

Physical examination on the abdomen revealed unremarkable findings.

Differential diagnosis

Leiomyoma, granular cell tumor, glomus tumor, gastrointestinal stromal
tumor, lipoma, cyst, varices, submucosal cancer or metastasis, or external
compression by adjacent structures.

Laboratory findings

Initial laboratory findings were unremarkable.

Imaging diagnosis

Esophagogastroduodenoscopy revealed a huge bulging mucosa with an intact
surface causing luminal narrowing at 35 cm from the incisor teeth. Endoscopic
ultrasonography showed an irregular margined inhomogeneous hypoechoic
lesion measuring approximately 35 mm x 32 mm in size with an obscure layer
of origin. An abdominal computed tomography scan showed a well-defined
mass measuring approximately 35 mm in size in the distal esophagus.

Pathological diagnosis

Histological examination showed spindle cells with eosinophilic and clear
cytoplasm and vesicular nuclei. Immunohistochemical staining results were
positive for S-100 protein, SOX 10, and vimentin and negative for HMB
45 and melan. The final pathological result was confirmed as a malignant
gastrointestinal neuroectodermal tumor.

Treatment

The patient received excision of the subepithelial lesion in the distal esophagus
and was subsequently treated with radiation therapy.

Related reports

Malignant gastrointestinal neuroectodermal tumor most commonly involves the
small intestine, with the stomach and colon being the next most common sites,
respectively.

Term explanation

Malignant gastrointestinal neuroectodermal tumor: a tumor with a similar
morphology, immunophenotype, and molecular genetic features to clear cell
sarcoma of tendons and aponeurosis lacking melanocytic differentiation arising
in the gastrointestinal tract.

Experiences and lessons

This case report presents a case of malignant gastrointestinal neuroectodermal
tumor arising in the esophagus. The most malignant gastrointestinal
neuroectodermal tumors show aggressive behavior and a poor prognosis.

Peer-review

The case report on an esophageal subepithelial lesion diagnosed as malignant
gastrointestinal neuroectodermal tumor is well written. The topic of the paper is
interesting and important.
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CASE REPORT

Therapeutic endoscopic retrograde cholangiopancreatography
in a patient with situs inversus viscerum
Yi Hu, Hao Zeng, Xiao-Lin Pan, Nong-Hua Lv, Zhi-Jian Liu, Yang Hu
condition characterized by complete transposition
of all viscera. This anatomical pathology makes
endoscopic retrograde cholangiopancreatography
(ERCP) technically difficult. We report a new case
of a 70-year-old Chinese male with total SIV who
had obstructive jaundice. Magnetic resonance
cholangiopancreatography demonstrated a number
of stones in the gallbladder and common bile duct
(CBD). Therapeutic ERCP was performed to relieve
biliary obstruction and remove the CBD stones.
This procedure started with the patient in a supine
position and the endoscopist at the left side of the
table. When the papilla was maintained, the patient
was repositioned to a prone position and standard
endoscopic sphincterotomy and endoscopic papillary
balloon dilatation procedures were conducted. ERCP
was performed successfully and relevant complications
did not occur in this patient. We also present a review
of the literature published between 1985 and 2014
in the Pubmed and Embase databases. There were
eight published cases during this period, with one each
from America, Finland, India, Italy, South Korea and
Pakistan, and two from Spain. Our case is the first
reported in China.
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Core tip: Endoscopic retrograde cholangiopancrea
tography (ERCP) is widely applied for the diagnosis and
treatment of pancreaticobiliary disease. However, this
approach can be challenging in cases of anatomical
variations. Total situs inversus viscerum (SIV) is a
rare condition that involves a 180° reversal of all the
visceral positions, which increases the difficulty of
ERCP. Endoscopic access to the papilla and subsequent
cannulation are difficult in these patients. However, we

Abstract
Situs inversus viscerum (SIV) is a rare congenital
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successfully overcame these difficulties by changing
the patient’s positions during the procedure. Standard
endoscopic sphincterotomy and endoscopic papillary
balloon dilatation procedures were performed with no
complications. Herein, we also review several related
cases with summary information, key steps and
technique information for ERCP in patients with SIV.
Hu Y, Zeng H, Pan XL, Lv NH, Liu ZJ, Hu Y. Therapeutic
endoscopic retrograde cholangiopancreatography in a patient
with situs inversus viscerum. World J Gastroenterol 2015;
21(18): 5744-5748 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i18/5744.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5744

200 mm

Figure 1 Chest X-ray revealed the tip of the heart was at the right side.

INTRODUCTION
Situs inversus viscerum (SIV) is a rare congenital
condition that occurs at a frequency of 1:5000 to
1:10000 live births. This condition is defined by a left[1]
right transposition of all viscera as a mirror image . In
total SIV, there is complete transposition of all viscera
and dextroposition of the heart and the liver is palpable
in the left upper quadrant. This uncommon anatomy
causes difficulties in the diagnosis and treatment of
disease.
Endoscopic retrograde cholangiopancreatography
(ERCP) is a technique that can reveal the pancreati
cobiliary tract clearly. Currently, this approach is widely
applied for the extraction of common bile duct (CBD)
stones due to its shorter operation time, reduced
trauma and fewer complications. Therapeutic ERCP for
bile duct stones has a success rate of 96% to 100%.
However, this method can be technically challenging
due to anatomic variations (such as Billroth Ⅰ, Billroth
Ⅱ gastric resection, Roux-en-Y enteroanastomosis,
SIV and duodenal papillary diverticula).
Herein, we report a case of successfully treated
choledocholithiasis using endoscopic sphincterotomy
(EST) and endoscopic papillary balloon dilatation
(EPBD) in a 70-year-old male with total SIV. We also
provide a review of related reports in the literature.

Figure 2 Total situs inversus viscerum in the abdomen and multiple
stones in the gallbladder and common bile duct.

laboratory parameters (e.g., alkaline phosphatase)
were in the normal range. A chest X-ray (Figure 1) and
electrocardiogram confirmed dextrocardia. Magnetic
resonance cholangiopancreatography demonstrated
total SIV in the abdomen and multiple stones in the
gallbladder and CBD, of which the largest was 1.3 cm in
size (Figure 2).
A low-fat diet, energy supplements, liver-protecting
treatment (glutathione 1.2 g/d) and magnesium
sulfate injection (20 ml, once) were given to the
patient before performing ERCP. After the operation,
energy supplements, an octreotide acetate injection
(0.3 mg in 0.9% sodium chloride 50 ml, Q12H) and a
pantoprazole sodium injection (40 mg in 0.9% sodium
chloride 100 ml, BID) were given to the patient. Five
days after treatment, the patient’s temperature returned
to normal and his pain was relieved. Therapeutic ERCP
was performed on this patient after admission.
After premedication with scopolamine butylbromide
(40 mg) and conscious sedation with propofol (100
mg), ERCP was performed with a side-viewing
endoscope (Olympus JF-260). Initially, the patient
was in a supine position, which is an unusual
position for ERCP with the endoscopist standing at
the left side of the patient who faced to the left. The
duodenoscope was passed through the esophagus
entrance and cardia depending on a breakthrough

CASE REPORT
A 70-year-old patient with a history of coronary heart
disease presented to our hospital in 2014 with left
upper abdomen colicky pain that lasted six days and
was associated with nausea, vomiting, fever (37.9 ℃)
and jaundice.
Physical examination revealed pronounced
tenderness in the left upper abdomen. Laboratory
studies showed that the percentage of neutrophils was
72.2%, alanine transaminase was 58 U/L, aspartate
transaminase was 51 U/L, total bilirubin was 5.64
mg/dl, direct bilirubin was 3.97 mg/dl and gammaglutamyl transpeptidase was 1150 U/dl. All other
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Figure 3 Duodenal diverticulum with an ampulla on its edge.

Figure 6 Cholangiography showed that there were no common bile duct
stones.

The endoscope ultimately approached and traversed
the pylorus and found the papilla at the descending
part of the duodenum. At this time, three difficulties
were encountered (discussed in the discussion
section). Then, the patient was repositioned to a
regular prone position. A similar method was used to
arrive at the stomach. However, routine maneuvers
became difficult in the second part of the duodenum;
therefore, the endoscope was rotated clockwise to
180° with some torsion and shortening. Here, we
observed a duodenal diverticulum with an ampulla on
its edge (Figure 3). Cannulation was performed with
a standard sphincterotome and jag wire measuring
450 cm × 0.035 inches (0.89 mm). Cholangiography
showed that the biliary ducts had filling defects (Figure
4). A sphincterotomy was performed, although due
to the diverticulum and altered CBD anatomy, the
biliary orifice was located in the right upper quadrant,
corresponding to the 1 o’clock position. After a
standard sphincterotomy and balloon dilation, the
stone was removed with a Dormia basket (Olympus
FG-301Q Figure 5).
Postoperative laboratory results showed that the
pancreatic enzyme levels were 197 U/L after 3 hours
and 235 U/L after 24 h. The white blood cell count
and the percentage of neutrophils were within the
normal ranges. Postoperative pancreatitis and relevant
complications did not occur in this patient. Five days
later, the patient underwent another cholangiography
which revealed no CBD stones (Figure 6). The patient
was discharged after 6 d.

Figure 4 Cholangiography showed dilatation of the common bile duct and
stones up to 12 mm with filling defects of the bile duct.

DISCUSSION
EST and stone extraction are standard procedures for
[2]
the removal of CBD stones . The left lateral or prone
position, which is conducive to revealing the duodenal
papilla and improving the success rate of cannulation,
is the typical position for patients during ERCP. In some
conditions, such as deep sedation with endotracheal
anesthesia, cardiopulmonary dysfunction, massive
ascites and extreme obesity, patients have difficulty
in adopting this position and a supine position is

Figure 5 Multiple stones were removed with a Dormia basket.

of feeling and landmarks, such as the Z-line and
the transition to gastric mucosa. Then, the surgeon
followed the direction of the gastric folds, allowing
the duodenoscope to pass along the surface of
the greater curvature of the stomach towards the
antrum, according to the classic “setting sun” sign.
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Table 1 Published reports on therapeutic endoscopic retrograde cholangiopancreatography in patients with situs inversus viscerum
worldwide
Ref.

Country

Year

Venu et al[7]

United
States
Finland

1985

Nordback et al[8]

Chowdhury et al[9]

India

Fiocca et al[10]

Italy

García-Fernández et
al[11]

Spain

de la Serna-Higuera et
al[12]

Spain

Lee et al[13]

South
Korea

Kamani et al[14]

Pakistan

Patient’s position

Endoscopist’s
position

Key steps

Right lateral position → At the right side
Altered the patient's position several times
recumbent/prone position
of the table
before cannulation
1988
On her right in a prone
Unknown
The endoscopist turned his right side toward
position
the patient when cannulation was achieved and
an endoscopic papillotomy was made toward
the direction of "1 o'clock"
1997
Left lateral position
At the left side of
Minor modifications of the maneuvers and
the table
endoscope tip movement
2008
Prone position
At the right side Passed the stomach and reached the duodenum
of the table
with only a 180° turn
2010
Right lateral position
At the right side “Mirror image” ERCP technique:all necessary
of the table
endoscopic maneuvers were performed
inversely as per normal procedures
2010
Prone position
At the right side
The duodenoscope had to be turned 180°
of the table
clockwise in the stomach and a rotating
sphincterotome was needed
2010
Prone position
At the right side The endoscope was rotated 180 to the right (in
of the table
the stomach) and large-balloon dilation was
performed after a limited sphincterotomy
2014
Left lateral position
At the right side Passed the stomach and reached the duodenum
of the table
with a 180° turn

[3]

therefore advocated . Endoscopic access to the papilla
and subsequent cannulation are the key steps of ERCP,
which can be significantly affected by congenital or
acquired anatomic alterations.
SIV is a congenital condition with complete
transposition of all viscera. The side view endoscope is
built for the right position of the liver with the papilla
at the medial side of the duodenum in ERCP. However,
these limitations of the device and anatomical
variations make ERCP more challenging and difficult
in patients with SIV. Other disorders, including
Kartagener’s syndrome, primary ciliary dyskinesia, and
asplenia or polysplenia syndrome, occur frequently in
[4-6]
patients with SIV ; however, there is no evidence
that SIV patients are more susceptible to CBD stones.
To date, eight cases of therapeutic ERCP in patients
with SIV have been reported worldwide (Table 1). In
[7]
1985, Venu et al first reported ERCP and endoscopic
sphincterotomy in patients with SIV. Following
intubation, the patient in this previous report was
moved into several positions. In this way, the papilla
could be identified and cannulation could be achieved
with the endoscope in a straightened position. Some
authors have reported similar cases in which ERCP
was performed in other positions. In 1988, Nordback
[8]
et al successfully completed ERCP in patients with
SIV and the authors found that the best position
for cannulation was achieved when the endoscopist
turned his right side towards the patient. CBD stones
were observed and extracted with a Dormia basket
after an endoscopic papillotomy was made toward
the direction of “1 o’clock”. In 1997, Chowdhury et
[9]
al reported that a patient with SIV was placed in the
usual left lateral position and the endoscopist was at

WJG|www.wjgnet.com

Complications
No
No

No
No
No

No

No

No

the left side of the table at the beginning of ERCP. The
endoscope was shortened by a 90° twist to the left and
withdrawn; subsequently, standard EST was performed
[10]
successfully. Fiocca et al
reported that ERCP was
carried out successfully despite situs inversus requiring
maintenance of the patient in a prone position with
the endoscopist at the right side of the table. García[11]
Fernández et al
performed ERCP in a patient with
complete SIV using a “mirror image” technique. Three
[12-14]
studies
reported in 2010 and 2014 indicated that a
patient with SIV was placed in the usual prone position
and the duodenoscope was turned 180° clockwise in
the stomach; EST and removal of CBD stones were
[14]
then performed. The case reported by Kamani et al
was similar to ours because this previous case also
showed the same therapeutic ERCP pattern as patients
with SIV and an ampullary diverticulum.
In subjects with SIV, a mirror image of the normal
anatomy makes it harder for endoscopists to gain
access to duodenal papilla. From the eight cases
reported, we found that most of the patients were
placed in a left lateral position or prone position, which
is the usual position in ERCP, and the endoscopist
preferred to be at the right side of the operating table.
Adjustments such as a 180° turn in the stomach or
special techniques such as a “mirror imaging” were
shown to contribute to maintenance of the duodenal
papilla. No complications were reported in any of the
previously reported cases.
In our case, because the position of the upper
gastrointestinal tract and pancreaticobiliary duct is a
mirror image of the normal anatomy, the endoscopist
began intubation with the patient in a supine position.
Following intubation, however, this technique became
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Term explanation

difficult for three reasons: first, the head could
not be fixed easily in a natural position; second,
cannulation was difficult when the papilla sank into the
intestinal wall because of the effect of gravity and the
diverticulum, which increased the difficulty of intubation
and likelihood of papillary edema and damage to
the pancreatic duct. In addition, the stomach could
not be fixed for stability of the endoscope in the
supine position. For these reasons, the patient was
repositioned to a prone position with the face turned
to the right and we completed the procedure with no
complications. As described in other reports, a supine
position was adopted for duodenoscopic examination
because the anatomical view remains consistent;
however, the traditional prone position, in which the
endoscope needs be rotated clockwise 180°, can be
applied for maintenance and cannulation in patients
with SIV. We also found that cannulation is more
difficult in patients with a periampullary diverticulum.
To our knowledge, this case is the first reported in
China.
In conclusion, therapeutic ERCP is a safe procedure
for patients with SIV. However, ERCP can be performed
more smoothly with conversion of the patient’s position
or the use of special techniques. The major emphasis
in ERCP for patients with SIV is adjusting the patient
and endoscopist positions during the operation. Prior to
achieving cannulation, the endoscopist may alter the
patient’s position several times and perform alterations
in scope positions.

Total SIV is a rare condition with complete transposition of all viscera, including
the heart, liver, spleen and stomach.

Experiences and lessons

ERCP can be performed successfully in patients with total SIV by changing the
patient’s position or adopting special techniques.
Lessons: In this study, we should have recorded the procedure in a video for
additional medical data. Moreover, we also provided therapy to a similar patient
but regrettably lost his record.

Peer-review

The authors report to us how to perform ERCP in a patient with situs inversus
or SIV.

REFERENCES
1
2
3

4
5
6
7

8

COMMENTS
COMMENTS
Case characteristics

9

A 70-year-old Chinese man presented with left upper abdomen colicky pain,
fever and jaundice.

Clinical diagnosis

10

Obstructive jaundice.

Differential diagnosis

Pancreatitis, pancreatic carcinoma, ampullary carcinoma and duodenal
papillary carcinoma.

11

Laboratory diagnosis

The percentage of neutrophils was 72.2%; alanine transaminase was 58 U/L;
aspartate transaminase was 51 U/L; total bilirubin was 5.64 mg/dl; direct
bilirubin was 3.97 mg/dl; and gamma-glutamyl transpeptidase was 1150 U/dl.

12

Imaging diagnosis

Chest X-ray and electrocardiogram results confirmed dextrocardia and
magnetic resonance cholangiopancreatography revealed total situs inversus
viscerum (SIV) in the abdomen and multiple stones in the gallbladder and
common bile duct.

13

Treatment

The patient underwent endoscopic retrograde cholangiopancreatography
(ERCP) under general anesthesia.

14

Related reports

Left upper abdomen colicky pain caused by choledocholithiasis with SIV is rare.

Gastrointestinal: situs inversus viscerum. J Gastroenterol Hepatol
2002; 17: 1329 [PMID: 12423280]
Binmoeller KF, Schafer TW. Endoscopic management of bile duct
stones. J Clin Gastroenterol 2001; 32: 106-118 [PMID: 11205644]
Das A. Performing an ERCP with the patient in the supine
position: necessity is the mother of improvisation. Gastrointest
Endosc 2008; 67: 1044-1045 [PMID: 18513547 DOI: 10.1016/
j.gie.2007.12.012]
Lee SE, Kim HY, Jung SE, Lee SC, Park KW, Kim WK. Situs
anomalies and gastrointestinal abnormalities. J Pediatr Surg 2006; 41:
1237-1242 [PMID: 16818055 DOI: 10.1016/j.jpedsurg.2006.03.045]
Fonkalsrud EW, Tompkins R, Clatworthy HW. Abdominal
manifestations of situs inversus in infants and children. Arch Surg
1966; 92: 791-795 [PMID: 5934225]
Peeters H, Devriendt K. Human laterality disorders. Eur J Med
Genet 2006; 49: 349-362 [PMID: 16461029 DOI: 10.1016/
j.ejmg.2005.12.003]
Venu RP, Geenen JE, Hogan WJ, Johnson GK, Taylor AJ, Stewart
ET, Jackson A. ERCP and endoscopic sphincterotomy in patients
with situs inversus. Gastrointest Endosc 1985; 31: 338-340 [PMID:
4043687]
Nordback I, Airo I. ERCP and endoscopic papillotomy in
complete abdominal situs inversus. Gastrointest Endosc 1988; 34:
150 [PMID: 3366336]
Chowdhury A, Chatterjee BK, Das U, Dutta P, Dhali GK,
Banerjee PK. ERCP in situs inversus: do we need to turn the other
way? Indian J Gastroenterol 1997; 16: 155-156 [PMID: 9357192]
Fiocca F, Donatelli G, Ceci V, Cereatti F, Romagnoli F, Simonelli L,
Modini C. ERCP in total situs viscerum inversus. Case Rep Gastro
enterol 2008; 2: 116-120 [PMID: 21490849 DOI: 10.1159/000119713]
García-Fernández FJ, Infantes JM, Torres Y, Mendoza FJ,
Alcazar FJ. ERCP in complete situs inversus viscerum using
a “mirror image” technique. Endoscopy 2010; 42 Suppl 2:
E316-E317 [PMID: 21113889 DOI: 10.1055/s-0030-1255813]
de la Serna-Higuera C, Perez-Miranda M, Flores-Cruz G, GilSimón P, Caro-Patón A. Endoscopic retrograde cholangiopan
creatography in situs inversus partialis. Endoscopy 2010; 42 Suppl
2: E98 [PMID: 20306407 DOI: 10.1055/s-0029-1214968]
Lee JH, Kang DH, Park JH, Kim MD, Yoon KT, Choi CW, Kim
HW, Cho M. Endoscopic removal of a bile-duct stone using
sphincterotomy and a large-balloon dilator in a patient with situs
inversus totalis. Gut Liver 2010; 4: 110-113 [PMID: 20479922
DOI: 10.5009/gnl.2010.4.1.110]
Kamani L, Kumar R, Mahmood S, Jafri S, Siddiqui F. Therapeutic
ERCP in patient with situs inversus totalis and ampullary
diverticulum. J Coll Physicians Surg Pak 2014; 24: 365-366 [PMID:
24848398]

P- Reviewer: Ciaccio E, Lorenzo-Zuniga V, Reddy DN, Teoh AYB,
Tomizawa M
S- Editor: Ma YJ L- Editor: Roemmele A E- Editor: Ma S

WJG|www.wjgnet.com

5748

May 14, 2015|Volume 21|Issue 18|

World J Gastroenterol 2015 May 14; 21(18): 5749-5750
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i18.5749

© 2015 Baishideng Publishing Group Inc. All rights reserved.

LETTERS TO THE EDITOR

Transjugular intrahepatic portosystemic shunt as bridge-tosurgery in refractory gastric antral vascular ectasia
Aymeric Becq, Violaine Ozenne, Aurélie Plessier, Patrice Valleur, Xavier Dray
coagulation (argon plasma coagulation, laser therapy,
heater probe therapy, radiofrequency ablation),
cryotherapy, and band ligation. In refractory cases,
antrectomy may be considered. In the event of an
associated cirrhosis and portal hypertension, it has been
suggested that antrectomy could be an option, provided
the mortality risk isn't considered too great. We report the
case of a 67-year-old cirrhotic patient who presented with
GAVE related GIB, unresponsive to multiple endoscopic
treatments. The patient had a good liver function (model
for end-stage disease 10). After a multidisciplinary
meeting, a transjugular intrahepatic portosystemic shunt
(TIPS) procedure was performed, in order to treat the
cirrhosis associated ascites. The outcome was successful.
An antrectomy was then performed, with no recurrence
of GIB and no transfusion need during three months of
follow up. In this case, the TIPS procedure achieved a
complete ascites regression, allowing a safer surgical
treatment of the GAVE-related GIB.
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Core tip: Gastric antral vascular ectasia (GAVE) may
cause gastrointestinal bleeding. Antrectomy should
be considered in refractory cases. In the event of an
associated cirrhosis and portal hypertension, decision
of surgery must be pondered given a higher risk. We
report the case of a refractory GAVE, in a cirrhotic
patient with ascites. A transjugular intrahepatic porto
systemic shunt procedure was performed, allowing
complete ascites regression. The surgery was then
juged to be less risky. An antrectomy was thus
performed, with favorable outcome. Antrectomy may be
an option in refractory GAVE, in this setting, provided
liver function is sufficient and cirrhosis is compensated.

Abstract
Gastric antral vascular ectasia (GAVE) may cause
gastrointestinal bleeding (GIB). The treatment of
GAVE relies on endoscopic approaches such as electro

WJG|www.wjgnet.com

5749

May 14, 2015|Volume 21|Issue 18|

Becq A et al . TIPS as bridge-to-surgery in refractory GAVE
[6]

the Study of the Liver (AASLD) recommendations , a
team including hepatologists, interventional radiologists,
and transplant physicians agreed on the indication of
a TIPS procedure. The TIPS was performed in May
2014 and allowed complete ascites regression. Other
than a transient encephalopathy, the procedure was
well-tolerated. As transfusion-dependency persisted
at 6 mo post-TIPS (19 pRBC, mean 4.2 per month),
an antrectomy was performed in September 2014.
Post-operative outcome was uneventful. Within three
months, no GIB had occurred, hemoglobin levels were
stable, above 11.2 g/dL, and transfusion needs were
abolished.
The aforementioned case report mentions that
surgery “has significant mortality and morbidity risks,
especially in the setting of portal hypertension and
[2,4,5]
cirrhosis”. We totally agree with this assertion
. In
our patient, refractory ascites did not allow surgery at
first. A TIPS procedure was thus performed after all
contraindications were ruled out by a multidisciplinary
[6]
team, according to the AASLD recommendations .
Unsurprisingly, it did not dramatically improve the
[2,5]
transfusion-dependency , but it did result in complete
ascites regression, allowing a safer surgical treatment
of this GAVE-related GIB. In conclusion, TIPS procedure
may be a bridge-to-surgery in this setting.

Becq A, Ozenne V, Plessier A, Valleur P, Dray X. Transjugular
intrahepatic portosystemic shunt as bridge-to-surgery in
refractory gastric antral vascular ectasia. World J Gastroenterol
2015; 21(18): 5749-5750 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i18/5749.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i18.5749

TO THE EDITOR
[1]

We have read with interest the article by Jin et al
entilted “Successful treatment of refractory gastric
antral vascular ectasia (GAVE) by distal gastrectomy:
a case report”. Treatment of GAVE relies on the
[2]
destruction of the pathological mucosa . It is mainly
based on endoscopic approaches, which includes
electrocoagulation [argon plasma coagulation (APC),
laser therapy, heater probe therapy, radiofrequency
[2]
ablation], cryotherapy, and band ligation . GAVE is
unresponsive to transjugular intrahepatic portosystemic
[3]
shunt (TIPS) . In refractory cases, antrectomy is a
[1]
therapeutic option, as reported by Jin et al . While
antrectomy was a valid therapeutic strategy, given
their patient had no history of liver disease, surgery
should be considered with caution when cirrhosis and
[2,4]
portal hypertension are associated with GAVE
.
Mortality rates have been reported to be as high as
[5]
50% when GAVE and cirrhosis are associated . Thus,
it has been suggested in a recent systematic review,
that antrectomy “may be considered in otherwise
well compensated cirrhotic patients with refractory
[2]
bleeding” in the setting of GAVE .
We report on a 67-year-old male patient who
presented with gastrointestinal bleeding (GIB) in
January 2013. Past history included a dysmetabolic
cirrhosis with ascites, normal prothrombine time,
normal bilirubinemia (17 µmol/L), and a mechanical
aortic valve replacement requiring anticoagulation. He
had endoscopic and histological features of GAVE, with
active bleeding. He was treated by APC. GIB persisted
until April 2014, with hemoglobin levels ranging from
6.3 to 9.4 g/dL, requiring 3 additional APC sessions,
4 radiofrequency sessions, and 92 packed red blood
cells (pRBC) transfusions (mean 5.7 per month).
Antrectomy was initially ruled out because of refractory
ascites. Based on the patients’ model for end-stage
disease score which was of 10 (normal bilirubinemia),
and in accordance with the American Association for
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Are children on jejunal feeds at risk of iron deficiency?
Li-Zsa Tan, Susan E Adams, Alison Kennedy, Helen Kepreotes, Chee Y Ooi
of iron deficiency due to the feeds bypassing the
duodenum, which is the primary site for iron absorption.
We describe the biochemical and hematological features
of six children on exclusive jejunal feeding who did
not receive iron supplementation. At a mean (standard
deviation) period of 11 (6.5) mo after commencing
jejunal feeds, there was a significant reduction in
both serum iron (18.5 g/L vs 9.8 g/L, P = 0.01) and
transferrin saturation levels (23.1% vs 13.7%, P =
0.02), suggesting iron deficiency. However, there was
no significant change in ferritin, hemoglobin and mean
corpuscular volume levels post-commencement of
jejunal feeds. This may be the result of small bowel
adaptation in response to early iron deficiency. Larger
and longer term prospective studies are required to
investigate if children on jejunal feeds are at risk of
developing iron deficiency.
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Core tip: Children who are exclusively jejunally fed
are prime candidates to develop iron deficiency. We
found that serum iron and transferrin saturation levels
were significantly reduced at a mean of 6.5 mo post
commencement of exclusive jejunal feeds, suggesting
that an early iron deficient state was induced. Ferritin
levels, haemoglobin and mean corpuscular volumes
however were stable during the same period, lending
further evidence that the proximal jejunum may have
the capacity to adapt to iron deficiency.
Tan LZ, Adams SE, Kennedy A, Kepreotes H, Ooi CY. Are
children on jejunal feeds at risk of iron deficiency? World J
Gastroenterol 2015; 21(18): 5751-5754 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i18/5751.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i18.5751

Abstract
Children on exclusive jejunal feeding may be at risk
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TO THE EDITOR

Table 1 Patient characteristics: age, weight Z-scores, and
primary diagnoses

Normal growth and development in childhood is
dependent upon adequate nutritional and caloric
intake. Certain paediatric populations are unable
to safely feed orally or meet their nutritional and
metabolic requirements through oral feeding for
various reasons. Jejunal feeding is generally indicated
in children with a high risk of aspiration and improves
[1]
feed tolerance and caloric intake . As jejunal feeds
bypass the duodenum, children on exclusive jejunal
feeding are theoretically at risk of developing iron
deficiency. Thus we read with interest the recent study
[2]
by Marambio et al , which reported the capacity of the
proximal jejunum to adapt to an iron deficient state.
The duodenum is acknowledged as the primary site
for iron absorption in the small bowel, an observation
[3]
reported by Wheby in 1970. Several mechanisms
have been proposed. Foremost is that the low pH
(from gastric acid) found in the duodenum favours
3+
the reduction of ferric (Fe ) to soluble ferrous iron
2+
(Fe ) which is then easily absorbed. As luminal pH
becomes neutralized further down the intestine,
iron is more likely to form insoluble ferric complexes
[4]
which are less bioavailable . Newer studies have
reported that absorption of soluble iron is facilitated
by the Divalent Metal Transporter 1 (DMT1), a
transmembrane protein found mainly in duodenal
[4]
enterocytes , and expression of DMT1 decreases
along the digestive tract. Furthermore, some patients
on jejunal feeds are non-ambulatory, due to their
primary underlying disease, and thus may have their
estimated energy requirements reduced, limiting their
[5,6]
micronutrient intake . Absorption of non-heme iron
(90% of dietary iron) may also be reduced by proton
[5]
pump inhibitors and antacids , which are commonly
prescribed in these patients. Despite this, there is
limited published knowledge on the impact of jejunal
feeding upon iron levels in this vulnerable population.
We recently performed a retrospective chart review
on patients less than 17 years of age who were
commenced on exclusive jejunal feeds at the Sydney
Children’s Hospital between January 2005 and
October 2011. This study was approved by ethics. We
excluded patients who were given supplemental iron.
There were six patients (50% males) without iron
supplementation who had iron studies [serum iron,
ferritin, transferrin saturation (TSAT)], hemoglobin
and mean corpuscular volume (MCV), performed prior
to, and at least 4 wk after commencement of jejunal
feeds. Patient characteristics are summarised in Table 1.
The mean ± SD age at time of jejunal feed
commencement was 7.2 (6.5) years. All children
were reviewed by a paediatric dietician and fed with
commercially available age-appropriate formulas,
which provided the recommended daily intake of
iron. The mean pre- and post-jejunal feeding levels of
serum iron, ferritin, TSAT, hemoglobin and MCV are
summarized in Table 2. Investigations were performed

WJG|www.wjgnet.com

Patient

Age at jejunal feeds Weight
commencement (yr) Z -scores

1

6.9

1.48

2

0.5

-1.47

3

14.1

-0.10

4

2.3

-1.80

5

3.3

-1.10

6

16.3

-4.00

Primary diagnoses
Severe gastroesophageal reflux
disease with oral aversion
Global developmental delay
with severe gastroesophageal
reflux disease
Gastroparesis and chronic
nausea
Craniosynostosis, and
developmental delay
Mitochondrial disease with,
global developmental delay
and severe gastroesophageal
reflux disease
Severe gastroesophageal reflux
disease and gastroparesis

Table 2 Mean ± SD (range) values pre and post commen
cement of jejunal feeds
Pre J feeds
Serum Iron
(g/L)
Transferrin
Saturation (%)
Serum Ferritin
(µg/L)
Hemoglobin
(g/L)
MCV (fL)
MCH (pg)

18.5 ± 8.6
(5.2-30.2)
23.1 ± 9.5
(7.7-31.4)
39.8 ± 43.4
(9.0-112.0)
119.3 ± 28.6
(69-155)
85.3 ± 9.2
(74.1-96.7)
29.2 ± 2.7
(27.0-33.9)

Post J feeds mean 11 ± 6.5 P value
mo (range: 2-20 mo)
9.8 ± 5.7 (1.9-17.2)

0.01a

13.7 ± 8.6 (4.2-26.5)

0.02a

40.4 ± 43.4 (9.0-112.0)

0.96

129.5± 12.9 (110-148)

0.45

83.8 ± 6.2 (78.3-95.4)

0.60

30.0 ± 2.4 (26.2-33.4)

0.78

a

P < 0.05 vs control.

at a mean of 11 (6.5) mo after commencing jejunal
feeds. There was a significant reduction in serum iron
and TSAT levels after commencing jejunal feeds (Figure
1). No significant difference was found in ferritin or
hemoglobin levels. There was a reducing trend in MCV
levels from pre- to post-commencement of feeds but
this was not statistically significant.
To our knowledge, this is the first case series in
children on exclusive jejunal feeding evaluating for and
demonstrating biochemical evidence of iron deficiency,
with significant decline in serum iron and TSAT. This
is of clinical relevance because TSAT (which measures
the degree of plasma transferrin, calculated as the
ratio of plasma iron to total iron binding capacity)
is an indicator of circulating iron, and measures the
availability of iron for the bone marrow. Despite levels
being depressed by inflammation, a low TSAT is a
[7,8]
useful screening measurement for iron deficiency .
The converse is also true; a normal or high TSAT
[7]
is often used to exclude iron deficiency . It was
significantly lower post-jejunal feeds in this series.
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A

age of two years are particularly vulnerable as this is
the period of rapid neurogenesis. Iron deficiency also
[12]
affects sleep cycles , which may result in disturbances
in cognitive, motor and emotional function. Iron
deficiency states in children may also have significant
long-term consequences. Despite correction with iron
therapy, early insults appeared to have long lasting
effects. A longitudinal 25 year study found that not
only did early iron deficiency impact negatively on
school achievement, memory and recall, attention
[13]
and psycho-social behavior
it also had significant
implications into young adulthood. Individuals with
chronic iron deficiency in infancy completed less years
of schooling and a higher proportion were not in further
education or training and remained single at age 25
[14]
years .
This study was limited by a small sample size
due to our strict exclusion criteria, which focused on
a very select group of jejunal-fed patients who were
monitored for iron deficiency and yet were not being
supplemented with iron. Whether or not enteral iron
supplementation would result in a different outcome,
or if intestinal adaptation might occur over time
to a sufficient extent to compensate for reduced
iron absorption in the duodenum warrants further
investigation. Future directions may include the use
of more accurate and objective quantifiers such as
soluble transferrin receptors, zinc protoporphyrin
and reticulocyte hemoglobin. It is unclear whether
the subjects in this study would have developed iron
deficiency anaemia over a longer period of time without
iron supplementation. A larger and longer term study is
warranted but there may be ethical issues in withholding
iron supplementation in already at-risk children.
In conclusion, children on exclusive jejunal feeding
are vulnerable to micronutrient deficiencies including
iron deficiency. In the short to medium term, the
degree of iron deficiency appears mild in severity.

40

P = 0.01

Serum iron (g/L)

30

20

10

0
Pre J feeds

B

Post J feeds

40

P = 0.01

TSAT (%)

30

20

10

0
Pre J feeds

Post J feeds

Figure 1 Serum iron levels (A) and transferrin saturation (%) levels (B) pre
and post commencement of jejunal feeds.
[2]

However, similar to findings by Marambio et al ,
this series showed no significant change in ferritin
[2]
levels. Marambio et al reported that patients 6 mo
post-Roux en Y gastric bypass surgery demonstrated
no significant decrease in ferritin levels despite the
nature of the surgery, in which the duodenum and part
of the jejunum are excluded. The authors speculated
that this was due to small intestinal adaptation and
demonstrated an increased expression of DMT1
at the tips of the jejunal villi on biopsies using
[2]
immunohistochemistry and western blot analysis .
Similarly, in a separate study, the expression of
DMT1 was analysed in duodenal biopsy specimens by
PCR and was found to correlate negatively with iron
[9]
status .
In our study, there was also no significant diffe
rence in hemoglobin and MCV levels although this is
less surprising given hemoglobin levels are usually
[7,8]
preserved until a large amount of body iron is lost .
Equally, a reduction in MCV is a late parameter of iron
deficiency. Our cohort did exhibit decreased MCV after
the commencement of exclusive jejunal feeding but
this did not reach statistical significance.
Iron is required for oxygen transport, DNA
synthesis, mitochondrial function and protection of
cells from oxidative damage. Studies have shown
that early iron deficiency interferes with developing
interneuronal connections, oligodendrocyte function
[10,11]
and white matter myelination
. Children under the
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EDITORIAL

Sphincter of Oddi dysfunction Type Ⅲ: New studies suggest
new approaches are needed
C Mel Wilcox
any these objective findings. Many prior studies have
shown that the clinical response to endoscopic therapy
is higher based upon the presence of these objective
criteria. However, there has been variable correlation of
the manometry findings to outcome after endoscopic
therapy. Nevertheless, manometry and sphincterotomy
has been recommended for Type Ⅲ patients given the
overall response rate of 33%, although the reported
response rates are highly variable. However, all of the
prior data was non-blinded and non-randomized with
variable follow-up. The evaluating predictors in SOD
study - a prospective randomized blinded sham controlled
one year outcome study showed no correlation between
manometric findings and outcome after sphincterotomy.
Furthermore, patients receiving sham therapy had a
statistically significantly better outcome than those
undergoing biliary or dual sphincterotomy. This study
calls into question the whole concept of SOD Type Ⅲ
and, based upon prior physiologic studies, one can
suggest that SOD Type Ⅲ likely represents a right upper
quadrant functional abdominal pain syndrome and should
be treated as such.
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Core tip: Prior observations suggest that biliary
sphincterotomy may be of benefit in patients with
sphincter of Oddi dysfunction (SOD) Type Ⅲ who
have biliary type pain but no objective findings of bile
duct obstruction. The prospective randomized blinded
sham controlled trial termed evaluating predictors in
SOD demonstrated no correlation between manometry
and outcome and furthermore showed that patients
receiving sham therapy had a better outcome than
those receiving either biliary or dual sphincterotomy.
Until other studies are available, patients with
biliary type pain in the absence of objective findings

Abstract
Sphincter of Oddi dysfunction (SOD) has been classified
into three types based upon the presence or absence of
objective findings including liver test abnormalities and
bile duct dilatation. Type Ⅲ is the most controversial
and is classified as biliary type pain in the absence of
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should not routinely undergo endoscopic retrograde
cholangiopancreatography and do not benefit from
sphincterotomy.

on the use of both biliary and pancreatic manometry
in symptomatic patients. In addition, a positive
outcome of endoscopic therapy (sphincterotomy)
has been reported for the treatment of abdominal
pain or idiopathic pancreatitis of patients identified
[6-11]
with SOD
. Indeed, SOD became a common place
diagnosis for referral of patients to selected centers
with biliary-type pain or idiopathic pancreatitis for
sphincter manometry in the hopes of making the
diagnosis and providing effective therapy. The results
of the EPISOD (Evaluating Predictors and Interventions
[12]
in Sphincter of Oddi Dysfunction) study
have now
challenged the diagnosis of the most complex of these
sphincter “disorders”, SOD Type Ⅲ.

Wilcox CM. Sphincter of Oddi dysfunction Type Ⅲ: New studies
suggest new approaches are needed. World J Gastroenterol 2015;
21(19): 5755-5761 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i19/5755.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5755

INTRODUCTION
It has been almost 130 years since the muscular
structure at the terminal end of the biliary and
pancreatic ducts was first described by a young
[1]
anatomist and physiologist Rugero Oddi . His subse
quent studies demonstrated that this sphincter muscle
was under physiologic regulation. While bile duct
pressures had been previously reported, it was not
[2]
until 1980 that Geenen et al described the use of
a small catheter placed through the biliary sphincter
into the bile duct at the time of endoscopic retrograde
cholangiopancreatography (ERCP) whereby sphincter
activity could be identified, measured and where its
physiologic regulation was confirmed. At that time,
[2]
[3]
they and others had postulated that perhaps
disorders of the sphincter could result in clinical
syndromes such as post-cholecystectomy abdominal
pain.

SOD TYPES
In 1987, these clinical syndromes all of which have in
common biliary-type pain were classified into one of
[13]
three types, often termed the Milwaukee classification .
Such a classification scheme takes into account the
presence of objective findings (abnormal liver chemistry
tests, ductal dilation) and based upon subsequent
studies, such a classification system could help determine
the likelihood of a positive manometric study thereby
guiding therapy. As shown in Table 1, biliary TypeⅠSOD
is defined as a dilated bile duct and abnormal liver tests.
It was considered that these patients either have small
stones, sludge, or true stenosis of the biliary sphincter
leading to obstruction; some data suggests crystals are
[14]
rare . Nevertheless, even with these objective findings,
biliary manometry can be normal in up to 35% of these
[15]
Type Ⅰ patients . Type Ⅱ patients have abnormal
liver tests or biliary dilatation but not both potentially
suggesting a sphincter disorder. In these patients
manometric findings of sphincter hypertension can
[16-18]
[19]
be found in up to 55%-65%
. Silverman et al
suggested a hybrid classification for type Ⅱ patients
where these patients had pain and marginal (< 1.5
× ULN) elevation of liver enzymes with normal duct
[1]
diameter . They found no difference in prevalence
of elevated sphincter pressures between the hybrid
group and standard classification. Type Ⅲ patients
have no objective findings of biliary obstruction and
manometric findings of sphincter hypertension are less
[17]
frequent, but were reported to be 59% in one study .
A similar classification scheme has also been proposed
[18]
for those with pancreatic abnormalities .

DEFINITION
Sphincter of Oddi dysfunction (SOD) has been defined
as an abnormality of either the biliary and/or pancreatic
sphincter causing intermittent or fixed obstruction to
flow of bile or pancreatic juice, respectively, associated
with episodic biliary-type pain, recurrent pancreatitis,
abnormal liver chemistry tests, or ductal dilatation.
The ROME Ⅲ criteria defined biliary SOD as epigastric
or right upper quadrant pain which included all of the
following: episodes of pain lasting at least 30 min,
symptoms occurring at different intervals but not on a
daily basis; the pain was constant in nature and was of
severity enough to alter or interrupt the patient’s daily
activities or lead to an emergency department visit;
the pain was not relieved by postural changes, bowel
movements, or antiacid therapy; and finally that the
exclusion of other structural pancreaticobiliary diseases
[4]
were excluded . In contrast to the prior criteria,
noninvasive methods were used to measure common
bile duct diameter and contrast drainage times were
not required. Manometrically, SOD is defined as a
basal biliary or pancreatic sphincter pressure of > 40
mmHg which is greater than 3 standard deviations
[5]
above normal . Since the seminal observations of
[2]
Geenen et al , many studies worldwide have reported
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ROLE OF MANOMETRY
While considered the gold standard, manometry
is an imprecise technique and it is important that
the number of normal patients evaluated has been
[5,20]
small
. Manometric findings can be influenced by a
[6,21,22]
number of both patient and technical factors
. Use
of a guidewire through the catheter may alter pressure
recordings. Likewise, if the catheter is up against the
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shown improvement following biliary sphincterotomy
in approximately 69% of patients, ranging from
[7]
60%-94% . In contrast, for patients with biliary Type
Ⅲ SOD, the clinical response is less ranging from
[7]
8%-62% . The Indiana group has suggested that
sphincterotomy of both the biliary and pancreatic
sphincters (dual sphincterotomy) may further increase
[25]
response .
It should be cautioned, however, that these positive
studies were from selected centers, retrospective and
non-blinded. We know from the pain literature that
when pain is the primary outcome measure, non[26,27]
blinding is a significant shortcoming
. We also
appreciate that the placebo effect is strong in patients
with pain and are well documented after interventions
[28]
including endoscopic therapies . For example, there
have been numerous interventional trials in many
disciplines where uncontrolled studies suggested
efficacy, but when randomized blinded sham procedure
[29]
trials were performed, no differences were found .
Prior to EPISOD, there were two prospective
randomized studies which evaluated the role of biliary
manometry and outcome after sphincterotomy, but
these were limited to patients with SOD Type Ⅱ (see
Table 2).

Table 1 Classification of sphincter of Oddi dysfunction

Type Ⅰ
Type Ⅱ
Type Ⅲ

Abnormal liver or
pancreatic chemistries

Biliary or pancreatic duct dilation
on imaging

Both
Either
Neither

Both
Either
Neither

Table 2 Randomised controlled trials’s of Type Ⅱ sphincter
of Oddi dysfunction n (%)

Rome type 3
Concealed assignment
Blinded f/u
Type Ⅰ
Type Ⅱ
Type Ⅲ
Sham EBS
Mano Directed
Response
+ mano (EBS vs S)
- Mano (EBS vs S)

Geenen (’89)

Toouli (2000)

?
Yes
0
47 (100)
0
Yes
No

+
Yes
0
81 (100)
0
Yes
Yes

91%, 25%
33%, 42%

85%, 38%
62%, 42%

F/U: Follow-up; EBS: Endoscopic biliary sphincterotomy; mano:
Manometry; S: Sham.

bile duct wall, readings may be artificially elevated. The
readings can also be influenced by where the baseline
sphincter zone is interpreted to be located. Other
factors include medications taken as well as those
administered at the time of ERCP. One cannot use antimotility agents such as hyoscyamine as the pressure
may be reduced. Chronic opioid use can increase basal
sphincter pressure; midazolam has been found to
alter sphincter pressure whereas diazepam does not.
Lastly, reproducibility may be an important issue. For
[23]
example, in one study of over 5000 patients a small
group of patients (n = 30) in whom manometry was
initially normal underwent repeat manometry. In these
patients, 60% now had an abnormal tracing. From the
original cohort, 80% were found to be positive on the
initial study. If one then adds the number of patients
in whom the study was positive initially, and then
assumes 60% of all patients with an initially negative
study would be positive, then this would suggest that
up to 93% of patients from this cohort could have
an initially positive manometry study. Such a high
percentage is incredibly hard to believe.

PROSPECTIVE STUDIES IN TYPE Ⅱ SOD
[30]

Geenen et al
randomized 47 patients with postcholecystectomy abdominal pain and meeting
criteria for sphincter of Oddi Type Ⅱ to either biliary
sphincterotomy or sham biliary sphincterotomy. Prior
to sphincterotomy, biliary manometry was performed
in all patients although the results of manometry
were not used to decide on therapy. Sphincterotomy
resulted in improvement in pain scores at the one year
follow-up in 10 of 11 patients in whom elevated biliary
sphincter pressures were found. Conversely, only 3
of 12 patients with elevated basal sphincter pressure
undergoing a sham procedure had improvement. In
patients with normal sphincter pressure, no difference
in outcome was observed whether sphincterotomy was
performed. Thus, overall 17 of 18 patients with SOD
documented manometrically benefitted clinically from
biliary sphincterotomy.
[31]
Toouli et al
performed biliary manometry in
81 patients with SOD Type Ⅱ . The manometric
findings were categorized as either sphincter of Oddi
stenosis (elevated basal sphincter pressure > 40
mmHg), dyskinesia or normal. Following manometry,
[30]
in contrast to the Geenen study , patients were
randomized based upon the manometric findings to
either biliary sphincterotomy or sham. Patients were
followed up to 24 mo by an independent observer
and manometry was repeated to assess the effect
of sphincterotomy. Of the cohort, 32% had evidence
of sphincter hypertension. Of these, 85% improved
after sphincterotomy as compared to 38% after sham
which was statistically significant. In contrast, patients

OUTCOME AFTER SPHINCTEROTOMY
The correlation between SOD classification and clinical
outcome after biliary sphincterotomy has been widely
studied. Overall, a wealth of literature has suggested
the efficacy of biliary sphincterotomy for sphincter
[7]
of Oddi dysfunction . For patients with types Ⅱ
and Ⅲ SOD, there is a variable correlation between
manometry findings and clinical outcomes after
[22,24]
sphincterotomy
. Patients with SOD Type Ⅱ have
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in whom dyskinesia was diagnosed, approximately
50% in the sham group as compared to 36% in the
sphincterotomy group had symptomatic improvement.
For those with normal biliary manometry, 42% in the
sham group compared to 61% in the sphincterotomy
group had improvement but both of these were
statistically not significant. Several observations can
be made from this study. Firstly, overall, the number
of patients with SOD in Type Ⅱ patients was relatively
low. Secondly, it appeared that patients in whom SOD
was confirmed had a better symptomatic improvement
compared to sham, but this was not seen in those
with normal manometry or with dyskinesia. Of note,
there was a high response rate in those with a normal
manometry approaching 50%.
Given the high rates of documented abnormal
manometry, favorable clinical outcomes and the
fact that manometry is not widely available, several
groups have studied empiric biliary sphincterotomy
[11,32]
and outcome
. Such a practice was also adopted
in a number of community settings. Results similar to
the larger studies have been reported. These studies
suggest that perhaps manometry may not be needed
given the high response rate and as shown in some
studies the lack of correlation between manometric
findings and outcome after endoscopic therapy.

quite similar to one used for headache related disability
from migraines. The RAPID score was validated by
study in two distinct groups of patients totaling over
[34]
100 patients .
The results were remarkable. The success rate for
the sham-treated patients was in fact higher than those
receiving endoscopic therapy. Thirty-seven percent of
the sham treated patients were reported as a success
as compared to only 23% in those receiving biliary
sphincterotomy. Overall, 30% of those who received
dual sphincterotomy responded clinically as compared
to 19% for those undergoing biliary sphincterotomy
alone which was not statistically significant. Overall,
reinterventions occurred in 26% of treated and 34%
of the control patients. As in many other studies,
there was no correlation with the results of sphincter
manometry and outcome. Likewise, 31% receiving
dual sphincterotomy improved compared to 27% for
biliary and 17% for sham had no improvement; these
findings were not statistically significant. A group of
patients who declined the randomization were also
observed following sphincterotomy directed by the
findings at manometry and the final results were
similar. The data was analyzed in a number of ways
using less stringent criteria for outcome and the results
were unchanged.
Even if manometry is imperfect but some patients
respond to therapy, why not still perform manometry
or empiric biliary sphincterotomy on Type Ⅲ patients?
The primary reason to avoid ERCP and manometry
is the risk of pancreatitis as these patients have the
[35]
highest risk for pancreatitis . In addition, even when
performed in expert hands such as by the investigators
in EPISOD, the rate of pancreatitis despite use of
pancreatic stents was 12% and in this group, 2
patients had a perforation and surgery was required in
one; there were no deaths.
While not perfect, the EPISOD trial is the best
study we have regarding efficacy- or lack thereoffor interventions in type Ⅲ SOD. The study has been
criticized for the use of a new scoring system termed
the RAPID system which had not been used previously
but does measure the burden of intermittent pain.
Approximately 1/3 of the patients had irritable bowel
syndrome which could be a confounder. However, we
recognize that many patients with SOD have other GI
complaints. Regardless, given the quality of the study
with the caveats as noted, the results really call into
question whether SOD Type Ⅲ is even a disease.
If not the sphincter, then what is the cause of pain?
Even in patients who report a response, pain is often
still present suggesting that other causes must be
[36]
considered . Significant psychological comorbidity
has been identified in these patients and could be
a major contributor to or cause of pain. Indeed, a
number of studies have suggested psychosomatic
disorders, central sensitization, and even potentially
[37-40]
visceral hyperalgesia
. As is common in many
patients with functional gastrointestinal disorders, prior

EPISOD
With that as a background, the EPISOD trial was
[12]
conducted . From initial planning to execution took
[33]
approximately a decade . Patients enrolled were ages
18-65 years who had significant post-cholecystectomy
biliary type pain without evidence of prior pancreatitis
or prior intervention of the biliary and/or pancreatic
sphincter. Patients with a bile duct larger than 9 mm or
were on daily narcotics were excluded as were those
with significant psychological comorbidity. A number of
questionnaires were also administered evaluating the
burden of pain as well as psychological parameters.
Overall, 214 patients underwent ERCP with manometry
of both the biliary and pancreatic sphincter. Patients
were then randomized in a 2 to 1 fashion irrespective
of the results of manometry to sphincterotomy or to
sham. Those in whom sphincterotomy was planned
and who also had elevated pancreatic sphincter
pressures were also randomized again to either biliary
sphincterotomy alone or dual sphincterotomy. All
patients received temporary pancreatic stents including
the sham patients. The primary outcome measure
was defined as a reduction in their pain score at 9 and
12 mo using the recurrent abdominal pain intensity
and disability (RAPID) scale, without any sphincter
reintervention and also without any additional use
of narcotics. The RAPID scale assesses recurrent
abdominal pain intensity and its effect on disability. It
is a 90 d summary evaluation of the number of days
where various daily activities were reduced because
of episodes of abdominal pain. The instrument itself is
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[41]

sexual abuse, or other abuse, has been found . Such
psychological comorbidity is important to appreciate
given the potential role for medical therapy as has
[42]
been shown for other functional GI disorders .

findings of EPISOD, the current classification system
for SOD requires a reevaluation. When faced with
such patients, medication trials and reassurance would
be important in the Type Ⅲ patient. ERCP should be
[46]
avoided given the low yield
and high potential for
[35,47]
pancreatitis
. In such patients, EUS also has a
[48]
relatively low yield . For those in whom abnormal
liver tests reproducibly occur during pain or in whom
bile duct dilation is present (Type Ⅱ SOD), empiric
biliary sphincterotomy may be appropriate taking
into account the risk of pancreatitis, and measures to
[35,49]
prevent post-ERCP pancreatitis must be followed
.
Such an empirical approach to the Type Ⅱ patient may
[50]
be cost effective . Patients with abnormal liver tests
and a dilated bile duct (Type Ⅰ) should undergo biliary
sphincterotomy and manometry is not needed. Further
work is necessary to better define other mechanisms
for pain, the ideal methods to identify psychological
issues which may require specific treatment, and to
identify novel therapies for abdominal pain syndromes.

OTHER MECHANISMS OF PAIN
An important physiologic study performed a decade
ago suggests potential mechanisms for right upper
[40]
quadrant or “biliary type” pain in SOD type Ⅲ .
These investigators studied 11 patients with postcholecystectomy abdominal pain as well as ten controls
with balloon distention studies of both the duodenum
and rectum to evaluate this visceral pain perception.
Psychological testing was also performed. They found
that in patients referred with SOD Type Ⅲ, duodenal
but not rectal hyperalgesia was shown as compared to
controls. Furthermore, duodenal distention reproduced
symptoms in all but one of the patients. Psychological
testing showed high levels of somatization, depression,
obsessive compulsive behavior, as well as anxiety.
These provocative findings thus suggest that patients
with SOD Type Ⅲ may have a functional abdominal
pain syndrome related to visceral hypersensitivity.
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not discussed, the use of psychological counseling may
be appropriate as well given the frequent psychiatric
issues in patients with functional abdominal pain.

3

4
5

6

7

8
9

10

CONCLUSION
Based upon EPISOD, at this juncture, sphincter of Oddi
Type Ⅲ likely does not exist as a true pancreaticobiliary
disease and these patients should be categorized
[45]
as having functional abdominal pain
rather than
[4]
a true pancreaticobiliary disorder . Also, given the
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Core tip: The normal esophageal mucosa creates a
protective epithelial barrier that might be impaired
in patients with non erosive reflux disease (NERD).
Whereas endoscopy and pH monitoring are the most
important diagnostic tools in the diagnosis of NERD,
recent studies suggest that esophageal biopsies
might have a complementary role. Particularly in the
differential diagnosis between NERD and functional
heartburn, the application of histological severity scores
showed very promising results. Further evaluation of
the scores could lead to routine application of histology
in specific NERD populations.
Triantos C, Koukias N, Karamanolis G, Thomopoulos K.
Changes in the esophageal mucosa of patients with non erosive
reflux disease: How far have we gone? World J Gastroenterol
2015; 21(19): 5762-5767 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/5762.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5762

Abstract
The normal esophageal mucosa creates a protective
epithelial barrier that constrains the acidic reflux
in the esophageal lumen. Microscopic findings and
functional studies indicate that this barrier might be
impaired in patients with non erosive reflux disease
(NERD) but not in patients with functional heartburn
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disease (GERD) has been observed in developed
countries and symptoms suggestive of GERD (heart
burn and/or regurgitation) are a common reason
[1,2]
for consultation . The spectrum of GERD includes
erosive reflux disease (ERD) characterized by the
presence of esophagitis and non-erosive reflux
disease (NERD) characterized by the absence of
endoscopically visible lesions and the presence of
abnormal pH monitoring. Patients with heartburn,
normal endoscopy and normal pH monitoring are
classified, according to the Rome Ⅲ criteria as
[3]
functional heartburn patients (FH) .
NERD patients represent up to 60% of all
patients with reflux symptoms, but the mechanisms
involved in the pathogenesis of NERD are complex
[3]
and multifactorial . The effects of gastric reflux on
the esophageal mucosa of NERD patients are still
incompletely understood. It is well known that the
normal esophageal mucosa creates an effective barrier
that constrains the acidic refluxate in the esophageal
[4]
lumen . Microscopic changes in the esophageal
mucosa indicate that this barrier might be impaired in
patients with NERD suggesting a possible role in the
[5]
pathogenesis of the disease .
The role of histology in the diagnosis of NERD is
very limited, keeping in mind that individual histological
markers related to GERD have shown poor diagnostic
[6]
value . However, recent studies indicated that a
histological score, based on a combination of histological
parameters might be significantly associated with
patients’ symptoms and esophageal acid exposure and
could thus contribute not only to the diagnosis of NERD
but also to the differential diagnosis between patients
[7,8]
with NERD and patients with FH .

ESOPHAGEAL MUCOSA IN NERD
The most extensively studied finding in the esophageal
epithelium of NERD patients is the presence of dilated
intercellular spaces (DIS). It has been proposed as a
mechanism of impaired mucosal integrity and increased
[9]
acid perception . Acid perfusion in the esophagus
of healthy volunteers caused dilation of intercellular
[10]
spaces in initially normal epithelium . Increased
mucosal permeability due to DIS could permit the
acidic fluid reach the sensitive esophageal nociceptors
[11-13]
that terminate in the intercellular space
. Moreover,
an experimental study showed that not only acidic but
weakly acidic solutions containing bile acids could also
[10]
provoke increased DIS . It has been found that in
NERD patients the mean intercellular space diameter
in distal esophagus is threefold higher compared with
[9]
controls . PPI treatment resolves symptoms and
[14]
normalize DIS , whereas DIS were still increased
in refractory heartburn patients despite double PPI
[15]
dose . In parallel with DIS, an upregulation of
specific desmosomal and tight junction proteins has
been shown. This change could represent a mucosal
[16,17]
reaction towards recovery of the epithelial barrier
.
Hyperplasia of the basal layer of the epithelium
and elongation of the papillae that are more prevalent
in the mucosa of NERD patients compared to healthy
controls and functional heartburn patients, are other
[6]
interesting findings . It has been proposed that these
findings represent a regenerative response to reflux
[6]
induced mucosal damage . Comparing these markers
to DIS, DIS shows higher sensitivity and specificity for
the diagnosis of NERD, although it is found present
[6,12]
in up to 30% of asymptomatic healthy subjects
.
Thus, the lack of specificity and sensitivity make these
markers of limited use for the diagnosis of NERD.
The functional integrity of the esophagus has been
assessed in vitro and in vivo. In vitro assessment is
made with the use of the Ussing chamber technique
which includes the placement of an esophageal
mucosa specimen in an aperture that separates two
solutions. The transepithelial resistance (TER) is
then calculated. TER is indicative for the functional
integrity of the mucosal barrier that separates the
[5]
luminal from the basal side of the epithelium .
When esophageal biopsies were exposed to acidic
solutions the impairment in integrity as measured
by TER was greater in NERD patients compared to
[18]
controls, indicating a defective mucosal barrier .
In vivo functional integrity of the esophagus has
been evaluated with the application of multichannel
[19]
esophageal impedance catheter . It has been shown
that NERD patients had lower baseline esophageal
impedance compared to FH patients and controls,
thus supporting the hypothesis of increased mucosal
permeability to ions and therefore increased sensitivity
[20,21]
to acid
. These findings suggest that an easy

NORMAL MUCOSA
Esophageal epithelium acts as a barrier that constrains
the noxious acidic refluxate into the esophageal lumen
and separates it from the esophageal nociceptors. It
is a multilayer, non keratinized, stratified squamous
epithelium and is consisted of three layers: closest to
the lumen is the stratum corneum, underneath lies the
stratum spinosum and finally towards the serosa lies
[4]
the stratum basale or stratum germinativum .
Between the cells of the esophageal epithelium
there are strong intercellular junctions that create an
effective mucosal barrier and limit the paracellular ion
diffusion; the tight junctions, the adherens junctions
[4]
and the desmosomes . Tight and adherent junction
proteins encircle the cells and seal the barrier that
separates the lumen from the intercellular space.
Mainly claudin proteins and occludin contribute to the
formation of tight junctions while the main protein
in adherent junctions is E-cadherin. Desmosomes
contribute to structural integrity of the mucosa by
[4,5]
keeping the close apposition of the adjacent cells .
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Table 1 Histological criteria for the assessment of microscopic lesions described by Yerian et al
Criterion

Definition and method of assessment (magnification)

Basal cell
hyperplasia
Papillary elongation
Dilated intercellular
spaces

Intraepithelial
eosinophils
Intraepithelial
neutrophils
Intraepithelial
mononuclear cells
Erosions
Healed erosions
Combined severity
score

[28]

Severity score

Measure basal cell layer in μm and express as a proportion of total
0 (absent < 15%), 1 (15%-30%), 2 (> 30%)
epithelial thickness (× 10)
Measure papillary length in μm and express as a proportion (%) of total
0 (absent < 50%), 1 (50%-75%), 2 (> 75%)
epithelial thickness (× 10)
Include irregular round dilations and diffuse widening of the intercellular 0 (≤ 5 small), 1 (≥ 6 small and ≤ 5 large) 2 (≥ 6 large)
space (× 40)
Small intercellular space= diameter < 1 lymphocyte
Large intercellular spaces = diameter ≥ 1 lymphocyte
Count cells in the most affected power field (× 40)
0 (0 cells in one high power field)
1 (1-2 cells), 2 (> 2 cells)
Count cells in the most affected power field (× 40)

0 (0-9 cells)
1 (10-30 cells), 2 (> 30 cells)
0 (absent), 1 (present)

Assess as presence of at least one of the following: necrosis, granulation
tissue or fibrin with neutrophils (× 10)
Assess as presence of granulation tissue covered by thinned regenerative
0 (absent), 1 (present)
epithelium (× 10) in the absence of necrosis, fibrin, and neutrophils
Sum of lesion severity scores divided by the number of lesions assessed (excludes intraepithelial monuclear cells and neutrophils,
and erosions/healed erosions)
0-0.25 normal mucosa, 0.5-0.75 mild esophagitis
≥ 1 severe esophagitis

Biopsies were taken from the Z-line and at 2 cm above it.

software aided assessment of baseline impedance
could add diagnostic information in the routine
application of pH-impedance measurements.
Finally, an immune mediated mechanism has
also been investigated in the pathogenesis of NERD.
It has been suggested that reflux might stimulate
proinflammatory cytokine production (e.g., interleukin
8) by the esophageal epithelium that mediates damage
[22]
of the esophageal tissue . IL-8 and IL-1β have been
found upregulated in the esophageal mucosa of NERD
[23,24]
patients when compared to controls
. Treatment with
lansoprazole reduced the mucosal levels of both mRNA
[25]
and protein IL-8 levels . Additionally, upregulation
of proteinase-activated receptor-2 (PAR-2) which has
been demonstrated to induce proinflammatory and
neuroinflammatory effects has also been found in
[26]
NERD patients compared to controls . In esophageal
biopsies infiltration of the mucosa with inflammatory
cells is more prevalent in NERD compared to FH patients
[6-8]
and controls .

in esophageal biopsies of patients with GERD that
could provide the histological diagnosis of microscopic
esophagitis. Individual lesions were assessed: basal cell
hyperplasia, papillary elongation, DIS, intraepithelial
eosinophils, neutrophils and mononuclear cells. After
that, a combined histological severity score was
obtained by summing up lesion scores for each of the
[27,28]
above parameters (Table 1)
. Evaluation of the
score showed good correlation with patients’ reflux
[29]
symptoms as well as good interobserver agreement .
[7]
Savarino et al used light microscopy and applied
the histological score in esophageal biopsies of
pHmetry defined NERD and FH patients as well as in
healthy controls (Table 2). Application of the score
was able to differentiate patients with NERD from
those with FH with an accuracy of 79%, a sensitivity
of 74% and a specificity of 86%, whereas no
difference was found in the prevalence of microscopic
esophagitis between FH patients and healthy controls.
Furthermore, in GERD patients refractory to PPIs
application of a similar histological score was able to
discriminate NERD and FH patients with sensitivity
0.85, specificity 0.64, positive predictive value 0.71
and negative predictive value 0.8 (Table 3). Overall
patients with NERD were differentiated from patients
[8]
with FH with high statistical significance (P < 0.001) .
Biopsy sampling and application of histological
scores is a relatively safe and inexpensive procedure
[30]
in a disease with a massive financial impact .
However, limitations for the use of histological scores
do exist mainly regarding the position where the
biopsies should be taken. It has been shown that the
distribution of the microscopic findings is patchy and

APPLICATION OF HISTOLOGICAL
SCORES
The poor diagnostic value of individual histological
markers has led to the application of histological
scores in the diagnosis of NERD. These scores take
into account a combination of histological parameters
associated with extensive acid reflux and have opened
new hopeful perspectives on the role of esophageal
biopsies.
Recently a large international group of pathologists
reached a consensus regarding the microscopic lesions
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Table 2 Histological score applied by Savarino et al
Criterion

[7]

Definition and method of assessment

Severity score

(magnification)
Basal cell
Measure basal cell layer in μm and express as a proportion of total epithelial thickness (× 0 (absent < 15%), 1 (15%-30%), 2 (> 30%). Z
hyperplasia
10)
line 1 (> 20%)
Papillary
Measure papillary length in μm and express as a proportion (%) of total epithelial thickness 0 (absent < 50%), 1 (50%-75%), 2 (> 75%) Z
elongation
line 1 (> 66%)
Dilated
Include irregular round dilations or diffuse widening of the intercellular space (× 40)
0 (≤ 5 small), 1 (≥ 6 small and ≤ 5 large) 2
Small intercellular space= diameter < 1 lymphocyte
intercellular
(≥ 6 large)
Large intercellular spaces= diameter ≥ 1 lymphocyte
spaces
Intraepithelial
Count cells in the most affected power field (× 40)
0 (0 cells in one high power field)
eosinophils
1 (1 cell), 2 (> 1 cells)
Intraepithelial
Count cells in the most affected power field (× 40)
0 (absent), 2 (present)
neutrophils
Erosions/
Assess as presence of at least one of the following: necrosis, granulation tissue or fibrin
0 (absent), 2 (present)
necrosis
within neutrophils (× 10)
Combined
Sum of lesion severity scores divided by the number of lesions assessed. Erosions/necrosis
severity score
are not counted for the global score
Positive for microscopic esophagitis when the value was ≥ 0.35
Biopsies were taken from the squamous epithelium side of the squamocolumnar junction and at 2 cm above it.

Table 3 Histological score applied by Kandulski et al
Type of Lesion
Basal cell hyperplasia
Papillary elongation
Dilated intercellular
spaces
Inflammation
Sum score

term follow up of GERD patients is the significantly
lower score found in patients with treatment induced
[32]
remission compared to treatment failures .
Another application of histological score could be
the evaluation of the natural history of NERD patients
especially these with a high severity score. It has
been hypothesized that chronic inflammation and
continued epithelial injury could have important role
[33,34]
in the pathogenesis of Barrett esophagus
, thus a
long term study including a second upper endoscopy
of patients with a high severity score could estimate a
possible higher incidence of Barrett esophagus among
these patients.
Furthermore, histological findings could be of value
in the differential diagnosis between NERD and FH
especially in specific subgroups: NERD patients with
borderline findings in 24 h pH metry, patients reluctant
or unable to undergo 24 h pH monitoring, patients with
suspicion that catheter intolerance has significantly
influenced the diagnostic value of the test.

[8]

No
changes

Mild
changes

Moderate
changes

Severe
changes

0
0
0

1
1
1

2
2
2

3
3
3

0
1
2
3
A cut-off value > 5 points was applied for
discrimination between NERD and FH

Biopsies were taken 3-5 cm above the gastro-oesophageal junction.

varies significantly according to the distance from the
squamocolumnar junction and to the position of the
biopsy. Mucosal changes occur more frequently closer
[31]
to Z line and in the 3 o’clock quadrant . Therefore a
common biopsy protocol is necessary. Furthermore,
the precise assessment of GERD related microscopic
lesions severity which is necessary for the scoring could
be troublesome or subjective although these lesions
are often easily recognized. Hence adjustment to a
[28]
consensus with strict detailed criteria is necessary .
Outcome studies in NERD patients investigating
a possible association between histological score
and the response to pharmacological therapies or
to fundoplication would be noteworthy. A strong
association could enhance the role of biopsies before
therapeutic decisions for these patients. A multicenter
study that included both patients with NERD and
erosive esophagitis showed that baseline histological
score could not be a predictor of treatment failure
either for esomeprazole or fundoplication. However
a subgroup analysis only for NERD patients has not
been performed. An interesting result of this study
suggesting a possible role of histology in the long
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CONCLUSION
The normal esophageal mucosa creates a protective
epithelial barrier that constrains the acidic reflux
in the esophageal lumen. Microscopic findings and
functional studies indicate that this barrier might be
impaired in patients with NERD but not in patients
with FH. Whereas endoscopy and pH monitoring are
the most important diagnostic tools in the diagnosis of
NERD, recent studies suggest that esophageal biopsies
might have a complementary role. Particularly in
the differential diagnosis between NERD and FH, the
application of histological severity scores showed very
promising results. Further evaluation of the scores
could lead to routine application of histology in specific
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NERD populations.
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EDITORIAL

Hepatitis C: New challenges in liver transplantation
Tajana Filipec Kanizaj, Nino Kunac
evaluated throughout the literature, although few
have been fully elucidated and implemented in actual
clinical practice. Antiviral therapy has been recognized
as a cornerstone of HCV infection control; however,
experience and success are diminished following
transplantation in a challenging cohort of patients with
liver cirrhosis. Current therapeutic protocols surpass
those used previously, both in sustained viral response
and side-effect profile. In this article we review the most
relevant and contemporary scientific evidence regarding
hepatitis C infection and liver transplantation, with
special attention dedicated to novel, more efficient and
safer antiviral regimens.
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Core tip: Extensive and revolutionary new data are
currently emerging in the field of hepatitis C viral
(HCV) treatment. Knowledge is changing faster than
ever, although the treatment of HCV infection remains
the most challenging problem in transplantation. In
this article we report new insights into the actual
knowledge of treatment opportunities in the pre- and
post-transplant periods.
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Abstract
In an era of great achievements in liver transplantation,
hepatitis C viral infection (HCV) remains an unsolved
problem. As a leading indication for liver transplantation
in Western countries, HCV poses a significant burden
both before and after transplantation. Post-transplant
disease recurrence occurs in nearly all patients with
detectable pretransplant viremia, compromising the
lifesaving significance of transplantation. Many factors
involving the donor, recipient and virus have been
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GLOBAL BURDEN OF HCV RECURRENCE
As the leading indication for liver transplantation (LT)
in Western Europe and the United States, hepatitis C
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viral (HCV) infection has captured the attention of both
[1]
basic scientists and clinicians throughout the years .
In comparison to non-HCV transplant recipients, those
with an HCV infection have higher death and allograft
[2]
failure rates, mainly due to disease recurrence . The
deleterious recurrence of HCV infection universally
occurs in patients with detectable viremia at the
time of transplantation, leading to cirrhosis in up to
[3,4]
30% of patients within 5 years after LT . Among
those patients, approximately 50% experience
decompensation within 1 year of follow-up, which
is extremely high compared to non-transplant HCV
[1]
patients .
A variety of factors influencing disease recurrence
and graft fibrosis progression have been evaluated,
with only a few reaching high enough significance to
be at least partially implemented in routine clinical
[1,5,6]
practice
. Using antiviral therapy to successfully
prevent HCV recurrence and treat established graft
infections has been recognized to improve patient and
[2,7]
allograft survival .
Until 2011 and the arrival of direct acting antivirals
(DAAs), boceprevir (BOC) and telaprevir (TVR), a
combination of pegylated interferon (pegIFN) and
[8]
ribavirin (RBV), was the basis of HCV therapy .
Although the SVR rates have improved with the new
regimens, unsatisfactorily high rates of adverse events
and serious drug-drug interactions have diminished
[9,10]
clinicians’ enthusiasm
. With the emergence of new
DAA drugs, promising results have been obtained in
[11]
the field of HCV infection therapy . Although there
are few studies on HCV liver waiting list and posttransplant patients, the results show improved rates
of virus eradication along with acceptable side-effect
[12,13]
profiles and negligible drug-drug interactions
.

influence graft and patient survival in many studies,
with even relatively young donors (< 50 years of age)
[5,16-18]
experiencing a substantial risk
. There has been
much debate in the literature regarding the impact of
donor type on disease recurrence and overall survival.
Those in favor of living donor liver transplantation
(LDLT) mention the overall younger age of donors,
better organ quality and shorter cold ischemia time
as factors with a positive impact, whereas those
favoring deceased donor liver transplantation (DDLT)
hypothesize that intense hepatocyte proliferation after
LT and optimized donor-recipient HLA matching may
[19-22]
negatively impact disease recurrence
. Recently,
two large studies showed that there is no difference in
patient or graft survival or HCV recurrence with regard
[21,22]
to donor type
. Concerning pretransplant recipient
variables influencing the post-transplant course, those
found to have negative impacts include female gender,
advanced recipient age and liver disease severity prior
[1,2,5]
to LT
.
The interplay between the recipient’s suppressed
immune response and the resulting “undisturbed”
viral replication is the principal difference between
post-transplant patients and those with native liver
disease. An evaluation of the benefits of the two main
calcineurin inhibitors (CNIs) used in liver recipients,
cyclosporine (CsA) and tacrolimus (Tac), gave no clear
recommendations in terms of the preferential use of
[15,17,23,24]
one over another
. Although the antiviral and
antiapoptotic properties of CsA have been demonstrated
to inhibit liver fibrosis and decrease disease severity,
recent studies have counterbalanced those findings
[1,24]
and necessitated further investigations
. With
respect to the effects of immunosuppression on disease
recurrence, multiple studies have shown negative
impacts of corticosteroid boluses used in the treatment
of acute cellular rejection episodes on hepatitis C
[23,25]
viremia and graft fibrosis progression
.
Along with the well-proven effect of the interleukin
28B (IL-28B) polymorphism on antiviral therapy
success, studies have evaluated its parallel impact on
fibrosis progression and patient and graft survival. The
impact of both donor and recipient IL-28B genotype
on post-transplant outcome was discussed in a study
[26]
by Charlton et al
suggesting that the IL-28B TT
genotype in the recipient was associated with more
severe disease recurrence. An appealing concept of
IL-28B genotype donor and recipient matching was
consequently investigated, but until now it has not
[27,28]
reached practical implementation
.
HCV genotype 1 has been shown to adversely
affect post-transplant outcome in multiple studies, and
advanced donor age has been proven to have the most
[6,17,29]
negative impact on disease recurrence severity
.
Studies evaluating the pre- and post-transplant viral
load lack general conclusions, and despite undetectable
viremia at the time of LT, 55% of patients develop
[15,16,23,29,30]
HCV recurrence
. It is possible that HCV
exists in the liver or peripheral mononuclear cells,

PATHWAY FOR DISEASE RECURRENCE
HCV RNA remains detectable in almost all patients
after liver transplantation, with pretransplant levels
[3]
being reached as early as a few days postoperatively .
In contrast to the natural course of HCV infection,
disease progression is accelerated in post-transplant
[1]
patients . Of those with disease recurrence, 10%-30%
develop cirrhosis within 5 years and have diminished
survival rates of 41% and 10% at 1 and 3 years,
[2,14]
respectively
. The most detrimental pattern of
disease recurrence is fibrosing cholestatic hepatitis
(FCH), occurring in 7%-15% of recipients and leading
[1,15]
to early graft failure, decompensation and death
. As
disease recurrence involves the majority of HCV liver
recipients, the impact of various factors influencing
the rate and severity of disease progression has been
widely evaluated. Several potential factors concerning
the donor, the recipient, and the hepatitis C virus have
been proposed and linked to reinfection, although few
have achieved universal consensus throughout the
[14]
literature .
Advanced donor age has been shown to negatively
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[26,42]

and therefore, even in cases of undetectable serum
HCV RNA, recurrence can occur. In a study by Vasuri
[31]
et al
patients with high serum and tissue HCV RNA
levels were shown to have more severe and earlier
disease recurrence, with significantly lower survival
rates. The practice of obtaining protocol biopsies 1 year
after transplantation has been established in many
transplant centers, and it has been demonstrated that
greater necroinflammatory activity and the presence
of fibrosis are risk factors for the development of graft
[18,29,32-34]
cirrhosis
. In addition to histological analysis of
[16]
the liver graft, a study by Ghabril et al evaluated the
explanted liver inflammatory grade. It was found that
greater inflammatory activity, mainly periportal and
portal hepatitis, strongly correlates with post-transplant
fibrosis progression.

which were shown to affect the AVT success rate
.
Attempts to minimize disease recurrence with
pretransplant AVT first utilized the pegIFN and RBV
combination, which was the main HCV therapeutic
option until very recently. The frequent presence of
pancytopenia and other manifestations of liver disease
were the main obstacles to even initiating therapy in
[1,14,37,40]
some patients
. The concept of a low accelerating
dose regimen (LADR) was presented by Everson et
[37]
al . They treated 124 patients with a mean CTP score
of 7.4 ± 2.3 with interferon alfa-2b or peginterferon
alfa-2B plus RBV, achieving an end of treatment (ETR)
response of 46% and SVR of 24%. Importantly, they
found that 80% of patients who were HCV RNA negative
at the time of LT lacked post-transplant recurrence,
whereas those who were HCV RNA positive at the time
of LT experienced universal infection recurrence. Overall
disease recurrence was avoided in 26% of patients.
Side effects, mainly cytopenias and complications of
advanced liver disease, were commonly encountered,
thus highlighting the need for caution and close
supervision of the treated population.
In the first RCT of pretransplant treatment of HCV
infection using pegIFN and RBV to prevent disease
recurrence after LT, post-transplant clearance of
HCV was achieved in 25% of patients, similar to the
[38]
results found in previous studies . The relapse rate
of 50% was higher than that observed in previous
studies, accentuating the need for therapy of adequate
duration because those who received fewer than 8
wk of treatment universally relapsed. In contrast, the
early virologic response (EVR) (undetectable serum
HCV RNA or a 2 log10 or greater drop in HCV RNA at
week 12 of therapy) was able to predict the likelihood
of recurrence prevention. Although SAEs occurred with
similar frequencies in the treated vs untreated groups
(68% vs 55%, P = 0.003), the numbers of SAEs and
infections were higher in the treated population, once
again showing the detrimental effect of this therapeutic
regimen in patients with advanced liver disease.
In 2011, with the arrival of new DAAs, the protease
inhibitors boceprevir and telaprevir, optimism emerged
regarding the treatment of patients with liver cirrhosis
and those on liver transplant waiting lists. Despite the
considerably higher SVR rates when combined with
pegIFN-RBV in patients with genotype 1 and cirrhosis,
[1,8,10,43,44]
further studies halted the wave of enthusiasm
.
A large study including a cohort of patients with
compensated cirrhosis and evaluating the safety profiles
of DAAs showed an SAE rate of 40% and a 6.4% rate
of death and severe complications, with a platelet count
3
≤ 100000/mm and serum albumin concentration <
[45]
35 g/L as indicators for high risk patients . Currently,
the general opinion is that triple therapy should be used
only in patients with compensated cirrhosis and in well[8,43,44]
experienced transplant centers
.
A promising SVR rate of 69.6% in genotype 1b
patients with advanced liver disease treated with TVR

APPROACHES IN BATTLING DISEASE
RECURRENCE
Along with the impact of the previously mentioned
factors on disease recurrence and overall patient and
graft survival, antiviral therapy (AVT) success rates
[7,29,30,35-39]
appear to be one of the most important factors
.
Although more complicated and harder to achieve in
patients with liver cirrhosis or after LT, SVR was proven
in several studies to slow graft fibrosis progression
[7,35]
with an impact on the overall disease course
. More
importantly, in addition to slowing down the rate of
disease progression, SVR could potentially contribute
to clinical remission and prolongation or even the
[37]
avoidance of the need for LT . In a randomized
[36]
controlled trial (RCT) by Carrión et al
that evaluated
the impact of AVT on liver fibrosis progression, SVR was
the only variable independently associated with fibrosis
regression/stabilization.
The main reason for the generally lower SVR rates
in patients with liver cirrhosis and post-LT patients is
poor AVT tolerability with substantially higher rates
of serious adverse events (SAEs), leading to dose
reductions and therapy discontinuation. Accordingly,
patients with higher grades of liver cirrhosis [Child
turcotte pugh (CTP) class B or C] experience the
[38-40]
lowest SVR rates with frequent complications
.
Multiple studies have confirmed that patients with
more severe liver disease obtain lower SVR rates, with
many of the studies noting that HCV genotype 1 is an
[1,30,37-40]
additional negative contributor
.
An issue specific to post-transplant patients is the
effect of immunosuppression, possibly “blunting” the
[14]
response to standard interferon based therapy . In
[41]
a recent meta-analysis, Rabie et al
found slightly
higher SVR rates with the use of CsA compared to
Tac, yet the heterogeneity of the studies and the need
for larger well-established trials limited their ability to
draw clear conclusions. Another predictor of SVR that
was recently intensively evaluated was the IL-28B
polymorphism, both donor and recipient genotypes of
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prophylactic regimen has not yet achieved clinical
[8,43,44,48,49]
implementation
. One of the reasons accounting
for the lack of wider use of early post-transplant therapy
is low patient eligibility, mainly due to cytopenias, renal
impairment and severe debilitation. Even when treatment
initiation is possible, patients in this vulnerable period
experience frequent SAEs, leading to dose reductions,
[48,49]
discontinuation and unsatisfying SVR rates
.
The results obtained from the PHOENIX study verified
[49]
the lack of benefit from prophylactic treatment . With
only 65% of patients able to complete therapy, SVR
was achieved in 22.2% in the prophylactic group and
in 21.4% of patients in the observation group, where
treatment was started upon significant HCV recurrence
(histological activity index ≥ 3 and/or fibrosis score ≥
2). The results showed no clear benefit regarding HCV
recurrence or patient or graft survival, thus lending
no support to that strategy, at least until enough
experience has been gained with these new regimens.
The first attempts to treat recurrent HCV infection
after liver transplantation were made using a standard
combination of interferon/pegylated interferon and
[36,50-52]
ribavirin, with SVR rates reaching up to 40%
.A
significant number of patients were not able to sustain
full doses of the antivirals, and adverse events, mainly
[14,36,50-52]
cytopenias, occurred frequently
. In a study by
[50]
Angelico et al in which 35% of patients required IFN
dose reductions and only a minority tolerated full doses
of RBV, significant anemia occurred in almost all of the
patients. The importance of careful patient selection
for both the AVT success rate and the minimization of
adverse events was accentuated in a study by Carrión
[36]
et al . They grouped 81 patients into categories
according to the liver fibrosis stage, showing that
patients with severe recurrence (fibrosis stage 3-4,
FCH) responded much worse (SVR 18.5%) compared
to patients with mild recurrence (SVR 48%). In that
study, AVT was shown to be the only independent
variable associated with fibrosis improvement/
stabilization (OR = 3.7, P = 0.009). A comprehensive
[52]
multicenter study by Gordon et al
once again
highlighted the importance of sustaining the full dose
and duration of treatment. Of 125 patients treated
with pegIFN-alfa-2b and RBV, only 58.4% completed
48 wk of therapy, achieving 55% SVR. The overall
SVR rate was 28.8% and was significantly higher in
patients with genotype 2/3 (55%) than with genotype
1 (23.8%) and in those who achieved RVR (83.3%
vs 25.7%, P = 0.0098). Despite attaining a relatively
high SVR in those who were able to complete the full
treatment duration, adverse events occurred in almost
all of the patients, with 65% of patients requiring
either dose reduction or discontinuation.
To improve the relatively low SVR rates in genotype
1 patients with HCV recurrence, the protease inhibitors
BOC and TVR were added to the standard dual therapy
[1,8,10,14,43,44]
regimen
. A remarkable SVR rate increase
(from 45% to 75%) was obtained, although a high

Table 1 Data on new therapeutic protocol efficacy and safety
in post-liver transplantation period
Charlton
Patients (n)
Regimen
Patients with
cirrhosis
End of treatment
response
Sustained viral
response 12
Sustained viral
response 24
Serious adverse
events
Deaths

et al [13]

et al [68]

Forns

Pellicelli

40
SOF + RBV
40%

104
SOF + RBV + pegIFN
50%

12
SOF + DCV
75%

et al [69]

100%

87%

100%

70%

62%

NA

70%

NA

NA

15%

33%

30%

12.5%

25%

0

SOF: Sofosbuvir; RBV: Ribavirin; pegIFN: Pegylated interferon; DCV:
Daclatasvir; NA: Not available.

[46]

was presented by Ogawa et al . Indicators for the
likelihood of achieving SVR included prior response
to therapy, rapid viral response (RVR) (defined as
undetectable HCV viral load at 4 wk of therapy) and
favorable IL-28B genotype, as SVR was obtained in
only 12.5% of patients with a prior null-response and
the IL-28B TC/CC genotype. Almost all of the patients
required RBV dose reductions due to anemia, which
was the main adverse effect in addition to leuko/
thrombocytopenia and dermatological disorders,
leading to therapy discontinuation in 12.7% of cases.
In a multicenter study of 160 patients with liver
[9]
cirrhosis treated with BOC and TVR, Saxena et al
analyzed the overall efficacy and SAE rate with regard
to disease severity. SVR12 was achieved in 35%
of patients with Child-Pugh (CP) ≥ 6, compared to
54% of those with CP = 5 (P = 0.02), with RVR and
genotype 1b identified as predictors for SVR. An
encouraging rate of 67% post-transplant SVR was
achieved, mostly (80%) in patients who were HCV
RNA negative for at least 5.5 wk prior to LT. SAEs
subsequently leading to IFN dose reduction, growth
factor use and transfusions were more frequent in the
CP ≥ 6 group, thus requiring treatment discontinuation
in 42% of patients (Table 1).
Recent results from the CUPIC study group of 511
patients with compensated cirrhosis revealed relatively
high SVR rates of 74.2%, 40% and 19.4% in patients
with a relapse, partial response and null response,
[47]
respectively . However, the high number of SAEs
(49.4%), infections (10.4%) and deaths (2.2%) once
again demonstrated the need for caution, even with
the possibility of attaining positive SVR rates.
In addition to treating patients in the pretransplant
period, two post-transplant strategies have evolved for
[1,8,14,43,44]
preventing HCV disease recurrence
. Although
there is the possibility of treating liver recipients in
this phase with lower HCV RNA levels and in the
absence of significant graft injury, the preemptive/
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incidence of SAEs and significant drug-drug interactions
necessitated careful patient selection and precise
[43,44]
treatment supervision
.
In a retrospective study of a cohort of patients
[53]
treated with TVR, Werner et al
reported SVR24 in
5 of 9 patients treated, although the overall benefit
diminished, with two-thirds of patients experiencing
severe anemia requiring transfusions and growth
factor administration.
A study of 60 patients treated with BOC and TVR
[54]
published by Pungpapong et al showed undetectable
HCV RNA at week 24 of therapy in 67% of patients
treated with TVR and 45% treated with BOC. Limited
treatment efficacy was found in patients with HCV
genotype 1a and IL-28B polymorphism CT or TT,
but interestingly, no correlation existed between the
on-treatment virological response and either the
fibrosis stage or baseline HCV level. A major concern
during the treatment was the universal need for dose
reductions of pegIFN and RBV and the administration
of hematologic growth factors and transfusions in
more than half of the patients. The incidence of acute
cellular rejection (5%) was similar to the rates in the
[55]
published studies of dual antiviral therapy . Frequent
drug-drug interactions between BOC, TVR and CNIs
were demonstrated, necessitating immunosuppressive
dose reductions. With both treatments being substrates
and inhibitors of CYP3A4/5 and the efflux pump
P-glycoprotein, pharmacokinetic studies showed a
70-fold and 4.6-fold increase in the exposure to Tac
and CsA, respectively, when they were administered
with TVR, and a 17-fold and 2.7-fold increase in Tac
[56,57]
and CsA exposure when administered with BOC
.
[58]
A recent multicenter study by Coilly et al
presented ETR rates of 72% and 40% for patients
treated with BOC and TVR, respectively, with an
impressive ETR of 33% in patients with FCH. Although
limited by the low number of enrolled patients (n
= 37), EVR was shown to be the principal factor in
achieving SVR. With EVR rates of 89% and 58% in
patients treated with BOC and TVR, respectively,
SVR12 was obtained in 71% of BOC- and 20% of TVRtreated patients.
Even more encouraging results were presented
[59]
by Burton et al
demonstrating an SVR rate of 63%
in patients treated with BOC plus TVR, proving EVR
to be highly predictive of SVR. One-fifth of patients
experienced a decline in hemoglobin to < 8 g/dL, with
erythropoietin and packed red blood cells used in 81%
and 57% of patients, respectively. Overall, 27% of
patients required hospitalization, with death occurring
in 9% of cases. Along with significant and potentially
dangerous interactions with CNIs, adverse events
were the main factor compromising the achievement
of relatively high SVR rates, adding to the nonestablishment of triple therapy in post-transplant
disease recurrence.
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NEW EFFICACIOUS AND SAFE
THERAPEUTIC REGIMENS
With the approval of the NS5B nucleotide polymerase
inhibitor sofosbuvir (SOF) in 2013, a brighter per
spective finally appeared for HCV infected patients,
[11]
especially for liver cirrhosis and post-LT patients .
Owing to its high efficacy, pangenotypic activity, high
barrier to genetic resistance, rare drug-drug interactions
and acceptable side-effect profile, sofosbuvir rapidly
emerged as a savior in the treatment of patients with
[60-62]
advanced liver disease
.
[12]
In an open-label phase 2 study by Curry et al
the combination of SOF and RBV was assessed in
preventing HCV recurrence after LT. They enrolled 61
patients with HCV of any genotype and cirrhosis on
the LT waiting list due to hepatocellular carcinoma.
SOF and RBV were administered for 48 wk, with
43 patients achieving undetectable HCV RNA at the
time of LT. Of those patients, 70% achieved pTVR12
(defined as undetectable HCV RNA at 12 wk posttransplant in patients who had undetectable HCV RNA
at their last assessment prior to LT), which led to an
overall pTVR12 of 49%. It was demonstrated that the
removal of the infected liver with the achievement of
undetectable HCV RNA led to a low risk of recurrence,
thus diminishing the significance of extrahepatic viral
reservoirs. Nevertheless, a 23% rate of recurrence
raised questions about the adequate duration of
viral suppression prior to LT and the possibility of
[63,64]
extending treatment to the post-transplant period
.
Proving the safe side-effect profile of SOF, the adverse
events most frequently encountered were fatigue
(38%), headache (23%) and anemia (21%), and the
discontinuation rate was low.
[61]
Jacobson et al
presented the results of 2 RCTs
in which they evaluated the efficacy of SOF and RBV
in the treatment of patients with HCV infections of
genotypes 2 and 3. In the POSITRON trial, a blinded
placebo-controlled study in patients (n = 207) for
whom IFN antiviral regimen was not an option, an
SVR12 of 78% was obtained after 12 wk of therapy.
The second study, a blinded active-control FUSION
trial of previously treated patients (n = 201), showed
an SVR12 rate of 50% with 12 wk of therapy and
73% with 16 wk of therapy (P < 0.001). Both studies
revealed lower SVR rates for genotype 3 patients
and those with cirrhosis, with additional benefits
achieved after treatment prolongation. Adverse events
associated with RBV therapy (fatigue, insomnia,
anemia) appeared more frequently in the group
that received SOF and RBV, whereas other common
adverse events occurred similarly in the treatment
and placebo groups. There was no difference in the
frequency of adverse events with regard to treatment
duration or the presence of liver cirrhosis.
In contrast to IFN-free sofosbuvir regimens, Lawitz
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[65]

et al
published the results of pegIFN-RBV plus SOF
therapy in patients with genotype 2 or 3 HCV infections
and liver cirrhosis. With an encouraging SVR12 rate
of 89%, that combination appeared to be an effective
option for treatment-experienced patients with liver
cirrhosis who were able to receive IFN. Again, better
SVR rates were obtained in genotype 2 than in
genotype 3 patients (96% and 83%, respectively),
with no significant difference in patients with vs
without cirrhosis.
The combination of a second-wave NS3/4A
protease inhibitor, simeprevir (SMV), plus SOF was
[62]
evaluated in the COSMOS randomized trial . A
total of 167 patients were grouped according to their
previous therapy experience and liver disease severity,
and they were administered 150 mg of SMV and 400
mg of SOF once daily for 24 wk with or without RBV. A
promising AVT success rate with an acceptable adverse
event frequency was achieved because the SVR12 was
90% in patients with no or mild fibrosis (F0-2) and
94% in those with advanced fibrosis and cirrhosis.
Another two new DAAs, the NS5A replication
complex inhibitor daclatasvir (DCV) and the NS3
protease inhibitor asunaprevir, were assessed in an alloral therapy HCV genotype 1b study (HALLMARK-DUAL).
Including patients with cirrhosis, the combination of 60
mg of daily DCV and 100 mg of twice daily asunaprevir
for 12 wk produced an SVR12 rate in 82%-90% of
patients, according to previous treatment experience
and tolerability. Adverse events occurred in up to 7%
of patients, leading to a negligible discontinuation
rate, thus proving this IFN-free therapeutic regimen
to be safe and effective in a difficult-to-cure patient
[66]
population .
Data regarding the treatment of HCV recurrence
after liver transplantation with new DAAs were scarce
[13]
until Charlton et al
published a study of SOF
and RBV treatment for patients with compensated
infection recurrence. That prospective multicenter
study enrolled 40 patients; 83% of the patients had
a genotype 1 infection and 40% of patients had liver
cirrhosis. On an intention-to-treat basis, after 24 wk
of SOF and RBV therapy, SVR12 was achieved in 70%
of patients, with undetectable HCV RNA observed in
97-100% patients at week 4 of treatment. Fatigue,
diarrhea or headache occurred in approximately onethird of patients, and despite a slow dose escalation
protocol, anemia precluded full ribavirin dosing in
the majority of patients. No death, graft loss or
rejection episodes occurred in the studied population.
In addition to the safe administration of SOF, its
exposure was only minimally altered by CNIs, and no
net directional change in the trough levels of CsA or
Tac were observed. Despite these findings, vigilant
monitoring of the CNI concentration during and after
[13,67]
treatment is recommended
. Possible limitations on
the general acceptance of the highly effective and safe
administration of SOF in patients with HCV recurrence
may relate to the fact that, as in most pretransplant
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series, the studied population consisted of patients with
well-compensated liver disease. In a compassionate
use program providing SOF for patients with a severe
[68]
recurrent HCV infection and FCH, Forns et al
evaluated 104 patients in which half of the patients
had compensated or decompensated cirrhosis and the
other half had FCH and early disease recurrence. An
overall rate of treatment discontinuation of 30% and
a high occurrence of death (12.5%) diminished the
significance of the relatively high SVR12 rate of 62%.
Simeprevir and daclatasvir have also been
evaluated in post-transplant HCV recurrence treatment,
although until now only case reports and small patient
[69]
series have been published. Pellicelli et al
treated
12 patients with severe HCV recurrence (n = 9) and
FCH (n = 3) with a combination of SOF and DCV, with
or without ribavirin. ETR was achieved in all 9 patients
who completed the treatment, and undetectable HCV
RNA proof was available for 5 patients at week 8 (n = 2)
or week 4 after treatment (n = 3). Confirming the lack
of significant drug-drug interactions, no adjustment of
immunosuppressive drug dosage was necessary during
the treatment. With 4 patients experiencing SAEs and
3 who died (25%), the authors strongly recommend
that treatment be started at an early stage of HCV
recurrence, thus avoiding the frequent complications
of advanced liver disease.
[70,71]
In two case reports by Fontana et al
SVR was
achieved in patients with FCH with either SOF plus
DCV or pegIFN-RBV plus DCV therapy. Favorable safety
profiles of SOF plus DCV were observed, along with
negligible interactions with CNIs.
Successful DCV-based treatment of a patient with
BOC triple therapy failure after liver transplantation
[72]
was described by Reddy et al . Although he res
ponded to triple therapy, the patient remained HCV
RNA positive, experienced serious adverse events and
required immunosuppression dosage adjustment. After
2 wk of DCV and pegIFN/RBV therapy, he became HCV
RNA negative and remained so for 12 wk after therapy
completion.
Concerning experience with simeprevir use in post[73]
transplant HCV recurrence, Campos-Varela et al
presented two HIV-HCV co-infected patients with dual
(pegIFN-RBV) plus BOC based triple therapy failure
after transplantation, respectively. SOF and SMV plus
RBV therapy produced SVR12 in both patients, and
the treatment was well-tolerated and no adjustment
of immunosuppression was needed. More importantly,
as demonstrated by CTP and the model for end stage
liver disease (MELD) scores, the overall condition of
the patients improved.
[74]
In a pilot study by Tanaka et al
5 patients
underwent 12 wk of SMV, pegIFN and RBV therapy
as part of a preemptive dual therapy course. All
of the patients completed the course without
significant adverse events and with minimal CNI
dose modifications. RVR was observed in 3 out of 5
patients, creating a positive basis for future larger
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studies establishing simeprevir for post-transplant HCV
recurrence therapy.
Compared to IFN-based regimens, except for
their greater efficacy and shorter treatment duration,
new IFN-free regimens have the most favorable
side-effect profiles. Excellent treatment results with
these new regimens are challenged by scarce data
on the treatment of minimally decompensated liver
transplant candidates (CTP C) due to unfavorable drug
metabolism in hepatic failure and renal insufficiency.
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CONCLUSION
With the evolution of new antiviral drugs and more
precise and clear knowledge of HCV disease recurrence,
promising results have begun to emerge in the complex
field of liver transplantation. A substantial proportion
of patients who are either ineligible for or poorly
tolerate interferon-containing regimens experience
rapid deterioration in their natural HCV infection course
and upon HCV recurrence after transplantation. Highly
effective and safe antiviral therapy regimens that
have been extensively evaluated have the potential
to prevent many HCV patients from undergoing the
burden of transplantation and may provide benefits for
liver recipients.
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The incidence of gastric cancer (GC) fell dramatically
over the last 50 years, but according to IARC-Globocan
2008, it is the third most frequent cause of cancerrelated deaths with a case fatality GC ratio higher than
other common malignancies. Surgical resection is the
primary curative treatment for GC though the overall
5-year survival rate remains poor (approximately
20%-25%). To improve the outcome of resectable
gastric cancer, different treatment strategies have
been evaluated such as adjuvant or perioperative
chemotherapy. In resected gastric cancer, the addition
of radiotherapy to chemotherapy does not appear to
provide any additional benefit. Moreover, in metastatic
patients, chemotherapy is the mainstay of palliative
therapy with a median overall survival of 8-10 mo
and objective response rates of merely 20%-40%.
Therefore, the potential for making key beneficial
progress is to investigate the GC molecular biology
to realize innovative therapeutic strategies, such as
specific immunotherapy. In this review, we provide
a panoramic view of the different immune-based
strategies used for gastric cancer treatment and
the results obtained in the most significant clinical
trials. In detail, firstly we describe the therapeutic
approaches that utilize the monoclonal antibodies
while in the second part we analyze the cell-based
immunotherapies.
Key words: Gastric cancer; Immunotherapy; Monoclonal
antibodies; T cells; Dendritic cells; NK cells
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The overall 5-year survival rate of gastric cancer
after surgery resection remains poor (approximately
20%-25%) also adopting different treatment strategies,
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such as adjuvant chemotherapy, adjuvant chemoradiotherapy and perioperative chemotherapy. Several
data support the idea that anti-gastric cancer (GC) specific
immunotherapy could be an interesting therapeutic
strategy. In this review, we provide a panoramic view of
the various immune-based approaches adopted and the
results obtained in the most significant clinical trials with
GC patients.

The MAGIC trial compared perioperative chemotherapy
with surgery alone and reported a prolonged 5-year
overall survival in the perioperative chemotherapy arm.
In resectable gastric cancer, the benefit of adjuvant
chemotherapy compared with surgery alone has been
clearly demonstrated. After D2 dissection, S-1 adjuvant
chemotherapy improved the overall survival (ACTSGC trial) and capecitabine/oxaliplatin combination
chemotherapy improved 3-year disease-free survival
(CLASSIC trial). To date, for resectable gastric cancer,
the use of chemotherapy in addition to surgery has
proved to be beneficial in decreasing the rate of
recurrence and improving overall survival. The optimal
sequence of chemotherapy and surgery, as well as the
development of new optimal chemotherapeutic agents,
are future goals for research. In D2-resected gastric
cancer, the addition of radiotherapy to chemotherapy
[7-11]
does not appear to provide any additional benefit
.
First-line chemotherapy raises the overall survival
(OS) of patients with advanced GC and the association
of two drugs (generally fluorouracil and cisplatin)
[12]
was more effective than monotherapy . Moreover,
the addition of a third drug (e.g., anthracycline or
docetaxel) to a platinum-fluoropyrimidine association
[13,14]
further increases the OS
. Lastly, both capecitabine
and oxaliplatin had similar results to fluorouracil and
cisplatin, respectively, about the OS and progression[14,15]
free survival (PFS)
.
In metastatic GC patients, chemotherapy is the
column of palliative treatments with a median OS
of 8-10 mo and objective response rates (ORRs) of
[16]
merely 20%-40% .
Therefore, the potential for making key beneficial
progress is to investigate the molecular biology of
tumors to realize innovative therapeutic strategies,
[17,18]
such as specific immunotherapy
.
The behavior of immune response is centered
on a task partition involving the innate (especially
macrophages, dendritic and NK cells) and specific
immune response (T and B lymphocytes), that
often cooperate to obtain an efficacious anti-cancer
response. Up to now, various strategies (vaccines, T
cells infusion or cytokines) have been proved to be able
to stimulate the immune system, exploiting essentially
two principal mechanisms: (1) strengthening the antitumor response (by raising the amount of effective
cells and/or cytokines/chemokines); or (2) increasing
the immunogenicity and/or susceptibility of cancer
cells.
However, the neoplastic cells are able to develop
various strategies to evade immune surveillance:
decrease of tumor antigen or MHC expression,
modulation of Fas-L, secretion of inhibitory cytokines
[interleukin (IL)-10 and/or TGF-β] and generation of
regulatory cells such as Tregs (regulatory cells) and
[19,20]
myeloid-derived suppressor cells (MDSC)
.
In other words, the prerequisite for an effective
anti-tumor immune-based treatment is the stimulation
of a successful cancer-specific immune response, able
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INTRODUCTION
The incidence of gastric cancer (GC) fell dramatically
over the last 50 years, but according to IARC-Globocan
2008, GC is still the third most frequent cause of
cancer-related deaths after lung and liver cancer in
[1,2]
male, and after breast and lung cancer in female .
Interestingly, there is a marked geographical variation
in GC incidence, with the highest rate in Japan, China
and Eastern Europe and the lowest in North America,
India, Philippines and Australia. Histologically, there
are three subtypes of gastric adenocarcinoma:
intestinal, diffuse and indeterminate (mixed type). Of
those, intestinal subtype influences the changes in the
[3]
epidemiological incidence .
Worldwide, the well known epidemiological ob
servation in gastric cancer includes: (1) If migrants
from high risk areas move to low risk areas (China to
North America), the incidence rate shows a remarkable
reduction reaching to almost equal rates as in low
[4]
risk countries ; and (2) preventable by lifestyle
modification such as reduced salt intake and increased
vegetable and fruit consumption, together with
avoidance of smoking and countermeasures against
Helicobacter pylori (H. pylori) infection, reduce the risk
[5]
of gastric cancer .
Case fatality GC ratio is higher than other common
malignancies, such as colon, breast and prostate
[6]
cancer . Cancer excision is the principal remedy
for GC though the 5-year survival rate is not high
(approximately 20%-25%). To improve the outcome of
resectable gastric cancer, different treatment strategies
have been evaluated such as adjuvant chemotherapy,
adjuvant chemo-radiotherapy, and perioperative
chemotherapy.
The US Intergroup 0116 trial reported the benefit of
postoperative-chemo-radiotherapy using 5-fluorouracil
(5-FU)/leucovorin in a US population. In this study,
only 10 % of patients received D2 resection. In Korean
patients after D2 resection, the ARTIST trial failed to
show any benefit from adding radiotherapy to adjuvant
chemotherapy in terms of 3-year disease-free survival.
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to crack the immunological tolerance of tumor cells.
The aim of this review is to provide a panoramic view
of the different immune-based strategies used for
GC management (Figure 1) and discuss the data of
the most significant clinical trials. In detail, firstly we
describe the therapeutic approaches that utilize the
monoclonal antibodies while in the second part we
analyze the cell-based anti-GC treatments.

CRC, because a recent study showed an amelioration in
[35]
ORR and PFS over best current treatment . Besides,
a phase Ⅰ study reported a stable disease (SD), for
7 mo, in one refractory EGC patient, treated with
[36]
panitumumab .
Lastly, a recent study showed that one patient, with
esophageal cancer (EC), cured with Matuzumab (the
[37]
last anti-EGFR moAb) had a durable six-month PR .
Also, the combination of matuzumab with the ECX
regimen (epirubicin/cisplatin/capecitabine) registered
encouraging results as first-line therapy in patients
+
with EGFR gastric cancer. The ORR in 20 evaluable
[38]
patients was 65% with a median TTP of 5.2 mo .

MONOCLONAL ANTIBODIES DIRECT TO
MOLECULAR AND CELLULAR GASTRIC
CANCER TARGETS
The typical paradigm of drug development, especially
for targeted therapies, has primarily been in the
metastatic setting, followed by introduction into
chemoradiation, and ﬁnally, subsequent evaluation in a
randomized trial.
In this paragraph, we will focus on three of the
most widely studied therapies with monoclonal
antibodies (moAb) in gastric cancer: anti-epidermal
growth factor receptor (anti-EGFR), anti-HER2 and
anti-vascular endothelial growth factor (anti-VEGF);
as they have been evaluated by this paradigm. The
second part will focus on pathways and drug targets
currently under evaluation for gastric cancer.

Metastatic results: Numerous phase Ⅱ studies
have been performed with cetuximab in combination
with chemotherapy in advanced EGC. One of the first
[39]
trials
evaluated cetuximab with FOLFIRI in thirtyeight patients with untreated advanced gastric or
GE junction adenocarcinoma. Cetuximab was given
2
with an initial loading dose of 400 mg/m followed
2
by weekly doses of 250 mg/m . The overall response
rate was 44.1%, with a median survival of 16 mo. In
another randomized phase Ⅱ study, cetuximab was
added to 3 chemotherapy regimens: ECF (epirubicin,
[40]
cisplatin, 5-FU), IC (irinotecan/cisplatin), and FOLFOX .
The response rates were 58%, 38%, and 51% in the 3
arms, respectively.
The role of anti-EGFR therapy in advanced EGC was
tested in a phase Ⅲ study evaluating the efficacy of
panitumumab with combination chemotherapy in the
[41]
REAL 3 study . Patients with inoperable/metastatic
esophageal, gastric, or GE junction cancer were
randomized to receive EOC (epirubicin, oxaliplatin,
capecitabine) with or without panitumumab. An
early planned interim analysis showed that the
panitumumab arm was statistically inferior after 553
(76%) patients were enrolled. Median survival was
11.3 mo in the chemotherapy-alone arm vs 8.8 mo for
chemotherapy plus panitumumab [hazard ratio (HR)
= 1.37, P = 0.013). Although patients with rash in
the panitumumab arm did better than those without
rash, the subgroup of patients with rash still had a
numerically worse median survival than the entire
chemotherapy-alone group.

Anti-epidermal growth factor receptor (cetuximab/
panitumumab/matuzumab)

EGFR (ERBB1) is an element of the ERBB transmembrane growth factor receptor family, that
promotes and modulates, via a receptor-associated
tyrosine kinase (TK), various cell processes such as
[21]
apoptosis or proliferation .
The EGFR hyperexpression shows a relationship
with augmented invasion and more unfavorable
prognosis of patients with esophago-gastric cancers
[22-25]
(EGC)
. In addition, the anti-EGFR MoAb therapy
is ineffective in colorectal cancer (CRC) patients that
[26-28]
have K-ras mutations
.
[29]
Lately, Janmaat et al
showed mutated K-ras in
8.7% patients with EGC; but the prognostic role of
K-ras status in the anti-EGFR therapy is practically
indefinite.
Existing anti-EGFR treatments in EGC patients
consist of oral TK inhibitors (TKIs; erlotinib, gefitinib)
and moAb (cetuximab, panitumimab and matuzumab).
Cetuximab obstructs the lignad junction with the
[30]
[31]
EGFR , promotes EGFR internalization
and also,
[32,33]
can start the immune-mediated cytotoxicity
.
Due to the better ORR and time-to-progression (TTP)
for the cetuximab/irinotecan association compared with
[34]
the irinotecan monotherapy
, the FDA (Food and
Drug Administration) has been approved the cetuximab
use in irinotecan-refractory CRC.
In addition, the FDA has been authorized the
Panitumumab therapy of chemo-refractory EGFR-positive

WJG|www.wjgnet.com

Chemoradiation results: Chemoradiation with
cetuximab has been extensively studied in the phase
Ⅱ setting. One clinical study evaluated 60 patients
treated with cetuximab, paclitaxel, and cisplatin in
combination with radiation therapy. A pathologic
complete response rate of 27% was seen with this
[42]
regimen . In the Swiss Group for Clinical Cancer
Research phase Ⅰb/Ⅱ trial (SAKK 75/06), 28 patients
with adenocarcinoma or squamous cell carcinoma
were treated with induction cisplatin, docetaxel, and
cetuximab followed by radiation therapy to 45 Gy along
with concurrent cisplatin and cetuximab. A pathologic
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complete response (pCR) rate of 32% was seen with
this regimen. Neither of these studies demonstrated
[43]
excess risk with the addition of cetuximab .
In contrast, ECOG 2205 evaluated a neoadjuvant
regimen of cetuximab in combination with infusional
5-FU, oxaliplatin, and radiation therapy. The study
was closed after an excessive number of early
deaths. Four of 18 patients died postoperatively of
the acute respiratory death syndrome (ARDS) despite
compliance with strict radiation lung dosimetry
guidelines. This high rate of ARDS, not seen in other
studies of 5-FU with oxaliplatin and radiation, raised
the possibility that cetuximab may have added to the
[44]
risk of postoperative pulmonary complications .

dimerization, favoring the receptor demolition and
[51]
promoting the cytotoxicity . Currently, it has been
+
used in association with chemotherapy for HER-2/neu
+
[52-56]
and node breast cancer
.
Metastatic results: The proof of the therapeutic
benefit of HER2-directed therapy in gastric and GE
cancer comes from the trastuzumab for gastric cancer
trial, a large randomized trial of trastuzumab added
+
to standard chemotherapy in HER2 advanced gastric
[57]
+
cancer . In this study, patients with HER2 gastric or
GE cancer were randomized to either trastuzumab and
chemotherapy or chemotherapy alone.
Chemotherapy consisted of (5-FU or capecitabine
in combination with cisplatin given every 3 wk for
6 cycles. Trastuzumab was continued until disease
+
progression. HER2 positivity was defined as 3 staining
by immunohistochemistry (IHC). Tumors with IHC
2+ staining had to be confirmed by the evidence of
amplification by fluorescence in situ hybridization.
Tumors from 3807 patients were centrally tested
+
for HER2 status, of which 22.1% were HER2 . These
594 patients were randomized to 1 of the 2 treatment
groups, with well-balanced clinical characteristics. A
planned interim analysis was performed after 75% of
the events had occurred, and the independent data
monitoring committee recommended release of the
data because the prespecified boundary had been
exceeded, with a median follow-up of 17.1 mo. Median
survival was improved with the addition of trastuzumab
to chemotherapy from 11.1 to 13.5 mo (P = 0.0048;
HR = 0.74; 95%CI: 0.60-0.91). The overall response
rate was also improved from 34.5% to 47.3% with the
addition of trastuzumab (P = 0.0017). The toxicity was
similar in both arms.
Specifically, there was no difference in congestive
heart failure. Asymptomatic decreases in left
ventricular ejection fraction were similar in both arms
(4.6% with trastuzumab, 1.1% without). Based on
this study, trastuzumab was approved in the setting of
+
HER2 advanced gastric and GE cancer.

Evolution of chemoradiation: Radiation Therapy
Oncology Group (RTOG) 0436 is a randomized phase
Ⅲ trial of cisplatin, paclitaxel, and radiation therapy
to 50.4 Gy with or without cetuximab in inoperable
esophageal cancer. In the spring of 2012, the study
underwent a planned interim analysis to document
superiority of the cetuximab arm as measured by
clinical complete response rate. The study failed to
meet this end point and closed to further patient
enrollment.
The SCOPE1 study from the United Kingdom is
a similarly designed 2-arm randomized phase Ⅱ
/Ⅲ study comparing cisplatin/capecitabine/radiation
[45]
with or without cetuximab . This study will also
undergo a planned analysis after the phase Ⅱ portion
to document a freedom from treatment failure rate
exceeding 75% at 24 wk in the cetuximab containing
arm.
Given the negative results of the REAL 3 trial, and
RTOG 0436 closing enrollment to adenocarcinoma due
to a lack of efficacy with cetuximab, it is unlikely that
anti-EGFR strategies will be further developed in the
United States in unselected patients.

Anti-HER2/ERBB2 (trastuzumab)

HER-2/neu (ERBB2) is part of the ERBB TK receptor
family. The ligand of these receptors leads to homo/
hetero-dimerization of the receptors and with their
formation displaying a distinct hierarchy. In this
system, HER-2/neu has a key role because each
receptor with a specific ligand promotes the association
with Her-2/neu. This predilection is more influenced
by Her-2/neu hyperexpression, as seen in numerous
[46]
types of human tumor cells .
About EGCs, HER-2/New hyperexpression has
been shown in esophageal cancer and GE junction
[47,48]
carcinoma
. HER-2/neu hyperexpression has been
connected with increased invasion and poor response
[49]
to neo-adjuvant chemotherapy
or overall reduced
[50]
survival .
The anti-HER2/neu moAb treatment that has been
tested in EGC patients is Trastuzumab, that exercises
its role by different ways: blocking HER-2 receptor
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Chemoradiation results: Recently it has been
performed a pilot study of trastuzumab added to
chemoradiation in patients with locally advanced
[58]
esophageal carcinoma .
Patients were required to have HER2 positivity
+
+
(HER2 2 /3 expression). Chemoradiation was
delivered with a dose of 50.4 Gy along with concurrent
2
weekly cisplatin (25 mg/m ) and paclitaxel (50 mg/
2
m ). In cohort 1, 3 patients received a 2-mg/kg bolus
dose in week 1 followed by a weekly dose of 1 mg/kg.
In cohort 2, 3 patients received a 3-mg/kg bolus dose
in week 1 followed by a weekly dose of 1.5 mg/kg. In
the third cohort, 13 patients received a 4-mg/kg bolus
dose in week 1 followed by a weekly dose of 2 mg/kg.
Maintenance trastuzumab was given for 1 year at a
dose of 6 mg/kg every 3 wk. Despite the advanced
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[73]

disease in many patients, such as celiac adenopathy
(37%) or retroperitoneal (37%), a striking 3-year
overall survival of 47% was observed, although a lot
of patients did not undergo surgery owing to extensive
adenopathy or medical morbidities. Additionally, there
were no observed increases in adverse events from the
addition of concurrent or maintenance trastuzumab.
Because surgery was not required, there was no
meaningful pCR data.
Trastuzumab emtansine, or T-DM1, is an antibodydrug conjugate linking trastuzumab to a highly potent
anti-microtubule agent. Preclinical data on human GC
cells and xenografted tumors suggested that T-DM1 is
more effective than trastuzumab. Recently, a phase Ⅲ
study evaluating T-DM1 vs lapatinib and capecitabine
+
in HER2 trastuzumab-refractory breast cancer
demonstrated an improvement in median survival
favoring T-DM1 (not reached vs 23.3 mo; HR = 0.621;
[59]
95%CI: 0.475-0.813; P = 0.0005) . Additionally,
T-DM1 had a higher response rate (43.6% vs 30.8%)
and duration of response (12.6 mo vs 6.5 mo).
Furthermore, T-DM1 showed antitumor effects even in
xenografted tumors that had developed resistance to
trastuzumab. Based on this evidence, an international
phase Ⅱ/Ⅲ trial in second-line advanced EGC will open
randomizing between T-DM1 vs a taxane (weekly
paclitaxel or q3w docetaxel).

breast cancer . It seems that bevacizumab have a
double anti-cancer effect: as anti-angiogenic factor and
also increasing chemotherapy drug delivery, favoring
[74,75]
the decrease of interstitial fluid pressures
.
Metastatic results: Multiple phase Ⅱ studies
evaluated bevacizumab in combination with a variety
of chemotherapy regimens in esophagogastric cancer.
[76]
In a phase Ⅱ study , the addition of bevacizumab
to cisplatin and irinotecan showed a response rate of
65% and a median survival of 12.3 mo. In another
[77]
phase Ⅱ study, Shah et al
evaluated bevacizumab
in combination with docetaxel, cisplatin, and 5-FU.
This regimen yielded a response rate of 67% and
an impressive median survival of 16.8 mo. Similarly,
a high response rate of 68% was observed when
bevacizumab was combined with docetaxel, cisplatin,
[78]
and irinotecan .
With these higher obtained response rates, a
randomized phase Ⅲ trial was performed evaluating
the efficacy and safety of bevacizumab in combination
with chemotherapy. The Avastin in Gastric Cancer
(AVAGAST) trial randomized patients with inoperable
locally advanced or metastatic gastric or GE
junction adenocarcinoma with no previous therapy
to bevacizumab or placebo in combination with
capecitabine (or 5-FU) and cisplatin. 774 patients were
randomized, with 95% of patients having metastatic
[79]
disease . The median survival was 10.1 mo for
chemotherapy alone vs 12.1 mo for chemotherapy plus
bevacizumab (HR = 0.87; P = 0.1002). Although this
result did not reach statistical significance, there was an
improvement in progression-free survival from 5.3 to 6.7
mo (HR = 0.80; P = 0.0037), and the overall response
rate increased from 29.5% to 38% (P = 0.0121).
However, despite this negative trial, some of the
trends in the secondary endpoints have led to further
evaluation of bevacizumab in the metastatic setting.

Evolution of chemoradiation: Based on the
positive results observed in the metastatic setting
with the addition of trastuzumab as well as the
encouraging safety and efficacy data from the Brown
group, the RTOG has initiated a randomized trial,
RTOG 1010, studying the addition of trastuzumab to
chemoradiation. In this study, patients with operable
locally advanced adenocarcinoma of the esophagus
and GE junction are centrally screened for HER2
+
positivity. If the tumor is found to be HER2 , patients
are randomized to concurrent and maintenance
trastuzumab in addition to chemoradiation. Chemo
radiation consists of a dose of 50.4 Gy along with
2
weekly carboplatin (AUC 2) and paclitaxel (50 mg/m ).
The results of this ongoing trial will inform the future
use of trastuzumab in localized HER2-overexpressing
[60]
esophageal and GE junction cancer .

[80]

Chemoradiation results: An interesting study
demonstrated that bevacizumab could change tumor
physiology of rectal cancer and theoretically potentiate
the effects of radiation therapy. In localized esophageal
cancer, a similar approach was used in a phase Ⅱ trial
evaluating bevacizumab with erlotinib in a neoadjuvant
[81]
chemoradiation study . Patients with stage Ⅰ -Ⅲ
esophageal or GE junction cancer were enrolled. Ninetyfive percent of patients had adenocarcinoma, and 93%
of patients had stage Ⅱ or Ⅲ disease. Bevacizumab
was added to a regimen consisting of carboplatin (AUC
2
5, days 1 and 22), paclitaxel (200 mg/m , days 1 and
2
22), and continuous infusion of 5-FU (225 mg/m per
day, from day 1 to 35) in combination with radiation
therapy to 45 Gy. Of sixty patients enrolled, a pathologic
complete response rate of 30% was observed.
Another phase Ⅱ study, reported results of pre
operative chemoradiation with cisplatin, irinotecan, and
bevacizumab. Patients with Siewert Ⅰ/Ⅱ adenocarcinoma

Anti-vascular endothelial growth factor (bevacizumab)

The action of most powerful angiogenic factor, VEGF,
is started by linking to various high-affinity transmembrane receptors, most remarkably VEGFR types 1
[61]
and 2 .
[62]
VEGF is over-expressed in different cancers
and besides, in esophageal and gastric cancer the
hyperexpression correlates with cancer stage, bad
[63-70]
prognosis and reduced survival
. Also, the moAb
bevacizumab is an anti-VEGF monoclonal antibody,
that associated with the chemotherapy increases the
[71]
[72]
ORR and TTP in patients with CRC
NSCLC
and
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of the esophagus received induction chemotherapy with
cisplatin, irinotecan, and bevacizumab. This was followed
by concurrent chemotherapy with cisplatin, irinotecan,
and bevacizumab in combination with radiation therapy to
50.4 Gy. Surgery was followed by adjuvant bevacizumab.
A pathologic complete response was seen in 4 of 33
patients (12%). Progression-free survival and overall
[82]
survival were 14 and 30 mo, respectively .

0.78-4.34). In the chemotherapy- alone arm, patients
with MET-high tumors had a worse overall survival
(HR = 3.22; 95%CI: 1.08-9.63) than those with METlow tumors. This study suggested that expression,
as opposed to amplification, may be a reasonable
biomarker. In this study, MET expression was both
predictive (good) for anti-HGF antibody therapy and
prognostic (poor). Based on these data, a phase Ⅲ
study has been planned in the first-line setting for EGC
patients with MET-high tumors.

Evolution of chemoradiation: The negative primary
result of the AVAGAST study has mitigated some of
the enthusiasm for bevacizumab in the context of
chemoradiation for esophageal cancer. Given the lack
of improvement in the pathologic complete response
rate in the phase Ⅱ study discussed earlier in the
text compared with historical control groups, further
development of bevacizumab with chemoradiation for
esophageal cancer is currently not being pursued in a
[60]
phase Ⅲ study .

CELL-BASED IMMUNOTHERAPY
APPROACHES
Therapies with T cell

The central anti-cancer role of T cells has been
highlighted by the documented cancer incidence in
[94]
immunodeficient disorders and by evidence that the
intra-tumoral T cell infiltration is associated with better
[95]
patient survival .
Currently, there isn’t FDA-approved adoptive
T-cell therapy, but the growing new acquisitions on
the cancer nature and lymphocyte role do hope that,
shortly, the adoptive T-cell therapy can become a
clinical cancer practice. Topical information obtained
[96]
from adoptive transfer in lymphodepleted hosts , the
[97]
immunosuppressive capacity of Tregs and the utilize
[98]
of better culture systems
have not yet been tested
in clinical studies.
Essentially exist two different therapeutic protocols
of T cell-based anti-cancer treatment: (1) cytotoxic T
lymphocytes (CTL); (2) tumor infiltrating lymphocytes
(TIL) (Figure 1).

Anti-hepatocyte growth factor/mesenchymal-epithelial
transition factor (rilotumumab)

The cell surface receptor c-MET [mesenchymal-epithelial
transition factor (MET)] and its ligand hepatocyte
growth factor (HGF) are potential therapeutic targets
in esophagogastric cancer. Physiological MET tyrosine
kinase activation is mediated by binding of HGF, leading
to signal transduction down multiple downstream
pathways, including those involving Ras, PI3K, mTOR,
[83,84]
STAT3, and NF-κB
. Additionally, the HGF/MET
axis can stimulate tumor endothelial cells, thereby
altering the tumor microenvironment and promoting
[85,86]
angiogenesis
. Physiological MET signaling can be
altered by ligand/receptor overexpression or gene
[85]
amplification as well as MET gene mutations .
Specifically, MET gene amplification is a driver in some
[87-90]
esophagogastric cancers
.
Additionally, MET gene mutations have been
documented in hereditary and sporadic renal carcinoma,
esophagogastric cancer, hepatocellular cancer, head and
neck cancer, ovarian carcinoma, small-cell lung cancer,
[85,91,92]
and glioma
. Strategies to inhibit the HGF/MET
axis include blocking both the ligand and the receptor.
Rilotumumab is a human moAb to HGF. In a
randomized phase Ⅱ study, patients with newly
diagnosed GC were randomized to receive 1 of 2
doses of rilotumumab (15 mg/kg or 7.5 mg/kg) in
combination with ECX (epirubicin, cisplatin, capecitabine)
[93]
chemotherapy or chemotherapy alone . Tumors that
+
were IHC in > 50% of cells were defined as MET high.
In the MET-high subgroup, representing approximately
half of the patients, the 2 rilotumumab arms had a
median survival superior in the chemotherapy-alone
arm (11.1 mo vs 5.7 mo; HR = 0.29; 95%CI: 0.11-0.76;
P = 0.012). In contrast, the MET-low patients in the
2 rilotumumab-containing arms had a trend toward
a worse survival than the MET-low patients in the
chemotherapy-alone arm (HR = 1.84; 95%CI:
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Cytotoxic T lymphocytes: Improved CTL cell culture
technology has permitted the first clinical tests for
[99,100]
adoptive transfer of CTLs and this technique
seems to result in substantial activity in melanoma
patients: 40% of patients showed an anti-tumor
[101]
immune responses
. Similar results were obtained
[102]
by Yee et al
in an independent trial in which
engraftment of the CTLs was detectable up to two
weeks after T-cell transfer in all patients.
Survivin has been demonstrated to be an excellent
target for immunotherapy in various cancer types and
[103]
recent data suggest a role also in gastric cancer
.
In this study, elevated efficiency was obtained upon
inducing survivin-derived peptide-specific CTL from
mononuclear cells isolated from blood of healthy
donors. The induced CTLs showed specific lysis against
tumor cells in vitro, and vs primary cell cultures
isolated from GC patients. These data suggest that
survivin epitope peptide could be a promising vaccine
candidate for GC immunotherapy.
[104]
Instead, another recent study
examined the
possibility of using cancer-specific immunotherapy
based upon mitotic centromere-associated kinesin
(MCAK), a new cancer antigen. To evaluate the
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Figure 1 Different immunotherapy approaches. The figure illustrates the two different vaccination approaches (using DNA or peptides) and the cellular and
molecular elements used in anti-cancer immunotherapy. The adopted specific immune mechanisms are monoclonal antibodies and T cells: CD8+ (CTL) or CD4+ (T
helper). About innate immune mechanisms, cytokines, dendritic cells (DCs) and natural killer cells (NKs) represent the most exploited components.
[112,113]

feasibility of developing cancer immunotherapy
[104]
using MCAK peptides, Kawamoto et al
studied
1
1
HLA-A 0201 and 2402 as targets for CTLs.
1
1
The CTLs killed HLA-A- 0201/ 2402 colon and
+
gastric cancer MCAK cells, as well as the peptidepulsed target cells, in an HLA-l restricted manner.
These results prospect the opportunity of designing
peptide-based immunotherapeutic treatments for
+
patients with MCAK gastric cancer.
[105]
Of late, Kim et al
demonstrated the antigastric cancer power of cytokine-induced killer (CIK)
+
cells (essentially T CD80 cells), that were isolated
from the human peripheral blood mononuclear cells
(PBMC), cultured in medium with IL-2 and anti-CD3
antibody. The CIK cells were able to destroy, in vitro,
the MKN74 cells (a human gastric cancer cell line) and
to inhibit the MKN74 tumor growth in nude mouse
model. These results suggest the potential use of
CIK cells as adoptive GC immunotherapy patients, as
[106,107]
described in different studies
. In fact, the CTLs
from GC patients are capable to attack the autologous
cancer cells, recognizing specific tumor-associated
[107,108]
antigens
, such as MG7-antigen, that shows a
big potential for starting immune responses to gastric
[109,110]
cancer
. In addition, the use of HLA-A-restricted
allogeneic GC cells to stimulate tumor-specific CTLs
could be a different immunotherapeutic approach for
[111]
GC patients .
Of note, different studies suggest that the
association of CIK cells with chemotherapy can be
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functional in advanced GC patients
. In fact, the
patients cured with the combined therapy showed
a significant decrease of serum levels of the cancer
markers and a marked improvement of life quality, in
comparison to patients treated only with chemotherapy.
In summary, preclinical/clinical evidence supports
the idea that CIK cell immunotherapy can be a
successful anti-GC treatment, but it is still unclear
what is the injection via which guarantees the best
distribution of effector cells.
[114]
In a mouse model of gastric cancer Du et al
observed the distribution of CIK cells injected by three
different via of infusion: peritumoral (pt), intravenous
(iv) and intraperitoneal (ip).
They demonstrated that the pt injection produced
a considerable tumor infiltration of CIK cells for 48 h
and induced the most tumor inhibition in comparison
to the ip or iv infusion, that caused a very small
CIK intratumoral accumulation and a short in vivo
inhibition of tumor growth only following injection. In
conclusion, the pt injection of CIK can be an effective
and minimally invasive approach of adoptive cellular
immunotherapy for GC patients.
Adoptive transfer therapy with TILs: The use of
TILs as adoptive transfer therapy is a “not immediate”
therapeutic approach because it requires about six
weeks before the T cells would be ready for infusion.
In fact, the protocol necessitates firstly the T cell
isolation from neoplastic tissue, after the in vitro
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expansion and finally the selection of tumor-specific
T cells. In addition, only 30%-40% of the biopsies
yield acceptable T-cell populations and the whole
[115]
process . So, the adoptive transfer of TILs has been
[116]
promising in preclinical models
but not in clinical
[117,118]
trials
, except for the melanoma patients for
easy surgical availability of the tumor tissue. However,
should technical limitations of current tissue culture
approaches are overcome; new data indicate that
the presence of TILs positively correlates with patient
[95,119]
survival in ovarian and colorectal cancer
and
[120]
have a important role in pancreatic cancer
, thus
prompting the enforcement of this protocol for other
usually encountered epithelial cancers.
In the past, we have demonstrated, in GC patients,
the functional role of TILs reactive vs different peptides
[121]
of GC-associated antigens
. We have documented
a peptide-specific T-cell response in 17 out of 20
enrolled patients and the majority of specific TILs had
an effective role showing a T helper 1 (Th1) cytokine
profile with high cytotoxic activity. In other words, in
most of GC patients, a specific type-1 T-cell response
to GC antigens was detectable and would have the
potential of killing the cancer cells. But, in order to get
“in vivo” tumor cell destroying, the the quantity and
quality of tumor-specific T cells almost certainly need
to be enhanced by vaccination with the appropriate
cancer antigens/peptides or by injection of the
autologous cancer-specific T cells, previously expanded
in vitro.
It is remarkable to note that not always the
lymphocytic infiltrate has an anti-cancer role and often
the TILs can promote the expansion of tumor cells.
Recently, we have investigated the functional profile of
HP0175-specific TILs in GC patients, infected with H.
pylori. The TILs cells were able to produce IL-17 and
IL-21 in response to HP0175 but showed poor cytolytic
activity and high helper activity for monocyte MMP-2,
MMP-9 and VEGF production. In a nutshell, these data
suggest that HP0175 drives gastric Th17 response
and promoting pro-inflammatory low cytotoxic TIL
response, so providing a link between H. pylori and
[122]
gastric cancer .
In addition, different studies highlight that most
of GC TILs show a Treg profile. Recently, Shen et
[123]
+
+
al
demonstrated that that CD4 and CD8 TILs
were not associated with the OS of GC patients and
+
that in the tumor sites, higher Tregs/CD8 ratio was
an independent factor for worse OS (P = 0.037).
The 1-year, 2-year and 3-year OS rates were 90%,
77.5% and 70% for the group with intratumoral high
+
Tregs/CD8 ratio, compared with 100%, 94.3% and
90.5% for the group with intratumoral low ratio. So,
intratumoral high Tregs/CTLs ratio was a prognostic
factor for GC patients. Accordingly, an independent
study showed that a higher Tregs/Th cell ratio is
associated with an unfavorable prognosis and loco[124]
regional recurrence pattern in gastric cancer .
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It can be inferred that a combination of deletion
of Tregs and stimulation of effector T cells may be a
successful immunotherapy to prolong survival of GC
patients.

Dendritic cell-based vaccination

Antigen presentation by dendritic cells (DCs) is
essential to start the cellular immune responses
[125,126]
required for tumor immunotherapy
(Figure 1).
In addition, in mouse models ex vivo generated DCs
[127]
can provoke antigen-specific T-cell responses
,
supporting the use of DC-based anticancer vaccines in
[128]
clinical studies .
In GC patients the number of DCs correlates
with the clinical stage and prognosis: patients with
abundant DCs inﬁltration showed a better 5-year
survival rates than patients with smaller amount of
[129,130]
DCs
. Moreover, it has been documented that
the use of adjuvant immunotherapy enhances the
survival in resected GC patients with small tumor DCs
[131]
inﬁltration .
Of the 325 trials reported in ClinincalTrials. Gov
on DC therapy, six studies involve GC patients (Table
[132-134]
1)
but only three have been terminated (Table 1)
and only two have published their results.
[132]
Kono et al
reported a phase-Ⅰ clinical study
of GC patients treated with DCs pulsed with HER-2/
neuro-peptides. After the vaccination, one (out of 9
+
patients HER-2/neu ) showed decreased levels of CEA
and CA19-9 while two registered a significative cancer
regression (> 50%). Of note, the vaccine protocol did
not register considerable side effects.
[133]
Recently Sadanaga et al
published the results of
a phase-I trial, where twelve patients, with advanced
gastrointestinal carcinoma, were immunized with
DC pulsed with MAGE-3 peptides without significant
side effects. After vaccination, in four patients was
registered the presence of peptide-speciﬁc CTL while
in seven was observed the serum decrease of cancer
markers. In addition, small cancer regressions were
highlighted in three patients.
[135]
Finally, Galetto et al
described that memory
T cell specific to GC antigens could be activated by
cancer-loaded autologous DCs, isolated from blood
mononuclear cells and activated by stimulation with
apoptotic autologous tumor cells.
Nevertheless, the clinical application of DC vaccines
has been limited for the the short lifespan of DCs, and
one of the factors threatening DC survival is antigen+
speciﬁc CD8 that acquire cytolytic activities after
[136]
activation by DCs .
[98]
In recent times, Kim et al
ameliorated the
efficiency of a DC vaccine with a small interfering RNA
(siRNA) targeting phosphatase and tensin homolog
(PTEN), that has a key role as a negative regulator in
[137]
the signal transduction of the PI3K/AKT pathway .
The PTEN downregulation in DCs resulted in AKTdependent maturation, which generated a considerable
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Table 1 List of the anti-gastric cancer clinical trials using dendritic cells
Ref.

Title

Kono et al[132], Clin Cancer Res 2002

Sadanaga et al[133], Clin Cancer Res 2001

http://www.clinicaltrials.gov/

http://www.clinicaltrials.gov/

http://www.clinicaltrials.gov/

http://www.clinicaltrials.gov/

Sponsor/collaborator

Dendritic cells pulsed with HER-2/neu-derived
peptides can induce specific T-cell responses in
patients with gastric cancer

Yamanashi Medical
University
Japanese Clinical
Oncology Fund and
from the Public Trust
Haraguchi Memorial
Cancer Research Fund
Dendritic cell vaccination with MAGE
Medical Institute of
peptide is a novel therapeutic approach for
Bioregulation, Kyushu
gastrointestinal carcinomas
University
Japan Society for the
Promotion of Science,
Grant-in-Aid for Scientific
Research (A) (08557074)
A phase I study of active immunotherapy
Duke Cancer Institute
with carcinoembryonic antigen RNA-pulsed,
NCI (NCT00004604)
autologous human cultured dendritic cells
in patients with metastatic malignancies
expressing carcinoembryonic antigen
A pilot study of active immunotherapy with
Duke Cancer Institute
HER2/neu intracellular domain proteinNCI (NCT00005956)
pulsed, autologous, cultured dendritic cells
in patients with no evidence of disease after
standard treatment for HER2/neu expressing
malignancies
A phase I study of active Immunotherapy with Duke Cancer Institute
autologous dendritic cells infected with CEANCI (NCT00027534)
6D expressing fowlpox -tricom in patients
with advanced or metastatic malignancies
expressing CEA
A Phase I clinical trial of mTOR inhibition with
Roswell Park Cancer
rapamycin for enhancing intranodal dendritic Institute (NCT01522820)
cell vaccine induced anti-tumor immunity
in patients with NY-ESO-1 expressing solid
tumors

Status

Duration

Completed
published

NA

Completed
published

Study started:
January 1997
Completed:
August 2000

Unknow1

Study first received:
May 2, 2000
Last updated:
December 13, 2011

Unknow1

Study first received:
July 5, 2000
Last updated:
December 13, 2011

Completed

Study first received:
December 7, 2001
Last updated:
December 13, 2011

Not yet
recruiting

Study first received:
January 25, 2012
Last updated:
February 3, 2012

1

Indicates status has not been verified in more than two years. NA: Not availiable.

surface hyperexpression of costimulatory molecules
and the chemokine receptor, CCR7, leading to an
increased T cell activation in vitro and a migration to a
draining lymph node in vivo, respectively. In addition,
the PTEN siRNA transfected DCs (DC/siPTEN) showed
an augmented survival and most remarkably, DC/
siPTEN generated a major number of cancer-speciﬁc Tc
cells and a stronger anticancer response in vaccinated
mice compared to the controls.
In short, these data suggest that manipulation of
the PI3K/AKT pathway with the siRNA system could
improve the efficacy of a DC-based tumor vaccine,
such as in GC treatment.
Immunosuppressive factors, such as IL-10, secreted
by DCs (or other regulatory cells) downregulates the
Dcs functionality by speciﬁc surface receptors (e.g.,
IL-10R). Recent data showed that the targeting IL-10
receptor with siRNA, can increase the effectiveness of
DC-based vaccine, suggesting a potential clinical use of
[138]
siRNA .
In addition, very interesting are the results of He
[139]
et al
concerning the opportunity of increasing the
anticancer immunity through GM-CSF gene-modiﬁed
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DCs. After GM-CSF gene modiﬁcation, DCs are able to
secrete elevated levels of GM-CSF and have a major
propensity to be maturated. In this way, the DCs
increase their ability of activating the proliferation of T
cells. In addition, in vitro the dendritic cells with GMCSF gene modiﬁed can stimulate speciﬁc CTL to kill
the cancer cells.
Finally, in comparison with the vaccination alone,
DCs vaccination and the preventive removal of Tregs
substantially enhances the activation of tumor-speciﬁc
[140]
T-cell responses .

Treatments by using NK cells

The NK cells are able to arrest the metastatic
[141]
spreading of human cancers
and also, the intracancer infiltration of NK cells is associated with a better
[142]
prognosis of GC patients
. The key function of NK
cells in anti-tumor response gives us the possibility
to counteract the cancer progression by manipulating
the NK cell “arms”. However, some obstacles make
it difficult to the therapeutic use of NK cell-based
treatments: (1) unfinished characterization of the
specific function of the different NK cell subpopulations;
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(2) little knowledge of the mechanisms involved in NK
functionality; (3) the exiguous amount of blood NK
cells; and (4) the troubles about a massive production
[143]
in good manufacturing practices (GMP) of NK cells .
About gastric cancer, a recent study evaluated the
NK number in 72 patients with gastric adenocarcinoma
and its correlation with patient survival. The conclusions
are that patients with high concentration of NK cells
showed a higher survival rate when compared to the
[144]
low concentration, especially in the advanced stage .
Moreover, very interesting data have been obtained
[145]
by Saito et al
which demonstrated that the
frequency of apoptotic NK cells in GC patients was
significantly higher than in normal controls. Moreover,
their frequency was related to the GC progression.
+
Fas NK cells were significantly more common in
GC patients compared with normal controls and Fas
expression was closely related to the frequency of NK
cell apoptosis. Also, the frequency of tumor-infiltrating
NK cell apoptosis was significantly higher than that of
circulating NK cell apoptosis. Furthermore, apoptotic
circulating NK cells significantly decreased after
surgery compared to before surgery.
[146]
Finally, Voskens et al
showed that numerous
cytotoxic NK cells can be obtained from cancer
patients co-culturing autologous PBMC with K562
cells. Of note, the ex vivo development increased the
cytotoxic activity of NK cells vs the autologous derived,
suggesting a future clinical application, as cell-based
immunotherapy, for autologous expanded NK cells (as
alone as and in association with specific monoclonal
antibodies).
Very interesting are the recent results about
lupeol, a triterpene that has curative action vs various
[147]
diseases. Recently, Wu et al
showed that lupeol is
able to favor the proliferation of NK cells, increasing
also their killing action vs the GC cells. Moreover, lupeol
inhibit the proliferation of different GC cell lines. These
data suggest that lupeol could serve as a potential
agent against gastric cancer alone or with adoptive
transfer of NK cells.

medical benefits to justify the logistics and especially
the costs of these personalized cell treatments.
Usually the clinical trials enroll patients with advanced
GC, this factor could determine an unfavorable result,
because the anti-cancer battle of current immune
response is already a lot compromised. For this purpose,
it would be strategic to recruit early-stage GC patients,
that being in the early stages of tumor development,
may better react to the immunotherapy strategies.
Finally, to set up successful anti-GC immunotherapy
approaches, it is necessary to understand the “fine”
immune escape mechanisms, adopted by the cells of
gastric cancer.
Past and recent studies have supplied new insights
about the thick crosstalk between tumor and immune
cells. Comprehending this operative dialogue and the
hierarchic grade of the various cancer-immune evasion
mechanisms at distinct steps of neoplastic evolution,
will guide the development of innovative curative
strategies aiming to demolish the “tumor fortress”.
So, it will be remarkable to evaluate the pathways
of the various components that modulate the growth
and mobility of Tregs, MDSCs and tolerogenic DCs
within cancer-draining lymph nodes and the cancer
surroundings.
Another important target for the future anti-GC
immunotherapy treatment could be the immune
[148]
checkpoints
that are inhibitory pathways hardwired
into the immune system. The immune checkpoints
play critical roles for physiological homeostasis because
they are essential for maintaining self-tolerance and
modulating the duration and amplitude of physiological
immune responses in order to minimize collateral
tissue damage. But, these checkpoints may also allow
immune escape in cancer.
Checkpoint pathways are regulated by ligand/
receptor interactions. For example, programmed
death-1 receptor (PD-1) and CTL-associated antigen
4 (CTLA-4) are inhibitory molecules whose presence
on lymphocytes signifies a blunted immune response.
PD-1 negatively regulates T cell responses and
downregulation and eventually apoptosis is initiated
following binding of a PD-1 ligand with PD-1. PD-1
ligands, PD-L1 or PD-L2, are frequently expressed
on tumor cells and can thus thwart the immune
response. One approach to overcome this inhibition
of the immune response has been to target immune
checkpoints with blocking moAb. For example, PD-1
moAb binds to the PD-1 receptors on T cells and
inhibits their binding to the ligands on tumor cells
thus preventing the tumors from down regulating the
cytotoxic lymphocyte response. This approach has
[149,150]
been successful clinically in advanced melanoma
.
and phase Ⅰ clinical trials of anti-PD-L1 moAb are
[148]
under investigation for gastric cancer .
It is realistic to declare that, in the future effective
anti-GC immunotherapy strategies must include
combined approaches, which should use both systemic
radio/chemotherapy and transplantation, to diminish

FUTURE DIRECTIONS
We have used this review to provide a panoramic
view about the current immunotherapeutic antiGC approaches, some of which have been used
in clinical trials with fairly good results about the
tumor regression and patient survival. But, the role
of immunotherapy for gastric cancer continues to
evolve. As the current development suggests, gastric
cancer therapy has suffered from a relative lack
of gastric-specific biological exploration. The most
common developmental path to date has been limited
to the study of immune-based therapies that have
demonstrated efficacy in other somewhat similar
diseases, and then have been tested in gastric cancer.
Moreover, an additional great challenge in the field
is to develop randomized clinical trials validating the
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the burden or to remove immune suppressive cells,
and tailored immunotherapies customized to each
single patient.
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Core tip: In the past, pancreaticoduodenectomy (PD)
should be avoided because of its extremely high
morbidity and mortality. With the advance of surgical
techniques and perioperative management, PD has
been regarded as good choice for the treatment of
periampullary pathologic conditions. In this moment,
turning our interest to potential physiological change
following PD may be necessary, because PD always
results in removal of important internal organs in
upper gastrointestinal tract and altering normal path of
gastrointestinal flow. Well awareness of these “internal”
changes will be helpful for proper management of the
patients with PD.
Kang CM, Lee JH. Pathophysiology after pancrea
ticoduodenectomy. World J Gastroenterol 2015; 21(19):
5794-5804 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i19/5794.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5794

INTRODUCTION

Abstract

I n t h e p a s t , i t wa s t h o u g h t t h a t p a n c r e a 
ticoduodenectomy (PD) should be avoided because
of its extremely high rates of morbidity (greater
[1]
than 70%) and mortality (greater than 30%) .
More recently, many surgeons have focused on
technical innovation to reduce postoperative severe
morbidity after PD. Based on advancements in
surgical experiences, perioperative management
and interventional radiology, it is thought that most

Pancreaticoduodenectomy (PD) will result in removal
of important multiorgans in upper intestinal tract and
subsequently secondary physiologic change. In the
past, surgeons just focused on the safety of surgical
procedure; however, PD is regarded as safe and widely
applied to treatment of periampullary lesions. Practical
issues after PD, such as, effect of duodenectomy,
metabolic surgery-like effect, alignment effect of
gastrointestinal continuity, and non-alcoholic fatty liver
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Table 1 Experimental study showing the relationship between motilin and duodenectomy
Ref.

Year Study design and model

Tanaka et al[74]

1987

Tanaka et al[75]

1988

Suzuki et al[76]

2001

Malfertheiner et al[77] 1989

Itoh et al[78]

1976

Vantrappen et al[79]

1979

Sarna et al[80]

1983

Normal dog vs
Duodenectomized dog

Primary end point

Observations

Phase Ⅲ contraction,
plasma level of motilin

All control dogs showed characteristic MMC
Duodenectomized dog showed non-typical, irregular and non-cyclic
pattern of contraction
Duodenectomized dog showed low plasma concentration of motilin
without cyclical variation
Normal dog vs
Inter-digestive gastric and MMC was abolished in duodenectomized dogs (3 out of 4 dogs)
Duodenectomized dog
small intestinal MMC
The other dogs showed intermittent cyclic, but markedly abnormal
plasma level of motilin characteristics of gastric contraction
and
Jejunal MMC appeared with short interval
Polypeptide Y
Duodenectomy abolished cyclic variation of plasma motilin and
polypeptide Y
Conscious dog vs
Phase Ⅲ contraction,
Duodenectomy resulted in no phase Ⅲ contraction in upper GI tract
Duodenectomized dog
plasma level of insulin, Duodenectomy resulted in no fluctuation of plasma motilin (low level
and motilin
of motilin)
Exogenous administration of motilin resulted in comparable response
of phased Ⅲ as shown in control
Normal dog vs
Pancreatic trypsin
In duodenectomized dog
Duodenectomized dog
GI motility
Trypsin secretion was not coordinated with inter-digestive motility,
plasma motilin, PPY
motilin, and PPY
Inter-digestive motility was altered
Plasma level of motilin and PPY were reduced, and showed no cyclic
pattern
Normal dog
GI motility
Gastrointestinal contractile activity in the conscious dog,
plasma motilin
Digestive states: motilin had no influence upon the motor activity
Inter-digestive states: had influence upon the motor activity
Human
GI motility
The effect of exogenous motilin on interdigestive migrating motor
plasma motilin level
complex
Plasma motilin levels is one of the factor involved in the production
of the activity front of the MMC in man
Normal dog
Plasma motilin levels
Cause and effect relationship between plasma motilin levels and
Migrating myoelectric migrating myoelectric complexes
complexes (MMCs)
Endogenous motilin does not initiate spontaneous mmcs
MMC contractions release motilin

GI: Gastrointestinal.

complications related to PD can be managed in a
conservative way. Based on the literature, mortality
after PD is now considered to be 2%-5% and morbidity
[2-4]
is reported to be 33%-64% . PD recently has gained
wide acceptance as a safe surgical method of choice for
the treatment of periampullary pathological conditions.
PD consists of two surgical components: (1)
resection phase: removal of pancreatic head, common
bile duct, gallbladder, and duodenum along with some
part of the proximal jejunum. Partial gastrectomy
can be included; and (2) reconstruction phase:
gastrointestinal continuity is created by pancreaticoenterostomy [pancreaticogastrostomy (PG) or
pancreaticojejunostomy (PJ)], hepaticojejunostomy,
and duodeno-or, gastro-jejunostomy.
When surgical technique is largely standardized,
potential physiological changes following PD need to
be concerned because PD results in the removal of
important internal organs in the upper gastrointestinal
tract and alters the normal path of the gastrointestinal
flow. Therefore, surgeons who perform PD should be
well aware of these “internal” challenges for proper
management of patients with PD. Herein, the following
issues will be discussed to understand the practical
pathophysiological changes that occur after PD.

WJG|www.wjgnet.com

EFFECTS OF DUODENECTOMY
The duodenum is a source of various peptide
hormones. Among them, motilin is a 22 amino acids
peptide that is primarily localized in enterochromaffin
[5]
cells of the duodenum and proximal jejunum ,
which is known to be responsible for phase Ⅲ activity
of the gastroduodenal migrating motor complex
[5]
(MMC) . It was found that exogenous motilin could
induce premature phase Ⅲ contraction in the upper
gastrointestinal tract. Moreover, reduced plasma
concentrations of motilin were associated with
gastroparesis (Table 1). Therefore, PD can lead to the
inevitable removal of the duodenum, which can reduce
plasma levels of motilin, resulting in delayed gastric
emptying (gastroparesis) by reducing coordinated
stomach, duodenum and proximal jejunum movements.
Motilin is not yet available for clinical use. However,
there is some clinical evidence to support these
[6]
experiments and hypotheses. Naritomi et al evaluated
the first occurrence of MMC and motilin in patients with
pylorus-preserving pancreaticoduodenectomy (PPPD)
and duodenum-preserving pancreatic head resection
(DPPHR). They found that the PPPD group required
a longer amount of time for initial gastric phase Ⅲ
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recovery, and the plasma levels of motilin were lower.
[7]
Yeo et al performed a prospective randomized
placebo-controlled trial and found that erythromycin
could significantly accelerate gastric emptying after PD
and reduce the incidence of delayed gastric emptying
(DGE) by 37%. Indeed, erythromycin can act as
a motilin agonist by binding motilin receptors, and
its clinical benefit to improve gastric emptying has
[8]
been demonstrated in diabetic gastroparesis and
[9]
[10]
postvagotomy gastroparesis . Matsunaga et al
also
showed manometric evidence of improved early gastric
stasis by erythromycin after PPPD. Administration of
saline caused no changes in gastric or jejunal motility;
however, erythromycin could induce phase Ⅲ -like
gastric contraction and reduce the amount of gastric
juice output in all patients.
Duodenectomy also influences on the secretion of
[11]
other gastrointestinal hormones. Malfertheiner et al
showed that plasma levels of pancreatic polypeptide (PP)
were altered with no cyclic pattern in duodenectomized
[12]
dogs. Müller et al
evaluated changes in CCK, PP,
and gastrin in PPPD and DPPHR patients. They found
that PP was significantly reduced in both PPPD and
DPPHR, and cholecystokinin (CCK) was reduced in an
[13]
early postoperative period after PPPD. Tangoku et al ,
[14]
and Kingsnorth et al
evaluated plasma gastrin and
CCK responses between standard PD and PPPD. Basal
plasma levels of gastrin and CCK were significantly
higher in controls compared with patients with standard
PD (p < 0.05), suggesting that preservation of the
stomach and part of the duodenum (pylorus-preserving)
appeared to be a more physiological procedure for
performing PD.
Regarding reduced gastrin levels following PD, it
has been proposed that postoperative atrophic changes
in the remnant pancreas after PD can be derived from
removal of the duodenum and distal stomach because
[15]
these organs are a source of gastric stimulation .
[16]
Jang et al
investigated the effects of induced
hypergastrinemia on the prevention of pancreatic
atrophy after PPPD. They performed a randomized
control study and successfully demonstrated that
induced hypergastrinemia by Lansoprazole could
prevent postoperative volume change of the remnant
pancreas and preserve long-term exocrine and
endocrine function in patients with PPPD. This study is
a good example to show how potential physiological
changes can be translated into clinical practice for
proper management of patients who undergo PD.
[17]
Furthermore, Chung et al investigated the role of
vagal and efferent adrenergic innervation to coordinate
the gastric and small intestinal MMCs after removing
the pylorus, duodenum, and upper jejunum in three
dogs. They concluded that duodenectomy could
reestablish gastric MMC-like activity without motilin,
showing a peak after 1-4 mo, and it appeared to require
extrinsic innervation. PD sometimes (depending on the
surgeons’ preference and disease extent) requires
extensive soft tissue dissection around a major arterial

WJG|www.wjgnet.com

system, including the celiac axis, common hepatic
artery, and superior mesenteric artery for marginnegative resection. Too much dissection of soft tissue
(for example, extended PD) can result in surgical
denervation of visceral autonomic nerves and can
be one of the reasons for transient delayed gastric
[18,19]
emptying in a clinical setting
.
Based on this brief review of the literature, it can
be noted that duodenectomy not only disrupts the
coordination of gastric and intestinal MMC but also
disrupts the coordination between inter-digestive
motility and pancreatic secretion and abolishes the
inter-digestive cyclic variations in plasma gastroin
testinal hormones, such as motilin, CCK, gastrin, and
pancreatic polypeptide (PP). Additionally, extensive
soft tissue dissection-induced disconnection of neural
stimulation and secondary postoperative inflammatory
insults can cause pathophysiological changes after
PD, which can be attributed to a clinical delay in
postoperative recovery.

METABOLIC SURGERY-LIKE EFFECTS
The bariatric surgical procedures were attempted
to promote weight loss by restricting food intake
and promoting malabsorption. The most commonly
performed procedures were Roux-en-Y gastric bypass
(46.6%), vertical sleeve gastrectomy (27.8%),
adjustable gastric banding (17.8%), and biliopancreatic
[20]
diversion with duodenal switch (2.2%) . Interestingly,
when looking at schematic figures showing PD, it could
be noted that PD is somewhat similar in appearance to
Roux-en-Y gastric bypass (Figure 1). The food passage
after PD could be similar to that after Roux-en-Y gastric
bypass, bypassing duodenum and passing directly into
distal jejunum. Natural bile and pancreatic flow can
be thought of as a Roux-en-Y loop in PD. Therefore,
PD might cause the physiological changes that appear
after bariatric surgery.
Notably, glucagon-like peptide-1 (GLP-1) is an
interesting gastrointestinal hormone. After Roux-en-Y
gastric bypass, GLP-1 is secreted by L cells of the small
bowel, with higher concentrations in the distal ileum
and colon. This peptide is produced in response to a
meal and decreases food intake through its effects on
the hypothalamus and brainstem. Additionally, GLP-1
is known to slow gastric emptying, inhibit glucagon
release and stimulate the pancreas to secrete insulin
[21,22]
[23]
(incretin effect)
. Recently, You et al showed that
about 30% of patients with PD were found to have
hypertrophic changes in the remnant pancreas, and
[24]
Wu et al
also reported resolution of diabetes after
PD. They observed resolution of long-standing diabetes
after PD in patients with (3, 9.1% of 33 patients, P =
0.005) and without (6, 9.8% of 61 patients) pancreatic
cancer, suggesting that PD-associated anatomical
changes might play an important role in the resolution
of DM after PD.
Despite conflicting observations about GLP-1 levels
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A

B

Figure 1 Schematic diagrams of pancreaticoduodenectomy and Roux-en-Y gastric bypass.
[35]

[25]

Alignment Effect of GI continuity
In addition to the direct effects of removing organ
by resection, pathophysiological changes after PD
will also be influenced by how the gastrointestinal
alignment is rearranged in the reconstructive phase.
Various methods for reconstruction, similar to
gastrointestinal alignment, have been reported in PD,
[33]
such as Billroth Ⅰ (the Imanaga method) , Billroth
[34]
Ⅱ (the Whipple and/or Child method) , Roux-en-Y
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[36]

loop fashion , an additional Braun anastomosis ,
[37]
and retrocolic/antecolic reconstruction . In
clinical practice, DGE appears to represent the
pathophysiological changes that occur after PD.
Conflicting observations have been reported about
the incidence of DGE, and the exact mechanisms to
explain the occurrence of DGE according to different
reconstruction method remain to be determined.
However, robust evidence is accumulating about the
incidence of DGE according to different gastrointestinal
reconstructive methods following PD (Table 2).
Short-term perioperative outcomes, such as
postoperative complications, length of hospital
stay, and resuming of acceptable diet, are the main
[38]
concerns after PD. Miyakawa et al
demonstrated
that fat absorption after Billroth Ⅰ PG (PG-Ⅰ ) is
superior to that after Billroth Ⅱ PJ (PJ-Ⅱ) in patients
with disordered exocrine function of the pancreatic
remnant, suggesting that PG-I allows for more
effective utilization of the exocrine enzymes of the
pancreatic remnant because of elimination of the
[39]
blind loop characteristic of the PJ-Ⅱ. Ohtsuka et al
evaluated nutritional status and quality of life after
PD, and compared these data between 18 patients
with end-to-end (Imanaga) and 13 patients with endto-side (Traverso) gastrointestinal reconstruction.
They found that the scores of psychosocial conditions
remained low, even over a long-term, in both groups.
However, the values of nutritional parameters showed
no significant difference between the two groups at
each time point, suggesting that the postoperative
quality of life and nutritional status were not different
between Imanaga and Traverso reconstructions after
PPPD. However, a paucity of high-level evidence
exists about long-term outcomes, including nutritional
outcomes and quality of patients’ life, which could be
influenced by potential pathophysiological changes
after PD according to reconstruction methods.
Some recent trials showed that removal of the
pylorus could result in a lower incidence of DGE.
[40]
Matsumoto et al performed a prospective randomized
comparison between PPPD and modified classical PD,
and assessed the effects stomach-preserving PD on

after PD , several studies have investigated changes
[26]
in plasma GLP-1 levels after PD. Ohtsuka et al
previously showed that improved glucose metabolism
after PD was mainly influenced by improved insulin
resistance. They observed significantly increased
plasma GLP-1 levels after PD; however, even after
removal of the pancreatic head (reduced pancreatic
volume), β-cell function did not change. Muscogiuri
[27]
et al
evaluated the effect of duodenectomy on
GLP-1 secretion after PD. They found that PPPD
was associated with a remarkable increase in GLP-1
levels, which reached levels comparable with those
[28]
[29]
observed after gastric bypass . Harmuth et al
reported that conventional PD was associated with
accelerated gastric emptying, enhanced postprandial
GLP-1 release, and improved insulin sensitivity. The
rapid transport of unabsorbed nutrients to the distal
bowel triggers enhanced release of GLP-1, resulting in
improved glycemic control.
Notably, GLP-1 agents used to control diabetes
have been associated with an increased risk of
[30]
pancreatic cancer in patients with type 2 diabetes .
However, a recent study demonstrated that GLP-1
could harbor anticancer properties against pancreatic
cancer. GLP-1 receptor activation has anti-tumor
effects on human pancreatic cancers via inhibition
[31]
of the PI3K/Akt pathway . Additionally, activation
of the GLP-1 receptor was found to inhibit growth
and promote apoptosis of human pancreatic cancer
[32]
cells . PD-induced GLP-1 release can be used for
future treatment of resected pancreatic head cancer,
although further investigations are warranted.
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Table 2 Incidence of delayed gastric emptying according to different gastrointestinal reconstructive methods following
pancreaticoduodenectomy
Ref.

Year

Study design

Primary end
point

Eshuis et al[81]

2014

In PPPD
Antecolic (n = 125) vs
Retrocolic (n = 121)

DGE

Tamandl et al[82]

2014

Imamura et al[83]

2014

Tani et al[84]

2014

Shimoda et al[85]

2013

Ke et al[86]

2013

Gangavatiker et al[87]

2011

Kurahara et al[88]

2011

Chijiiwa et al[89]

2009

Observations

No differences in DGE
(45 patients (36%) vs 41 (34%), absolute risk difference: 2.1%
(95%CI: -9.8-14.0)
No differences in need for postoperative nutritional support, other
complications, hospital mortality, and median length of hospital stay
In PPPD,
DGE
No differences in DGE
antecolic (n = 36) vs retrocolic
(17.6% vs 23.1%, P = 0.628)
(n = 28)
No differences in length of hospital stay [13.0 (10.0-17.5) vs 12.5 (11.0-17.0)
days; P = 0.446], time to regular diet [5 (5-7) d vs 5 (4-6) d, P = 0.353], and NG
tube requirement [4 (3-7) d vs 3 (3-5) d, P = 0.600]
In PPPD,
DGE
No difference in DGE (12.1% vs 20.7%, P = 0.316)
antecolic (n = 58) vs vertical
At postoperative 6 mo, DGE was accelerated in antecolic group
retrocolic (n = 58)
At postoperative 12 mo, better postoperative weight recovery in vertical
retrocolic group (93.8% ± 1.2% vs 98.5 % ± 1.3%, P = 0.015)
In PD,
POPF/DGE No differences in DGE and POPF
Conventional (n = 76) vs
POPF: conventional (34%) vs isolated Roux-en-Y (33%), P = 0.909
Isolated Roux-en-Y (n = 77)
DGE: conventional (12%) vs isolated Roux-en-Y (15%), P = 0.609
In SSPPD,
DGE
Lower DGE in Billroth Ⅱ:
Billroth Ⅱ
(5.7% vs 30.4%, P = 0.028)
(n = 52) vs Roux-en-Y (n =
Shorter hospital stay in Billroth Ⅱ
49)
(31.6 ± 15.0 d vs 41.4 ± 20.5 d, P = 0.037)
Significant association between POPF and DGE (P = 0.037)
In PD
DGE/POPF No differences in DGE and POPF
Continuous loop (n = 109) vs
POPF: continuous loop (17.6%) vs Roux-en-Y (15.7%), P > 0.05
Roux-en-Y (n = 107)
DGE: continuous loop (25%) vs Roux-en-Y (23%), P > 0.05
In conventional PD and
DGE
No difference in DGE
PPPD
(34.4% vs 27.8%, P = 0.6)
Antecolic (n = 32) vs
Retrocolic (n = 36)
In SSPPD,
DGE
Lower incidence of DGE in the antecolic group [20.8% vs 50%, P = 0.0364,
Antecolic (n = 24) vs
especially in the incidence of DGE grade B/C (4.2% vs 27.3%, P = 0.0234)]
retrocolic (n = 22)
Significantly shorter time to full resumption of diet in antecolic group
No significant difference in other postoperative complications
In PPPD,
DGE
No difference in DGE
Antecolic (n = 17) vs
DGE: 6% vs 22%, P = 0.34
retrocolic (n = 18)

PPPD: Pylorus-preserving pancreaticoduodenectomy; DGE: Delayed gastric emptying; PD: Pancreaticoduodenectomy; POPF: Postoperative pancreatic fistula.

status. They observed that the incidence of DGE, as
assessed by the International Study Group of Pancreatic
Surgery, was similar (20% vs 12%, P = 0.414), and
long-term nutritional status indicated by serum
albumin levels, serum total cholesterol levels, and
body mass index during the 3-year follow-up) were
also comparable between the two groups. Similarly,
[41]
Kawai et al
reported their prospective, randomized,
controlled study comparing PPPD and Pylorus-resecting
PD (PrPD), showing that PrPD was associated with a
low incidence of DGE; however, during a 6-mo followup period, comparable outcomes for quality of life,
weight loss, and nutritional status between the two
groups were observed.

Table 3 Definition of postoperative pancreatic fistula
Postoperative pancreatic fistula
Grade
A
General appearance
Well
(clinical condition)
Medical or
No
interventional approach
Postoperative radiologic Negative
finding (US/CT)
Long-time drainage (≥
No
21 d)
Reoperation
No
Mortality related to
No
POPF
Sign of infection
No
Sepsis
No
Readmission
No

B
Often Well

C
Ill appearing, Bad

Yes or No

Yes

Negative or
Positive
Usually Yes

Positive

No
No

Yes
Possibly yes

Yes
No
Yes or No

Yes
Yes
Yes or No

Yes

REMNANT PANCREATIC FUNCTION

US: Ultrasonography; CT: Computed tomographic scan; POPF:
Postoperative pancreatic fistula.

Previously, most concerns after PD were postoperative
pancreatic fistula, because it was one of the main
causes of significant morbidity and mortality related
to PD. However, with advances in surgical techniques,

postoperative DGE occurrence and long-term nutritional
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Table 4 Recent clinical studies about fatty liver after pancreaticoduodenectomy
Definitions of NAFLD

Incidence of
fatty liver,
n (%)

Risk factors/observation

When CTS-L was equal
to or less than 10 HU
When CTL/S was equal
to or less than 0.9 HU
Hepatic CT value of less
than 40 HU

15 (7.8)

In multivariate analysis,
Pancreatic fistula (HR = 3.332, P = 0.037)
External pancreatic duct stent (HR = 4.530, P = 0.017)

44 (40)

7.7 ± 2.1

Hepatic CT value of less
than 40 HU a

20 (37.0)

361

6

When CTL/S was equal
to or less than 0.9 HU

30 (8.3)

2014

100

NA

12 (12)

Nakagawa et al[94]

2014

104

Median 7.7
(2.5-23.6)

When CTL/S was equal
to or less than 0.9 HU
When CTS-L was equal
to or less than 10 HU

Tanaka et al[72]

2011

60

12

When CTL/S was equal
to or less than 0.9 HU
When CTL/S was equal
to or less than 0.9 HU

14 (23)

In multivariate analysis,
Younger age (OR = 1.079, P = 0.002), Female (OR =
6.102, P < 0.001)
Small remnant pancreatic volume (< 10 mL), OR =
4.109, P = 0.009
Suspicion infection on POD7-28 (OR = 3.109, P = 0.027)
In multivariate analysis,
Pancreatic adenocarcinoma (P < 0.05)
Pancreatic resection line (left side of SMA, SMA/PV)
(P < 0.01)
Diarrhea (P < 0.05)
In patients with NAFLD, CTL/S ratio was
significantly improved by pancrelipase treatment
Nutritional status by total protein, albumin,
and cholesterol was significantly improved by
pancrelipase treatment
Severe diarrhea was improved
Malnutrition after PD might be cause for
postoperative NAFLD
In multivariate analysis,
Blood loss (HR = 1.001, P = 0.016)
In multivariate analysis,
Postoperative pancreatic exocrine insufficiency (HR =
4.16, P = 0.02)
In multivariate analysis,
Pancreatic head cancer (OR = 12.0, P = 0.006)
De novo NAFLD after PD was associated with body
weight loss and decreases in serum levels of albumin,
cholinesterase, and total cholesterol
After administration of pancreatic enzyme, body
weight and serum concentrations of albumin,
cholinesterase, and total cholesterol were markedly
increased
In addition, hepatic steatosis and serum AST and
ALT levels were also significantly improved by
treatment
De novo NAFLD after PD was primarily
caused by pancreatic exocrine insufficiency

Ref.

Year

Patient
number

Follow-up
period

Song et al[90]

2011

228

(mo)
16

Sato et al[91]

2014

110

6

Kato et al[92]

2010

54

Nagai et al[71]

2014

Ito et al[93]

26 (25)

NAFLD: Non-alcoholic fatty liver disease; NA: Not available; AST: Aspartate transaminase; PD: Pancreaticoduodenectomy.

perioperative management, and interventional
radiology, most PD-related complications can now be
managed by conservative methods, and surgeons
have begun to focus on long-term functional outcomes
after PD.
Several reports have shown a potential relationship
between morphologic changes (pancreatic atrophy,
stricture, and main pancreatic duct dilatation) and
[42-46]
remnant pancreatic function after PD
. Notably,
[47]
Lemaire et al
evaluated pancreatic function,
pancreatic atrophy, and main pancreatic duct dilation
in the remnant pancreas after PD. They found a
significant reduction in pancreatic parenchymal
thickness and increased dilation of the main pancreatic
duct in remnant pancreas. Finally, pancreatic atrophy
tended to develop over time, and all patients were

WJG|www.wjgnet.com

reported to have reduced levels of fecal-1 elastase.
[48]
Nakamura et al
also demonstrated reduced
pancreatic parenchymal thickness (atrophy), which
indicated pancreatic exocrine insufficiency after PD.
Therefore, this morphological change can indirectly
show the some aspects of exocrine function in the
remnant pancreas remain after PD. Tomimaru et
[49]
al
reported a significant atrophy of the pancreatic
parenchyma that occurred postoperatively in the PG
and PJ groups (P < 0.0001), but these changes were
more severe in the PG group than in the PJ group
(P = 0.0018), suggesting that PJ was preferable to
[50]
PG after PD. Fang et al
evaluated the long-term
morphological and functional outcomes of the remnant
pancreas after PD. The pancreatic duct diameter in the
remnant pancreas usually increased, but there was no
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Liver damage

Inadequate FFA handing
FFA↑

FFA (plasma)↑

TG↑
Lipolysis (fat tissue)↑

TG↑

Endocrine insufficiency

LPS↑
Cytokines↑

TG-hepatic
export↓

Malnutrition
Exocrine insufficiency
Choline↓
ApoB↓

VLDL
Bacteria stasis↑

Figure 2 mechanisms underlying non-alcoholic fatty liver disease after pancreaticoduodenectomy. FFA: Free fatty acid; TG: Triglyceride.

lower postoperative pancreatic and biliary fistula rates
[60]
in PD. One RCT dataset showed that PG was related
not only to a lower POPF rate but also to lower weight
loss and better exocrine pancreatic function compared
with PJ, suggesting that the “battle” between PG and
PJ is ongoing. Most available reports on the functional
outcome of the remnant pancreas following PD were
based on retrospective study designs and limited
numbers of patients. Most RCTs that tested PG and PJ
focused on short-term perioperative outcomes, such as
morbidity and mortality. Therefore, further evidencebased clinical investigations about remnant pancreatic
function following PD should be performed.

significant difference in the pancreatic duct diameter
in both the PJ and PG groups, indicating that there
was no significant difference in pancreatic exocrine or
endocrine insufficiency, or pancreatic morphological
changes. This evidence strongly suggests that the
remnant pancreas following PD will have a chance to
undergo atrophic changes and deteriorating exocrine
pancreatic function after a long period of time.
Generally, there are two methods for remnant
pancreatic reconstruction; PJ and PG. Several
theoretical concerns exist regarding the functional
outcome of the remnant pancreas following PD,
which are as follows: (1) because of the absence of
ampullary function, the remnant pancreas is thought
to be vulnerable to regurgitation of gastrointestinal
fluid into the main pancreatic duct. Most notably in
PG, reflux of ingested food and low pH-gastric juice to
the pancreatic duct can result in chronic inflammation,
stenosis, and inactivation of pancreatic enzymes,
[51,52]
leading to insufficiency of the remnant pancreas
;
(2) in PJ, the easy activation of pancreatic enzymes
can occur by intestinal enterokinase and an alkaline
pH, resulting in irritating the remnant pancreas and
[53]
clinically relevant pancreatic fistula ; and (3) reduced
plasma levels of gastrin resulting from removal of
the duodenum and distal part of stomach can affect
[15,16]
atrophic changes of the remnant pancreas
.
Interestingly, no significant difference in posto
perative morbidity has been observed, even for
[54]
postoperative pancreatic fistula
(POPF, Table 3),
[55-58]
between PG and PJ
. However, a recent meta[59]
analysis
demonstrated that PG was associated with
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NON-ALCOHOLIC FATTY LIVER DISEASE
Non-alcoholic fatty liver disease (NAFLD) is thought
to be associated with excessive nutrition and is one of
[61]
the most common forms of chronic liver disease .
[62]
This disease started to be reported in late 1980 ,
and a few clinical investigations correlating fatty liver
and PD reported that PD can influence hepatic fat
content, which was associated with frequent hepatic
[63,64]
steatosis
. In severe cases, even steatohepatitis
leading to hepatic decompression can develop because
[65]
of malnutrition after PD . Therefore, surgeons
need to be concerned about this condition, especially
in patients expecting long-term survival following
PD. Recent clinical studies of fatty liver after PD are
summarized in Table 4.
The mechanisms underlying NAFLD after PD
(Figure 2) might differ from usual NAFLD associated
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with metabolic syndrome because NAFLD after PD
was related to non-obese status, malnutrition, and a
[66]
lack of hyperlipidemia or insulin resistance . Most
studies listed in Table 4 directly and indirectly suggest
that malnutrition resulting from exocrine pancreatic
insufficiency might cause NAFLD after PD. Pancreatic
exocrine insufficiency induced malabsorption of
essential amino acids, such as choline, which might
[67]
result in the development of NAFLD after PD . It
has been shown that choline deficiency reduces
[68]
plasma levels of apoprotein B , a major component
very-low-density lipoprotein (VLDL), suggesting
impaired hepatic export of TG in the form of VLDL.
Insufficient secretion of insulin could play another
role in the development of NAFLD after PD, which
can enhance peripheral lipolysis and increase hepatic
FFA uptake, and liver could have some difficulty in
handling hepatic fat secretion by coupling triglyceride
[69]
to apoprotein B , which plays an important role
in secreting triglycerides from hepatocytes as VLDL
particles. Overgrowth of small intestinal bacteria and
[70]
hepatic stimulation of LPS
because of intestinal
motor dysfunction and stasis can reduce the secretion
of gastric juices and blind loops can also play an
important role in NAFLD after PD. Therefore, NAFLD
after PD represent the nutritional status of patients and
is clinical reflection of the pathophysiological changes
that occur after PD. Interestingly, NAFLD after PD is
[71,72]
known to be associated with pancreatic cancer
and
[73]
chemotherapy , so it will be interesting to investigate
the potential correlation between the degree of posthepatic steatosis and oncologic outcomes in resected
pancreatic head cancer.

Support Section, Yonsei University College of Medicine,
Seoul, Korea) for his excellent illustrations in the
papers.
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Brain metastasis from esophageal carcinoma (BMEC) is
very rare, but its incidence has increased in the United
States, Japan, China and other counties. Reports on
BMEC have largely been focused on examining whether
adjuvant therapy for esophageal cancer influences
the survival duration of BMEC patients and on the
imaging characteristics of BMEC determined using new
medical equipment. The difference between different
pathological types of esophageal cancer, especially
adenocarcinoma and squamous cell carcinoma, is
one important factor used to assess the influence of
BMEC. Adjuvant therapy, including radiotherapy and
chemotherapy, for esophageal cancer with different
characteristics in different countries may affect BMEC
treatment outcomes. The degree of popularization
of advanced medical equipment is a major concern
related to the prevalence of BMEC. Furthermore,
targeted BMEC treatment is under development in
developed countries. In this article, we reviewed the
debate surrounding BMEC and analyzed BMEC studies
from different perspectives.
Key words: Brain metastasis; Esophageal carcinoma;
Magnetic resonance imagin; Computed tomography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The incidence of brain metastasis from
esophageal carcinoma (BMEC) is extremely low but
has increased in recent years. The relevant reports
on this unique disease have primarily focused on
issues such as whether the auxiliary treatment of
esophageal cancer promotes BMEC, the correlation of
survival duration with different treatment methods,
and imaging characteristics determined using various
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imaging approaches. We reviewed the different
perspectives of BMEC and compared BMEC studies
performed in different countries.

is not well controlled, treatment includes WBRT and
possibly chemotherapy. In general, the primary
treatment for multiple metastatic brain tumors (or
multiple tumors that are not close to each other) is
WBRT. If no primary cancer site is found, surgery may
be performed to obtain a tissue sample, which is likely
followed by WBRT. There is growing interest in the
efficacy of chemotherapy for metastatic brain tumors.
However, many unresolved issues regarding BMEC
diagnosis and treatment merit further exploration.
This review summarizes the issues concerning the
diagnosis and treatment of BMEC and discusses
possible solutions for these issues.

Feng W, Zhang P, Zheng X, Chen M, Mao WM. Incidence
and treatment of brain metastasis in patients with esophageal
carcinoma. World J Gastroenterol 2015; 21(19): 5805-5812
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i19/5805.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i19.5805

INTRODUCTION
Metastatic brain tumors are the most common type
of brain tumor in adults. Brain metastasis (BMs)
[1]
occur in approximately 25%-35% of malignancies .
Lung cancer (48%) and breast cancer (15%) are the
[2,3]
primary metastatic brain tumors . However, BM
from esophageal carcinoma (BMEC) is extremely rare.
According to Bartelt and colleagues, the incidence of
BM from gastrointestinal tumors, including esophageal,
[4]
gastric, and colorectal carcinomas, is less than 4% .
As the incidence of esophageal cancer has been
reported to have gradually increased in the United
[5]
States , the number of reports on BMEC has also
[6]
increased in recent years . Advances in neuroimaging
such as computed tomography (CT) scanning and
magnetic resonance imaging (MRI) have contributed
to the early detection of BMEC. Esophageal tumor
pathology can be classified as adenocarcinoma,
squamous cell carcinoma, and small cell carcinoma,
all of which are likely to metastasize to the brain.
We searched the literature in PubMed and found 346
articles from 13 countries on BMEC, 321 of which were
original articles (United States 144, Japan 103, China
31, China and Japan 6, Germany and Austria 21,
and Germany 16) and 25 of which were case reports
(Japan 5, United States 8, Turkey 1, Italy 4, Ireland 1,
Australia 1, Iran 1, India 1, United Kingdom 1, Canada
1, China 1). The literature discusses the incidence,
clinical characteristics, survival and some unusual
phenotypes of BMEC.
It is generally thought that BM only occurs with
esophageal cancer recurrence or in the advanced
disease stage. However, BM also occurs in the early
[7]
stage of the primary esophageal lesion . Regarding
the treatment of BM from lung cancer, BMEC is treated
via surgery, radiotherapy (RT), and chemotherapy.
Generally, the therapeutic approaches for BM are
determined based on the type of metastasis, i.e.,
single, limited or multiple BMs. If a patient has a
limited number of metastatic brain tumors (generally
1-3 tumors or a small number of tumors that are
close to each other) and if the primary cancer is
under control, surgery is performed to confirm the
diagnosis and to remove the tumor, followed by RT.
RT may involve whole-brain RT (WBRT), stereotactic
radiosurgery, or both. However, if the primary cancer
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INCIDENCE OF BMEC
th

In the 20 century, the most accurate method for
confirming BMEC was autopsy; physicians were
surprised by the initial discovery of BMEC based on
autopsy. Since then, different groups have reported
varying BMEC incidence rates: some have reported
[8-11]
incidence rates of 1%-5%
, whereas other studies
based on autopsies of over 200 BMEC cases reported
[12-14]
rates of 0%-0.9%
. However, it is difficult to
determine the reliability of such reports because from
the current perspective, it appears that finding tiny or
single BMEC lesions during an autopsy is impossible.
Therefore, the reliability of the incidence rates obtained
during autopsy is debatable.
Historically, Dunlap was the first to report BMEC
[15]
in one patient with esophageal cancer in 1932 .
Since then, few new cases have been reported. In
[16]
1978, Irie and colleagues
stated that only four
BMEC cases had been reported in the previous 50
years. This situation subsequently changed, and
additional BMEC cases have been reported since CT
imaging technology was applied in clinical practice in
the 1970s. However, the BMEC cases initially detected
on CT were considered as accidental events and not
worthy of further exploration; thus, no relevant reports
were published. In the 1980s, MRI provided a popular,
powerful tool for diagnosing BM. It was difficult to
detect small lesions in the brainstem and cerebellum
using CT, but such lesions could be detected via MRI.
Until recently, most BM cases were detected via MRI or
CT. Of the BMs detected, only those treated surgically
were pathologically confirmed.
Similar to the debate concerning the incidence
of BMEC detected during autopsy, the incidence of
BMEC based on CT or MRI remains controversial due
to historical and technical issues. Regardless of the
method used to determine the BMEC incidence, we
cannot deny that there is an increasing number of
BMEC patients in the clinic.

CHARACTERISTICS OF PATIENTS WITH
BMEC IN DIFFERENT COUNTRIES
In previous years, most BMEC reports came from the
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be very difficult. Thus, in this review, only the 36 cases
reported in the Japanese literature after 2002 were
included for comparison. As improved chemotherapy
and novel chemotherapeutic agents have been used in
the clinic in China, the overall survival of esophageal
cancer patients has been prolonged to a certain
extent, and more BMEC patients have sought clinical
assistance. BMEC cases confirmed by autopsy in
China remain rare because of local customs; Chinese
patients are typically unwilling to permit autopsy after
their death. A comparison of the clinical characteristics
[18]
[20]
of BMEC cases in China , the United States , and
[19]
Japan is shown in Table 1; 31 Chinese patients were
diagnosed and treated at our hospital. We have also
included published reports from the MD Anderson
Cancer Center in the United States in this review.
As shown in Table 1, it is evident that the
pathological characterization of BMEC varies between
the three countries. Adenocarcinoma was primarily
detected in the United States, which is a Western
country; squamous cell carcinoma was more common
in Japan and China, which are Asian countries. Small
cell esophageal cancer was identified in patients
from both Japan and China, whereas more patients
from the United States had multiple lesions, of which
adenocarcinoma was the most frequent. In terms
of therapy, standard treatment was commonly used
in the United States, whereas additional therapeutic
approaches were provided in Japan and China. For
squamous cell carcinoma cases, Chinese patients
were generally in good condition, whereas 61.1%
of Japanese patients were in recursive partitioning
analysis class Ⅲ.
The Japanese study records of 36 patients (1.4%)
with BMEC who were treated between 1986 and
2000 were reviewed. A total of 2554 patients with
esophageal carcinoma were treated at three different
hospitals. An American study conducted at The
University of Texas M. D. Anderson Cancer Center
identified 1588 patients with primary esophageal
carcinoma between June 1, 1993 and July 31, 2001.
Of these patients, 27 (1.7%) were diagnosed with
BMEC. A Chinese study was based on more than 10
000 patients with esophageal carcinoma from 1953
to 2003 at Zhejiang Cancer Hospital. Only 31 patients
(approximately 0.3%) with BMEC were found. As
mentioned above, autopsy performance and historical
and technical factors are the key factors that explain
the different incidences between the three countries.

Table 1 Comparison of the clinical characteristics of brain
metastasis from esophageal carcinoma patients in different
countries n (%)
Clinical
characteristic

Japan

[19]

n = 36
2003-2010

Pathology
Squamous cell
carcinoma
Adenocarcinoma
Small cell
carcinoma
Other
RPA class
Ⅰ
Ⅱ
Ⅲ

Number of BMEC
lesions
Single
Multiple
Location of BMEC
Cerebral
hemisphere
Cerebellum
Other
Other metastatic
sites
Yes
No
Treatment for
BMEC
Chemotherapy
alone
RT alone
Surgery alone
Surgery + RT
Surgery +
chemotherapy
Chemotherapy +
RT
Surgery + RT +
chemotherapy
Palliative care

[20]

United States
n = 27
1993-2001

[18]

China
n = 31
2000-2012

23 (64)

2 (7)

26 (83.8)

5 (14)
5 (14)

22 (82)
0

3 (9.7)
2 (6.5)

3 (8)

3 (11)

0

3 (8)
11 (31)
22 (61)

2 (7)
21 (78)
4 (15)

9 (29)
19 (61.3)
3 (9.7)

19 (53)
17 (47)

13 (48)
14 (52)

18 (58.1)
13 (41.9)

25 (69)

5 (18)

47 (75.8)

8 (22)
3 (8)

22 (82)

25 (69)
11 (31)

19 (70)
8 (30)

16 (51.6)
15 (48.4)

3 (8)

0

3 (9.6)

9 (25)
12 (33)
5 (14)
1 (3)

15 (56)
6 (22)
6 (22)

9 (29)

15 (24.2)

2 (6.5)

1 (3)

11 (35.5)

0

4 (12.9)

5 (14)

2 (6.5)

BMEC: Brain metastasis from esophageal carcinoma.

United States and Japan, whereas fewer reports have
come from China, where more cases of this disease
[17]
have been found
but where the investigation has
been focused on the diagnosis and treatment of
[18]
BMEC . The United States was the first to attach
great importance to BMEC; this emphasis was followed
by substantial research worldwide on the diagnosis
and treatment of BMEC. However, one issue arose
from those studies: the repeated submission of case
reports by diligent Japanese doctors resulted in a large
number of repeated cases being reported. Ogawa
[19]
and colleagues
believed that excluding the 36 cases
that they had reported, there were only 61 cases of
BMEC in Japan prior to 2002, of which 35 cases were
published in 13 English journals and the remaining 26
cases were published in 14 Japanese journals. If this
is the case, retrospective studies on the diagnosis and
treatment of BMEC based on previous literature would
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AUXILIARY TREATMENT OF
ESOPHAGEAL CANCER PROMOTES
BMEC
[21]

Thomas et al
first proposed the hypothesis that the
auxiliary treatment of esophageal cancer promotes
BMEC in 2006. In their study, they included 403
patients with esophageal cancer who received only
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esophageal radical resection and 369 patients who
received adjuvant therapy in addition to radical
resection from 1985 to 2002; the latter group included
118 patients who received preoperative adjuvant
therapy, 124 patients who received postoperative
adjuvant therapy, and 127 patients who received both
forms of adjuvant therapy. The risk of BM occurrence
between the two groups was compared. Years later,
they found that 29 patients (6 from the control group
and 23 from the intervention group) developed BM,
20 of whom developed BM within one year. The risk of
BM occurrence was 2.5%, 4%, 7.0%, and 18.4% in
the control, preoperative intervention, postoperative
intervention, and preoperative and postoperative
intervention groups, respectively. Thus, preoperative
and postoperative adjuvant therapy and distant
metastasis were identified as risk factors affecting the
survival of BMEC patients. In that study, the overall
median survival of BMEC patients was only 3.5 mo.
Moreover, some authors proposed that not only the
disease itself but also the adjuvant chemo-radiation
therapy affects the development of BMEC. In 2007,
[22]
Kawabata et al
reported a retrospective study of
254 esophageal cancer patients who received either
surgery alone or surgery and adjuvant chemotherapy
from 1984 to 2004. They showed that of the 73%
of patients who received chemotherapy, 11 patients
developed BM. The clinical stage and the performance
of chemotherapy treatment during surgery were
closely related to BMEC development. Furthermore, it
is unclear whether patients receiving trimodal therapy
[23]
should be screened for BM. In 2013 , 518 esophageal
adenocarcinoma patients receiving trimodal therapy
were retrospectively analyzed. In that study, distant
metastasis was found in 188 cases (36.3%), including
20 cases of BM (3.9%). Most patients (90%) with BM
were diagnosed within 24 mo of surgery. Although
17 of these 20 patients received therapy for BM, their
median overall survival was only 10.5 mo (95%CI:
6.6-14.0). It is difficult to detect BM by screening EC
patients who receive adjuvant RT or chemotherapy
because the incidence of BM after adjuvant therapy is
relatively low. This conclusion should be considered
with caution because patients who receive chemo
therapy and adjuvant treatment are often in the very
late stages of esophageal cancer (Ⅲ -Ⅳ ), in which
immune function may be impaired by the progression
of the disease, resulting in tumor metastasis.

of the esophagus was detected. In those cases, BM
was often misdiagnosed as meningitis, a pituitary
tumor, or glioma. BM predominantly occurs after
[4,6,7,18,20-23]
treatment
based on the results of BM
[27]
[17]
[28]
[29]
occurrence at 5 , 6.7 , 8.4 , or 10 mo
after
treatment, ranging from 4 to 57 mo. Clinical staging
and adjuvant therapy are considered to be associated
with BMEC, but the factors influencing the interval from
treatment to BMEC occurrence have not been clarified.

UNCERTAIN VALUE OF THE UNIQUE
IMAGING CHARACTERISTICS OF BM
Although there has been an increase in the number
of reports on BMEC due to the clinical application of
CT, few studies have analyzed the CT data from BMEC
[30]
patients. In 1995, Gabrielsen et al
reported 334
esophageal cancer cases, which included 230 cases
of adenocarcinoma (male:female ratio = 202:28)
and 104 cases of squamous cell carcinoma (male:
female ratio = 61:43). BM ultimately developed in
only 10 cases of adenocarcinoma and two cases of
squamous cell carcinoma. Therefore, it was believed
that the incidence rate of BMEC in that study was low
(only 3.6%). At that time, CT was not recommended
as a routine examination tool due to its cost. Since
their report was published nearly 20 years ago,
many changes have been made in clinical diagnosis
because of the fast-growing economy. In recent
decades, additional CT findings of BM have been
reported. Among those reports, that by Takeshima
[28]
and colleagues of CT data from eight BMEC cases is
considered as a classic report even today. Their study
reported that CT displayed enhanced thin-walled cystic
lesions in four of six squamous cell carcinoma cases
and in both cases of small cell carcinoma. They stated
that the enhancement of thin-walled cystic lesions
in the CT images was the primary characteristic of
BMEC. Although many have cited this report in the
past decade, the number of cases in these reports
is smaller than the number of cases in the original
report. Moreover, the MRI characteristics of BM from
adenocarcinoma remain unknown. Thus, further
investigations exploring the imaging characteristics
of BM are needed. Additional imaging characteristics
of BM aside from the thin-walled cystic contents and
the enhanced thin-wall cystic lesions reported by
Takeshima and colleagues are anticipated because BM
is often mistaken for other diseases, as some BM cases
do not exhibit any symptoms to support the diagnosis
of BM.

MISDIAGNOSIS OF BMEC THAT OCCURS
EARLIER THAN THE DIAGNOSIS OF
ESOPHAGEAL CANCER

VARIED SURVIVAL DURATION AFTER
THE TREATMENT OF BMEC

[4,6,7,18,20-23]

BM typically occurs after treatment
, although
concurrent BM and EC have been rarely reported (less
than 10 cases in the literature). In some individual
[7,24-26]
case reports
, especially in misdiagnosed
[7,25,26]
cases
, BM was found before the primary lesion
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The efficacy of BM treatment is an interesting topic.
Until recently, there were no prospective randomized
controlled clinical trials or comprehensive analyses
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We treated a patient with squamous cell carcinoma
who had survived for almost 14 years and who had
undergone brain surgery and chemotherapy for
BMEC that was discovered 15 mo after postoperative
chemotherapy for esophageal cancer. At present, this
is likely the longest survival duration among BMEC
[18]
patients . Prolonged survival confirms the hypothesis
that surgery combined with RT and chemotherapy
leads to better treatment effects for patients with
a single brain lesion. The difference in the survival
duration of patients with adenocarcinoma-associated
BMEC and those with squamous cell carcinoma[6]
associated BMEC has recently been debated .
This issue should not be overlooked. Regarding the
mechanism underlying tumor metastasis, the primary
tumor may develop simultaneously metastatic tumors
in the brain and in other organs. Therefore, targeted
therapy may also be effective for BMEC. Data from
[27]
the Shizuoka Cancer Center in Japan
showed that
BMEC patients with squamous cell carcinoma had a
median survival duration of only 2.1 mo; the majority
of these patients had multiple lesions, double primary
cancers, and low Karnofsky performance status scores.
That study also reported that the examined patients
died soon after treatment, indicating the association of
survival with the time at which MRI was performed. In
that study, MRI was performed after the BM patients
had developed symptoms from the lesion, i.e., in the
very late stage of BM.
Small cell carcinoma is the most common type of
esophageal cancer in regions such as China and Japan.
Currently, there is a great deal of information regarding
[37]
this disease in China . Small cell esophageal carcinoma
is more aggressive than esophageal adenocarcinoma
[38]
or squamous cell carcinoma . Among the 31 patients
[18]
with BMEC at our hospital , two patients with small
cell esophageal cancer had multiple lesions in the
brain and metastatic tumors in other organs. One
patient in particular had multiple metastatic tumors
in the cerebrum, the cerebellum, the brainstem, and
the spinal cord. These patients exhibited neurological
symptoms during treatment of their esophageal lesion.
RT displayed a higher treatment efficacy in the patients
with small cell esophageal cancer. After treatment, the
cerebral spinal lesions disappeared from CT or MRI
scans. This finding indicates the primary difference
between small cell esophageal cancer and esophageal
adenocarcinoma or squamous cell carcinoma. Given its
many cystic lesions, esophageal adenocarcinoma and
squamous cell carcinoma do not respond to RT.

Table 2 Outcomes of different treatment methods
Study

Ogawa et al[19]

Total
Weinberg et al[20]

Total
Wadhwa et al[23]
Kanemoto et al[27]

Total
Yoshida[36]

Number of
patients

Treatment

Median
survival
(mo)

Factors
influencing
prognosis

12

SR + WBRT

9.6

24
36 (MOS)
4

WBRT

1.8
3.9
9.6

Treatment
plan
KPS score

6
15
2
27 (MOS)
20 (MOS)
6
2
2
1
1
12 (MOS)
3
7
4
3
(No MOS)

SR + WBRT
SR
WBRT
SRT

WBRT
SR + WBRT
SRT
SRS
None
SR + WBRT
SR
SRT
WBRT

3.8
3.9
2.5
3.8
10.5
1.6
4.1
4.0
18.2
0.4
2.1
65.5
17.7
9.5
27.1

Liver
metastasis
RPA class

None
None

None

MOS: Overall median survival; KPS: Karnofsky performance status;
SR: Surgical resection; SRS: Stereotactic radiosurgery; SRT: Stereotactic
radiotherapy; RPA: Recursive partitioning analysis; WBRT: Whole-brain
radiation therapy.

involving a large cohort of BMEC cases demonstrating
the effectiveness of different treatments. Moreover,
many publications have reported varying results for
different BM treatment approaches. In general, the
BM treatment approaches include simple surgery,
chemotherapy, RT, or a combination of two or all of
these approaches. There are three types of surgery
[26]
for BM: punch partial excisional biopsy , subtotal
[31]
[21-23]
tumor removal , and single lesion resection
.
Combined 5-fluorouracil (5-FU) and platinum is the
most commonly used chemotherapy for BM. Other
drugs such as doxorubicin, irinotecan, and cetuximab
[23]
are also used . RT includes WBRT, partial brain
irradiation combined or not combined with WBRT,
conformal RT, intensity-modulated RT, and stereotactic
[23]
body RT . The use of local heavy ion and proton
irradiation has been reported in Japan. Chemotherapy
can be administered before surgery, after surgery, or
both. The primary tumor and metastatic lesions can be
treated simultaneously in some patients in whom BM
[26]
and esophageal cancer are detected simultaneously .
Some BM patients may abandon treatment for
various reasons, leading to a short survival duration
[27]
that ranges from 10 d to 2 mo . Survival duration as
a treatment outcome in several reports is summarized
in Table 2. However, because of the limited number of
cases, we were unable to compare the effectiveness
of different treatments. There are a few reports of
patients with esophageal cancer with longer survival
[32-36]
durations, e.g., exceeding 6 years and 11 years
.
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POTENT TARGETED THERAPY FOR
BMEC TREATMENT
As the majority of BM of gastroesophageal junction
cancer is adenocarcinoma, it is possible to use
targeted therapy to treat BMEC in the same manner
as it is used to treat lung cancer. For example, Geldart
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[39]

and Astras
reported in 2011 that one case of
adenocarcinoma BM in which lesions developed rapidly
did not respond to chemotherapy. However, after using
trastuzumab combined with chemotherapy, the lesion
in the brain shrank and was controlled.
[40]
In 2012, Abu et al
performed a retrospective
study of 142 cases of esophageal cancer in the past
10 years. In that report, the overexpression of human
epidermal growth factor receptor type 2 (HER2) was
detected via immunohistochemistry in five (56%) out
of nine patients with BM. The authors suggested that
HER2 overexpression correlated with postoperative
[41]
BM. In 2013, Preusser et al reported a similar study
involving 21 cases of esophageal cancer and BM in
which only one case was squamous cell carcinoma
and all of the others were adenocarcinoma. Among
these tumors, three (14%), seven (33%), nine (43%),
18 (86%), and 0 were positive for HER2, epidermal
growth factor receptor (EGFR), phosphorylated signal
transducer and activator of transcription 3 (pSTAT3),
hypoxia-inducible factor-1α (HIF1-α), and BRAF
V600E, respectively. Moreover, the median Ki-67 index
was 59%, and the microvessel density was 20/21
(95%). That study also showed that HER2 and EGFR
expression correlated with the primary tumor and
brain lesions, suggesting that HER2 and EGFR might
be angiogenic factors that can be used as targets
[42]
for the treatment of BMEC. In 2014, Niu et al
reported a HER2-positive esophageal adenocarcinoma
patient who was treated with trastuzumab and
lapatinib; brain metastasis occurred after the liver
metastases responded well to treatment. Negative
HER2 expression was detected in the brain lesion.
Another study reported a young patient (33-yearold) with Williams Syndrome, a multisystem neu
[43]
rodevelopmental disorder , and concomitant eso
[24]
phageal cancer who ultimately developed BM . The
patient was diagnosed based on hemizygosity for
7q11.23, as assessed by FISH. The report proposed
the hypothesis that a genetic abnormality may cause
BM.

For most CUP patients with BM, the primary tumor is
difficult to detect, but evidence can be found in some
cases. In a case of BM with initial neural symptoms,
the postoperative pathological examination of brain
lesions showed that they were poorly differentiated
adenocarcinoma and ganglioneuroma. Subsequently,
[44]
the primary esophageal lesions were identified . This
case may have been the first example of BM coincident
with ganglioneuroma. As another example, a 72-yearold male patient with both prostate and esophageal
[45]
cancer
underwent brain lesion resection, and the
pathological findings comprised a 2.5-cm cerebellar
lesion containing both esophageal and prostate cancer
components.
In conclusion, studies on BMEC are limited, and
these studies have primarily been performed in
Japan and the United States (a total of 260 cases).
Moreover, studies in this field are not as thorough as
those of lung cancer. Due to the issue of inconsistent
data, it is difficult to compare the results provided
by different hospitals in different countries. In recent
years, additional attention has been focused on BMEC
development and its diagnosis and treatment. In
2014, the median survival of thirty BMEC patients who
underwent gamma knife radiosurgery was only 4.2
[46]
mo . We expect that more joint projects, including
basic and clinical studies, on BMEC will be conducted
by researchers in different countries. We believe that
further investigation of the diagnosis and treatment
of BMEC will benefit many patients with esophageal
cancer.
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MINIREVIEWS

Liver involvement in pediatric celiac disease
Caterina Anania, Ester De Luca, Giovanna De Castro, Claudio Chiesa, Lucia Pacifico
the disease can affect many extraintestinal organs and
systems, including the liver. The hepatic dysfunction
presenting in CD ranges from asymptomatic liver
enzyme elevations or nonspecific reactive hepatitis
(cryptogenic liver disorders), to chronic liver disease.
In this article, we review the clinical presentations
and possible mechanisms of CD-related liver injury to
identify strategies for the diagnosis and treatment of
these disorders in childhood.
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Core tip: Celiac disease (CD) is increasingly reported
in children who are symptomless or present atypical
symptoms and signs. Liver abnormalities are common
extraintestinal manifestations in patients with CD and
range from mild hepatic injury to severe liver disease.
Awareness of this may help clinicians to improve
strategies for the diagnosis and treatment of these
disorders in childhood.
Anania C, De Luca E, De Castro G, Chiesa C, Pacifico L. Liver
involvement in pediatric celiac disease. World J Gastroenterol
2015; 21(19): 5813-5822 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/5813.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5813

INTRODUCTION

Abstract

Celiac disease (CD) is a chronic intestinal inflammatory
disease that manifests in genetically susceptible
[1]
individuals when exposed to dietary gluten . The
prevalence of CD is high in the European and North
American population (1%), reaching 10% to 15%
in patients who have first-degree relatives with this
[1,2]
disease . Genetic predisposition plays an important

Celiac disease (CD) is an intestinal inflammatory disease
that manifests in genetically susceptible individuals
when exposed to dietary gluten. It is a common chronic
disorder, with a prevalence of 1% in Europe and North
America. Although the disease primarily affects the gut,
the clinical spectrum of CD is remarkably varied, and
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role in the development of CD. Ninety percent
of affected individuals carry the HLA-DQ2 (e.g.,
DQA1*0501-DQB1*0201) haplotype, 5% the DQ8
haplotype (e.g., DQA1*0301-DQB1*0302), and the
remaining 5% carry at least one of the two DQ2 alleles
[1,3]
(frequently the DQB1*0201) . Ingestion of gluten is
[4]
necessary for the disease to develop . Immunogenic
peptides, created by deamidation of food-derived gliadin
peptides by small intestinal tissue transglutaminase,
are presented by antigen-presenting cells, mostly
dendritic cells bearing HLA-DQ2 and DQ8 molecules, to
+
[4]
proinflammatory CD4 T cells, activating them . Upon
activation, the T cell produces a variety of cytokines
like interferon-gamma as part of a Th1 response
which results in clonal expansion of activated T cells,
stimulation of cytotoxic T cells and B cell recruitment
with subsequent production of anti-gliadin (AGA)
[4]
and anti-transglutaminase antibodies (tTGA) . Thus,
intolerance to gluten is responsible for an immunemediated damage of the intestinal mucosa, which
[4]
resolves after a gluten-free diet (GFD) .
CD diagnosis still relies on serology and small
intestinal biopsy. tTGA and anti-endomysial antibodies
(EMA) of the immunoglobulin A (IgA) class have
the highest diagnostic accuracy with a sensitivity of
98% and a specificity ranging from 90% to 99%.
Deamidated gliadin peptide antibodies (DGP) of IgG
class are a valuable diagnostic tool for identifying CD in
patients with IgA deficiency and in children aged less
than 2 years. Small bowel biopsy remains in adults
the diagnostic gold standard, whereas in children and
adolescents, as recently recommended, CD diagnosis
can be accepted without the need for duodenal biopsy
in symptomatic cases showing tTGA at high titer (>
10-times upper normal limit), backed up by EMA and
[3]
HLA-DQ2 and/or positive DQ8 .
Although CD primarily affects the gut, the clinical
manifestations of the disease are remarkably wide,
with many extraintestinal organs and systems,
[5,6]
including the liver, affected . Liver changes in patients
with CD have been reported since 1977 by Hagander
[7]
et al who demonstrated that transaminases were
often increased in untreated CD, normalizing upon
a strict GFD. More recently, studies performed after
CD was identified as an autoimmune disease, have
underlined the strong relationship between CD and
autoimmune liver disorders. In this article, we review
the clinical presentations and possible mechanisms of
CD-related liver injury in order to identify strategies
for the diagnosis and treatment of these disorders in
childhood.

CD had increased serum concentrations of trans
aminases, which returned to normal upon GFD in
the majority of patients. One year later, Lindberg et
[8]
al reported elevation of serum aminotransferases
in about one-third of pediatric patients with CD.
Approximately one decade later, a mild to moderate
hypertransaminasemia was observed in about 60%
of symptomatic Italian children aged less than 2
[9]
years with newly diagnosed CD . Prevalence studies
have reported that transaminases are elevated in
[10-12]
39% to 47% of celiac adults
and in 26% to
[9,13-15]
57% of children at diagnosis of CD (Table 1)
.
Frequently, elevation in transaminases is mild, and is
not associated with hepatomegaly or splenomegaly. In
[10,16-18]
those patients who had undergone liver biopsy
,
histological changes such as Kupffer cell hyperplasia,
mononuclear cell infiltration, steatosis, and mild fibrosis
have been reported. In most cases, transaminase
values normalized upon a 1-year GFD.
Conversely, CD is present in patients investigated
because of chronic unexplained hypertransaminasemia.
[18]
Volta et al
for the first time reported that adults
with elevated concentrations of aminotransferases
of unknown origin were affected by symptomless
CD. Five of the 55 study patients with cryptogenic
elevation of transaminases fulfilled the criteria for CD
diagnosis. Other common causes of liver disease were
excluded. Three of these patients showed histologically
a picture of reactive hepatitis typical of CD patients
with elevated transaminases. The importance of these
findings has been confirmed by other investigators,
who found a similar prevalence of CD in large patient
[19]
populations with cryptogenic hypertransaminasemia .
[20]
Recently, Sainsbury et al
conducted a metaanalysis to estimate the prevalence of CD in adults
with cryptogenic hypertransaminasemia, as well as
the prevalence of hypertransaminasemia in those with
incipient CD. The combined proportion with positive
celiac serology and biopsy-proven CD in unexplained
hypertransaminasemia were 6% (95%CI: 3%-10%)
and 4% (1%-7%), respectively. However, there was
significant heterogeneity between studies (P < 0.001).
This is about four times the risk of CD, in the general
[20]
population (about 1%) . The combined proportion
with abnormal serum aminotransferases in incipient
CD was 27% (13%-44%). A 12-mo GFD normalized
serum transaminase values in 63%-90% of patients.
Discordant results were reported by Korpimäki et
[21]
al
in a large population-based study including celiac
patients with minor or atypical symptoms, and with
or without GFD, as well as subjects without CD. The
authors estimated that only 11% of the untreated
celiac patients had elevated transaminase values.
This prevalence was about the same as was found in
treated CD cases and controls without CD. Variation
in the CD clinical presentation and severity, as well
as definition of the upper normal limits for serum
transaminases may account for such discrepancies.

CRYPTOGENIC LIVER DISORDER (CELIAC
HEPATITIS)
An association between CD and cryptogenic liver
damage was first reported in 1977 by Hagander
[7]
et al who found that 40% of adults with incipient
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Table 1 Studies reporting the prevalence of cryptogenic hypertransaminasemia in children and adolescents with celiac disease
Ref.

Study design

Study
population
with CD

Diagnosis of CD Number of patients
with elevated
transaminases

Effect of GFD

Comment

Bonamico et al[9], 1986 Observational 65 untreated Intestinal biopsy
37 (56.9%) had
symptomatic
elevated (> 45
children aged
U/L) ALT (3.1%)
6-mo to 18 yr
or AST (29.2%) or
both (24.6%)
Farre et al[13], 2002

Arslan et al[14], 2005

Di Biase et al[15], 2010

Prospective

Only 5 cases had
Excluded were Hepatitis A and B,
a follow-up for
but not other causes of liver disease
3-4 wk after GFD:
normalization of
transaminases was
achieved in all
37 (32.0%) had
35 of 37 had a followelevated1 ALTup for 9-18 mo after
or- AST (14.9%) or
GFD: normalization
both (14.9%)
of transaminases was
achieved in all
7 (25.9%) had
All patients had
elevated ALT (> 45
normalization of
U/L)
transaminases after 2-11
mo of GFD

114 untreated Serology (EMA
symptomatic
IgA or IgG
children aged and tTGA IgA)
9-mo to 17 yr and/or intestinal
biopsy
Observational 27 untreated Serology (EMA
symptomatic
IgA and AGA
children with IgA/IgG) and/or
a mean age of intestinal biopsy
6 (SD 5) years
Prospective 350 untreated
Serology and
140 (40.0%) had
children with intestinal biopsy elevated AST (≥
suspected CD
according to
38 U/L) and/or
aged 1 to 16 yr the ESPGHAN ALT (≥ 41 U/L);
criteria
four with values
> 5 times upper
normal levels

Normalization of
transaminases after
6 mo of GFD was
achieved in 133 (97.8%)
of 136 children with
transaminase values <
5 times upper normal
levels

The four children with
transaminase values > 5 times
upper normal levels as well as
the 3 children with persistent
elevated transaminases had
further laboratory investigation
and were found to be affected by
autoimmune hepatitis

1

Normal reference values for AST < 50 U/L from 1 to 6 years, < 38 U/L from 6 to 18 years; for ALT < 31 U/L from 1 to 18 years. CD: Celiac disease;
GFD: Gluten-free diet; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; IgA: Immunoglobulin A; IgG: Immunoglobulin G; EMA: Antiendomysial antibodies; tTGA: Anti-tissue transglutaminase antibodies; AGA: Anti-gliadin antibodies; ESPGHAN: European Society for Paediatric
Gastroenterology, Hepatology and Nutrition.

Also in children, hypertransaminasemia may
represent the only manifestation of CD. In 1986
an 11-year-old girl with a chronic and unexplained
elevated aminotransferases was reported. Liver
histology evidenced slight inflammation of the
[22]
portal tract . CD was diagnosed on the basis
of antireticulin antibodies and subsequently by
intestinal biopsy. Seven years later six children with
chronic hypertransaminasemia and histologic findings
ranging from reactive hepatitis to moderately active
[23]
chronic hepatitis, were reported . They were
asymptomatic and had jejunal histology consistent
with CD diagnosis. In all subjects, transaminases
normalized on a GFD. Resolution of hepatic histologic
lesions occurred in two children, whereas amino
transferases increased in three children upon a
[23]
gluten challenge . Finally, in a prospective study
involving 425 children and adolescents with isolated
[24]
hypertransaminasemia, Iorio et al
found 166
patients with persistently (more than 6 mo) elevated
transaminases of whom three (1.8%) were identified
as having CD. Therefore, routine screening for CD
is to be recommended in children with otherwise
unexplained hypertransaminasemia.

WJG|www.wjgnet.com

AUTOIMMUNE LIVER DISORDERS
ASSOCIATED WITH CELIAC DISEASE
Autoimmune liver disorders (AILD), including autoi
mmune hepatitis (AIH), primary sclerosing cholangitis
(PSC), and primary biliary cirrhosis (PBC) have been
[25-28]
shown to be associated with CD
.
AIH is a progressive inflammatory liver disorder
and is more common among females. It is associated
serologically with high levels of aminotransferases and
IgG, the presence of autoantibodies, and histologically
with interface hepatitis in the absence of known
[29]
etiology . Hepatitis at the portal-parenchymal
interface (“interface hepatitis”) is typical. The picture
is characterized by a lymphoplasmacytic infiltrate
crossing the limiting plate and invading the liver
parenchyma. Other associated lesions are hepatocyte
swelling and pycnotic necrosis. Fibrosis is found in
[30]
all forms of the disease except the mildest ones .
Two types of AIH can be recognized: type 1 AIH is
associated with antinuclear antibodies and/or smooth
muscle antibodies and affects adult patients much
more commonly, while type 2 AIH, characterized by
antibodies to liver-kidney microsome type 1, is usually
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Table 2 Studies reporting the prevalence of positive celiac serology or biopsy-proven celiac disease in children and adolescents with
autoimmune liver diseases
Ref.

Study design

Study population
with AILD

Caprai et al[39], 2008

Retrospective

140 patients
aged 7-125 mo
with AILD

Diamanti et al[40], 2008

Retrospective

40 patients aged
3-13.2 yr with
AIH

Tosun et al[41], 2010

Retrospective

15 patients aged
4-15 yr with AIH

El-Shabrawi et al[42], 2011

Nastasio et al[43], 2013

Prospective

26 patients aged
3.5-21 yr with
AIH
Retrospective 79 children and
and Prospective adolescents with
AIH

Number of patients with CD

Effect of GFD

23 (16.4%) (19 with AIH; 2 with AIC; and 2
All patients achieved remission on GFD
with overlap syndrome) had CD on the basis of and immunosuppressive therapy, but 14
serology (EMA IgA and/or tTGA IgA)
relapsed because of discontinuation of
Diagnosis of CD preceded the diagnosis of liver therapy or during spontaneous gluten
disease in 18 of the 23 patients
challenge
5 (12.5%) had CD on the basis of serology and
On GFD four patients showed a mild
histological findings
decrease in transaminases, but never a
In four patients CD was diagnosed after AIH
complete normalization
onset
7 (46.0%) had CD on the basis of serology and
Not available
histological findings
CD and AIH were diagnosed concomitantly
CD serology (tTGA IgA and/or EMA IgA) was
Not available
positive in 4 (15.4%). Three out of these four AIH
(11.5%) showed histological findings of CD
15 (19.0%) had CD on the basis of serology and
All 15 patients on GFD achieved
histological findings
sustained remission when treated with
Diagnosis of CD preceded the diagnosis of liver
immunosuppressive therapy
disease in 8 of the 15 patients

AILD: Autoimmune liver diseases; CD: Celiac disease; GFD: Gluten-free diet; AIH: Autoimmune hepatitis; EMA: Anti-endomysial antibodies; tTGA: Antitissue transglutaminase antibodies.

[18,31]

confined to childhood CD
.
In the late 1970s, CD was occasionally reported
[18,32-34]
in patients with AIH
. Then several studies
established a relationship between CD and AIH of both
[26]
types 1 and 2 . The first of these studies included the
largest cohort of AIH patients (e.g., 181, of whom 157
with type 1 and 24 with type 2) who were screened
[18]
for CD by serology . Among these patients, eight
[4.4% (3.8% with type 1 and 8.3% with type 2 AIH)]
were found to have raised levels of EMA IgA. Of these
8 antibody-positive patients, five underwent jejunal
biopsy which revealed a subtotal villous atrophy typical
[26]
of CD. In a recent systematic review
performed in
adults, the prevalence of CD in AIH ranged between 2%
and 20% but was approximately 4% in most studies.
In children, at first the association between CD
[35-37]
and AIH was only reported in isolated cases
.
Subsequently pediatric surveys have reported a wide
prevalence of CD in AIH ranging from 3.6% to 12%
[38-43]
(Table 2)
. In an Italian retrospective (1990-2005)
[39]
multicenter study, Caprai et al
found that among
140 children with AILD, 23 (16%) had CD [19 with AIH
(12 with type 1; 4 with type 2; 3 seronegative), 2 with
autoimmune cholangitis and 2 with overlap syndrome].
CD was diagnosed before liver disease in 18 of them,
though raised aminotransferases were found in 16
at CD diagnosis. Conversely, five of the 23 patients
had a diagnosis of AILD before the identification of
CD. Nineteen patients had liver-related non-organspecific autoantibodies. Hepatic biopsy showed
inflammatory lesions with features of autoimmune
damage and different degrees of fibrosis in all 19
subjects and cirrhosis in 4 of them. All patients on GFD
achieved remission on immunosuppressive therapy,
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but 14 relapsed either because treatment ceased
or because the GFD was not respected. Diamanti et
[40]
al
retrospectively (1990-2006) evaluated the CD
prevalence in 40 AIH children. There were five cases of
CD in the 40 AIH patients (12.5%); all five CD patients
had type 1 AIH. In four patients (80%), AIH preceded
the diagnosis of CD. On GFD the level of transaminases
mildly decreased, and never reached normal
[41]
concentrations. Tosun et al
who retrospectively
evaluated the presence of CD in 15 AIH patients, found
a prevalence of 46% (95%CI: 21%-67%), being the
highest ever reported in pediatric literature, although
the sample size is small. In a prospective study
involving 26 Egyptian patients (aged 3.5-21 years)
[42]
with AIH, El-Shabrawi et al
reported an 11.5%
prevalence of CD. Very recently, in a retrospective and
[43]
prospective evaluation (1995-2000), Nastasio et al
reported that among 79 patients with AIH, CD was
present in 15 (19%) of them (9 had type 1, 3 type 2,
and 3 were seronegative). All these patients achieved
sustained remission on a GFD when treated with
immunosuppressive therapy.
There are two studies providing prospective data
[15,44]
on AIH in children with CD (Table 3)
. Di Biase et
[15]
al
showed that isolated hypertransaminasemia was
present in 40% of CD subjects on a gluten-containing
diet, and that 2% had AIH, while there were no other
AILD. Liver tests became normal after GFD only in CD
patients with isolated hypertransaminasemia, but not in
AIH cases who required GFD plus immunosuppressant
[44]
therapy. Ventura et al
showed that AILD were more
frequent in adolescents and young adults with CD than
in the general population. In particular, out of 374 CD
patients 10 (1.1%) had a diagnosis of AIH. They also
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Table 3 Studies reporting the prevalence of autoimmune hepatitis in children and adolescents with celiac disease
Ref.

Study design

Study population with CD

Ventura et al[44], 1999

Prospective

Di Biase et al[15], 2010

Prospective

909 children and
adolescents with CD (group
1, < 2 yr of age; group 2, 2-10
yr; group 3, > 10 yr)
350 untreated children with
suspected CD aged 1 to 16
yr

Diagnosis of CD

Number of patients
with AIH

Effect of GFD

Serology and intestinal 10 (1.1%) had AIH,
Not available
biopsy according to
of whom 2.9% in
the ESPGHAN criteria group 2 and 0.8% in
group 3
Serology and intestinal 7 (2.0%) had AIH, of During treatment with GFD, steroids
biopsy according to whom 5 type Ⅰ AIH
and azathioprine for 5 yr, all AIH
the ESPGHAN criteria
persistently normalized clinical
and biochemical parameters. After
withdrawal, 6 patients maintained a
sustained remission (12-63 mo)

CD: Celiac disease; AIH: Autoimmune hepatitis; GFD: Gluten-free diet; ESPGHAN: European Society for Paediatric Gastroenterology, Hepatology and
Nutrition.
[55-60]

Nonalcoholic fatty liver disease/
nonalcoholic steatohepatitis
Nonalcoholic fatty liver disease (NAFLD) is a spectrum
of liver conditions ranging from simple, uncomplicated
steatosis, to nonalcoholic steatohepatitis (NASH),
with inflammation and liver cell injury progressive to
cryptogenic cirrhosis. NAFLD has become the most
common cause of chronic liver disease in children
and adolescents. Case reports and cross-sectional
studies describe the association of various forms of

WJG|www.wjgnet.com

[55]

fatty liver with CD
. Wigg et al
found that 3 of
22 adult patients with NASH had positive AGA IgA and
IgG, and one of them had a histological diagnosis of
[56]
CD. Grieco et al
reported histologically-diagnosed
CD in 4 (13.3%) of 30 patients with laboratory
diagnosis of NASH. After one year on GFD, the
transaminase levels were normalized, and duodenal
[57]
histology was improved. Nehra et al
investigating
the relationship between NASH and CD, found that
only one (2.1%) of the 47 study obese patients
with NASH was positive for EMA IgA. In a study of
59 overweight patients undergoing liver biopsy for
persistent hypertransaminasemia, NASH was detected
in 38 (64%) whereas simple steatosis was found in
[58]
21 (36%) . Six (10%) of the 59 patients showed
positivity for tTGA and two (3.4%) of them also
positivity for EMA IgA. Histology confirmed CD in the
two patients positive for both markers. In both cases,
liver enzymes went back to normal after a 6-mo
GFD. In a study involving 121 patients with biopsy[59]
proven NAFLD, Lo Iacono et al
reported that the
prevalence of histologically-confirmed CD was 3.3%.
In an Iranian population of 116 patients with NAFLD
(as diagnosed on the basis of elevated transaminase
levels, liver ultrasound and/or liver biopsy), Rahimi et
[60]
al
found the prevalence of histologically-confirmed
CD to be 2.2%. Interestingly, CD was more commonly
diagnosed among NAFLD patients having body mass
index (BMI) < 27 kg/m² compared to those with BMI
> 27 kg/m² (5.83% vs 0%, p = 0.001). Very recently,
in a nationwide study of more than 26000 children and
[61]
adults with CD, Reilly et al
found an increased risk
of NAFLD compared to the general population. Excess
risks were highest in the first year after CD diagnosis,
but persisted through 15 years beyond diagnosis with
CD.
On the basis of the above findings, we conclude
that there is an association between CD and fatty liver.
However, since fatty liver is not an unusual finding
in the general population of developed countries,
the association of hepatic steatosis with CD may be
a coincidental finding rather than a true association.

reported that in patients with CD, AILD rates increased
as age at diagnosis increased, suggesting a possible
[44]
relationship with duration of exposure to gluten .
PSC is a cholestatic disorder characterized
by inflammation and periductal fibrosis of the
[45-47]
intrahepatic and/or extrahepatic bile ducts
. No
characteristic autoantibody has been identified in PSC
patients. The diagnosis depends on evidencing the
characteristic biliary lesions in biopsy tissue or the
intra and extrahepatic biliary tree abnormalities by
[47]
cholangiography . Many patients, especially children,
have PSC-AIH overlap with features of both diseases,
and this is termed autoimmune sclerosing cholangitis
[46,48]
(ASC)
. ASC refers to cases with PSC who have
positive autoantibodies and may have histological
[47]
features overlapping with those seen in AIH . In
adults, PBC may also be found. This additional form
of AILD is characterized by the presence of antimitochondrial antibodies. It progresses slowly and
is more common in females. Histologically, PBC is
characterized by portal inflammation and immunemediated destruction of the intrahepatic bile ducts.
Autoimmune cholangitis (AIC) is a cholestatic liver
disorder with biochemical signs of cholestasis,
histological features of inflammatory bile duct damage,
and negativity for anti-mitochondrial antibodies. PSC,
PBC, and AIC have been mainly described in adults
[21,49-53]
with CD
. In children, the association between
CD and PSC or AIH/ASC overlap syndrome or AIC has
[39,54]
been only reported in two studies
.
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To complicate matters further, fatty infiltration of
the liver may be secondary to rapid weight loss or
malabsorption, both etiologically linked to fatty liver.
Future investigations should be undertaken to resolve
this issue and should include pediatric populations for
whom there are very few data at present.

to sclerosing cholangitis associated with CD. Treatment
with ursodeoxycholic acid and GFD, and steroid tapered
over three months, normalized the liver function
tests. A few cases of CD with severe liver involvement
[67,68]
requiring liver transplant have been also reported
.
[67]
In a case-report, Pavone et al
described a 14-yearold girl with CD and mild gastrointestinal symptoms
developing, after a long exposure to gluten, severe
hepatic dysfunction requiring liver transplantation.
[68]
Casswall et al
reported six 13- to 36-mo-old girls
who within 1-24 mo of the diagnosis of CD developed
severe liver damage. Four of these girls had acute liver
failure and two needed a liver transplant.

SEVERE LIVER DAMAGE
Although rarely, severe liver disease has been
[62-64]
described in adults with CD
. In a Finnish study,
4 patients with severe liver failure awaiting liver
transplantation were discovered to have CD (one
had congenital liver fibrosis; one, a massive hepatic
steatosis; and two patients had progressive hepatitis
[62]
with no apparent cause) . Their liver disease
improved after GFD. The Authors then screened 185
patients undergoing liver transplantation and found
that 8 (4.3%) of them had CD, which is 4-10 times the
population prevalence of CD in Finland. Most of these
patients had AILD. Only 1 patient was on GFD. This
suggests that in some cases of CD, GFD help to avoid
end-stage liver disease. Subsequently, in a study from
United States involving an ample cohort of individuals
with end-stage AILD (n = 310) and non-AILD (n =
[64]
178) who underwent liver transplantation , the
prevalence of tTGA and EMA was significantly greater
in HLA-DQ2- or HLA-DQ8-positive patients with endstage AILD compared with those with end-stage nonAILD (14.2% vs 5.4%, P = 0.0001 and 4.3% vs 0.78%,
P = 0.01, respectively), while the co-occurrence of tTGA
and EMA was increased five-fold in end-stage AILD
(3% vs 0.6%). However, the study was retrospective,
and apart from two patients, intestinal tissues were not
available for re-review. Thus, a definite diagnosis of CD
was not possible for most of the patients positive for
CD-related autoantibodies. When serum samples were
tested 6-12 or ≥ 24 mo post-transplantation, tTGA and
EMA became normal in 94% and 100% of patients,
respectively. This occurred without excluding gluten
from the diet which implies no relationship between
gluten and autoantibody kinetics. The suppression of
tTGA and EMA after the transplant suggests that the
lack of autoantibody positivity of post-transplant sera
cannot exclude a diagnosis of CD, therefore supporting
the pre-transplantation screening of patients with end[64]
stage AILD .
In children, severe liver disease has been described
[65-68]
[65]
in association with CD
. Demir et al
reported
five celiac children with cryptogenic cirrhosis. In
three patients with chronic diarrhea and hepatosple
nomegaly, the diagnoses of CD and cirrhosis were
concomitant, whereas in two patients, CD was
diagnosed following that of cirrhosis. One to five years
later, three patients on strict GDF had normal values of
serum aminotransferases, and clinical improvement.
The other two patients with poor dietary compliance
had no improvement in liver function. Al-Hussaini et
[66]
al
reported an 11-year-old girl with liver failure due
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PATHOGENESIS OF LIVER DYSFUNCTION
IN CD
The pathogenesis of the hypertransaminasemia
and liver damage in CD remains poorly understood.
Probably they involve increased intestinal permeability
and alterations in gut microbiota, chronic intestinal
inflammation, and genetic predisposition (Figure 1).
Since the liver receives three quarters of its blood
supply from the intestine, it is one of the organs most
[69-72]
exposed to gut-derived toxic factors
. Crosstalk between the gut and the liver is an intriguing
hypothesis that may explain the hepatobiliary
changes associated with many intestinal inflammatory
diseases including CD. The suggestion that increased
intestinal permeability and altered gut microbiota may
contribute to the development of several diseases was
made since 1890 (Llewellyn Jones: “Theory of auto[72]
intoxication from gut bacteria”) . Gut epithelial cells
are linked to one another with tight junctions (TJs),
which play an essential role in maintaining the integrity
of the intestinal barrier and in demarcating microbes
in the gut from the host immune system. Zonulin, a
human protein known to reversibly regulate intestinal
[73]
permeability by modulating intercellular TJs , is
augmented in autoimmune conditions associated with
[74]
TJ dysfunction including CD .
Patients with CD and hypertransaminasemia
have an important increase in intestinal permeability
compared with those whose liver enzymes are
[11]
normal . The increased intestinal permeability may
ease the entry of toxins, antigens, and inflammatory
substances (cytokines and/or autoantibodies) to the
portal circulation and these mediators may play a
part in the pathogenesis of hepatic involvement in
CD. Interestingly, increased intestinal permeability
caused by disruption of intercellular TJs in the intestine
as well as increased prevalence of small intestinal
overgrowth has been reported in adult patients with
[75]
NAFLD . Moreover, it has been found that serum
zonulin concentration is increased in children and
adolescents with NAFLD and correlates with the
[76]
severity of steatosis . This may also explain hepatic
fat deposition in CD. Autoantibodies directed against
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Genetic factors:
HLA-DQ2/
HLA-DQ8

Environmental
factors:
GLUTEN
Celiac disease
Shared autoimmunity predisposition:
HLA-linked genes

Gliadin reaches submucosa;
Inflammatory process damages enterocytes
and zonulin disrupts tight junctions

Liver
injury
Autoantibodies

Leaky gut:
Increased intestinal permeability
and altered gut microbiota

Transfer of immunologically
active molecules generated from
the cross-linking between tissue
transglutaminase and food/
bacterial antigens and intestinal
T cells from the gut to the liver
through the portal circulation

Figure 1 Possible pathogenetic mechanisms between celiac disease and liver abnormalities.

tTG are present in the liver and other extraintestinal
tissues in CD. This raises the possibility of a pathogenic
role for the humoral-mediated immune responses in
liver injury observed in CD. It has also been suggested
that an aberrant T lymphocyte homing to the liver
may contribute to trigger immune hepatic damage. As
matter of fact, an increased number of lymphocytes
expressing molecules of intestinal origin have been
discovered in hepatic sinusoidal endothelial cells in
[77]
individuals with liver abnormalities . Moreover, liverprimed T cells have been demonstrated to migrate
into the intestine and into the gut-associated lymphoid
tissue, suggesting an enterohepatic lymphocyte
[78]
circulation . The ability of T cells of homing both
to the liver and the intestine may explain the link
between CD and liver diseases.
Considerable progress has been made toward
understanding the role of genetics in autoimmune
liver damage. It is well known that CD and some
autoimmune liver disorders share HLA class Ⅱ
molecules and haplotypes. The main genetic marker of
CD is HLA-DQ2, which is present in about 95% of CD
patients. HLA-DQ2 is in strong linkage disequilibrium
with HLA-DR3, which is the major HLA risk factor for
[79]
AIH .

symptomless or present atypical symptoms and
signs. Liver abnormalities are common extraintestinal
manifestations in patients with CD and range from
mild hepatic injury to severe liver disease. The socalled celiac hepatitis is a frequent, benign, clinically
silent condition which resolves on a GFD. Autoimmune
liver diseases are less common and are associated
in the majority of cases with clinical signs and
symptoms of chronic liver disease, which need specific
immunosuppressive therapy, rather than just GFD.
Although rarely, CD may be also associated with
severe liver involvement requiring liver transplant. In
light of this background early diagnosis and treatment
of CD-associated chronic and severe liver diseases may
play an important role in the prognosis of this clinical
entities. To this end, screening for liver involvement in
celiac children and for CD by means of tTGA and EMA
in children with liver diseases should become routine
practice.
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Abstract
Inflammatory bowel diseases (IBDs) are chronic
disorders of modern society, requiring management
strategies aimed at prolonging an active life and
establishing the exact etiology and pathogenesis.
These idiopathic diseases have environmental, genetic,
immunologic, inflammatory, and oxidative stress
components. On the one hand, recent advances have
shown that abnormal immune reactions against the
microorganisms of the intestinal flora are responsible
for the inflammation in genetically susceptible
individuals. On the other hand, in addition to T
helper cell-type (Th) 1 and Th2 immune responses,
other subsets of T cells, namely regulatory T cells
and Th17 maintained by IL-23 are likely to develop
IBD. IL-23 acts on innate immune system members
and also facilitates the expansion and maintenance
of Th17 cells. The IL-17/IL-23 axis is relevant in
IBD pathogenesis both in human and experimental
studies. Novel biomarkers of IBD could be calprotectin,
microRNAs, and serum proinflammatory cytokines.
An efficient strategy for IBD therapy is represented
by the combination of IL-17A and IL-17F in acute IL17A knockout TNBS-induced colitis, and also definite
decrease of the inflammatory process in IL-17F
knockout, DSS-induced colitis have been observed.
Studying the correlation between innate and adaptive
immune systems, we hope to obtain a focused review
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in order to facilitate future approaches aimed at
elucidating the immunological mechanisms that control
gut inflammation.

tract. Chronic inflammation involves the submucosal
and mucosal layers leading to bleeding, abdominal
pain, diarrhea and malnourishment. The gut wall
permeability is also increased. The Peyer’s patches of
the small intestine could be the site of the immune
tolerance breakdown to the microorganisms of the
[4]
intestinal flora .
The immune system is made of two compartments:
innate and acquired. The function of the non-specific
system is to recognize all external agents and also
act against them without specificity and memory. The
mucosa is the first place where pathogens/allergens
encounter polymorphonuclear neutrophils, which
directly recognize the PAMP (pathogen associated
molecular pattern) through pattern recognition
receptors such as Toll-like receptors (TLRs). The key
factor between TLRs and neutrophils interactions are
ROS. There are at least 10 variants of TLRs expressed
on the surface of neutrophils, macrophages, dendritic
cells and, to a lesser extent, lymphocytes. Through
these types of receptors, the innate immune response
has a certain specificity compared to the high degree
of variability present on the surface molecules of the
[8]
pathogenic agents .
First, abnormalities of innate immunity in
association with epithelial barrier dysfunction could
be the “key” point to the initiation of the mucosal
[9,10]
inflammation
. Besides the recognition role, the
innate immune response mediated by neutrophils,
natural killer (NK) cells, monocytes/macrophages,
dendritic cells and the complement system has
other important functions such as phagocytosis and
direct cell cytotoxicity or Antibody-Dependent Cell
Cytotoxicity (ADCC). Moreover, NK cells and NKT cells
exhibit cytotoxic activity in cancerous cells. Although
the innate immune system is extremely effective as
a first line of defense against many aggressors, it
also causes multiple collateral effects by producing
antibacterial free radicals. This is the point where the
[8]
specific adaptive immune system intervenes .
Second, the adaptive immunity has classically been
considered to play a crucial role in the pathogenesis
of IBD. The acquired immune response is ensured by
T and B lymphocytes. The adaptive immune response
eliminates specific pathogens through humoral and
[8]
cellular response . However, recent research in
immunology and genetics has shown that the innate
immune response is equally important in inducing
inflammation in IBD patients. It has been highlighted
that an altered epithelial barrier function contributes
to the intestinal inflammation in UC, while aberrant
innate immune responses, such as autophagy, innate
microbial sensing and antimicrobial peptide production
[3]
are associated with CD pathogenesis .
The immunology of IBD represents an imbalance
between two types of T cells populations: regulatory T
cells (Treg) and pro- inflammatory T cells (Figure 1).
Besides Th1 and Th2, two other subsets have

Key words: Crohn’s disease; Inflammatory bowel
disease; Cytokines; Ulcerative colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The pathogenesis of inflammatory bowel
diseases (Crohn’s disease and ulcerative colitis) is
multifactorial and still not completely understood.
There is a need to identify new diagnostic biomarkers
as well as an efficient therapy for these diseases. A
better understanding of the immunological mechanisms
that control gut inflammation, is of high clinical impor
tance because it offers the possibility to develop
new drugs, which attack the key pro-inflammatory
pathways in chronic intestinal inflammation.
Cătană CS, Berindan Neagoe I, Cozma V, Magdaş C, Tăbăran
F, Dumitraşcu DL. Contribution of the IL-17/IL-23 axis to
the pathogenesis of inflammatory bowel disease. World J
Gastroenterol 2015; 21(19): 5823-5830 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i19/5823.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i19.5823

INTRODUCTION
Inflammatory bowel diseases (IBD) including ulce
rative colitis (UC) and Crohn’s disease (CD) require
a better knowledge of the exact autoimmune mecha
[1]
nisms involved in their pathogenesis . A better
understanding of the pathogenesis of IBD will allow
the better control of the inappropriate and continuing
inflammatory response to commensal microbes in
[2-5]
a genetically susceptible host
. In addition, in
CD pathogenesis the “dialogue” between the host
and intestinal microbiota includes the defensins
[6]
and dysbiosis as well as the hemostatic system .
The pathways for intestinal homeostasis include:
epithelial restitution, barrier function, antimicrobial
defense, innate and adaptive immunity, “reactive
oxygen species” (ROS) generation and the metabolic
[4]
pathway .

IMMUNOLOGICAL MECHANISMS IN IBD
Immune tolerance, inflammation, mucosal pathways
and/or epithelial restitution are promoted by intra- and
intercellular networks using plastic cellular programs
[7]
responsible for intestinal homeostasis .
UC is characterized by inflammation limited to
the colon as a result of a disturbance of the normal
immune control of the gut symbiotic bacteria. By
contrast, CD involves any part of the gastrointestinal
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Figure 1 Immunological Balance in inflammatory bowel diseases. IL: Interleukin; PAMPs: Pathogen-associated molecular pattern molecules; Treg: regulatory T
cells; Th17: T helper 17 cell; Foxp3: Forkhead box P3; TLRs: Toll-like receptors; ROS: Reactive oxygen species; PMNs: Polymorphonuclear leukocytes.
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recently been described: CD4 CD25 T regulatory
cells and Th17 cells (Table 1). Th17 cells expressing
RORγ1 favor the occurrence of allergic reactions
and autoimmune phenomena by producing IL-17
cytokines. Therefore, the Th17/Treg balance prevents
or promotes inflammation and autoimmune diseases.
After activation, naïve CD4-T cells differentiate into
three subsets of Th effector cells, each subset having
a unique cytotoxic profile and specific biological
functions. Treg cells that differentiate in the presence
of the Foxp3 transcription factor (90-100 aminoacids
that form a DNA binding motif) produce antiinflammatory mediators such as IL-10 and TGF-β,
whose function is to preserve immune tolerance and
[8]
homeostasis . In addition to natural thymic Treg cells,
Treg could be induced in the periphery under specific
conditions. Th17 and iTregs are closely related so
that they can generate one another under the control
of TGF-β maintaining their balance in the context of
[10,11]
IBD
.
The most commonly described effector T cells
are Th1, Th17 in CD and Th2 in UC, Th17 being
responsible for the IL-17 production, a key pro[12]
inflammatory cytokine that is increased in IBD .
Conversely, given the redundancy of effector and
regulatory pathways leading to IBD lesions and the
Th17 cells protective functions, the neutralization of
IL-17A did not diminish the inflammatory process in
[3]
CD . In addition, effector T-cells and cytokines have
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been targets of many recently developed treatment
[13]
agents for CD .
The first interaction between the innate and the
acquired systems occurs when antigen-presenting
cells (APCs), which are part of the innate system,
present antigens to the T cells belonging to the innate
[8]
system . “Polarization” of adaptive immune responses
[14]
was firstly presented in 1986 . This hypothesis
was that on encountering an antigen presented by
+
APC, naïve CD4 T-cells acquired a unique effector
immunophenotype, representing the final stage of
non-reversible differentiation and being defined by
[15,16]
specific effector cytokines
.
The Th cell polarization model is promoted by
cytokines which derive from the innate immune
system recognizing microbe-associated molecular
patterns (MAMPs) and establishing proinflammatory
[11]
antimicrobial responses .
The Th1 vs Th2 “polarization model” was
presented twenty-five years ago in the context of
responses against infectious agents. It is generally
accepted that a deregulation in the immune response
towards the gut flora is responsible for the intestinal
chronic inflammation in genetically predisposed
individuals. Caspase recruitment domain 9 (CARD9)
is a nonredundant adapter protein that conveys
signal information downstream of pattern recognition
receptors. CARD9 has also been associated with
autoinflammatory disorders members and with
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Table 1 Main characteristics of CD4 T-cell subsets
CD4 T-cell subsets
Th1

Th2

Th17

TREG

TFh

Surface expression

Polarizing Cytokines

Master regulator
transcription factor

IL-12RB2
IFN-γR
Tim3

IL-12,
IFN-γ,
IL-27

IL-17RB
Tim1

IL-4,
IL-25,
IL-6

IL-1R1
IL-12RB
IL-23R
CCR6
CD161
IL-13Ra1
CD25
CD39
CD73
CD101
CD127
CD84
CXCR5
IL-6R
IL-21R
gp130

TGF-b,
IL-6,
IL-1b,
IL-21,
IL-23

RORγt,
RORα,

TGF-b

Foxp3

IL-6,
IL-1b, TNFα
IL-21
CXCL13

Bcl6
IRF4,
c-Maf,
Batf,

T-bet

GATA-3
MAF

STAT regulators

Effector profile/signature
cytokines

STAT1,
STAT4

IFN-γ,
IL-2,
TNF-α,
IL-10

STAT6

IL-4, IL-5,
IL-13, IL-25,
IL-2, IL-10
IL-17A,
IL-17F,
Il-21,
IL-22

STAT3

STAT5

STAT3/5

TGF-b,
IL-10

IL-6,
IL-2,
IL-10,
IL-21

TFh: Follicular B helper T cells found in the B cell follicles; STAT3: Signal transducer and activator of transcription 3/5; Foxp3- forkhead box P3, a key
transcription factor controlling T regulatory cell (Treg); t-bet: T-box transcription factor TBX21 which initiates Th1 lineage development from naïve Th
precursor cells; GATA-3: GATA binding protein 3, an important regulator of T cell development; MAF: Proto-oncogene c-Maf or V-maf musculoaponeurotic
fibrosarcoma oncogene homolog; Batf: B-cell-activating transcription factor required for the differentiation of IL-17-producing Th17 cells and TFH cells; Bcl6B-cell-activating transcription factor; Tim-3: T-cell immunoglobulin domain and mucin domain 3, a negative regulator of Th1-cell responses, CXC13- C-X-C
motif chemokine 13.

cells is induced by TGF-β and IL-6 synergism as well as
[19]
the presence of low levels of TGF-β and IL-1β . The
second stage is the expansion of the Th17 population
under the activation of IL-21. This stage is followed by
the stabilization phase driven by the pro-inflammatory
cytokine IL-23, generating the cytokine profile for the
CD4 Th17cell subset which has a unique property
[20]
named plasticity . In other words, the functions of
Th17 cells depend on the immunological environment
in which they developed.
The main pro-inflammatory function of the
Th17cells is ensured via IL-17 secretion. From this
point of view and according to the “polarization model”,
effector lineage is generally exclusive. To be more
precise, an inflammatory state can be either Th-17
or Th-1-driven. However, it has recently been shown
that Th17 cells acquire the ability to upregulate t-bet
(transcription factor) and produce IFN-γ, generating
[21]
IL-17/ IFN-γ double positive cells, Th1/ Th17 .
Such a population with the ability to produce
both IL-17 and IFN-γ is also present in the inflamed
[22]
gut mucosa . Moreover, Th1- and Th17-mediated
signaling may act in synergy and have deleterious
effects on the gut mucosa, Th1-effects being more
prominent during the chronic phase of CD as compared
[23]
to the Th17 signaling pathway .

the activation of NF-κB family, enhancing the Th17
[17]
cytokines production . Chronic inflammation is
coordinated by the oxidative stress manifested by the
increase in pro-inflammatory cytokines encoded by
[8]
NF-κB genes .
The “polarization model” was also used to explain
the immunophenotype of non-infectious inflammatory
conditions. Expression studies on the signature cytokines
demonstrated the crucial role of IL-23, Il-17 and IL-6
in the development of experimental colitis, Th17 cells
being involved in disease propagation. Moreover, IL-23
promotes the expansion and maintenance of Th17
cells, which secrete the proinflammatory cytokine
IL-17 involved in the pathogenesis of many chronic
inflammatory disorders. Other studies have shown that
IL-23 acts on the cells of the innate immune system and
contributes to the inflammatory cytokine production and
tissue inflammation. Therefore, the role of the IL-23/
IL-17 axis in the pathogenesis of IBD chronic intestinal
inflammation has been highlighted both in animal and
human studies, this pathway being relevant especially
[17]
in the pathogenesis of Crohn’s disease .
The combinations of cytokines, which initiate the
Th17 polarization process as well as the functional
stability of Th17 lineage, have been extensively
[18]
studied . In humans, the initial development of Th17
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IL-23 is also upregulated in the active disease.
However, all the necessary constituent elements for
the IL-23/Th17 polarization process are to be found
[24]
only in the chronic inflammatory lesions of CD .
In addition, this unique population may differentiate
into specific Th1 IFN-γ producing cells, thus excluding
[25-27]
the Th17 population
. The extraordinary T17
cells plasticity, confirmed in experimental and clinical
studies, could be explained in at least three different
ways: firstly, by inducing Th1 cells- IFN-γ secretion,
secondly by expressing T-bet and producing IFN-γ
in addition to IL-17, and thirdly completely transdifferentiating into Th1-subtype, IFN-γ producing
cells expressing CD161, the surface marker of Th17
cells progenitors. Moreover, Th17-derived Th17/Th1
and Th1 cells, rather than Th17 cells alone, have an
[11,20]
important function in IBD
.
Th17 cells also possess a regulatory function
+
recently described as human IL-17-producing Foxp3 /
[19]
RORγt double positive T-cells . In conclusion, the
effector lymphocytes are not terminally differentiated.
They may differentiate into regulatory pathways and
alternative effectors under the local immunological
[28]
pressure . In patients with IBD the prevalence of
circulating Foxp3 DE CD4 (+) and IL-17 T cells is
increased and the coexpression of Foxp3 and RORγt in
these cells requires conversion from Treg cells to Th17
cells associated with a decreased suppressive function
[29]
of Foxp3 CD4(+) T lymphocytes .

Mucosal biomarkers in IBD as predictors of response to
therapy and disease severity are: cytokines, adhesion
molecules, intracellular markers of activation, immune
and non immune cells and other factors (TLRs, mucin,
[7]
MUC, G6PD, Glucose-6-phosphate dehydrogenase) .
Serum and colonic omentin-1, a newly discovered
adipokine, acts as an anti-inflammatory agent as
well as a new biomarker for the CD evolution, its
correlation with the disease activity being superior to
[35]
that of CRP .
Calprotectin is a more recently established marker
for intestinal inflammation. This paper revealed the
present knowledge on fecal calprotectin testing as
predictor of intestinal inflammation. In inflammatory
bowel disease, the calprotectin fecal test shows higher
[36]
intensity values .
Thirty prospective studies confirmed that fecal
calprotectin from granulocytes and macrophages
released by activated innate immunity had been a real
value in the diagnosis and disease activity evaluation,
reaching a sensitivity and specificity up to 95% and
91%, respectively. Fecal calprotectin is more efficient
than CRP, ESR (erythrocyte sedimentation rate),
ASCAs (anti-Saccharomyces cerevisiae antibodies),
ANCAs (antineutrophil cytoplasmic antibodies) and
[37]
Omp C (outer membrane porin C) . Fecal lactoferrin
reflects the inflammation status of the intestine,
the diagnostic rate being similar to that of fecal
calprotectin and better than that of CRP. Another fecal
marker correlated with endoscopic scores is neopterin,
[38]
an index of disease activity in UC and CD . A noninvasive biomarker of inflammation in IBD, which has
high sensitivity and specificity and good compliance
is S100A12; it stimulates the proinflammation NF-κB
pathway. In addition, fecal S100A12 reflects the drug
[34]
treatment response .
Serum microRNAs, which are small non-coded
single-stranded RNAs, could be upregulated or
[37]
downregulated in IBD . It is very important to
confirm the existence of specific expression patterns
of miRNAs associated with IBD in different stages
and demonstrate the utility of miRNA as ideal
[39]
biomarkers . Thus, it was demonstrated that
miR-31, miR-206, miR-424 and miR-146a were novel
[40]
biomarkers of inflammatory bowel disease .

GENETIC CORRELATIONS
Only three genetic polymorphisms have a pathogenetic
role in IBD. The first one is related to NOD2 and
[4,30]
mainly occurs in Caucasians
. GWAS (genome-wide
association studies) for CD show the genes associated
with CD risk such as ATG16L1 (autophagy 16-like 1),
IRGM (immunity- related guanosine triphosphatase M)
[31]
and LRRK2 (leucine-rich repeat kinase 2) .
GWAS have identified certain polymorphisms
relevant to CD which are detected in genes encoding
for IL-23/Th17 pathway proteins. The most important
of IL-23r gene is the Arg381Gln polymorphism which
confers protection against developing IBD. Conversely,
the polymorphism associated with significantly
elevated IL-17A mRNA transcripts is IL-17a variant
[32]
IVS1+ 18 G>C . The strategy of treatment is also
affected by the gene polymorphisms, the IL-23R
genotype status determining the early response to
[33]
anti-TNF .

THERAPEUTIC IMPLICATIONS
The crucial role of the IL-23/Th17 axis in intestinal
inflammation was demonstrated once again by
eliminating certain components of this pathway
and thus ameliorating the severity of the disease.
Corticosteroids are classical immunosuppressive
drugs of pro-inflammatory cytokine production used
for the induction of clinical remission in IBD, but they
may cause severe side effects. Consequently, it is of
high clinical importance to define other drugs that

BIOMARKERS FOR INTESTINAL
INFLAMMATION
Inflammation is the “key” player in IBD, elevated
levels of serum tumor necrosis factor alpha, TNF-α and
[34]
CRP (C-reactive protein) being associated with CD .
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attack the key pro-inflammatory pathways in chronic
[41]
intestinal inflammation .
Small molecules that neutralize specific elements of
[42]
the IL-23/Th17 pathway were used . Drugs that target
IL-17 include the anti IL-17 monoclonal antibody named
secukinumab and the small molecule vidofludimus that
[43]
blocks IL-17 release . Apilimod mesylate inhibits IL-12
and IL-23 transcription, the anti-IL-12 ABT-874/J695
monoclonal antibodies ustekinumab and briakinumab
target the p40 unit which is common to both IL-23 and
IL-12; SCH-900222 targets the p19 subunit specific to
[44]
IL-23 . Ustekinumab is efficient in moderate-to-severe
CD, especially in patients in whom anti-TNF treatment
had previously failed. An anti-IL-21 antibody neutralizes
IL-21 and reduces the IL-17 secretion by lamina
[45]
propria lymphocytes isolated from IBD patients . The
importance of ustekinumab is due to its simultaneous
inhibition of Th17 and Th1 cells, both of them being
[46]
involved in IBD etiopathology .
A potential strategy for IBD therapy is represented
by the IL-17A and IL-17F combination, an important
protection being observed against intestinal inflammation
in an acute IL-17A knockout TNBS- induced colitis and
also a clear improvement in the inflammatory process in
IL-17F knockout DSS-induced colitis. Only IL-17A KO in
[47]
the DSS model worsened the colonic inflammation .
A novel efficient and safe oral immunomodulatory
drug, vidofludimus inhibits DHODH (dihydroorotate
dehydrogenase), which is the key enzyme involved in
pyrimidine biosynthesis in activated lymphocytes by
reducing the IL-17A and IL-17F expression through the
[48,49]
.
NF-κB pathway
The data presented in this review are mainly based
on studies carried out on humans. Animal models of
IBD are not totally relevant for this human specific
condition; differences between human disease and
[50]
animal models exist . Animal models of intestinal
inflammation may help understanding the action of
[51]
inflammatory cytokines . This topic was not the focus
of the present review, where we looked for human
data, for better accuracy. Data from clinical studies are
highly relevant. A recent review shows the importance
of immunological changes in the gut inflammation and
[52]
these offer the background for emerging therapies .
This review presents the contribution of the IL-17/
IL-23 axis in the pathogenesis of inflammatory bowel
disease. Better understanding of the pathogenesis
of this condition represent the background for the
progress in therapy.
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Abstract
AIM: To investigate the performance of Gadofluorine
P-enhanced magnetic resonance imaging (MRI) on
the diagnosis of diabetes in a streptozotocin (STZ)
-induced diabetic rat model.
METHODS: Fischer 344 rats were treated with STZ.
Rats not treated with STZ served as controls. T1-
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weighted MRI was performed using a 3T scanner before
and after the injection of Gd-DOTA or Gadofluorine
P (6 diabetic rats, 5 controls). The normalized signal
intensity (SI) and the enhancement ratio (ER) of the
pancreas were measured at each time point, and
the values were compared between the normal and
diabetic rats using the Mann-Whitney test. In addition,
the values were correlated with the mean islet number.
Optimal cut-off values were calculated using a positive
test based on receiver operating characteristics.
Intrapancreatic Gd concentration after the injection
of each contrast media was measured using laser
ablation-inductively coupled plasma-mass spectrometry
in a separate set of rats (4 diabetic rats, 4 controls for
Gadofluorine P; 2, 2 for Gd-DOTA).

21(19): 5831-5842 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i19/5831.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5831

INTRODUCTION
Type 1 diabetes is an autoimmune disease chara
cterized by the specific destruction of insulin-producing
β-cells, which are located in the islets of Langerhans
[1]
in the pancreas . Pancreatic islets receive 10%
to 20% of the blood flow of the pancreas despite
accounting for only 1% to 2% of the pancreas by
[2]
weight . Accumulating evidence suggests that the
vascular endothelium is of crucial importance for the
development of type 1 diabetes. Increases in the
vascular permeability of islet blood vessels in the
pancreas during the development of type 1 diabetes
have been described in animal models of spontaneous
[3,4]
autoimmune diabetes ; alloxan-induced diabetes in
[5]
mice ; and streptozotocin (STZ)-induced diabetes in
[6]
[7,8]
rats and mice . Moreover, vascular swelling and
increased vascular permeability precede insulitis in
nonobese diabetic mice and in STZ-induced diabetes
[6-12]
models
. Accordingly, pancreatic islet vascular
dysfunction can represent an early and potentially
predictive biomarker for the loss of β-cell mass.
We used Gadofluorine P (invivoContrast GmbH,
Berlin, Germany)-enhanced magnetic resonance
imaging (MRI) in a rat model of STZ-induced diabetes.
Gadofluorine P is a gadolinium (Gd)-based T1 contrast
agent; it is commercially available but not approved for
[13]
clinical use . We hypothesized that increased vascular
permeability of the islets could be detected using longcirculating Gadofluorine P, which extravasates from
leaky vessels into the surrounding tissue and binds
to extracellular proteins. Thus, our purpose was to
determine the diagnostic performance of Gadofluorine
P-enhanced MRI of the pancreas in the diagnosis of
diabetes in a STZ-induced diabetic rat model and to
compare the results with an extracellular agent, Gd®
DOTA (Dotarem , Guerbet, Paris, France).

RESULTS: The normalized SI and ER of the pancreas
using Gd-DOTA were not significantly different
between diabetic rats and controls. With Gadofluorine
P, the values were significantly higher in the diabetic
rats than in the control rats 30 min after injection
(P < 0.05). The area under the receiver operating
characteristic curve that differentiated diabetic rats
from the control group was greater for Gadofluorine
P than for Gd-DOTA (0.967 vs 0.667, P = 0.085). An
increase in normalized SI 30 min after Gadofluorine P
was correlated with a decrease in the mean number
2
of islets (r = 0.510, P = 0.014). Intra-pancreatic Gd
was higher in rats with Gadofluorine P injection than
Gd-DOTA injection (Gadofluorine P vs Gd-DOTA, 7.37
vs 0.00, P < 0.01). A significant difference in the
concentration of intrapancreatic Gd was observed
between the control and diabetic animals that were
sacrificed 30 min after Gadofluorine P injection (control
vs diabetic, 3.25 ng/g vs 10.55 ng/g, P < 0.05)
CONCLUSION: In this STZ-induced diabetes rat model,
Gadofluorine P-enhanced MRI of the pancreas showed
high accuracy in the diagnosis of diabetes.
Key words: Gadofluorine P; Gd-DOTA; Magnetic resonance
contrast media; Type 1 diabetes; Pancreas
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Early changes in type 1 diabetes involve
islet microvasculature such that vascular permeability
increases. We used noninvasive magnetic resonance
imaging to image, in vivo , the vasculature of the
pancreas in streptozotocin-induced diabetic rats
using Gadofluorine P. We anticipate that with further
development, this technique could diagnose type 1
diabetes early, as well as monitor vascular and islet
changes noninvasively and quantitatively.

The experimental protocols were reviewed and
approved by the Institutional Animal Care and Use
Committee of Seoul National University Hospital
(Number 11-0019). The animal protocol was designed
to minimize pain or discomfort to the animals. Briefly,
diabetic rats were given STZ for three consecutive
days (day 0, 1, 2). MR was performed from day 4
to day 6. Blood glucose and weight were measured
from day 0 to day 3. Eleven rats (6 diabetic rats, 5
control rats) that underwent MRI were euthanized on
day 6 for histological analysis. Twelve rats (8 diabetic
rats, 4 control rats) that were given each contrast
media were euthanized on day 4 for measurement of

Cho HR, Lee Y, Doble P, Bishop D, Hare D, Kim YJ, Kim KG,
Jung HS, Park KS, Choi SH, Moon WK. Magnetic resonance
imaging of the pancreas in streptozotocin-induced diabetic rats:
Gadofluorine P and Gd-DOTA. World J Gastroenterol 2015;
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Figure 1 Experimental design. MRI: magnetic resonance imaging; STZ: streptozotocin.

semi-stable, macromolecular Gadofluorine-protein
[19]
complexes . In 37 ℃ plasma, the R1 relaxation rate
of Gadofluorine P at 1.41 T was about 17.5 mmol
1 -1[20]
s
. The median lethal dose of Gadofluorine P is
twice of that of Gadofluorine M and similar to that of
Gd-DOTA (5 mmol/kg for Gadofluorine M; 12.5 for
Gadofluorine P; and 11 for Gd-DOTA). Blood retention
is shorter for Gadofluorine P than for Gadofluorine
M. In rabbits, the plasma elimination half-life of
Gadofluorine P is approximately 2 h, and Gadofluorine
P is almost completely eliminated from blood/
[19]
plasma within 24 h after intravenous injection .
In contrast, the plasma half-life of Gadfluorine M in
[21,22]
rabbits is approximately 10 h
. In mice, contrast
enhancement in the blood almost disappeared 6 h
after the injection of Gadofluorine P, whereas it was
[23]
24 h for Gadofluorine M . Gd-DOTA is a macrocyclic
gadolinium paramagnetic complex with a molecular
[24]
weight of approximately 558 g/mol (Figure 2) . In
37 ℃ plasma, the R1 relaxation rates of Gd-DOTA at
-1 -1[25]
1.5 T were approximately 3.5 mmol s
. Gd-DOTA
is a first generation extracellular fluid space contrast
MR agents. After intravenous injection, Gd-DOTA
randomly distributes in intravascular and interstitial
extracellular fluid spaces, and is eliminated rapidly
[26]
through glomerular filtration in the kidney . In rats,
the biodistribution of Gd-DOTA has a distribution half[25,27]
life of 3 min and an elimination half-life of 18 min
.

intrapancreatic Gd concentrations using laser ablationinductively coupled plasma-mass spectrometry (LAICP-MS). These rats did not undergo MRI (Figure 1).

Animal preparation

The experiment was undertaken in female Fischer 344
rats from Charles River (Orient-Bio Inc., Seongnam,
South Korea) weighing 140-210 g at 6-7 wk of age.
For the insulin-dependent diabetic rat model, we
[14-16]
used the multiple low-dose STZ model
. For three
consecutive days, the diabetic rats received daily
intraperitoneal injections of 15 mg/kg STZ (S0130-1G,
Sigma-Aldrich Korea, Seoul, South Korea) dissolved
in a citrate buffer (0.09 mol/L). For the control group,
the rats received an equal volume of citrate buffer
intraperitoneally.
Blood glucose concentrations were measured once
®
a day using a commercial kit (BAROZEN , Handok,
South Korea) and blood obtained from the tail vein. On
day 0, blood glucose levels were measured after 6 h
of fasting, and after day 0, non-fasting blood glucose
levels were measured. Hyperglycemia was defined
as a blood glucose level ≥ 2 g/L in two consecutive
measurements.

Contrast media

Gadofluorine P (molecular weight 1322 g/mol) is a
daughter product of Gadofluorine M (Bayer Schering
Pharma, Berlin, Germany) (molecular weight 1528
g/mol) with improved tolerability. Gadofluorine agents
are amphiphilic gadolinium complexes, synthesized
by adding a perfluoroctyl chain to a gadolinium[13]
containing macrocycle (Figure 2) ; therefore, they
form micelles in water. In blood or extracellular
tissue, Gadofluorine agents strongly interact with
hydrophobic proteins (e.g., albumin, extracellular
matrix proteins), leading to a breakdown of the
[17,18]
micelles
. After intravenous injection, Gadofluorine
P also binds reversibly to plasma proteins and forms
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MRI

Before MRI acquisition, animals were sedated with
an intramuscular injection of tiletamine hydrochloride
with the sedative zolazepam hydrochloride at 30
®
mg/kg body weight (Zoletil ; Virbac, Carros, France)
®
and xylazine hydrochloride (Rompun ; Bayer, Seoul,
Korea) at 10 mg/kg body weight. We used a 3.0 T
MRI scanner (Trio; Siemens, Erlangen, Germany)
with a 4-channel wrist coil. On day 4, we obtained
T1-weighted image (T1WI) before, immediately
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Figure 2 Structures of Gadofluorine M, Gadofluorine P, and Gd-DOTA.

point for Gd-DOTA and Gadofluorine P was based on
our time-intensity curve data (Figure 3) and data from
[13,23]
other studies
.
The rats were scanned in the supine position with
no respiratory gating. A water phantom of normal
saline was positioned alongside the body during
the imaging of each rat. Transverse T1WI with a 3D
gradient-echo sequence was obtained as follows:
repetition time, 25 ms; echo time, 5.1 ms; flip angle,
25°; number of excitations, 2; slice thickness, 1 mm;
FOV 100 mm × 50 mm; matrix 256 × 123; and spatial
resolution, 0.39 mm × 0.41 mm × 1 mm. Transverse
images obtained from the level of liver dome to the
mid pole of the kidney to cover the entire pancreas.

Diabetic rats

125

Control rats

115
105
Enhancement ratio (%)

95
85
75
65
55
45
35
25
15
I
30 mm
mi
n

5

2h

4h

24 h

Figure 3 Time-enhancement ratio curve pattern of Gadofluorine P.

Time-intensity curve

and 3 min after injection of Gd-DOTA (0.1 mmol/kg
body weight). On day 5, we obtained T1WI data
immediately and 30 min after Gadofluorine P injection
(0.1 mmol/kg body weight). On day 6, we obtained
T1WI data at 24 h after the injection of Gadofluorine
P. Both contrast media injections were in the tail vein
using an injection cap followed by flushing with 1 mL
of normal saline. The 6 diabetic rats and the 5 controls
underwent MRI for 3 d. We performed MRI first with
Gd-DOTA and 24 h later with Gadofluorine P because
the elimination half-life of Gd-DOTA is much shorter
[19,25]
than that of Gadofluorine P
. The imaging time
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For the time-intensity curve, four rats were used to
generate a time-enhancement ratio curve pattern
for Gadofluorine P (Separate rats from rats for MRI
imaging, and measurement of intrapancreatic Gd
concentrations using laser ablation-inductively coupled
plasma-mass spectrometry). Two diabetic rats and two
control rats underwent this MRI. The blood glucose
level of both diabetic rats was greater than 2 g/L from
day 1. In MR image analysis, the pancreas signal
intensity was normalized to the paravertebral muscle.
With Gadofluorine P, the mean enhancement ratio of
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the pancreas increased for 240 min, with a maximal
difference in enhancement ratio between the groups
at 30 min after Gadofluorine P injection (Figure 3).
However, no significant difference was found at any
time point for both contrast media.

of the whole pancreas was used. On day 4, four
diabetic rats and four control rats were euthanized 30
min after Gadofluorine P injection, and two diabetic
rats and two control rats were sacrificed 3 min after
Gd-DOTA injection. They did not undergo MRI.
We measured the intrapancreatic Gd levels of the
rat in the diabetic and normal groups using LA-ICPMS for pancreas sections. The analysis was performed
using a New Wave Research NWR193 laser ablation
instrument (Kennelec Technologies) fitted with a Large
Format Cell. Argon was used as the carrier gas. The
laser unit was hyphenated to an Agilent Technologies
7700s ICP-MS instrument fitted with a “cs” lens
system, a platinum sampler, and skimmer cones.
Prior to analysis, the system was tuned for sensitivity
using a NIST 612 Trace element in glass and in-houseproduced tissue standards. Oxide formation was
248
232
controlled by limiting the amount of Th16O+/ Th+
to < 0.3% for the ablation of NIST 612.
Data were acquired by ablating adjacent lines down
each specimen (10 μm thick) with a beam diameter of
50 m and a scan speed of 200 m/s. Mass spectrometer
integration times were chosen in order to maintain
[28]
the true image dimensions
when processed, such
2
that a single pixel represented 50 (or is that 2500) m .
Variations in laser power output and instrument drift
were compensated for through normalization to the
13
[29]
C signal .
Quantitative data were produced through repre
sentative ablation of tissue standards, using a
[30,31]
previously described method
. Briefly, chicken
breast tissue was purchased from a local market and
stripped of all fatty and connective tissue. Five-gram
aliquots of dissected tissue were partially homogenized
using an OmniTech TH tissue homogenizer (Kelly
Scientific) fitted with a polycarbonate probe. Then, 5
to 50 L aliquots of high purity standard solution (Choice
Analytical) were added to each standard preparation,
which were then further homogenized. Next, six
approximately 250 mg aliquots of each standard were
digested in HNO3:H2O2 (3:1 ratio) in a Milestone MLS
1200 microwave digester (John Morris Scientific), and
each standard was analyzed by solution nebulization
ICP-MS to accurately determine the trace metal
concentration and homogeneity of the standards.
Data were reduced into multispectral images using
the Interactive Data Imaging Spectral Data Analysis
Software (ISIDAS) developed by the University
of Technology, Sydney Computational Research
Support Unit. ISIDAS is a specialized data reduction
package written in the Python programming language.
Images were exported from ISIDAS in a Visualization
Toolkit (.vtk) format into Enthought MayaVi2 for
color rendering. Quantitative data were extracted by
freehand outlining of the ROIs using ISIDAS.

MRI analysis

The MR images were analyzed by a radiologist who
was blinded to the group (control or diabetic) and the
histological results. The MR data from each animal
were processed with ImageJ (http://rsb.info.nih.gov/
ij/) and a software program developed in-house (Y-J.
K. and K.G.K.) using Visual C++ (Microsoft, Redmond,
Wash). In each rat, regions of interest (ROIs) were
drawn within the entire pancreas through consecutive
transverse planes while avoiding surrounding
structures including the stomach lumen, the caudate
lobe of the liver and the spleen. The signal intensities
(SIs) of the pancreata were normalized using the SIs
of a water phantom (normalized SI of the pancreas
= SI of the pancreas/SI of a water phantom). The
mean value of the summation of consecutive ROIs was
used for interpretation of the normalized SIs of the
pancreas. The contrast enhancement ratio (ER) was
calculated as follows: ER (%) = 100 × (normalized
SIenhanced - normalized SIunenhanced)/normalized SIunenhanced,
and the ER of the pancreas was calculated at each
time point (e.g., immediately and 3 min after Gd-DOTA
injection; and immediately, 30 min and 24 h after the
Gadofluorine P injection).

Histological analysis

After the acquisition of the MRIs (day 6), the
pancreata (n = 11) were immediately removed and
fixed in 10% buffered formalin. Paraffin-embedded
pancreata were cut into 4-μm-thick sections and
stained with hematoxylin and eosin (HE). The islet size
and number were measured for statistical analysis.
Slides were observed under a light microscope at
magnification × 100 by a pathologist. Ten nonconsecutive slides were chosen from each rat, and
the islet size was measured using an Olympus DP70
digital microscope camera and its associated software
(Olympus Corporation, Tokyo, Japan). The largest
diameter of each islet was measured using a digital
scale bar. The number of islets was determined as the
mean number of islets in a field of 2.2 mm diameter
at 100 × magnification. Three separate fields were
viewed in each slide.

Measurement of intrapancreatic Gd concentrations
using laser ablation-inductively coupled plasma-mass
spectrometry

We measured Gd concentrations in 10 μm sections of
the pancreas using laser ablation-inductively coupled
plasma-mass spectrometry (LA-ICP-MS). The pancreas
was sectioned on a coronal plane to cover the entire
pancreas (head, body, tail); the representative section
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Statistical analysis

Statistical analyses were performed using MedCalc
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elevated compared with control rats from day 1 after
the injection of STZ (day 1, P < 0.05; day 2, P < 0.01;
day 3, P < 0.01). The blood glucose level of rats that
underwent MRI are shown in Figure 4 (from day 0 to
day 3).
Table 1 summarizes the normalized SI and ER
of the pancreata after the injection of Gd-DOTA and
Gadofluorine P in control and diabetic rats. After the
injection of Gd-DOTA, we did not observe a significant
difference in either normalized SI or ER of the
pancreata between control and diabetic rats at each
time point. In terms of Gadofluorine P-enhanced MRI,
both the normalized SI and ER of the pancreata of
the diabetic rats were significantly higher than those
of the control rats 30 min after injection (309.8 ±
21.5 vs 251.7 ± 27.6; 111.8 ± 22.3 vs 78.0 ± 17.5,
respectively), whereas we did not observe a significant
difference at any other time point. Figure 5 shows the
change in the normalized SI and ER of the pancreata
after the injection of Gd-DOTA and Gadofluorine P in
the control and diabetic rats; representative images
(Figure 6) are included for each group.
To differentiate diabetic rats from the control
group, ROC analysis showed that ER 30 min after
Gadofluorine P injection had a greater AUC than did
ER 3 min after Gd-DOTA injection (Table 2), which was
not statistically significant (P = 0.085). The optimal
ER value 30 min after Gadofluorine P injection was >
101.6%; the sensitivity, specificity and accuracy were
83.3% (5 of 6 rats), 100% (5 of 5 rats) and 90.9% (10
of 11 rats). The optimal ER value 3 min after Gd-DOTA
injection was > 9.4%; the sensitivity, specificity and
accuracy were 83.3% (5 of 6 rats), 60% (3 of 5 rats)
and 72.8% (8 of 11 rats).

Control rats
Diabetic rats

a

5.0

b

b

2

3

4.5

Blood glucose (g/L)

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0
0

1

Figure 4 Blood glucose level of the streptozotocin-injected rat model of
type 1 diabetes. Blood glucose level of the control (n = 5) and diabetic (n = 6)
rat groups over 4 d. The blood glucose level increased more than 2 g/L from
day 2 in the diabetic rat group. aP < 0.05 control rats vs diabetic rats; bP < 0.01
control rats vs diabetic rats.

version 14.8.1 for Windows (MedCalc Software,
Mariakerke, Belgium). Descriptive statistical measures,
including the mean, median, standard deviation
(SD), and range were calculated for quantitative
measurement.
Data are expressed as the mean ± SD or median
(lowest value, highest value). Differences in the blood
glucose levels, intrapancreatic gadolinium concentration
using LA-ICP-MS and the normalized SI and ER of
the pancreata between the diabetic and control group
at each time point were compared using the MannWhitney test. We obtained the area under the receiver
operating characteristics (ROC)-curve (AUC), and
the sensitivity, specificity, and accuracy of the ER to
determine the diabetic rat group with an optimal cutoff value which was calculated using a ROC-based
positive test with the categorical variables of diabetes
or control.
We used linear regression analysis to determine the
association between the histological results and the
normalized SI and ER of the pancreata.
A P value < 0.05 was considered statistically
significant.
The statistical methods of this study were reviewed
by Yunhee Choi, PhD, from the Medial Research
Collaborating Center at Seoul National University
Hospital.

Histological results

The mean islet diameters were 315.89 ± 101.44 and
481.34 ± 69.32 μm in the diabetic and control rat
groups, respectively, which were significantly different
(P = 0.013). The mean numbers of islets per 2.2-mm
diameter field were 3.7 ± 1.5 and 6.8 ± 2.3 in the
diabetic and control rat groups, respectively, which
were also statistically significant (P = 0.023) (Figure 7).
The pathologist did not report any specific HE
findings other than decreased islet numbers and sizes.

Correlation of normalized SI and ER with histological
results

Simple linear regression analysis revealed that the
increase in normalized SI 30 min after Gadofluorine P
injection was associated with a decrease in the mean
2
number of islets per field (r = 0.510, P = 0.014)
but that normalized SI 3 min after Gd-DOTA was not
2
associated (r = 0.013, P = 0.743) (Figure 8).

RESULTS
Comparison of the change in the normalized SI and ER
of the pancreas between Gd-DOTA and Gadofluorine P

Intrapancreatic Gd concentration using LA-ICP-MS

A significant difference in the concentration of
intrapancreatic Gd was observed between the control

The blood glucose levels for STZ-injected rats were
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Table 1 Normalized signal intensity and mean enhancement ratio of the pancreas in the diabetic rat group (n = 6) and the control
rat (n = 5) group
Pre

Imm after Gd-DOTA 3 min after Gd-DOTA

Normalized signal intensity of the pancreas
Control rats
137.9 (132.0, 152.4)
165.6 (160.0, 177.8)
Diabetic rats
146.6 (135.2, 161.7)
184.4 (164.0, 218.7)
Enhancement ratio of the pancreas (%)
Control rats
20.5 (8.7, 27.9)
Diabetic rats
29.3 (11.8, 45.5)

158.2 (141.2, 161.3)
173.3 (153.2, 185.9)
9.3 (-7.3, 21.6)
14.8 (4.9, 34.4)

Imm after GdP

30 min after GdP

24 h after GdP

238.4 (201.8, 311.6)
277.1 (217.0, 317.4)

264.7 (212.5, 280.7)b
302.6 (295.6, 353.3)b

171.0 (147.3, 178.9)
177.9 (145.9, 189.7)

80.8 (46.3, 111.2)
79.3 (47.5, 129.3)

79.5 (54.1, 101.6)a
103.3 (87.9, 151.1)a

17.4 (11.6, 24.0)
16.5 (-0.1, 34.8)

Data are shown as the median (lowest value, highest value). P values were calculated using the Mann-Whitney test. Imm: immediate; GdP: Gadofluorine P.
a
P < 0.05 control rats vs diabetic rats; bP < 0.01 control rats vs diabetic rats.
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Figure 5 Enhancement of the pancreata of the control and diabetic rats. The normalized signal intensity (SI) (A) and enhancement ratio (ER) (B) of the
pancreata at each time point after the injection of Gd-DOTA and Gadofluorine P in the control (n = 5) and diabetic (n = 6) rat groups (bP < 0.01). Imm, immediate. aP < 0.05
control rats vs diabetic rats; bP < 0.01 control rats vs diabetic rats. GdP: Gadofluorine P.

injection [Gd-DOTA (n = 4) vs Gadofluorine P (n = 8),
0.00 (0.00, 1.55) vs 7.37 (2.48, 14.92), P < 0.01].

Table 2 Area under the receiver operating characteristics
curve for Gadofluorine P and Gd-DOTA for differentiating
diabetic rats from the control group

DISCUSSION

AUC
Enhancement ratio 3 min after Gd-DOTA
Enhancement ratio 30 min after GdP

This study demonstrates that Gadofluorine P-enhanced
MRI can be used to assess the changes in the pancreas
in the STZ-induced diabetes model. This is attributed
to the increased vascular permeability of the pancreas
and the physicochemical properties of Gadofluorine P.
We suggest several working mechanisms of
Gadofluorine P enhancement of the pancreas in STZinduced diabetes. First, Gadofluorine P has a strong
[23]
blood pool effect . Unlike Gd-DOTA, which is also
T1 contrast media but is rapidly cleared from the
[32]
intravascular space and eliminated , Gadofluorine
P can re-circulate in the blood by binding to albumin
[19]
via its nonspecific protein binding properties . The
elimination half-life of Gadofluorine P is approximately
[19,25]
six times greater than that of Gd-DOTA
. In
addition, the R1 relaxivity of Gadofluorine P is

0.667 (0.334-0.908)
0.967 (0.664-1.000)

Numbers in parentheses indicates the 95%CI. AUC: Area under the
receiver operating characteristics curve; GdP: Gadofluorine P.

and diabetic animals that were euthanized 30 min after
Gadofluorine P injection (control (n = 4) vs diabetic (n
= 4), 3.25 (2.48, 5.35) ng/g vs 10.55 (9.39, 14.92)
ng/g, P < 0.05; Figure 9a, b). No significant difference
was noted between the control and diabetic rats that
were euthanized 3 min after Gd-DOTA injection [control
(n = 2) vs diabetic (n = 2), 0.00 (0.00, 0.00) vs 0.78
(0.00, 1.55) ng/g; Figure 9c, d]. The concentration
of intrapancreatic Gd was higher in rats treated with
Gadofluorine P than the rats treated with Gd-DOTA
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Control Rat

B

Diabetic Rat

Control Rat

D

Diabetic Rat

Gd-DOTA 3 min

A

Gadofluorine P 30 min

C

Figure 6 T1-weighted image magnetic resonance imaging obtained 3 min after Gd-DOTA injection and 30 min after Gadofluorine P injection and a diabetic
rat (D) revealed the pancreas of a control rat (A), a diabetic rat (B), a control rat (C) and a diabetic rat (D), respectively. The normalized SI and ER were as
follows: a control vs a diabetic rat, 158.2 vs 153.2 and 14.7 vs 4.9, respectively. The normalized SI and ER were as follows: a control versus a diabetic rat, 212.5
vs 295.6 and 54.1 vs 102.3, respectively. The area of the pancreas is outlined with a red dotted line. MRI: magnetic resonance imaging; SI: signal intensity; ER:
enhancement ratio.

A

B

Figure 7 Hematoxylin and eosin staining of the pancreas of a control rat and a diabetic rat. A light microscope at magnification × 100. All islets are outlined with
solid lines, and the structures outlined with dotted line are the vessels. Both the islet size and the islet number were decreased in the diabetic rats (B) compared with
the control rats (A).

approximately four times greater than that of GdDOTA. Second, Gadofluorine P can extravasate in
regions of increased vascular permeability and bind
to extracellular protein in the interstitial space. In our
results obtained from LA-ICP-MS, the concentration of
intrapancreatic Gd was significantly higher in diabetic
rats than the control rats with Gadofluorine P injection.
With Gd-DOTA injection, intrapancreatic Gd was
significantly lower than with Gadofluroine P injection

WJG|www.wjgnet.com

in the pancreas of diabetic or control rats. These
results revealed the extravasation and accumulation
of Gadofluorine P in the pancreas of the diabetic rat.
Gadofluorine M accumulation in the extracellular
matrix in regions with disturbed epithelial membranes
has been confirmed in other disease models including
[18,22]
atherosclerosis, and inflammatory bowel disease
.
In atherosclerotic plaques, the Gadofluorine M-albumin
complex leaks into the extravascular space and then

5838

May 21, 2015|Volume 21|Issue 19|

Cho HR et al . Gadofluorine P-enhanced MRI in streptozotocin-induced diabetes

A

B

Control rats

9
8

r = 0.510, P = 0.014

5
4

r 2 = 0.013, P = 0.743

7
Islet number

6

Diabetic rats

8

2

7
Islet number

Control rats

9

Diabetic rats

6
5
4

3

3

2

2
200

250

300

350

400

140

Normalized signal intensity 30 min after Gadofluorine P

150

160

170

180

190

Normalized signal intensity 3 min after Gd-DOTA

Figure 8 Correlation of magnetic resonance parameters of the pancreas after Gadofluorine P injection with islet number. A: Normalized signal intensity of the
pancreas at 30 min after Gadofluorine P injection correlated well with the mean number of islet per field (r2 = 0.510, P = 0.014); B: Normalized signal intensity of the
pancreas at 3 min after Gd-DOTA injection did not correlated with the mean number of islets per field (r2 = 0.013, P = 0.743).
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Figure 9 Determination of intra-pancreatic Gadolinium concentration using laser ablation-inductively coupled plasma-mass spectrometry. Higher average
Gadolinium concentration (10.49 ng/g) in the pancreas section of a diabetic rat (A) than a control rat (3.89 ng/g) (B) 30 min after Gadofluoine P injection. The average
Gadolinium concentration was 0 ng/g in a control rat (C) and 1.55 ng/g in a diabetic rat (D).

controls after the injection of T1 contrast medium
(protected graft copolymer covalently linked to Gddiethylenetriaminepentaacetic acid residues labeled
with fluorescein isothiocyanate) in the pancreata of
STZ-induced diabetic animals. However, they did not
quantitatively correlate the MR parameters with islet
mass or β-cell function.
There have been other studies evaluating the
pancreas of type 1 diabetes using MRI: Denis et
[34]
al
used long-circulating magnetofluorescent
nanoparticles (iron oxide cored particle attached
fluorochrome) in nonobese diabetic mice and Gaglia
[35]
et al
used iron-based magnetic nanoparticles in

accumulates within the extracellular compartment and
the fibrous parts of the plaque by binding to collagens,
[18]
proteoglycans and tenascin . In inflammatory bowel
disease, Gadofluorine M accumulates in the lamina
propria mucosae of the bowel beyond the intravascular
[22]
space . We also demonstrated the accumulation of
Gadofluorine P in the pancreas using LA-ICP-MS.
In our results, the normalized SI of the pancreas 30
min after Gadofluorine P injection negatively correlated
with pancreatic islet number of the pancreas. These
results correspond with the results of an earlier study
[33]
by Medarova et al
which demonstrated that T1
relaxation time was significantly lower compared to
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Figure 10 Thirty days’ monitoring of body weight (a) and blood glucose level (b) of rats with streptozotocin intraperitoneal injection. Nine separate rats
were treated with streptozotocin in the same way as the material and method. They are monitored for blood glucose level and weight for 30 d. Among them, two rats
failed to develop hyperglycemia. In diabetic rats, blood glucose level was elevated and plateaued above 4.5 g/dL from day 3.

recent onset type 1 diabetes patients. In contrast to
our study, these studies used iron-based negative
T2 contrast agents. They postulated that their ironbased contrast agents extravasate from leaky vessels
into the surrounding tissue and are engulfed by
[34]
activated macrophages in the tissue. Denis et al
demonstrated that accumulation of the nanoparticles
in mice correlates with insulitis intensity as revealed
by HE histological analysis. However, in our study, we
could not find evidence of insulitis in the histological
analysis of the pancreas: there was no inflammatory
[33]
cell accumulation. Similarly, Medarova et al
reported that in an STZ-induced model of type 1
diabetes, the pancreatic islets were less abundant
and islet morphology was abnormal, but there was no
inflammatory cell infiltrates.
[36]
Antkowiak et al
reported that measurements of
pancreatic R1 in manganese-enhanced MRI accurately
reflected changes of functional β cell mass in their
mouse model of type 1 diabetes. Manganese ion,
which is a T1 contrast medium, enters β cells through
voltage-gated calcium channels and specific β cell
[37]
uptake occurs after glucose stimulation . However,
that study, which emphasizes the detection of early
changes before overt diabetes, does not account for
the increase of vascular permeability that can influence
manganese ion uptake by β cell.
[38]
Dhyani et al reported that the kinetic parameters
of dynamic manganese-enhanced MRI could be used
to assess β-cell functionality; however, this method
is limited by motion artifacts and low signal-to-noise
ratios during pancreatic imaging. In our study, we
used noninvasive MRI to image in vivo the vasculature
of the pancreas in STZ-induced diabetic rats using the
blood-pool agent Gadofluorine P. The strengths of the
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present method are as follows: (1) possible application
for pancreatic MRI using conventional sequences; (2)
relatively short circulation time as a blood pool agent;
and (3) strong T1 contrast between the normal and
diabetic pancreas.
In addition, MRI can evaluate pancreatic morphology,
allowing the assessment of pancreatic volume and other
pancreatic diseases (chronic pancreatitis, pancreatic
cancer) that can cause diabetes.
The next logical step of our study is to test whether
this method can detect early changes before overt
diabetes, as blood glucose was significantly elevated one
day after STZ injection in our model. We anticipate that
with further development, this technique could diagnose
type 1 diabetes early, as well as monitor vascular and
islet changes noninvasively and quantitatively.
There are several limitations to this study. First,
we used sequential imaging in the same rats for both
contrast media. If we use a longer time interval,
contrast media are more easily eliminated from the
body, so the potential interaction between the contrast
media might be avoided. However, the elimination
half-life of Gd-DOTA is 18 min; therefore, the 24-h
interval is considered sufficient for rats with healthy
kidneys. In addition, the changes in the pancreas may
progress during the delay between MRI. However, we
did not perform histological analyses of the pancreas
on day 4, which is a limitation of our study. However,
we had a separate set of rats for blood glucose level
monitoring for 30 d. In Figure 10, blood glucose level
was elevated and plateaued above 4.5 g/L from day
3. MRI, which was selected for comparison of GdDOTA and Gadolinium P in our study, was obtained on
day 4 and day 5. Moreover, we attempted to minimize
the number of animals following the policy of our
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with known association with diabetes. The manuscript is very well written.

institutional animal care and use committee. Second,
there was a 24 h interval between the times of rat
euthanasia for HE staining for islet number count (day
6) and the time when normalized SI and ER of control
and diabetic rats showed a significant difference (day
5). Therefore, it is possible that islet number may be
greater at 30 min after Gadofluorine P injection than
at 24 h. Third, we demonstrated that Gadofluorine P
accumulated in the pancreata of diabetic rats using
LA-ICP-MS but Gd-DOTA did not; however, we did
not demonstrate the location of Gadofluorine P in the
[33]
pancreas. However, in the study of Medarova et al of
an STZ-induced mouse model of type 1 diabetes, they
observed their fluorescence-conjugated T1 contrast
medium in islet interstitium and islet-feeding blood
vessels in diabetic rats but not in control rats using
fluorescence microscopy.
In conclusion, in this STZ-induced diabetic rat
model, Gadofluorine P-enhanced MRI of the pancreas
showed high accuracy in the diagnosis of diabetes.
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Abstract
AIM: To investigate the microRNA (miRNA) expression
profile in gastrointestinal stromal tumor (GIST) tissues
that could serve as a novel diagnostic biomarker for
GIST detection.
METHODS: We performed a quantitative real-time
quantitative reverse transcriptase polymerase chain
reaction assay to analyze the expression of 1888
miRNAs in a sample set that included 54 GIST tissue
samples.
RESULTS: We found that dysregulation of several
miRNAs may be related to the malignant potential
of GISTs. Six of these miRNAs, hsa-let-7c, miR-218,
miR-488#, miR-4683, miR-34c-5p and miR-4773, were
selected as the final list of biomarkers to separate the
malignant GISTs (M group) from the benign GISTs
(B group). In addition, MiR-29b-2#, hsa-let-7c, miR891b, miR-218, miR-204, miR-204-3p, miR-628-5p,
miR-744, miR-29c#, miR-625 and miR-196a were used
to distinguish between the borderline (BO group) and
M groups. There were 11 common miRNAs selected to
separate the benign and borderline (BB) group from the
M group, including hsa-let-7c, miR-218, miR-628-5p,
miR-204-3p, miR-204, miR-891b, miR-488#, miR-145,
miR-891a, miR-34c-5p and miR-196a.
CONCLUSION: The identified miRNAs appear to
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be novel biomarkers to distinguish malignant from
benign GISTs, which may be helpful to understand the
mechanisms of GIST oncogenesis and progression,
and to further elucidate the characteristics of GIST
subtypes.

GISTs are found to express KIT and CD34 which are
[7]
the characteristic features of ICC .
GISTs may recur in nearly 50% of patients after
complete resection. In fact, half of high-risk GISTs may
[8]
recur within 2 years of surgery . Most GISTs recur
[9]
in the liver or peritoneum . The risk of recurrence
is based on the following aspects: large tumor size
(> 5 cm), high mitotic rate (> 5 mitoses per high
power field), tumor location, margins of resection,
[10]
and rupture of tumor . Some retrospective studies
indicated that GISTs located in the stomach have
better prognosis than those arising from the small
intestinal and rectum.
In the past decade, the search for oncogenes and
tumor suppressor genes has focused on microRNAs
[11]
(miRNAs), which negatively regulate target mRNAs .
Dysregulation of miRNAs can influence tumor
[12]
differentiation, invasion, metastasis and recurrence .
Consequently, the development of new therapeutic
strategies to target dysregulated tumor-driving
miRNAs is vital. Recent investigations have focused
on the relationship between miRNAs and GISTs,
[13]
including studies of miR-494 , miR-17, miR-20a, and
[14]
miR-222 .
The objective of this study was to analyze
miRNA expression in different types of GISTs using
a quantitative polymerase chain reaction (qPCR)
array platform. Identifying and isolating dysregulated
miRNAs may contribute to understanding of the
mechanisms involved in GIST malignant progression.

Key words: Gastrointestinal stromal tumors; microRNAs;
Microarray analysis; Real-time polymerase chain
reaction; Diagnosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using high throughput quantitative reverse
transcription-polymerase chain reaction microarray,
we obtained a panel of miRNAs including hsa-let7c, miR-218, miR-488#, miR-4683, miR-34c-5p and
miR-4773, which can distinguish malignant from
benign gastrointestinal stromal tumors (GISTs).
Understanding the mechanisms of GIST tumorigenesis
and development, may help to further elucidate the
characteristics of GIST subtypes.
Tong HX, Zhou YH, Hou YY, Zhang Y, Huang Y, Xie B, Wang
JY, Jiang Q, He JY, Shao YB, Han WM, Tan RY, Zhu J, Lu WQ.
Expression profile of microRNAs in gastrointestinal stromal
tumors revealed by high throughput quantitative RT-PCR
microarray. World J Gastroenterol 2015; 21(19): 5843-5855
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i19/5843.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i19.5843

MATERIALS AND METHODS
Study design, patients and samples

INTRODUCTION

This study enrolled 54 GIST patients who were seen
at Zhongshan Hospital, Fudan University during the
period of October 2011 to July 2012. According to our
[15,16]
previous study
, the patients were classified into
a benign GIST group (B group, n = 9), a borderline
GIST group (BO group, n = 14) or a malignant
GIST group (M group, n = 31). All samples were
collected from consenting individuals according to
the protocols approved by Zhongshan Hospital Ethics
Committee. Patients were eligible for the study if they
were 18 years of age or older and had a pathological
diagnosis of GIST following surgical resection that met
histological or cytological criteria. Histological typing
of the tumors was performed according to the 2012
National Comprehensive Cancer Network (NCCN) Soft
Tissue Sarcoma Guideline.
A total of 54 samples were analyzed and classified
into 1 of 3 risk levels. Of these, 15 were characterized
as low risk, 9 as intermediate risk, and 30 as high. The
demographic and clinical features of the patients are
summarized in Table 1.

Gastrointestinal stromal tumors (GISTs) are the
most common mesenchymal neoplasms of the
gastrointestinal tract. GISTs were commonly mis
diagnosed as leiomyomas or leiomyosarcomas until
[1]
the 1990s when Miettinen et al discovered that the
expression of CD34 in the tumor can distinguish GISTs
from leiomyomas and leiomyosarcomas. Currently, the
diagnoses of GISTs have become more precise through
immunohistochemical staining with the discovery of
surface markers such as CD117 (positive rate, 95%)
and DOG1 (95%).
GISTs are most commonly found in the stomach
(60%) and small intestine (25%), while approximately
5% are found in the colon or rectum, and only 2%
[2]
in the esophagus or other organs . The clinical
symptoms of GISTs include abdominal pain, nausea,
dysphagia, and chronic gastrointestinal bleeding.
GISTs are a type of oncogenic mutation driven
tumors, with common mutations arising in the KIT
receptor tyrosine kinase gene (80%-90%) and the
platelet-derived growth factor receptor alpha (PDGFRA)
[3,4]
gene (5%) . Recent research has revealed links to
[5,6]
BRAF and SDH mutations . GISTs are thought to
originate from interstitial cells of Cajal (ICC), therefore,
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RNA isolation from fresh tissues

Total RNA was isolated from 20 to 30 mg of frozen
tissue with the miRNeasy Mini Kit (Qiagen, 217004)
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packages. For the data obtained by qRT-PCR, raw
cycle threshold (Ct) measurements were used for
the comparison among the 3 risk levels. To remove
differences in the RNA input used to profile the 54
samples analyzed in the study, we used the QuantileMedian method to process the raw Ct measurements.
Samples that showed significantly different profiles
(mean absolute difference) from all other samples
(Bioconductor package “arrayQualityMetrics”) were
considered to be outlier samples and were removed
from downstream analysis. No sample was removed.
Differential expression analysis was performed on the
samples using t-test (R package “limma”). MiRNAs
producing false discovery rate (FDR) adjusted p-values
below 0.01 and fold-changes above 2 were judged as
differentially expressed. The predicted probability of
being diagnosed with GIST was used as a surrogate
marker to construct receiver operating characteristic
(ROC) curves. The area-under-the-ROC curve (AUC)
was used as an accuracy index for evaluating the
diagnostic performance of the selected miRNA panel.

Table 1 Characteristics of tissue samples
Characteristic

Benign GISTs
(n = 9)

Borderline GISTs
(n = 14)

Malignant GISTs
(n = 31)

68

58

58

4
5

6
8

19
11

6
3
0

6
4
4

3
2
26

Age (yr)
Median
Gender
Male
Female
Risk
Low
Intermediate
High

GISTs: gastrointestinal stromal tumors.

according to the manufacturer’s instructions. The
quality of the isolated RNA was detected by agarose
gel electrophoresis and the quantity was analyzed
by an ultraviolet spectrophotometric method using
Biomate3 (Thermo).

Total RNA pool making

The total RNA concentration of each sample was
diluted to 62.5 ng/µL, and 10 µL of the total RNA from
each sample was combined to make the total RNA
pool.

RESULTS
Clinicopathological characteristics

The 54 GIST patients ranged in age from 32 to
78 years (median: 60.2 years). Of these, 30 were
cases located in the stomach (55.6%), 8 in the small
intestine (14.8%), 4 in the pelvic cavity (7.4%), 4
in the abdominal cavity (7.4%), 2 in the duodenum
(3.7%), and 1 case each (1.9% each) in the rectum,
colon, and esophagus, respectively. Among these
54 cases, 3 developed hepatic metastases (5.6%).
All samples were diagnosed by pathology, and the
macroscopic description was available.
Among these GIST samples, 5 were wild-type
GISTs (9.3%), 19 had the C-kit exon 11 mutation
(35.2%), and 4 had the C-kit exon 17 mutation (7.4%).
For the remaining cases, gene mutation status was
unknown.
Fifteen cases were defined as low-risk GISTs
(27.8%), 9 as intermediate risk (16.7%), and the
remaining 30 as high risk (64.8%).
Pathological analyses unveiled 31 cases as
malignant GISTs (57.4%), 14 as borderline GISTs
(25.9%), and 9 as benign GISTs (16.7%).

First-strand cDNA synthesis

First-strand cDNA was generated from the total
RNA sample by reverse transcription (RT) using the
Sharpvue™ miRNA First Strand Kit (Biovue, 9000004)
following the manufacturer’s protocol. A poly (A) tail
was added to the 3’ end of miRNAs, and RT of total
RNA to the first-strand cDNA was performed using a
universal RT primer. The RT reaction was carried out
using a GeneAmp PCR 9700 Thermocycler (Applied
Biosystems). The reactions were incubated at 37 ℃ for
60 min and were inactivated by incubation at 95 ℃ for
10 min.

Real-time quantitative PCR

Single-tube miRNA assays were used to detect and
quantify mature miRNAs by Sharpvue™ 2 × Universal
qPCR Master Mix High Rox (Biovue, 9000008) and
Sharpvue™ Human miRNA Primer assay (Biovue)
under conditions defined by the supplier. The RNA pool
was detected using 1920 miRNA primers including 35
controls in five 384-well plates. Each plate contained
3 endogenous controls (hsa-7SL-scRNA, hsa-RNU6B,
and hsa-RNU48) in duplicate and one no template
control. MiRNA expression levels were quantified using
the 7900HT Fast Real-Time PCR System (Applied
Biosystems). The reactions were incubated in a
384-well optical plate at 95 ℃ for 2 min, followed by
3 cycles of 96 ℃ for 5 s and 60 ℃ for 1 min, then 37
cycles of 96 ℃ for 5 s and 60 ℃ for 30 s.

MiRNA data testing and analysis

For the data obtained by qRT-PCR, the GIST miRNA
functional panel (3 cards including 849 human miRNAs
and 2 endogenous controls) was developed by Biovue
Technology Ltd based on the miRNA expression results
from the GIST tissue pool. The 851 miRNAs had
Ct values below the detection threshold of 35 in 54
samples.
Data analysis was performed using the “array
QualityMetrics” Bioconductor package. This procedure
removed 1 tumor tissue sample (GIST-018, malignant)
that showed significantly different profiles from the

Statistical analysis

Data analyses were performed using R and Bioconductor
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Figure 1 Relative log expression plot (quantile) of normalized data. There were no significantly different profiles between samples. GIST: gastrointestinal
stromal tumor; RLE: Relative log expression.

other samples (Figure 1). Thus, 53 tissue samples
were analyzed for miRNA expression, including 9
benign GIST tissue samples, 30 malignant GIST tissue
samples, and 14 borderline GIST tissue samples.

Algorithm performance was initially evaluated using a
leave-one-out cross-validation procedure for different
numbers of predictor markers. For each set of training
samples, miRNAs were ranked based on their t-test
p-values generated when comparing malignant vs
normal tissues. The top “n” miRNAs (where n was
allowed to range between 2 and 35) were used to build
a prediction model based on the training samples,
and applied to the remaining test samples. Prediction
class and probability were recorded for each sample
and classification algorithm. Figure 5A shows that
the resulting error rates were relatively stable when
4 predictor markers were used. Due to the limited
number of samples available for this study, we chose
the common miRNAs from these lists as the final list of
predictors (selected markers).

Differentially expressed miRNAs between different GIST
types

The miRNA expression in the 53 tissue samples were
compared in 3 group pairs: the B group (9 benign
GIST tissue samples) compared with the M group (30
malignant GIST tissue samples); the BO group (14
borderline GIST tissue samples) compared with the
M group (30 malignant GIST tissue samples); and
the benign and borderline (BB) group (9 benign GIST
tissue samples and 14 borderline GIST tissue samples)
compared with the M group (30 malignant GIST tissue
samples). The hierarchical clustering of the miRNAs
was shown by adjusted p-values (FDR) below 0.1 and
fold-changes above 2 (red point). Figure 2 shows the
comparisons for 4 miRNAs that were differentially
expressed in the B group and M groups, while Figure
3 shows the comparisons for 82 miRNAs that were
differentially expressed in the BO group and M groups.
Figure 4 shows the comparisons for 54 miRNAs that
were differentially expressed in the BB group and M
groups.

Differential miRNAs between the B and M groups

Six common miRNAs were selected as the final list of
biomarkers for malignant GIST diagnosis (Table 2). The
characteristics of these miRNAs, including fold-changes
between malignant and normal tissues, together
with t-test p-values and FDR-adjusted p-values, are
presented in Table 2. The 4 miRNAs included hsalet-7c, miR-218, miR-488#, and miR-4683, which
had lower expression levels in the M group than in
the B group. On the contrary, other miRNAs such as
miR-34c-5p and miR-4773 had significantly higher
expression levels in the M group.
The sensitivity of the selected markers in the
detection of malignant GISTs was 97% and the
specificity was 67%, with an AUC of 0.874 (Figure
5B). The classification performance of the selected 6
miRNAs for the SVM algorithm, when the leave-oneout cross-validation procedure was used, is presented
in Figure 1).

Biomarker selection

To develop a prediction algorithm for malignant GIST
diagnosis from a population of samples containing
malignant GIST tissue samples (n = 30), borderline
GIST tissue samples (n = 14), and benign GIST tissue
samples (n = 9). Three classification methods were
used: support vector machine (SVM, Bioconductor
package “e1071”), K-nearest neighbors (KNN,
Bioconductor package “class”), and diagonal linear
discriminate analysis (Bioconductor package “sfsmisc”).
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Figure 2 Comparison of the benign gastrointestinal stromal tumors (B group) vs the malignant gastrointestinal stromal tumors (M group). A: MA plot of
assays used to profile the compared samples: fold-change (y-axis) vs normalized Ct measurements; B: Volcano plot of the resulting p values of the t-test between
the B and M groups. Four miRNAs show adjusted p values (FDR) below 0.1 and fold-changes above 2 (shown in red); C: Hierarchical clustering of the 9 benign GIST
tissues and 30 malignant GIST tissues based on the 50 most variable (top 50) miRNA assays. GIST: gastrointestinal stromal tumor; FDR: false discovery rate.

Differential miRNAs between the BO and M groups

miR-34c-5p and miR-196a had lower expression in
the BB group. The predicted probability was used to
construct an ROC curve. The AUC was 0.906, with an
87% sensitivity and an 82% specificity (Figure 7).

Eleven common miRNAs were also selected to
separate the BO group from the M group (Table 3),
including 29b-2#, hsa-let-7c, miR-891b, miR-218,
miR-204, miR-204-3p, miR-628-5p, miR-744, miR29c# and miR-625, which were overexpressed in the
BO group. In contrast, miR-196a had lower expression
in the BO group. The predicted probability was used to
construct an ROC curve. The AUC was 0.96, with an
87% sensitivity and a 93% specificity (Figure 6).

DISCUSSION
By comparing benign, borderline, and malignant GISTs,
we found that the dysregulation of several miRNAs
was related to the malignant potential of GISTs. An
expression signature of 6 miRNAs was selected to
separate malignant GISTs from benign GISTs. Of
these, 4 miRNAs (hsa-let-7c, miR-218, miR-488#,
and miR-4683) were down-regulated in malignant
GISTs, and 2 miRNAs (miR-34c-5p and miR-4773)
were up-regulated in malignant GISTs. An expression
signature of 11 miRNAs (miR-29b-2#, hsa-let-7c,

Differential miRNAs between the BB and M groups

There were 11 common miRNAs selected to separate
the BB group from the M group, including hsa-let-7c,
miR-218, miR-628-5p, miR-204-3p, miR-204, miR891b, miR-488#, miR-145 and miR-891a, which were
overexpressed in the BB group (Table 4). In contrast,

WJG|www.wjgnet.com

5847

May 21, 2015|Volume 21|Issue 19|

Tong HX et al . Expression profile of miRNAs in GISTs

A

B

Bo vs M

4

Percent variance explained

log2 FC (M/Bo)

2

0

-2

Bo vs M, variance decomposition

0.20

0.15

0.10

0.05

B vs M 82 DEX miRNAs

-log10 (P value)

4

Risk. grading

0.00

Mutation

35

Location

C

25
30
Average log2 (signal)

Age

20

Gender

15

Ogical. classification

-4

Intensity, var explained = 0.34

3

2

1

0
-4

-2

0
log2 FC (M/Bo)

2

4

D

PVclust, top 50 miRNA
0.25

au bp
edge#
90 8
42

0.20
M

93 11
39
Height

0.15

0.10

0.05

90 9
3792 5
36
91 9
M
32 84 4
M
69 49
30
25
69 46 89 5
22
M 19
92 83
83 12
M 12
16
M M M
M M

M M

0.00

94 2
41

90 4
40

M

88 19
38

94 3
35

Bo
94 1
93 10
34
80 2
33
96 4
67 8
31
75 4
28
84 2
90 7 29 80 11
27 71 12
26
98 23
24
23
85 33 81 21 21
86 5
90 19
18
M
74 29
84 34 17
20
95
68
14
15
94 49
M
13
M
84 51
11
88
37
9
76
21
M 8
7
93
43
Bo
6
10
M M
90
71
M M
98 92
Bo
5
Bo 2
86 55
3
M M
Bo M
M M
M
86 72
Bo 4
Bo Bo
Bo M
1
M M
Bo
Bo Bo
Bo Bo
Distance: correlation
Cluster method: average

Figure 3 Comparison of the borderline gastrointestinal stromal tumors (borderline group) vs the malignant gastrointestinal stromal tumors (M group).
A: MA plot of assays used to profile the compared samples: fold-change (y-axis) vs normalized Ct measurements; B: 45% of the variance observed in the Ct
measurements of the 50 most variable (top 50) miRNA assays across all samples can be attributed to the sample description (Bo or M). The remaining covariates
considered here (“gender”, “tumor grade”, or “stage”) account for less than 5%; C: Volcano plot of the resulting p-values of the t-test between the Bo and M groups.
Eighty-two miRNAs show adjusted p-values (FDR) below 0.1 and fold-changes above 2 (shown in red); D: Hierarchical clustering of the 14 borderline GIST tissues
and 30 malignant GIST tissues based on the 50 most variable (top 50) miRNA assays. GIST: gastrointestinal stromal tumor; FDR: false discovery rate; M: malignant
GIST tissues.

WJG|www.wjgnet.com

5848

May 21, 2015|Volume 21|Issue 19|

Tong HX et al . Expression profile of miRNAs in GISTs

B

Bo vs M

4

0.15
Percent variance explained

0

-2

35

0.00

BB vs M 54 DEX miRNAs

7
6

Risk. grading

25
30
Average log2 (signal)

Mutation

20

Location

15

0.05

Ogical. classification

-4

0.10

Age

log2 FC (M/Bo)

2

C

BB vs M, variance decomposition

Gender

A

Intensity, var explained = 0.3

-log10 (P value)

5
4
3
2
1
0
-4

-2

0
log2 FC (M/BB)

2

4

D

PVclust, top 50 miRNA
au bp
edge#

0.25

71 29
51

64 0
50

M
M

Height

0.20

0.15

0.10

0.05

0.00

72 3
46

77 1
49

97 2
47
78 1
45 77 1
41 87 3
36

95 13
87 2
3068 21
32 85 6
29
70 26BB
2784254 79 2
85 12
85 34
84 63 23
66 6 20 71 24
21
19 BB M 14
70 26
53 25
12
84 13 13
BB
7
BB BB 89 59 6
5 32
BB
88
BB BB
3
BBM
BB
2
BB
BB BB
BB BB
BB
BB M
BB BB

95 17
35

99 7
86 3
43
42
93 22 89 17
38
37

99 32
M
M 28
BB
90 21
99 65 99 81
22
87 45
56 47
15
16
M
11
10
M
MM M
MM
MM

96 29
44
M

81 1
48
BB

98 49
31
99 42
24
M
98 74
99 80 9
4
MM
MM

95 2
40

83 2
39
73 15
96 21
33
34
85 25
26
M95 60
M 86 35
18
17
76 57
BB 8
M M
M92 86
1
BB M
MM

Distance: correlation
Cluster method: average

Figure 4 Comparison of the benign or borderline gastrointestinal stromal tumors (benign and borderline group) vs the malignant gastrointestinal stromal
tumors (M group). A: MA plot of assays used to profile the compared samples: fold-change (y-axis) vs normalized Ct measurements; B: Forty-five percent of the
variance observed in the Ct measurements of the 50 most variable (top 50) miRNA assays across all samples can be attributed to the sample description (BB or M).
The remaining covariates considered here (“gender”, “tumor grade” or “stage”) account for less than 5%; C: Volcano plot of the resulting p-values of the t-test between
the Bo and M groups. Fifty-four miRNAs show adjusted p-values (FDR) below 0.1 and fold-changes above 2 (shown in red); D: Hierarchical clustering of the 23
benign or borderline GIST tissues and 30 malignant GIST tissues based on the 50 most variable (top 50) miRNA assays. GIST: gastrointestinal stromal tumor; FDR:
false discovery rate; M: malignant GIST tissues.
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Figure 5 Area-under-the-curve (0.874) estimation for the miRNA panel in the B and M groups. Performance of the 6 selected miRNAs in Table 2 for classification
of benign gastrointestinal stromal tumor (GIST) tissues compared with malignant GIST tissues, using a support vector machine (SVM) algorithm and leave-one-out
cross-validation procedure. A: Benign GIST tissue prediction probabilities for each sample used in this study: 39 samples with an error = 4 (0.1); B: Receiver operating
characteristic (ROC) curve [area-under-the-curve (AUC) = 0.874]. M: malignant GIST tissues.

Table 2 MicroRNA signatures between the benign gastrointestinal stromal tumors (B group) and the malignant gastrointestinal
stromal tumors (M group)
ID
hsa-let-7c
MIR-218
MIR-34C-5P
MIR-488#
MIR-4683
MIR-4773

logFC

AveExpr

2.645556
4.103333
-3.13333
3.141111
1.455556
-2.89333

20.57949
24.58974
31.12308
32.27179
29.83077
32.37436

t
4.561671
4.293033
-3.89399
3.811858
3.452312
-3.41224

P value
4.20E-05
9.85E-05
0.000339
0.000435
0.00126
0.001414

Adjusted P value
0.035449
0.041616
0.091870
0.091870
0.199198
0.199198

Negative numbers indicate that the fold change is lower in the B group than in the M group. LogFC: logarithm fold change; Aveexpr: average expression.

miR-891b, miR-218, miR-204, miR-204-3p, miR-6285p, miR-744, miR-29c#, miR-625 and miR-196a) was
selected to separate borderline GISTs from malignant
GISTs. An expression signature of 11 miRNAs (hsa-let7c, miR-218, miR-628-5p, miR-204-3p, miR-204, miR891b, miR-488#, miR-145, miR-891a, miR-34c-5p and
miR-196a) was selected to separate benign GISTs and
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borderline GISTs from malignant GISTs.
In these 3 comparisons, let-7c and miR-218
were down-regulated in malignant GISTs. The downexpression of let-7 family genes has been reported
in many cancers. For example, a low level of let-7c
expression was observed in human non-small cell lung
cancer, and down-regulation of let-7c could inhibit
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Table 3 MiRNA signatures between the borderline gastrointestinal stromal tumors (borderline group) and malignant gastrointestinal
stromal tumors (M group)
logFC

AveExpr

t

P value

Adjusted P value

B

1.887619
2.118571
3.170952
3.579524
3.238095
2.390000
1.875238
-3.906670
1.590476
1.350476
1.648095

26.27273
20.51591
32.94773
24.39773
25.98636
29.77955
26.75000
25.33636
24.82727
26.76364
27.10227

4.791486
4.449458
4.420680
4.399150
4.368453
4.360826
4.185139
-4.165320
4.120092
4.070312
4.061304

1.67E-05
5.20E-05
5.71E-05
6.13E-05
6.78E-05
6.95E-05
0.000123
0.000131
0.000151
0.000177
0.000182

0.009785
0.009785
0.009785
0.009785
0.009785
0.009785
0.013800
0.013800
0.013983
0.013983
0.013983

2.889621
1.850695
1.764525
1.700197
1.608688
1.585990
1.067600
1.009689
0.877951
0.733696
0.707679

ID
MIR-29B-2#
hsa-let-7c
MIR-891b
MIR-218
MIR-204
MIR-204-3P
MIR-628-5P
MIR-196a
MIR-744
MIR-29C#
MIR-625

Negative numbers indicate that the fold change is lower in the borderline group than in the M group. LogFC: logarithm fold change; AveExpr: average
expression.
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Figure 6 Area-under-the-curve (0.96) estimation for the miRNA panel in the borderline and M groups. Performance of the 11 selected miRNAs for classification
of borderline gastrointestinal stromal tumor tissues compared with malignant gastrointestinal stromal tumor tissues. A: Support vector machine (SVM) prediction
probability for 44 samples with an error = 5 (0.11); B: Area-under-the-curve (AUC = 0.96) estimation for the miRNA panel in the borderline gastrointestinal stromal
tumor (GIST) tissues and the malignant GIST tissues. M: malignant GIST tissues.

the tumor migration and investigation by targeting
[17]
ITGB3 and MAP4K3 . TRIB2 was a target and was
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negatively regulated by let-7. As the expression of
let-7 increased, the downstream effectors of TRIB2
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Table 4 miRNA signatures between the benign gastrointestinal stromal tumors or borderline gastrointestinal stromal tumors (benign
and borderline group) and the malignant gastrointestinal stromal tumors (M group)
ID
hsa-let-7c
MIR-218
MIR-34C-5P
MIR-628-5P
MIR-204-3P
MIR-204
MIR-891b
MIR-488#
MIR-196a
MIR-145
MIR-891a

logFC

AveExpr

t

P value

Adjusted P value

B

2.324783
3.784493
-2.908700
1.903188
2.309565
2.973188
2.787101
2.648841
-3.389280
1.505217
1.900870

20.18113
23.89434
31.66226
26.52075
29.53774
25.72642
32.74717
31.84717
25.56415
17.88679
29.41509

5.938844
5.519007
-5.032010
4.863745
4.525668
4.455823
4.417100
4.392406
-4.376970
4.290314
4.266462

1.86E-07
8.86E-07
5.24E-06
9.58E-06
3.14E-05
4.00E-05
4.57E-05
4.98E-05
5.25E-05
7.05E-05
7.64E-05

0.000157
0.000375
0.001477
0.002023
0.004925
0.004925
0.004925
0.004925
0.004925
0.005869
0.005869

7.046674
5.587287
3.931173
3.370903
2.268094
2.044513
1.921237
1.842883
1.794012
1.521146
1.446506

Negative numbers indicate that the fold change is lower in the BB group than in the M group. LogFC: logarithm fold change; AveExpr: average
expression.
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Figure 7 Area-under-the-curve (0.906) estimation for the miRNA panel in the benign or borderline gastrointestinal stromal tumor tissues and M groups.
Eleven selected miRNAs comparing the BB and M groups. A: Support vector machine (SVM) prediction probability for 53 samples with an error = 8 (0.15); B: Areaunder-the-curve (AUC = 0.906) estimation for the miRNA panel in the BB and M groups. BB: benign or borderline GIST tissues; M: malignant GIST tissues; GIST:
gastrointestinal stromal tumor.
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was increased, and the activities of C/EBP-α and
phosphorylated p38MAPK were also increased. TRIB2,
C/EBP-α and phosphorylated p38MAPK were related
[18]
to cell proliferation . Other studies showed that let7c inhibited cell proliferation by targeting other genes
[19]
such as HOXA1 . Furthermore, a study performed by
[20]
Brennan et al
concluded that let-7 targets several
members of the TGF-β1 signaling pathway.
As a well-known homeodomain protein, PBX2 was
identified as a novel let-7c target that may contribute
[21]
to the AML phenotype . In colorectal cancer, let7c can suppress metastasis by targeting MMP1 and
[22]
PBX3 .
Let-7c overexpression enhanced apoptosis in
[23]
endothelial cells . In esophageal squamous cell
carcinoma, the expression of let-7c is a significant
factor of response to chemotherapy by regulation
[24]
of the IL-6/STAT3 pathway . Taken together,
most of these studies suggest that downregulation
of let-7c was related to tumor metastasis and cell
differentiation, and all of these studies imply that let7c may be related to GIST immigration and invasion.
The expression of miR-218 was previously found
to be reduced in many cancers. For example, the
upregulation of miR-218 was found to reduce the
migration and invasion of glioma cells, while the
suppression of miR-218 is able to increase the invasive
[25]
ability of the cells . In oral squamous cell carcinoma,
miR-218 was found to target the gene Rictor, and
through its regulation of the expression of Rictor,
[26]
miR-218 is able to activate the TOR-Akt pathway .
A recent study found that the expression of miR-218
decreases in human GIST tissue and cell lines, and
miR-218 can negatively regulate the expression of KIT
protein and inhibit the proliferation and invasion of
[27]
GIST cells .
For those miRNAs found to be upregulated in
malignant GISTs, miR-34c and miR196a seem to be
most important. miR-34c was revealed as a tumor
suppressor in prostate cancer by targeting MET, a
receptor tyrosine kinase activated by hepatocyte
growth factor, which is crucial for metastatic
[28]
progression . In osteosarcoma, miR-43c controls cell
proliferation by influencing the p53-miR-34c-RUNX2
[29]
[30]
network . Yang et al found that miR-34a/c is lowly
expressed in metastatic breast cancer cells and human
primary breast tumors with lymph node metastases
and overexpressing miR-34c can also inhibit cancer
cell migration and invasion. In uveal melanoma, miR34c suppressed cell proliferation via the cell cycle
[31]
proteins CDK4, CDK6, and Rb . A study revealed that
miR-34c downregulates the expression of ULBP2, and
[32]
diminishes tumor cell recognition by NK cells . In our
study, miR-34c was overexpressed in malignant GISTs,
which may indicate a role in tumorigenesis and tumor
progression.
miR-196a is also an important miRNA that is related
to tumor progression. A positive correlation has been
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found with miR-196a expression and the progression
[33]
from intestinal metaplasia to adenocarcinoma . Some
researchers found that the overexpression of miR196a was associated with high-risk grade, metastasis
and poor survival, and implied that the genes HOXC
[7]
and HOTAIR may be miR-196a target genes . In that
study, the authors revealed that miR-196a upregulated
in gastric cancer tissues and cell lines was related to
tumor size, poor pT stage, pN stage and survival time.
Downregulation of miR-196a can suppress cancer
cell proliferation. Dysregulation of miR-196a has also
been found in other cancers such as breast cancer and
[34]
pancreatic adenocarcinoma .
Recently, some studies indicated that deregulation
of miRNAs had close relation to imatinimb resistance
[35]
in GISTs. Akçakaya et al
found that miR-125a-5p is
overexpressed in imatinib resistant GISTs, and could
down-regulate PTPN18 to induce imatinib resistance
in GISTs. A study showed that low expression of
miR-320a was correlated with short time to imatinib
resistance, and proposed the potential mechanism
[36]
of miR-320a for imatinib resistance . These studies
mean that miRNAs may have potential to be targets
for imatinib resistance in GISTs.
Although these specific miRNAs were isolated in
our assays, further studies need to be performed
to confirm the veracity of our results. For example,
validation of these results in a study with a larger
sample size would provide a more clear understanding
and interpretation of these preliminary data.
In conclusion, through the utilization of real-time
quantitative RT-PCR-based miRNA assays to analyze
the expression of 1888 miRNAs in GIST samples,
3 expression signatures of miRNAs were selected
to diagnose malignant GISTs. The dysregulation of
these miRNAs may be related to the malignance of
GISTs, and therefore serves as a valuable target to
further study the mechanisms of malignant GIST
development.
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Abstract
AIM: To investigate the effect of hepatocyte nuclear
factor 4α (HNF4α) on the differentiation and
transformation of hepatic stellate cells (HSCs).
METHODS: By constructing the recombinant
adenovirus vector expressing HNF4α and HNF4α
shRNA vector, and manipulating HNF4α expression in
HSC-T6 cells, we explored the influence of HNF4α and
its induction capacity in the differentiation of rat HSCs
into hepatocytes.
RESULTS: With increased expression of HNF4α
mediated by AdHNF4α, the relative expression of
Nanog was downregulated in HSC-T6 cells (98.33 ±
12.33 vs 41.33 ± 5.67, P < 0.001). Consequently, the
expression of G-P-6 and PEPCK was upregulated (G-P-6:
14.34 ± 3.33 vs 42.53 ± 5.87, P < 0.01; PEPCK: 10.10
± 4.67 vs 56.56 ± 5.25, P < 0.001), the expression
of AFP and ALB was positive, and the expression of
Nanog, Type Ⅰ collagen, α-SMA, and TIMP-1 was
significantly decreased. HNF4α also downregulated
vimentin expression and enhanced E-cadherin
expression. The ultrastructure of HNF4α-induced cells
had more mitochondria and ribosomes compared with
the parental cells. After silencing HNF4α expression,
EPCK, E-cadherin, AFP, and ALB were downregulated
and α-SMA and vimentin were upregulated.
CONCLUSION: HNF4α can induce a tendency of
differentiation of HSCs into hepatocyte-like cells. These
findings may provide an effective way for the treatment
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of liver diseases.

and aggravated liver tissue damage following CCl4
[10]
injury . Therefore, differentiated HSCs can be used
as seed cells in hepatocyte transplantation, and can
also secrete cytokines to promote liver repair and
regeneration. However, the differentiation capacity
of HSCs and related molecular mechanisms remain
unclear.
Genetic engineering techniques can regulate
important genes in stem cell differentiation. How to
directionally induce the differentiation of stem cells
into hepatic cells and enhance their biological function
by genetic techniques has become a central topic
in the treatment of end-stage liver disease by cell
[11,12]
transplantation
. The hepatocyte nuclear factor
(HNF) family is a group of important transcription
factors in the regulation of liver differentiation.
Members of the HNF family include HNF1, HNF3, HNF4,
HNF6, and CCAAT/enhancer-binding protein (C/EBP).
Of these, HNF4 is a vital transcriptional regulator in the
differentiation of liver function, and consists of three
types: HNF4α, HNF4β, and HNF4γ. HNF4α regulates
the differentiation of hepatocytes, preserves their
biological function, and is highly expressed in mature
hepatic cells, where it plays a vital role in maintaining
the epithelial phenotype of hepatocytes.
The expression of HNF4α in HSCs has been
reported to significantly decrease in hepatocyte injury
[13]
and chronic liver disease . Activated HSCs transform
into myofibroblasts and secrete extracellular matrix
[14]
(ECM) . If the HNF4α expression in HSCs is rescued
by transfection, the biological character of HSCs can
be reversed, indicating that HNF4α is an important
regulatory factor in maintaining the epithelial
phenotype of hepatocytes. Upregulated expression
of HNF4α can inhibit transformation of HSCs into
stromal cells, and promote cell differentiation
[15]
and regeneration into hepatocytes . All of these
findings indicate that HNF4α is a vital regulator that
maintains the endothelial cell state of HSCs. Because
of the importance of HSCs in the progression of
liver fibrosis, we intend to clarify the functions of
HNF4α and the mechanism by which it regulates the
participation of HSCs in liver fibrosis. The results of
this investigation will provide a new direction in which
the pathogenesis and prevention of liver fibrosis can
be studied. Therefore, in this study, we constructed a
recombinant adenovirus expression vector (AdHNF4α)
capable of carrying the full-length cDNA of HNF4α.
By manipulating HNF4α expression using AdHNF4α,
we explored the influence of HNF4α and its induction
capacity in the differentiation of HSCs into hepatic cells
in the rat HSC-T6 cell line.

Key words: Hepatocyte nuclear factor 4α; Hepatic
stellate cells; Adenovirus vector; Differentiation; Rat
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: hepatocyte nuclear factor 4α (HNF4α) is an
important transcription factor in liver differentiation.
When enhancing HNF4α expression in hepatic stellate
cell line hepatic stellate cells (HSCs)-T6, the expression
of G-P-6, PEPCK, and E-cadherin was upregulated, the
expression of Type Ⅰ collagen, α-SMA, TIMP-1, and
vimentin was downregulated, and the induced cells
were positive for AFP and ALB. When silencing HNF4α
expression with shRNA vector, EPCK and E-cadherin
were downregulated and α-SMA and vimentin were
upregulated. The results demonstrated that HNF4α
can induce a tendency of differentiation of HSCs into
hepatocyte-like cells. These findings may provide an
effective method for treating liver diseases.
Liu K, Guo MG, Lou XL, Li XY, Xu Y, Ji WD, Huang XD, Yang
JH, Duan JC. Hepatocyte nuclear factor 4α induces a tendency
of differentiation and activation of rat hepatic stellate cells. World
J Gastroenterol 2015; 21(19): 5856-5866 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i19/5856.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i19.5856

INTRODUCTION
Hepatic stellate cells (HSCs) are stem-like cells that
have recently been described as a liver-resident
mesenchymal stem cell (MSC) population. This is
due to their MSC-related expression profile, which
expresses a variety of stem cell markers such as
nestin, CD24, CD105, CD133, and c-kit, but can also
serve as a progenitor cell population with hepatobiliary
[1,2]
characteristics . HSCs play crucial roles in liver repair
[3-5]
and regeneration after liver injury . Transplanted
HSCs can home to the injured liver and contribute
to tissue regeneration by developing into putative
progenitor cells, epithelial cells, and mesenchymal
[2]
tissues . Under incubation of different cytokines in the
culture medium, selected CD133+ cells from fresh rat
HSCs have been shown to differentiate into stromal
cells, endothelial cells, and hepatocyte-like cells in
[6,7]
vitro . In the glial fibrillary acidic protein (GFAP)Cre/green fluorescent protein (GFP) transgenic mouse
liver injury animal model, HSCs displayed the capacity
[5]
to develop into albumin-expressing hepatocytes .
Following liver injury, activated HSCs secret cytokines,
such as hepatocyte growth factors (HGF), activate
hedgehog receptors to promote liver repair and
[8,9]
+/regeneration . In contrast, Foxf1 mice exhibited
abnormal liver repair, diminished HSC activation,
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MATERIALS AND METHODS
Amplification and purification of recombinant
adenovirus vectors

The recombinant adenovirus vector AdHNF4α,
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containing the human HNF4α gene (GenBank:
NM_000457.4) expression cassette, and the control
adenovirus vector AdGFP, containing the green
fluorescent protein (GFP) gene, were recombined
as previously based on the recombinant system of
adenovirus vector AdEasy and kept in the Department
of Gastroenterology, Shanghai Changzheng Hospital
[16,17]
(Shanghai, China)
. The adenovirus AdHNF4α
was demonstrated to efficiently express HNF4α factor
with biological functions on both human and rat
[16]
cells . Human embryonic kidney 293 cells (HEK293,
Shanghai Institute of Cell biology, Chinese Academy
of Sciences) were used as the virus carrier to amplify
the recombinant adenovirus, and the adenovirus
vector was purified by cesium chloride density gradient
centrifugation. The virus titer was measured by the
tissue culture infectious dose (TCID50) method (Q
Biogene Inc.). The AdHNF4α and AdGFP titers were 1
10
10
× 10 pfu/mL and 3 × 10 pfu/mL, respectively.

were purchased from Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, United States).
Total RNA was isolated with TRIzol reagent.
HNF4α were quantified by RT-PCR. β-actin was
used as the control for equal cDNA inputs. Primer
sequences for HNF4α are as follows: forward primer,
5′-AAATGTGCAGGTGTTGACCA-3′ and reverse primer,
5′-CACGCTCCTCCTGAAGAATC-3′. The expression of
HNF4α at the protein level was quantified by Western
blot analysis. Whole-cell extracts were isolated by
incubation with 40 μL cell lysis buffer/well for 10 min.
The cell lysate was collected and centrifuged, and
the supernatant was transferred to an Eppendorf
tube and boiled for 10 min. After measuring the
protein concentration, 10 μg of the protein was
separated by electrophoresis on 10% sodium dodecyl
sulfate-polyacrylamide gel and transferred to a
polyvinylidene fluoride (PVDF) membrane. Horseradish
peroxidase (HRP)-labeled donkey anti-goat secondary
antibodies (1:2000) were purchased from Rockland
Immunochemicals Inc. (Gilbertsville, PA, United
States).

Recombinant adenovirus-mediated HNF4α expression
in rat HSC-T6 cells

The rat hepatic stellate cell line HSC-T6 was established
by Scott L Friedman and William S Blaner’s research
group (Department of Medicine, College of Physicians
and Surgeons of Columbia University, NY, United
[18]
States) . The cell line was kindly gifted by Scott L
[16,19]
Friedman
and cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum, 100 units/mL of streptomycin, and 100
units/mL of penicillin. These cells were cultured at
37  ℃ with 5% CO2. The medium was changed once
every 1-2 d and the cells were passaged every 2-3 d.
For trypsinization, the cells were treated with 0.25%
trypsin with 1 mmol/L ethylenediaminetetraacetic
acid (EDTA) solution and incubated at 37  ℃ for 5 min.
The reaction was stopped via the addition of Hank’
s solution and the cells were collected for subsequent
5
passage. HSC-T6 cells (1 × 10 ) were transferred into
a well of a 6-well plate. After 24 h, the cells adhered
to the well and the culture medium was replaced by
a serum-free medium. The cells were incubated with
AdHNF4α containing supernatant at multiplicities of
infection (MOIs) of 50, 100, 200, 400, and 600 pfu/mL
for 2 h. The control groups were treated with virusfree supernatant and supernatant containing AdGFP.
After the medium was replaced by serum-containing
medium, the cells were cultured for an additional 72 h
and collected from both the test and control groups.
To calculate the efficiency of virus transfection, the
GFP-positive cells in the AdGFP group were visualized
by microscopy, and fluorescence antibodies were used
to detect the expression of HNF4α in the AdHNF4α
and virus-free groups. 4′,6′-Diamidino-2-phenylindole
(DAPI) was used for nuclear staining. Goat anti-human
HNF4α antibody (1:200), mouse anti-rat Nanog
antibody (1:500), FITC-labeled goat anti-mouse IgG
(1:500), and Cy3-labeled donkey anti-goat IgG (1:500)
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HNF4α induces transformation of phenotype during the
differentiation of rat HSC-T6 cells

To evaluate the effect of HNF4α on directional
differentiation, immune phenotype, cell function, and
epithelial-mesenchymal transition (EMT) index after
transfection, RT-PCR was used to detect expression
genes, such as stem cell markers, hepatocyte
differentiation markers, EMT-specific markers, and
ECM synthesized molecules. The primers used in
this study are listed in Table 1. Products of RT-PCR
were identified by electrophoresis on 1.5% gel. The
gels were scanned by a UV transilluminator. The
optical densities of the bands were analyzed by MultiAnalyst software. The expression of G-6-P, PEPCK,
Collagen Ⅰ , α-SMA, and TIMP-1 were detected by
Western blotting. Primary antibodies were purchased
from Santa Cruz Biotechnology Inc. The cells were
fixed in 4% paraformaldehyde and 1% glutaraldehyde,
and the EPON 812-embedded ultra-thin sections
were prepared for observing cell ultrastructure under
transmission electron microscope.

Interference of HNF4α expression reverses the
phenotypic differentiation of rat HSC-T6 cells

Based on the HNF4α sequence (GenBank: NM_000457.4),
a specific 19-bp shRNA (5′-CTGTAGCCACACTTTATGA-3′)
was designed to bind with exon 3 of HNF4α. The
shRNA was carried in the pGensil1.1-shHNF4α vector,
which was transfected into HSC-T6 cells, with Western
blotting then being used to measure indices that may
have been altered by HNF4α interference.

Statistical analysis

Results were expressed as mean ± SD. Significance
was established using analysis of variance by SPSS
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Table 1 Primer sequences used to identify the transformation of the immune phenotype during hepatocyte nuclear factor
4α-induced differentiation of rat hepatic stellate cells-T6 cells
Classification
Stem cell-related

Molecules

Sequence (Primer sequences)

CD133

F: 5′-TTAATGCAGCACCAGGTACATC-3′
R: 5′-TCGTTGAGCAGGTAGGGAGTAT-3′
F: 5′-ATCCCTCTGACCAGTGATGTCT-3′
R: 5′-CTTTTTCCGAAGTGGTGGTAAG-3′
F: 5′-GAGTGTCGCTTAGAGGTGCAA-3′
R: 5′-TGTCACAGGAGTCTCAAGGGTA-3′
F: 5′-TGCAGGCTTGCTGTGATAAG-3′
R: 5′-AGTAATCGGGGTGCCTTCTT-3′
F: 5′-TACGTCCCTCCACCATTCTC-3′
R: 5′-ATCCTGGTCTTTGCAGCACT-3′
F: 5′-AAGAGGGCATAGCCCAGACT-3′
R: 5′-TTGGAAGCTTCGTTGGTCTT-3′
F: 5′-CAGGTTCCCAAAGGTCTGAA-3′
R: 5′-TTCACTAGGGCCTGCTTGAT-3′
F: 5′-CCGTGACCTCAAGATGTGCC-3′
R: 5′-GCTCATACCTTCGCTTCCAA-3′
F: 5′-CCGAGATCTCACCGACTACC-3′
R: 5′-TCCAGAGCGACATAGCACAG-3′
F: 5′-TCCCCAGAAATCATCGAGAC-3′
R: 5′-TCAGATTATGCCAGGGAACC-3′
F: 5′-GAGGACAGTGGCAAAAGCTC-3′
R: 5′-TCGGATGTGCATCTTCAGAG-3′
F: 5′-AGATCGATGTGGACGTTTCC-3′
R: 5′-CACCTGTCTCCGGTATTCGT-3′
F: 5′-GGGTTGTCTCAGCCAATGTT-3′
R: 5′-CACCAACACACCCAGCATAG-3′
F: 5′-AAATGTGCAGGTGTTGACCA-3′
R: 5′-CACGCTCCTCCTGAAGAATC-3′
F: 5′-ACCCACACTGTGCCCATCTATG-3′
R: 5′-AGAGTACTTGCGCTCAGGAGGA-3′

CD105
Nestin
Hepatocyte
differentiation-related

ALB
AFP
G-6-P
PEPCK

Fibroblast cell-related

Collagen Ⅰ
α-SMA
TIMP-1

EMT index

Snail
Vimentin
E-cadherin

Target

HNF4α

Control

β-actin

F and R stand for forward and reverse primers, respectively. HNF4α: Hepatocyte nuclear factor 4α.

11.0 software. Differences were considered significant
when p value < 0.05 and very significant when p <
0.01.

that HNF4α was only expressed in the nuclei of cells
in the AdHNF4α group, and not in the AdGFP group
(Figure 1D). Under electron microscope, HNF4αinduced cells had more mitochondria and ribosomes
when compared with the parental cells (Figure 1E).

RESULTS
HNF4α expression mediated by recombinant adenovirus
vector in HSC-T6 cells

Identification of stem cell properties in rat HSC cells

In order to measure the stemness of HSCs, the
expression levels of stem cell-related genes such as
CD133, CD105, and nestin were measured using RTPCR. The results revealed that the three molecules
were positively expressed (Figure 2A), indicating that
the rat HSCs were progenitor cells in the liver.
After transfection of adenovirus AdHNF4α, the
expression of HNF4α and traditional stem cell marker
Nanog was observed by co-focal immunofluorescent
staining. With the increased expression of HNF4α, the
relative expression of Nanog was downregulated from
98.33 ± 12.33 to 41.33 ± 5.67 (P < 0.001; Figures 2B
and C).

To optimize the transfection efficiency of recombinant
adenovirus vector, HSC-T6 cells were transfected with
the recombinant adenovirus vector AdGFP at MOIs of
50, 100, 200, 400, and 600 pfu/mL. After 72 h, the
transfection efficiency was considered proportional
to the ratio of GFP-positive cells to the total number
of cells. The transfection efficiencies for the different
MOIs used were 20%, 42%, 59%, 78%, and 90%,
respectively (Figure 1A). Based on these results, 600
pfu/mL was the MOI used for further experiments.
After HSC-T6 cells were transfected with adenovirus
AdHNF4α, RT-PCR and Western blot analysis were
used to measure the expression of HNF4α. The results
revealed that AdHNF4α can mediate highly efficient
expression of HNF4α in HSC-T6 (Figures 1B and C).
In order to determine the specificity of the adenovirus
vector, HSC-T6 cells were transfected with two vectors:
AdHNF4α and AdGFP. Immunostaining results showed
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HNF4α induced a tendency of cell differentiation of HSC
cells

To investigate the role of HNF4α in HSC cell
differentiation, we detected molecular markers related
to the differentiation of HSCs into hepatocytes by
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Figure 1 Ad-hepatocyte nuclear factor 4α-mediated hepatocyte nuclear factor 4α expression in rat hepatic stellate cells-T6 cells. A: AdGFP was transfected
to HSC-T6 at multiplicities of infection (MOIs) of 50, 100, 200, 400, and 600 pfu/mL. After 72 h, the GFP-positive cells were counted under a microscope. The
transfection efficiency was proportional to the MOIs; original magnification × 200 ×; B-D: 72 h after transfection of AdHNF4α, HNF4α expression in HSC-T6 cells was
detected by RT-PCR (B), Western blotting (C), and immunofluorescence (D); original magnification × 100; The cells were harvested and fixed in 4% paraformaldehyde
and 1% glutaraldehyde, and the EPON 812-embedded ultra-thin sections were observed under transmission electron microscope (E). HNF4α: Hepatocyte nuclear
factor 4α; HSCs: Hepatic stellate cells.
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Figure 2 Identification of the stemness of rat hepatic stellate cells. A: The expression of all the stem cell markers (CD133, CD105, and nestin) was positive in
HSC-T6 cells; B: After transfection of adenovirus AdHNF4α, the expression of HNF4α and Nanog was observed by co-focal immunofluorescent staining; original
magnification × 400; C: The relative expression levels of HNF4α and Nanog were calculated by image density analysis with the Image-Pro Plus V6.0 (Media
Cybernetics, Inc., Rockville, MD, United States) normalized with DAPI staining. HNF4α: Hepatocyte nuclear factor 4α; HSCs: Hepatic stellate cells.

RT-PCR and Western blot analysis. These molecules
included the functional genes involved in the
differentiation of HSCs to hepatocytes and fibroblasts.
The functional genes of hepatocytes (G-P-6 and
PEPCK) were expressed at much higher levels in
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the AdHNF4α group than in the control group. The
expression of AFP and ALB was detected in the
AdHNF4α group (Figures 3A and B). Furthermore, the
expression levels of Collagen Ⅰ, α-SMA, and TIMP-1
were significantly decreased in the AdHNF4α group
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Figure 3 Identification of hepatic stellate cells differentiation mediated by hepatocyte nuclear factor 4α expression. By reverse transcription-polymerase
chain reaction and Western blotting, the expression of differentiation functional genes of hepatocytes (A and B) and genes related to fibroblast cells (C) was detected
in the AdHNF4α- and AdGFP-infected groups. The relative expression levels of the indicated factors were calculated by image density analysis normalized with β-actin.
a
P < 0.05, bP < 0.01, HSC-T6/parental vs HSC-T6/AdHNF4α. HNF4α: Hepatocyte nuclear factor 4α; HSCs: Hepatic stellate cells.

WJG|www.wjgnet.com

5862

May 21, 2015|Volume 21|Issue 19|

HSC-T6/AdHNF4a

HSC-T6/AdGFP

HSC-T6/parental

HSC-T6/AdHNF4a

HSC-T6/AdGFP

HSC-T6/parental

Liu K et al . HNF4α in hepatic stellate cells

E-cadherin

Relative expression
(normalized with levels in HSC-T6/parental cells)

Vimentin

700

HSC-T6/parental
HSC-T6/AdGFP
HSC-T6/AdHNF4a

600

P < 0.001

500
400
300
200

P < 0.001

100
0

Vimentin

E-cadherin

Figure 4 Hepatocyte nuclear factor 4α mediated change of epithelial-mesenchymal transition phenotypic markers in hepatic stellate cells. After transfection
of adenoviruses AdHNF4α and AdGFP, the expression of vimentin and E-cadherin was detected by RT-PCR, and relative expression was calculated by image density
analysis normalized with the expression levels in HSC-T6 parental cells. HNF4α: Hepatocyte nuclear factor 4α; HSCs: Hepatic stellate cells.

compared with the control group (Figure 3C).

pathophysiological role of HSCs in fibrogenesis, the
states of HSCs in the different stages of fibrogenesis
are still a matter of debate. In the quiescent state,
HSCs exhibit properties of stem cells in the liver.
Following liver injury, HSCs become activated. Their
potential to differentiate into epithelial or hepatocyte
lineages demonstrates their important functions during
liver regeneration. HSC activation may be stimulated
by most causes of liver injury, with injured hepatocytes
and activated Kupffer cells being considered as the
leading cause of HSC activation. Injured hepatocytes
release a wide array of soluble mediators, including
lipid peroxide, hepatotoxin, and reactive oxygen
species (ROS). These mediators can strongly activate
HSCs and stimulate the potential of these cells in
[20]
fibrogenesis . Meanwhile, the homeostatic states
between the activation and quiescence of HSCs can be
regulated by HNF4α.
HNF4α is a nuclear transcription factor that
binds to DNA as a homodimer. It can activate the
expression of target genes by adjusting the structure
of chromosomes and depolymerizing them. The
results of chromatin immunoprecipitation (ChIP)
showed that HNF4α could combine with the promoter
regions of up to 12% of intracellular genes, 80% of
which are combined with RNA polymerase Ⅱ. Thus,
we can infer that HNF4α controls a large proportion of
[21,22]
active transcriptional genes in the liver
. The gain

HNF4α -mediated changes in the EMT phenotypic
markers in HSC cells

To investigate the phenotypic character of HSCs after
HNF4α transfection, we tested the EMT indicators by
RT-PCR. As compared with the AdGFP control group,
HNF4α obviously downregulated the expression of
the mesenchymal phenotypic gene vimentin and
significantly enhanced the expression of the epithelial
phenotypic gene E-cadherin (Figure 4).

HNF4α interference affects phenotypic differentiation of
HSCs

To investigate the biological characteristics of HSCs in
HNF4α knockdown, the pGensil1.1-shHNF4α vector
was transfected into HNF4α-positive HSC-T6 cells.
Western blotting analysis revealed that silencing of
HNF4α expression resulted in obvious changes to
many genes. With the decrease of HNF4α expression,
AFP, ALB, PEPCK, and E-cadherin were downregulated,
while α-SMA and vimentin were upregulated (Figure 5).

DISCUSSION
HSCs play an important role in the regulation of liver
injury repair and in the development of liver fibrosis.
Despite intensive research into the biological and
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HNF4a

PEPCK

AFP

α-SMA

promote differentiation of hepatocytes and enhance
[25]
the functions of hepatocytes . Moreover, upregulated
HNF4α can induce hepatoma stem cells to differentiate
into mature hepatocytes, inhibit the proliferation
of cancer cells, and reverse the differentiation of
cancer cells into a differentiated state. These results
demonstrate that upregulation of HNF4α is a promising
[26]
candidate for the treatment of liver cancer .
In the mature liver, HNF4α expression is induced
when oval cells differentiate into hepatocytes,
suggesting its pivotal role in the differentiation and
proliferation of hepatocytes from oval cells. However,
very few studies have investigated the regulation and
function of HNF4α in HSCs. Previous studies have
shown that the expression of HNF4α is significantly
decreased in liver injury and chronic liver diseases of
[27]
different causes (e.g., viral hepatitis) . Decreased
HNF4α expression can induce EMT in hepatocytes
[28,29]
and HSCs
. EMT is a phenotypic change of
epithelial cells induced by various cytokines, such as
transforming growth factor TGF-β, following which the
epithelial cells exhibit properties of mesenchymal cells.
Following EMT, HSCs proliferate rapidly, transform
to myofibroblast cells, generate ECM, eliminate
lipid droplets, and positively induce the expression
[18]
of α-SMA and Snail . When HNF4α is rescued by
exogenous gene transduction, EMT can be reversed
[14,30,31]
to mesenchymal-epithelial transition (MET)
.
This observation tells us that HNF4α is an important
regulator for maintaining the epithelial phenotype
of HSCs. HNF4α not only inhibits the mesenchymal
phenotype of HSCs, but also promotes the differen
tiation of liver stem cells and the regeneration of
[15]
hepatocytes . Because of the importance of HSCs
in liver fibrosis, understanding the function of HNF4α
in regulating HSCs to participate in liver fibrosis will
provide a new approach to studying the pathogenesis
and prevention of liver fibrosis.
In this study, we sorted and cultured the HSC-T6
cell line. In a quiescent state, the HSCs showed stem
cell characteristics, as evidenced by the expression
of stem cell markers (CD133, Nanog, nestin, and
CD105). To investigate the regulatory role of HNF4α
in hepatocyte differentiation, we transfected HNF4α
gene in HSCs and upregulated its expression. After
transfection with AdHNF4α, the expression levels of
HNF4α and E-cadherin was increased while vimentin
expression levels decreased. Moreover, the HNF4αinduced HSC-T6 cells showed morphological changes
that led to more mitochondria and ribosomes.
These results suggested that HNF4α is an important
transcriptional factor in maintaining the epithelial
phenotype and facilitating the EMT of HSCs. In
addition, HNF4α obviously upregulated the expression
of genes related to hepatocyte function, such as
ALB, AFP, G-6-P, and PEPCK, illustrating that HNF4α
can induce a tendency of differentiation of HSCs to
hepatocyte-like cells. Meanwhile, the transduction
of HNF4α downregulated the expression of α-SMA,

HSC-T6/AdHNF4a/shHNF4a

HSC-T6/AdHNF4a/shCtrl

HSC-T6/AdHNF4a

HSC-T6/AdHNF4a

HSC-T6/AdHNF4a/shCtrl

HSC-T6/AdHNF4a/shHNF4a

Liu K et al . HNF4α in hepatic stellate cells

E-cadherin

ALB

Vimentin
b-actin
b-actin
HSC-T6/HNF4a

160

HSC-T6/HNF4a/shCtrl

Relative expression level (%)

140

HSC-T6/HNF4a/shHNF4a
b

b

120

b

100

b
b

80
60
b

b

40
20

B
AL

P
AF

tin
en
m
Vi

E-

ca

dh

er

in

A
αSM

K
PC
PE

HN

F4
a

0

Figure 5 Effect of hepatocyte nuclear factor 4α knockout on phenotypic
differentiation of hepatic stellate cells. After HNF4α was knocked out by
shHNF4α, the expression of AFP, ALB, PEPCK, E-cadherin, α-SMA, and
vimentin was detected by Western blotting. β-actin was used as the control. bp
< 0.01, vs control. HNF4α: Hepatocyte nuclear factor 4α.

or loss of HNF4α function can lead to the inhibition of
many genes at different stages of liver development.
By comparing the different gene expression profiles
between HNF4α-knocked out mice and normal mice
with a gene chip array, it was found that silencing
HNF4α expression results in a decrease of liver
function. Possible mechanisms for this may be through
causing liver developmental disorders by destroying
cellular close connections, adhesion connections,
and gap junctions, as well as affecting the adhesion
molecules between desmosomes and the cell matrix
and affecting the polarity of epithelial cells and
[23]
cytoskeleton proteins . Additionally, loss of HNF4α
function can result in cell phenotypic abnormalities,
thereby affecting liver cell phenotypes and important
liver functions such as liver cell metabolism, albumin
[22-24]
synthesis, and drug detoxification
. Inducible
expression of HNF4α by oncostatin M (OSM) can

WJG|www.wjgnet.com

5864

May 21, 2015|Volume 21|Issue 19|

Liu K et al . HNF4α in hepatic stellate cells
type Ⅰ collagen, and TIMP-1, demonstrating that
HNF4α inhibits the differentiation of HSCs to fibroblast
cells.
In conclusion, HSCs have a high capacity of
proliferation and a low level of differentiation. HNF4α
can induce the expression of important epithelial
cell genes in HSCs, promote HSC differentiation to
hepatocyte-like cells, and inhibit HSC differentiation to
the mesenchymal phenotype. All these observations
suggest that HNF4α can induce a tendency of
differentiation of HSCs into hepatocyte-like cells. The
findings of this research may provide an effective
method for treating liver diseases.
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HSCs to the mesenchymal phenotype by regulating some target genes involved
in HSC differentiation, such as Nanog, α-SMA, collagen Ⅰ, TIMP-1, E-cadherin,
and vimentin.

11

12

Applications

HNF4α can induce a tendency of differentiation of HSCs into mature
hepatocytes, which may provide an effective method for treating liver diseases.

13

Terminology

HSCs were positive for the stem cell-related markers (CD133, CD105,
Nanog, and nestin), indicating that the HSCs were progenitor cells in the
liver. The increased expression of G-P-6, PEPCK, AFP, ALB, and E-cadherin
indicated that the HNF4α-induced cells had a tendency of differentiation into
hepatocytes, and the decreased expression of collagen Ⅰ, α-SMA, TIMP-1,
and vimentin demonstrated that the HNF4α-induced cells lost the capacity to
differentiate towards mesenchymal cells.

14
15

Peer-review

The authors presented interesting results suggesting that a mesenchymal to
epithelial transition occurs in hepatic stellate cells following forced expression
of HNF4α after infection with an adenovirus vector. Their conclusion was that
novel donor cells should be provided for cell transplantation.

16
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Abstract
AIM: To investigate the underlying molecular
mechanisms of miR-451 to inhibit proliferation of
esophageal carcinoma cell line EC9706.
METHODS: Assays for cell growth, apoptosis and
invasion were used to evaluate the effects of miR-451
expression on EC cells. Luciferase reporter and Western
blot assays were used to test whether cyclin-dependent
kinase inhibitor 2D (CDKN2D) and MAP3K1 act as major
targets of miR-451.
RESULTS: The results showed that CDKN2D and
MAP3K1 are direct targets of miR-451. CDKN2D and
MAP3K1 overexpression reversed the effect of miR-451.
MiR-451 inhibited the proliferation of EC9706 by
targeting CDKN2D and MAP3K1.
CONCLUSION: These findings suggest that miR-451
might be a novel prognostic biomarker and a potential
target for the treatment of esophageal squamous cell
carcinoma in the future.
Key words: Esophageal squamous cell carcinoma;
MiR-451; Cyclin-dependent kinase inhibitor 2D;
MAP3K1; Proliferation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently miR-451 has been reported to
be tumor suppressor in human cancer cells. In the
previous studies we have reported that miR-451
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expression in esophageal squamous cell carcinoma
(ESCC) tissues was significantly reduced, and that
upregulated expression of miR-451 induced apoptosis
and suppressed cell proliferation, invasion and metastasis
in esophageal carcinoma. However, the underlying
molecular mechanisms remain unclear. In this study,
we supposed and showed that cyclin-dependent kinase
inhibitor 2D (CDKN2D) and MAP3K1 are the targets of
miR-451 by the bioinformatics algorithms (TargetScan
and miRBase). Moreover, we found that CDKN2D and
MAP3K1 contributed to ESCC malignancy.

found that CDKN2D and MAP3K1 contributed to ESCC
malignancy. Our data demonstrate that miR-451
has potential values as a prognostic marker and a
therapeutic target for ESCC.

MATERIALS AND METHODS
Cell culture

EC9706 and KYSE150 cell lines were purchased
from the Chinese Academy of Sciences Cell Bank.
All cells were cultured in RPMI-1640 (Gibco, United
States) supplemented with 10% fetal bovine serum
(Invitrogen, Carlsbad, United States) and grown in
humidified 5% CO2 at 37 ℃.

Zang WQ, Yang X, Wang T, Wang YY, Du YW, Chen XN, Li
M, Zhao GQ. MiR-451 inhibits proliferation of esophageal
carcinoma cell line EC9706 by targeting CDKN2D and
MAP3K1. World J Gastroenterol 2015; 21(19): 5867-5876
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i19/5867.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i19.5867

Oligonucleotides and cell transfection

The miR-451 mimics used in this study was
synthesized by Shanghai GenePharma Co. Ltd. For
5
transfection, 2 × 10 cells were seeded into each
well of six well plates and grown overnight until
they were 50%-80% confluent. Cells were washed,
placed in serum-free medium, and transfected using
TM
Lipofectamine 2000 according to the manufacturer’s
instructions (Invitrogen, Carlsbad, CA, United States).
After 6 h, the medium was changed to complete
medium, and cells were cultured at 37 ℃ in 5% CO2.

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one
[1,2]
of the most lethal malignancies worldwide . ESCC is
th
th
the 8 most common cancer and the 6 leading cause
of cancer-related death. The traditional treatment for
[3,4]
ESCC includes chemotherapy and radiation therapy .
However, many patients who are treated with such
traditional therapy still experience disease progression,
which suggests that ESCC is resistant to traditional
therapy. New treatment choices are critically required
and the mechanism of tumorigenesis is to be further
clarified.
MicroRNAs (miRNAs) are small, endogenous
noncoding RNAs that have been identified as posttranscriptional regulators of gene expression. MiRNAs
exert their functions through imperfect base-pairing
with the 3’-untranslated region (3’-UTR) of target
[5-8]
mRNAs
. In human cancer, miRNAs can act as
oncogenes or tumour suppressor genes during
tumourigenesis. Recently, miR-451 has been reported
to be induced during zebrafish, mouse, and human
erythroid maturation as a key factor involved in
[9-11]
regulating erythrocyte differentiation
. It was also
reported that miR-451 might function as a tumor
suppressor and modulate MDR1/P-glycoprotein
[12]
expression in human cancer cells . In previous
studies we have reported that miR-451 expression
in ESCC tissues was significantly reduced, and that
upregulated expression of miR-451 induced apoptosis
and suppressed cell proliferation, invasion and
[13,14]
metastasis in esophageal carcinoma
. However,
the underlying molecular mechanisms remain unclear.
In this study, we supposed and showed that cyclindependent kinase inhibitor 2D (CDKN2D) and MAP3K1
are the targets of miR-451 by the bioinformatics
algorithms (TargetScan and miRBase). Moreover, we

WJG|www.wjgnet.com

Cell growth assay

The different experimental groups of EC9706 and
4
KYSE150 cells were plated in 96-well plates at 1 × 10
cells per well and incubated for 48 h after transfection.
The viability of cells was determined using Cell
Counting Kit-8 (CCK-8; Dojindo, Japan) according to
the manufacturer’s instructions. Viable cell numbers
were estimated by measurement of optical density
(OD) at 450 nm. All experiments were performed in
triplicate.

Colony formation assay

Cells were suspended in RPMI-1640 containing 0.35%
low melting agarose, and plated onto solidified 0.6%
agarose containing RPMI-1640 in six-well culture plates
5
at a density of 1 × 10 cells per dish. The plates were
incubated for 2 wk at 37 ℃ in a 5% CO2 incubator,
and the number of colonies was counted after staining
with 0.1% crystal violet solution. All experiments were
performed in triplicate.

Cell invasion assay

The experimental groups of EC9706 cells were
5
adjusted at 2 × 10 /mL in each group 48 h after
transfection. The upper chamber of 24-well Transwell
Permeable Supports with 8 μm pores (Corning Cat. No.
3422) was loaded with 200 μL of cell suspension, and
the lower chamber was loaded with 500 μL of medium
containing 10% serum for incubation in an atmosphere
of 5% CO2 at 37 ℃ for 48 h. Five wells were set for
each group. The number of cells invading the matrigel
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was counted from 5 randomly selected visual fields
using an inverted microscope. All experiments were
performed in triplicate.

Luciferase activities were measured using a DualLuciferase assay kit (Promega) according to the
manufacturer’s instructions at 48 h post-transfection.
All experiments were performed in triplicate.

Apoptosis assay

Statistical analysis

EC9706 cells were harvested 48 h after transfection
6
and cell concentration was adjusted to 1 × 10 cells.
Annexin V-FITC/PI Apoptosis Detetion Kit Ι (BestBio,
Shanghai, China) was used to detect Annexin V.
Results were obtained using FACScan Flow Cytometer
(BD Biosciences, San Jose, CA, United States). Tests
were repeated in triplicate. Data were analyzed with
Cell Quest software. All experiments were performed
in triplicate.

Statistical testing was conducted with the assistance of
SPSS 17.0 software. All data are expressed as mean ±
SD. One-way analysis of variance (ANOVA) was used
to analyze data. Results were considered significant
when P values were < 0.05.

RESULTS
CDKN2D and MAP3K1 are direct targets of miR-451

Cell cycle analysis

We based on the following criteria to search for the
direct target of miR-451: the target should have
oncogenic property and regulate the cell migration and
invasion. Among these targets of miR-451 predicted
by the bioinformatics algorithms (TargetScan and
miRBase), we selected CDKN2D and MAP3K1. The
3’-UTR of CDKN2D contains the seed regions for
miR-451 at the position of base 240 nt - 246 nt (Figure
1A). Similarly, the 3’-UTR of MAP3K1 contains the seed
regions for miR-451 at the position of base 6270 nt 6278 nt (Figure 1B).
Subsequent Western blot analysis indeed showed
that CDKN2D and MAP3K1 expression was downregulated in EC9706 and KYSE150 cells following
transfection with the miR-451 mimics (Figure 1C and
D). In order to test the specific regulation through the
seed region, we constructed a reporter vector which
consists of the luciferase coding sequence followed
by the 3’-UTR of CDKN2D and MAP3K1. Wild type
(pmirGLO-CDKN2D-3’-UTR, pmirGLO-MAP3K1-3’-UTR)
or mutated sequences (pmirGLO-CDKN2D-mut 3’-UTR,
pmirGLO-MAP3K1-mut 3’-UTR) within the seed region
sites were cloned into the pmirGLO reporter vector.
We used a Dual-Luciferase reporter system containing
either wild-type or mutant 3’-UTRs of CDKN2D and
MAP3K1, respectively. Co-transfection experiments
showed that miR-451 significantly decreased the
luciferase activity of wild type in EC9706 and KYSE150
cells (P < 0.05; Figure 1E and F), but this was not
observed in mutant type (P > 0.05; Figure 1E and F).
These data indicate that miR-451 negatively regulates
CDKN2D and MAP3K1 expression by directly binding
to putative binding sites in the 3’-UTR. Our results thus
demonstrated that CDKN2D and MAP3K1 are direct
targets of miR-451.

For cell cycle analysis by flow cytometry, cells in
the logarithmic phase of growth were harvested by
trypsinization, washed with PBS, fixed with 75% ethanol
overnight at 4 ℃ and incubated with RNase at 37 ℃
for 30 min. Nuclei were stained with propidium iodide
4
for 30 min. A total of 10 nuclei were examined in a
FACSCalibur Flow Cytometer (BD Biosciences, San Jose,
CA, United States). All experiments were performed in
triplicate.

Western blot

The experimental groups of EC9706 and KYSE150 cells
in each group were lysed in lysis buffer for total protein
extration. Protein concentrations were measured using
the BCA method (KeyGEN, China), and 30 μg of protein
was separated by 12% SDS-PAGE and electroblotted
onto a nitrocellulose membrane (Whatman, United
States). The membrane was blotted overnight at 4 ℃
with primary antibodies (mouse anti- CDKN2D and antiMAP3K1, 1:1000) in Tris-buffered saline with 5% nonfat milk. A secondary antibody (HRP-conjugated goat
anti-mouse IgG) was incubated with the membrane
for 1 h after three washes with TBST. The protein band
density was determined with Kodak Digital ID Image
Analysis Software and was normalized with the density
of β-actin. All experiments were performed in triplicate.

Dual luciferase assay

The human CDKN2D and MAP3K1 fragments
containing putative binding sites for miR-451 were
amplified by PCR from human genomic DNA. The
mutant CDKN2D and MAP3K1 3’-UTRs were obtained
by overlap extension PCR. The fragments were
cloned into a pmirGLO reporter vector (Promega),
downstream of the luciferase gene, to generate the
recombinant vectors pmirGLO-CDKN2D-wt, pmirGLOCDKN2D-mut, pmirGLO-MAP3K1-wt and pmirGLOMAP3K1-mut. For the luciferase reporter assay, cells
were transiently co-transfected with miRNA (miR-451
mimics or scrambled-miR-451 negative control) and
reporter vectors (wild-type reporter vectors or mutantTM
type reporter vectors), using Lipofectamine 2000.

WJG|www.wjgnet.com

CDKN2D and MAP3K1 overexpression reverses the
effect of miR-451

To explore the function of CDKN2D and MAP3K1 in
EC9706 cells, we constructed pcDNA3.1-CDKN2D and
pcDNA3.1-MAP3K1 lacking the 3’-UTR, and then they
were transfected into EC9706 cells. Western blot assay
showed that transfection of miR-451 mimics inhibited
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Figure 1 CDKN2D and MAP3K1 are direct targets of miR-451 in EC9706 and KYSE150 cells. A: The putative miR-451 binding sequence for the CDKN2D
3'-untranslated region (3'-UTR). The 3'-UTR of CDKN2D contains a seed region for miR-451; B: The putative miR-451 binding sequence for the MAP3K1 3'-UTR. The
3'-UTR of MAP3K1 contains a seed region for miR-451; C: Western blot analysis of CDKN2D expression in transfected cells. Transfection of miR-451 mimics resulted
in a significant reduction of CDKN2D protein expression in EC9706 and KYSE150 cells. β-actin was used as a reference; D: Western blot analysis of MAP3K1
expression in transfected cells. Transfection of miR-451 mimics resulted in a significant reduction of MAP3K1 protein expression in EC9706 and KYSE150 cells. β-actin
was used as a reference; E: MiR-451 significantly decreased the luciferase activity of CDKN2D 3’-UTR-Wt in EC9706 and KYSE150 cells; F: MiR-451 significantly
decreased the luciferase activity of MAP3K1 3’-UTR-Wt in EC9706 and KYSE150 cells (aP < 0.05 vs control group).
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the expression of CDKN2D and MAP3K1, respectively
(Figure 2A). Co-transfection of pcDNA3.1-CDKN2D and
miR-451 abrogated the effects of miR-451 on CDKN2D
expression (Figure 2A). Similarly, co-transfection of
pcDNA3.1-MAP3K1 and miR-451 abrogated the effects
of miR-451 on MAP3K1 expression (Figure 2A).
In the colony formation assays we found that
exogenous expression of miR-451 decreased cell colony
formation numbers (Figure 2B and C). Subsequently,
we exogenously expressed recombinant CDKN2D
lacking the 3’-UTR sequence (pcDNA3.1-CDKN2D)
or MAP3K1 lacking the 3’-UTR sequence (pcDNA3.1MAP3K1) in EC9706 cells. Cells transfected with
pcDNA3.1-CDKN2D or pcDNA3.1-MAP3K1 alone
showed significantly increased cell colony formation
numbers (Figure 2B and C). When we, however,
co-transfected cells with pcDNA3.1-CDKN2D or
pcDNA3.1-MAP3K1 and miR-451, the expression of
CDKN2D and pcDNA3.1-MAP3K1 lacking the 3’-UTR
sequence were found to reverse the anti-proliferation
of miR-451 (Figure 2B and C). From these results we
conclude that expression of CDKN2D and MAP3K1
could partially reverse the anti-proliferation function of
miR-451.
Our apoptosis assay indicated that exogenous
expression of miR-451 increased cell apoptosis induced
by serum starvation (Figure 2D and E). Subsequently,
we exogenously expressed recombinant CDKN2D
lacking the 3’-UTR sequence (pcDNA3.1-CDKN2D)
or MAP3K1 lacking the 3’-UTR sequence (pcDNA3.1MAP3K1) in EC9706 cells. Cells transfected with
pcDNA3.1-CDKN2D alone did not show significantly
decreased levels of apoptosis (Figure 2D). However,
cells transfected with pcDNA3.1-MAP3K1 alone showed
significantly decreased levels of apoptosis compared
to the blank control (Figure 2E), and that when we cotransfected cells with pcDNA3.1-MAP3K1 and miR-451,
the expression of MAP3K1 lacking the 3’-UTR sequence
was found to reverse the pro-apoptotic functions of
miR-451 (Figure 2E).
In the transwell assays we found that exogenous
expression of miR-451 decreased cell invasiveness
(Figure 2F and G). Subsequently, we exogenously
expressed recombinant CDKN2D lacking the 3’-UTR
sequence (pcDNA3.1-CDKN2D) or MAP3K1 lacking
the 3’-UTR sequence (pcDNA3.1-MAP3K1) in EC9706
cells. Cells transfected with pcDNA3.1-MAP3K1 alone
showed significantly increased cell invasiveness (Figure
2G). When we, however, co-transfected cells with
pcDNA3.1-CDKN2D and miR-451, the expression
of CDKN2D lacking the 3’-UTR sequence was found
to reverse the anti-migration functions of miR-451
(Figure 2F). Similarly, when we co-transfected cells
with pcDNA3.1-MAP3K1 and miR-451, the expression
of MAP3K1 lacking the 3’-UTR sequence was found to
reverse the anti- migration functions of miR-451 (Figure
2G).
Cell cycle analysis showed that administration of
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miR-451 mimic oligonucleotides significantly increased
the percentage of cells in the G1 phase and decreased
the percentage of cells in the S phase (Figure 2H and I).
When we co-transfected cells with pcDNA3.1-CDKN2D
and miR-451, the expression of CDKN2D lacking the
3’-UTR sequence was found to reverse G1 arrest of
miR-451 (Figure 2H). When we co-transfected cells
with pcDNA3.1-MAP3K1 and miR-451, the expression
of MAP3K1 lacking the 3’-UTR sequence was not found
to reverse G1 arrest of miR-451 (Figure 2I).

MiR-451 inhibits the proliferation of EC9706 cells by
targeting CDKN2D and MAP3K1

To further explore the biological significance of
CDKN2D, MAP3K1 and miR-451 in EC9706 cells,
CDKN2D-siRNAs, MAP3K1-siRNAs and miR-451 mimics
were transfected into EC9706 cells. Western blot assay
showed that transfection of CDKN2D-siRNAs, MAP3K1siRNAs and miR-451 mimics inhibited the expression
of CDKN2D and MAP3K1, respectively (Figure 3A).
CCK8 assay showed that CDKN2D, MAP3K1
silencing and miR-451 overexpression inhibited the
cell proliferation (Figure 3B and C). For EC9706 cells
transfected with si-CDKN2D, the inhibition was more
obvious than cells transfected with si-MAP3K1 (Figure
3B and C). Compared to the NC group, co-transfection
of si-CDKN2D and si-MAP3K1 also significantly
inhibited the proliferation of EC9706 cells (Figure 3D).
In addition, for co-transfected cells with si-CDKN2D
and si-MAP3K1, the inhibitory effects were similar to
those for cells overexpressing miR-451 (Figure 3D).
Furthermore, colony formation assay obtained the
similar results that CDKN2D, MAP3K1 silencing and
miR-451 overexpression reduced EC9706 cell colony
numbers (Figure 3E).
Invasion assay showed that knockdown of MAP3K1
and the overexpression of miR-451 repressed the
invasion capacities of EC9706 cells (Figure 3G). For
cells transfected with si-MAP3K1, the numbers of
invasive cells were less than cells transfected with siCDKN2D (Figure 3G). To investigate the effect of siCDKN2D, si-MAP3K1 and miR-451 on apoptosis, we
performed apoptosis assay. As showed in Figure 3F,
CDKN2D, MAP3K1 silencing and the overexpression of
miR-451 induced EC9706 cell apoptosis significantly
compared to the blank control. For EC9706 cells
transfected with si-MAP3K1, the apoptotic cells were
more than those for cells transfected with si-CDKN2D.
For co-transfected cells with si-CDKN2D and siMAP3K1, the apoptosis effects were similar to those
for cells overexpressing miR-451.
Cell cycle analysis showed that knockdown of
CDKN2D and the overexpression of miR-451 signifi
cantly increased the percentage of cells in the G1
phase and decreased the percentage of cells in the S
phase (Figure 3H). Altogether, these results confirm
that miR-451 inhibits the proliferation of EC9706 by
targeting CDKN2D and MAP3K1.

5871

May 21, 2015|Volume 21|Issue 19|

Zang WQ et al . MiR-451 inhibits proliferation of EC9706

A

B

80

Colony numbers

b-actin

CDKN2D
miR-451 mimics

-

+

-

+

pcDNA3.1-CDKN2D

-

-

+

+

MAP3K1

60

a

a

40

a

20

0

miR-451 mimics

-

+

-

+

miR-451 mimics

-

+

-

+

pcDNA3.1-MAP3K1

-

-

+

+

pcDNA3.1-CDKN2D

-

-

+

+

C

D

60

40

20

a

0
-

+

-

+

pcDNA3.1-MAP3K1

-

-

+

+

10

+

-

-

miR-451 mimics

-

-

pcDNA3.1-CDKN2D

-

-

F

a

20

10

a

a

-

-

+

-

+

-

+

+

150

0

100

50

a

a

0

Serum

+

-

-

-

-

miR-451 mimics

-

-

+

-

+

pcDNA3.1-MAP3K1

-

-

-

+

+

200

pcDNA3.1-CDKN2D

-

+

-

+

miR-451 mimics

-

-

+

+

H

a

NC

100

pcDNA3.1-CDKN2D

a

miR-451 mimics

150

100
a

50

0
pcDNA3.1-MAP3K1

-

+

-

+

miR-451 mimics

-

-

+

+

pcDNA3.1-CDKN2D + miR-451 mimics

a

80
Apoptotic cells (%)

Number of invasive cells

20

Serum

Number of invasive cells

Apoptotic cells (%)

30

G

a

0

miR-451 mimics

E

a

a
Apoptotic cells (%)

Colony numbers

a

30

60
a

a

a

a

40

a

20

0
G1

WJG|www.wjgnet.com

5872

S

G2

May 21, 2015|Volume 21|Issue 19|

Zang WQ et al . MiR-451 inhibits proliferation of EC9706

I

NC

100

pcDNA3.1-MAP3K1
miR-451 mimics

Percentage (%)

80

a

a

pcDNA3.1-MAP3K1 + miR-451 mimics

60

40

a

20

a

0
G1

S

G2

Figure 2 CDKN2D and MAP3K1 overexpression reverses the effect of miR-451. A: CDKN2D and MAP3K1 protein levels were detected by Western blot
assay. Western blot assay showed that transfection of miR-451 mimics inhibited the expression of CDKN2D or MAP3K1. Co-transfection of pcDNA3.1-CDKN2D
or pcDNA3.1-MAP3K1and miR-451 abrogated the effects of miR-451 on CDKN2D or MAP3K1 expression. β-actin was used as a reference; B: The expression of
CDKN2D could partially reverse the anti-proliferation function of miR-451. Colony formation assays were performed. aP < 0.05 vs control group; C: The expression
of MAP3K1 could partially reverse the anti-proliferation function of miR-451. Colony formation assays were performed. aP < 0.05 vs control group; D: The expression
of CDKN2D did not reverse the pro-apoptotic function of miR-451. Cells were transfected with pcDNA3.1-CDKN2D (not including 3’-UTR) or (and) miR-451. The
cell apoptosis was assessed using flow cytometry assay; E: The expression of MAP3K1 reversed the pro-apoptotic function of miR-451. Cells were transfected with
pcDNA3.1-MAP3K1 (not including 3’-UTR) or (and) miR-451. The cell apoptosis was assessed using flow cytometry assay; F: The expression of CDKN2D reversed
the anti-migration function of miR-451. Cells were transfected with pcDNA3.1-CDKN2D (not including 3’-UTR) or (and) miR-451. The cell invasion was assessed using
transwell assay; G: The expression of MAP3K1 reversed the anti-migration function of miR-451. Cells were transfected with pcDNA3.1-MAP3K1 (not including 3’-UTR)
or (and) miR-451. The cell invasion was assessed using transwell assay; H: The expression of CDKN2D reversed G1 arrest of miR-451. Cells were transfected with
pcDNA3.1-CDKN2D (not including 3’-UTR) or (and) miR-451. The cell cycle was assessed using flow cytometry assay; I: The expression of MAP3K1 did not reverse
G1 arrest of miR-451. Cells were transfected with pcDNA3.1-MAP3K1 (not including 3’-UTR) or (and) miR-451. The cell cycle was assessed using flow cytometry
assay (aP < 0.05 vs control group).

have demonstrated that MAP3K1 functions in cell
survival, apoptosis, and cell motility/migration in
[24,25]
multiple normal and tumor cell types
.
In previous studies we have reported that miR-451
expression in ESCC tissues were significantly reduced,
and that upregulated expression of miR-451 induced
apoptosis and suppressed cell proliferation, invasion
[13,14]
and metastasis in esophageal carcinoma
. In this
study, we identified CDKN2D and MAP3K1 as the direct
and functional targets of miR-451, which facilitated our
understanding of the mechanisms underlying ESCC
progression. Additionally, a further study indicated
that CDKN2D and MAP3K1 overexpression reversed
the effect of miR-451, and that miR-451 inhibited
the proliferation of EC9706 by targeting CDKN2D
and MAP3K1. The study demonstrates that miR-451
prefers to act as a potential target for the treatment of
ESCC in the future.
MiRNAs have been shown to be important in the
development and maintenance of normal cellular
function, and an alteration in expression of miRNAs
can result in human cancer initiation and tumor
progression. MiRNAs can regulate target genes by
increasing mRNA decay or by repressing translation.
Each miRNA has the potential to target hundreds
of genes that harbor in their 3’-UTR sequences
[26-29]
complementary to the seed region of the miRNA
.
In the study, for co-transfected cells with si-CDKN2D
and si-MAP3K1, the inhibitory effects are similar to

DISCUSSION
INK4d

CDKN2D (p19
), a negative regulator of the cell
cycle, is located on chromosome 19p13. The protein
encoded by this gene is a member of the INK4 family
of cyclin-dependent kinase inhibitors. This protein has
been shown to form a stable complex with CDK4 or
CDK6, and prevent the activation of the CDK kinases,
thus functioning as a cell growth regulator that controls
cell cycle G1 progression. The abundance of the
transcript of this gene was found to oscillate in a cellcycle dependent manner with the lowest expression
at mid G1 and a maximal expression during S phase.
The negative regulation of the cell cycle involving
this protein was shown to participate in repressing
[15-20]
neuronal proliferation, as well as spermatogenesis
.
Little is known of its role in cancer development and
prognosis. CDKN2D expression in cancers has been
examined in only a few studies and, to date, it has not
been linked to cancer development.
Mitogen-activated protein kinases (MAPKs) are
key mediators of evolutionarily conserved signaling
networks that play an essential role in multiple aspects
[21,22]
of cell physiology
. MAP3K1 or MEKK1 (MEK kinase
1) is a 196-kDa serine-threonine kinase that belongs
[22,23]
to the MAP3K family and the STE superfamily
.
MAP3K1 was originally identified as the mammalian
homolog of the yeast MAP3Ks Ste11 and Byr2 that
function in pheromone responsive signaling. Studies
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Figure 3 MiR-451 inhibits the proliferation of EC9706 cells by targeting CDKN2D and MAP3K1. A: CDKN2D and MAP3K1 protein levels were detected by
Western blot assay. Western blot assay showed that transfection of CDKN2D-siRNAs, MAP3K1-siRNAs and miR-451 mimics inhibited the expression of CDKN2D
and MAP3K1, respectively; B: CDKN2D silencing and miR-451 overexpression inhibited the cell proliferation. CCK8 array was used to assess EC9706 proliferation; C:
MAP3K1 silencing and miR-451 overexpression inhibited the cell proliferation. CCK8 array was used to assess EC9706 proliferation; D: Co-transfection of si-CDKN2D
and si-MAP3K1 inhibited the proliferation of EC9706 cells. CCK8 array was used to assess EC9706 proliferation; E: CDKN2D, MAP3K1 silencing and miR-451
overexpression reduced the growth of colonies of EC9706 cells. Colony formation assay was used; F: CDKN2D, MAP3K1 silencing and miR-451 overexpression
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tumor-suppressively through the inhibition of the two kinases. The findings are
expected to contribute to the development of molecularly targeted therapy for
esophageal cancer.

those for cells overexpressing miR-451.
However, miRNAs may function according to a
combinatorial circuits model, in which a single miRNA
may target multiple mRNAs, and several coexpressed
miRNAs may target a single mRNA. Recent studies
have suggested that the biological concept of
“one hit-multiple targets” could be used in clinical
[30]
therapeutics . If the primary molecular defect of a
disease is in the expression of a miRNA, the expression
of several critical protein targets could be deregulated.
In that case, one might recover the normal phenotype
of the cells by normalizing the miRNA expression.
Although individual targets responsible for observed
phenotypes have been proposed for many miRNAs,
it is likely that a specific miRNA may function through
cooperative down-regulation of multiple targets. Thus,
other target genes of miR-451 may also contribute to
tumorigenesis.
In conclusion, we have identified that miR-451
inhibited the proliferation, invasion and induced the
apoptosis of ESCC cells in vitro and in vivo by directly
targeting CDKN2D and MAP3K1. MiR-451 might be a
novel prognostic biomarker and a potential target for
the treatment of ESCC in the future.
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Abstract
AIM: To investigate the roles of nuclear factor (NF)-

κ B and angiotensin Ⅱ receptor type 1 (AT1R) in

the pathogenesis of non-alcoholic fatty liver disease
(NAFLD).
METHODS: Forty-two healthy adult male SpragueDawley rats were randomly divided into three groups:
the control group (normal diet), the model group,
and the intervention group (10 wk of a high-fat diet
feeding, followed by an intraperitoneal injection of
PDTC); 6 rats in each group were sacrificed at 6, 10,
and 14 wk. After sacrifice, liver tissue was taken,
paraffin sections of liver tissue specimens were
prepared, hematoxylin and eosin (HE) staining was
performed, and pathological changes in liver tissue
(i.e. , liver fibrosis) were observed by light microscopy.
NF- κ B expression in liver tissue was detected by
immunohistochemistry, and the expression of AT1R in
the liver tissue was detected by reverse transcriptionpolymerase chain reaction (RT-PCR). The data are
expressed as mean ± SD. A two-sample t test was
used to compare the control group and the model
group at different time points, paired t tests were used
to compare the differences between the intervention
group and the model group, and analysis of variance
was used to compare the model group with the control
group. Homogeneity of variance was analyzed with
single factor analysis of variance. H variance analysis
was used to compare the variance. P < 0.05 was
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play a key role throughout the course of NAFLD and
that the NF- κ B inhibitor might be effective in the
treatment of the disease, while the exact mechanism
still requires further study.

considered statistically significant.
RESULTS: The NAFLD model was successful after 6
wk and 10 wk. Liver fibrosis was found in four rats in
the model group, but in only one rat in the intervention
group at 14 wk. Liver steatosis, inflammation, and
fibrosis were gradually increased throughout the
model. In the intervention group, the body mass,
rat liver index, serum lipid, and transaminase levels
were not increased compared to the model group.
In the model group, the degree of liver steatosis was
increased at 6, 10, and 14 wk, and was significantly
higher than in the control group (P < 0.01). In the
model group, different degrees of liver cell necrosis
were visible and small leaves, punctated inflammation,
focal necrosis, and obvious ballooning degeneration
were observed. Partial necrosis and confluent necrosis
were observed. In the model group, liver inflammatory
activity scores at 6, 10, and 14 wk were higher than
in the control group (P < 0.01). Active inflammation in
liver tissue in the intervention group was lower than
in the model group (P < 0.05). HE staining showed
liver fibrosis only at 14 wk in 4/6 rats in the model
group and in 1/6 rats in the intervention group. NF-κB
positive cells were stained yellow or ensemble yellow,
and NF- κ B was localized in the cytoplasm and/or
nucleus. The model group showed NF-κB activation at
6, 10, and 14 wk in liver cells; at the same time points,
there were statistically significant differences in the
control group (P < 0.01). Over time, NF-κB expression
increased; this was statistically lower (P < 0.05) at
14 weeks in the intervention group compared to the
model group, but significantly increased (P < 0.05)
compared with the control group; RT-PCR showed
that AT1R mRNA expression increased gradually
in the model group; at 14 wk, the expression was
significantly different compared with expression at 10
weeks as well as at 6 weeks (P < 0.05). In the model
group, AT1R mRNA expression was significantly higher
than at the same time point in the control group (P <
0.01).

Tan DY, Shi HY, Li CP, Zhong XL, Kang M. Effect of nuclear
factor-κB and angiotensin Ⅱ receptor type 1 on the pathogenesis
of rat non-alcoholic fatty liver disease. World J Gastroenterol
2015; 21(19): 5877-5883 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/5877.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5877

INTRODUCTION
With social and economic development, the incidence
of non-alcoholic fatty liver disease (NAFLD) has
increased over the years, to the point that it has
become a common chronic liver disease that
endangers human health. Worldwide epidemiological
surveys have shown that the incidence rate of adult
NAFLD is 20%-33%; this rate could reach up to 75%
in obese individuals or those with type 2 diabetes.
A recent study found that the disease also exhibits
a trend of developing in younger people; therefore,
NAFLD has gained more attention in Western countries
[1-3]
and other regions of the world . Pathological changes
are mainly due to inflammation, necrosis, or apoptosis
in liver cells, leading to steatohepatitis, liver fibrosis,
and cirrhosis.
Nuclear factor-κB (NF-κB) is a nuclear protein factor
that participates in the regulation of a variety of protein
genes and causes disease through the induction of
cytokines, which are related to immunity, inflammation,
and fibrosis; NF-κB thus plays an important role in
[4-6]
inflammation and the immune response
. Some
studies have shown that the liver renin-angiotensinaldosterone system (RAAS) is closely related to
[7]
the development of liver fibrosis . Therefore, an
angiotensin Ⅱ receptor type 1 (AT1R) antagonist could
[8,9]
inhibit the development of experimental liver fibrosis .
In this study, pyrrolidine dithioformate (PDTC) was
used to inhibit the activity of NF-κB in NAFLD rats, with
the aim to explore the changes in angiotensin (Ang)
Ⅱ and AT1R mRNA expression, and to investigate
the regulation of NF-κB towards Ang Ⅱ AT1R mRNA
expression in NAFLD rats.

CONCLUSION: With increasing severity of NAFLD,
NF-κB activity is enhanced, and the inhibition of NF-κB
activity may reduce AT1R mRNA expression in NAFLD.
Key words: Non-alcoholic fatty liver disease; Nuclear
factor-κB; Angiotensin Ⅱ receptor type 1; Rats, Liver
fibrosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Grouping and modeling

Core tip: Angiotensin Ⅱ receptor type 1 (AT1R) is
closely associated with the process of non-alcoholic
fatty liver disease (NAFLD) fibrosis. As the nuclear
transcription factor which is closely related to the tissue
inflammation and fibrosis, when the activity of nuclear
factor (NF)-κB was inhibited, AT1R mRNA expression
was reduced, and the degrees of inflammation and
fibrosis gradually reduced, indicating that NF-κB might

WJG|www.wjgnet.com

Thirty-six healthy adult SPF-level male SD rats,
weighing 150 g ± 30 g, were randomly divided into the
control group (n = 18, fed a normal diet) and the model
group (n = 18, fed a high-fat diet: 2% cholesterol, 0.5%
sodium cholate, 0.2% propylthiouracil, 5% sucrose,
10% lard, and 82.3% basal diet, freshly prepared by
the experimental Animal Center at Luzhou Medical
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College). The rats had free access to water. Six rats of
each group were killed after 6, 10, and 14 wk. Serum
and liver tissues were isolated and stored at -80 ℃.
This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institute of Health.
The animal use protocol was reviewed and approved
by the Institutional Animal Care and Use Committee
(IACUC) of Luzhou Medical College.

53 ℃ for 30 s, and extension at 72 ℃ for 1 min; after
30 cycles, extension was performed at 72 ℃ for 5 min.

Statistical analysis

SPSS17.0 statistical software was used, with P < 0.05
considered to indicate statistical significance. The data
are expressed as the mean ± SD, and comparisons
among different time points for the control and
model groups were made using analysis of variance.
Homogeneity of variance test was also performed,
and data sets with homogeneity of variance were then
submitted to single-factor variance analysis, while
those without homogeneity of variance were submitted
to non-parametric tests.

Light microscopy

The liver tissues were fixed with 10% parafor
maldehyde for 1 d, embedded in paraffin, sectioned,
and stained with hematoxylin and eosin (HE). Liver
histopathological changes were observed by light
microscopy.

RESULTS
Light microscopy observation

Radioimmunoassay

The morphology of the liver tissue in the control
group after 6, 10, and 14 wk was normal based on
HE staining. In the model group, after 6 wk, liver cells
within the hepatic lobules exhibited more than 33%
fatty degeneration, with no significant inflammatory
cell infiltration in the portal area and acinus. There was
no significant formation of collagen fibers and fibrosis,
indicating the stage of liver cell steatosis. After 10 wk,
the steatotic liver cells in the model group accounted
for more than 50% of the total cells, and in some rats
the ratio reached more than 66%, with significant
ballooning degeneration in the acinar 3 band. Spotty
hepatocellular necrosis could be seen in the acinus,
and inflammatory cells appeared in the portal area,
indicating non-alcoholic hepatitis. After 14 wk, various
degrees of lobular and portal inflammation could be
seen in the model group, and extensive ballooning
degeneration could be seen in the acinar 3 band.
At the same time, periportal degeneration, spotty
necrosis, and focal necrosis were also found, with
partial necrosis being integrated into a larger area.
Inflammation was apparent in and around the portal
area. Four rats exhibited hepatocellular fibrosis. In
the intervention group, lobular inflammation could be
seen after 14 wk and spotty necrosis appeared in the
acinus, with some inflammation in the periportal area.
One rat exhibited hepatocellular fibrosis (Figure 1).

The radioimmunoassay kit and radioimmunoassay
counter were used to perform the detection. NFκB protein expression detection was performed by
immunohistochemistry according to the instructions
of the SP immunohistochemical staining kit and DAB
staining kit (Shengzhen Chemical Co. Ltd., Shengzhen,
China). NF-κB mainly appeared as brown staining
in the cell membrane or cytoplasm, and the nuclear
membrane was occasionally stained. Five high-power
fields were imaged from each section (with > 500
cells in each field) to calculate the positive rate (i.e.,
number of positive cells/total cells × 100%).

Reverse transcription-polymerase chain reaction

Total RNA was extracted according to the instructions
of the RNA extraction kit. The integrity of the RNA
was analyzed, the concentration and purity were
measured, and then the extracted RNA was diluted
to the same concentration in accordance with the
measured concentration; 0.5 μg was prepared for
reverse transcription (RT)-polymerase chain reaction
amplification according to the instructions in the First
Strand cDNA Synthesis Kit (Beijing Biomed Co. Ltd.,
Beijing, China). The upstream primer sequence of
the AT1R gene was: 5’-ACG TGT CTC AGC ATC GAC
CGC TAC C-3’ and the downstream primer sequence
was: 5’-AGA ATG ATA AGG AAA GGG AAC AAG AA-3’.
The upstream primer of the internal reference β-actin
gene was: 5’-GAG GGA AAT CGT GCG TGA C-3’
and the downstream primer was: 5’-CTG GAA GGT
GGA CAG TGA G-3’. The length of the targeted AT1R
mRNA amplification fragment was about 278 bp, and
the RT reaction parameters were: 30 ℃ for 10 min,
42 ℃ for 20 min, 99 ℃ for 5 min, and 4 ℃ for 5 min.
Then, 1 μL of the cDNA product, 1 μL of the upstream
and downstream primers (10 μM), 12.5 μL of 2 ×
MasterMix, and 9.5 μL of ddH2O were mixed together
to a total volume of 25 μL for the PCR. The reaction
parameters were: AT1R: pre-denaturation at 94 ℃
for 5 min, denaturation at 94 ℃ for 35 s, annealing at
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Radioimmunoassay results

Throughout the model, the serum Ang Ⅱ concentration
gradually increased, and was higher than the
concentration in the control group at the same time;
the differences were statistically significant (P < 0.05).
The Ang Ⅱ concentration in the intervention group was
lower than in the model group after 14 wk, but higher
than the level in the control group (P < 0.05) (Table 1).

NF-κ B protein expressions

Yellow or buffy yellow-stained NF-κB, located in
the cytoplasm and/or the nucleus, identified NF-κB
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Figure 1 Histopathological results in the liver (hematoxylin and eosin staining, magnification × 100). A: The control group; B: The model group at the end of
the 6th week; C: The model group at the end of the 10th week; D: The model group at the end of the 14th week; E: The intervention group at the end of the 14th week.

model group at each time point was higher than in
the control group, and the relative expression level
gradually increased throughout the model. The relative
expression in the intervention group after 14 wk was
higher than that in the control group at the same time
point, but lower than that in the model group at the
same time point.

Table 1 Serum Ang Ⅱ expression in each group (mean ± SD)
th

Groups

6 week

th

10 week

th

14 week

Normal
390.68 ± 15.34
424.54 ± 7.66
475.78 ± 10.51
Model
929.61 ± 463.21a,b,c 1244.61 ± 232.81a,c 1567.04 ± 273.22a,d
Intervention
1349.04 ± 433.22a
a

P < 0.01 vs the control group; bP < 0.05 vs the model group in the 10th
week; cP < 0.05 vs the model group in the 14 th week; dP < 0.05 vs the
intervention group in the 14th week.

DISCUSSION
With improvements in living standards and social
change, the incidence of NAFLD has risen. The
pathogenesis of NAFLD is driven by oxidative stress
and lipid peroxidation damage, leading to the
dysfunction of liver cells and mitochondrial activity,
the activation and proliferation of hepatic stellate
cells (HSC), and increased release of inflammatory
cytokines, followed by inflammation, necrosis, and
apoptosis, which then develops into steatohepatitis,
[10-12]
fibrosis, and cirrhosis
.
The RAAS is an important neuroendocrine system,
as it maintains the balance of blood pressure, water,
and electrolytes; Ang Ⅱ is the most important
bioactive substance in the RAAS. Some studies have
[13]
shown that there was also RAAS in the partial liver .
Recent studies have also found that liver fibrosis is
[14]
connected with RAAS activation . The biological
effects of Ang Ⅱ are exerted by acting on specific
receptors. The Ang Ⅱ receptors include four G proteincoupled receptor subtypes, namely AT1R, AT2R, AT3R,
and AT4R; AT1R and AT2R are the best understood.
[15]
Yang et al found that the TGF-β content in wild-type
mouse liver tissue is higher than in AT1Ra-deficient

Table 2 Nuclear factor-κB protein expression in rat hepatocytes
from each group (mean ± SD, n = 6)
th

Groups

6 week

Normal
Model
Intervention

4.48 ± 0.34
29.61 ± 3.21a,b,c

th

th

10 week

14 week

4.26 ± 0.66
44.61 ± 2.81a,c

4.78 ± 0.74
67.04 ± 3.22a,d
49.04 ± 3.22a

a

P < 0.01 vs the control group; bP < 0.05 vs the model group in the 10th
week; cP < 0.05 vs the model group in the 14 th week; dP < 0.05 vs the
intervention group in the 14th week.

positive cells. In the model group, apparent NF-κB
activation could be seen after 6, 10, and 14 wk in the
hepatocytes, and expression increased throughout the
model. In the intervention group, NF-κB expression
after 14 wk was significantly decreased when
compared with that in the model group, although still
higher when compared with the control group (Figure
2; Table 2).

Expression of AR1T mRNA

The relative expression level of AR1T mRNA in the
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Figure 2 Immunohistochemical staining for nuclear factor-κB protein expression (SP, magnification × 200). A: The control group; B: The model group at the end of
the 6th week; C: The model group at the end of the 10th week; D: The model group at the end of the 14th week; E: The intervention group at the end of the 14th week.

has an important role in the inflammatory response
and oxidative stress, resulting in liver cell degeneration
and necrosis through multiple ways, and thus leading
to hepatic steatosis and liver cell inflammation. In the
stage of liver fibrosis, AT1R promotes the transcription
of proto-oncogenes, inducing mesenchymal cells
and fibroblasts to proliferate abnormally, leading to
[16]
increased collagen synthesis and fibrosis . Meanwhile,
AT1R activation also induces hepatic stellate cell
[17]
proliferation and upregulates TGF-β1 levels , thus
playing an important role in liver fibrosis.
Recent studies have found that the activation
of NF-κB is closely related to the process of liver
inflammation and fibrosis. The key to NF-κB activation
is IκB degradation. During the second stage of NAFLD,
the products of reactive oxygen species and lipid
peroxidation significantly increase, which activates
the NF-κB complex; first, through the mitogenactivated protein kinase (MAP kinase, MAPK) family,
[18-22]
serine kinase (IKK) catalyzes the phosphorylation
.
When the IKK complex combines with membrane
coupled receptors, two types of autophosphorylation
[23-26]
occur to activate the serine kinase
. Subsequently,
under the effect of IKK, IκB is phosphorylated and,
via pantothenic acid, the proteasome, and other
mediators, the 3D structure of activated IκB is
destroyed, exposing the amino acid sequence which
is then recognized by the pantothenic acid ligase.
Pantothenic acidification then occurs, and NF-κB is
thus hydrolyzed and activated. Increased activity
of NF-κB promotes the expression of COX-2, IL-6,
and IL-8 by HSC, which increase liver inflammation,
and further activates NF-κB through inflammatory
mediators, thereby maintaining HSC activation and

Table 3 Angiotensin Ⅱ receptor type 1 mRNA expression in
rat hepatocytes from each group (mean ± SD, n = 6)
th

Group

6 week

Normal
Model
Intervention

0.33 ± 0.11
0.54 ± 0.15a,b,c

th

th

10 week

14 week

0.41 ± 0.08
0.76 ± 0.20a,c

0.53 ± 0.15
1.02 ± 0.27a,d
0.80 ± 0.20a

a

P < 0.01 vs the control group; bP < 0.05 vs the model group in the 10th
week; cP < 0.05 vs the model group in the 14 th week; dP < 0.05 vs the
intervention group in the 14th week.

mice, and the degree of inflammation and fibrosis
was much greater in wild-type than in AT1Ra-deficient
mice, suggesting that AT1R plays an important role in
the process of liver fibrosis. In the current study, it was
shown that AT1R mRNA expression increased in liver
tissue during the process of liver steatosis, and the
processes of inflammation and fibrosis aggravated this.
Most biological effects of Ang Ⅱ are mediated by AT1R
through a series of signal transduction pathways. At
the same time, it can also act as a pro-inflammatory
cytokine in various inflammatory processes. The
results shown here indicate that AT1R is involved in
the development of NAFLD from steatosis to hepatic
fibrosis. When damaging factors affect the liver, this
stimulates AT1R mRNA transcription, and when Ang Ⅱ
binds to AT1R, it conducts a signal via the G proteincoupled pathway and the mitogen-activated protein
kinase pathway, thereby activating downstream factors
and promoting inflammation. During the stages of
steatosis and hepatitis, AT1R accelerates the synthesis
of inositol phosphate, which causes the sarcoplasmic
reticulum to release calcium into the cytoplasm. This
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eventually leading to the occurrence of liver fibrosis.
Ang Ⅱ induces NF-κB, resulting in the activation of
a large number of target genes, such as cytokines,
chemokines, adhesion molecules, and TNF-α. Ji et
[27-29]
al
found that the intrahepatic RAAS system can
mediate hepatic fibrosis by activating the NF-κB and
AP-1 pathways, and AECI and ARB may play an antiliver fibrosis role by inhibiting NF-κB activity. Activated
NF-κB can also act on angiotensinogen, further affecting
the local hepatic RAAS system and leading to liver
fibrosis. In the intervention group in this experiment,
it was found that by inhibiting NF-κB activity, the
pathological changes were better than in the model
group, and AT1R mRNA expression was significantly
lower than in the model group, which further indicates
the presence of this kind of relationship.
AT1R is closely associated with the process of
[30,31]
NAFLD fibrosis
. Since this nuclear transcription
factor is closely related to tissue inflammation and
fibrosis, when the activity of NF-κB was inhibited,
AT1R mRNA expression was reduced, and the degree
of inflammation and fibrosis gradually reduced as well,
indicating that NF-κB might play a key role throughout
the course of NAFLD and an NF-κB inhibitor might be
effective in the treatment of this disease. However, the
exact mechanism still needs further study.
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AIM: To investigate the effect of microRNA-1 (miR-1) on
tumor endothelial cells (TECs) of human hepatocellular
carcinoma (HCC).
METHODS: MiR-1 specific short hairpin RNA (shRNA)
was synthesized and cloned into a recombinant
lentiviral vector. TECs were then infected by the
miRNA-1-shRNA recombinant lentivirus. TECs were
divided into three groups: a control (CON) group
consisting of normal TECs without lentiviral infection, a
negative control (NC) group consisting of normal TECs
infected with a negative control virus, and a microdown (MD) group consisting of normal TECs infected
with the miR-1-inhibition virus containing the target
gene. Silencing of miR-1 expression was quantified
via quantitative reverse transcription-polymerase
chain reaction (qRT-PCR). The proliferation of TECs
was detected using MTT (Thiazolyl Blue Tetrazolium
Bromide) assay; the observations were continued
for 5 d, and the optical density value at 490 nm was
detected every day. Apoptosis was detected via flow
cytometry using Annexin V-APC single staining. The
migration and invasion of TECs were detected using
transwell assays.
RESULTS: Lentiviral miR-1 shRNA was successfully
transduced into TECs, and specifically silenced the
expression of miR-1. The results of qRT-PCR showed
that the expression of miR-1 was significantly
-ΔΔCt
decreased in the MD group (2
= 0.57 ± 0.14)
-ΔΔCt
compared with the CON group (2
= 1) and the NC
-ΔΔCt
group (2
= 1.05 ± 0.13) (P < 0.01). The results
of MTT assay showed that the cell proliferation was
all significantly inhibited in the MD group in the 5
days compared with the CON and NC groups (P <
0.01). The results of flow cytometry showed that
the apoptosis was significantly increased in the MD
group (6.32% ± 0.33%) compared with the CON
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group (2.03% ± 0.30%) and the NC group (2.18% ±
0.15%) (P < 0.01). The ability of cell migration was
significantly inhibited in the MD group (62.0 ± 5.48)
compared with the CON group (99.8 ± 3.11) and
the NC group (97.2 ± 3.70) (P < 0.01). The ability of
invasion of TECs was also significantly inhibited in the
MD group (29.8 ± 2.39) compared with the CON group
(44.6 ± 3.36) and the NC group (44.4 ± 5.17) (P <
0.01).

as the leading villains and the tumor stroma, blood
vessels, infiltrating inflammatory cells and a variety
of associated tissue cells in tumor microenvironment
play the role of supporting player to aid the malignant
[4]
progression of cancer . The nontumor cells in the tumor
microenvironment can be modified by the cancer cells
to produce a variety of growth factors, chemokines, and
matrix-degrading enzymes that enhance the proliferation
and invasion of the tumor. Recent experiments have
suggested various approaches to target different cell
types in the tumor microenvironment such as the tumor
[5]
[6]
[7]
stroma , tumor vasculature and immune cells .
Therefore, an increasing number of experts believe that
the treatment strategy for cancer targeting to the tumor
microenvironment may produce unexpected effects.
HCC is a solid cancer with a rich blood supply.
Angiogenesis is crucial in the occurrence, development
and prognosis of this cancer. Its growth, invasion and
metastasis are all closely associated with angiogenesis.
Therefore, regulation of tumor angiogenesis can
[8]
control tumor growth . During the development of
the tumor from the avascular stage to the vascular
stage, angiogenesis is regulated by angiogenic growth
factors and their inhibitors, and once this balance
[9]
is disturbed, angiogenesis can be accelerated .
Therefore, identifying the specific molecular markers
of tumor vascular endothelial cells can provide a new
basis for antiangiogenic therapy targeting the tumor
neovasculature in HCC.
MicroRNAs (miRNAs) are a class of non-coding, small
RNA molecules consisting of 20-22 nucleotides that
regulate gene expression at the post-transcriptional
[10]
level . They regulate the expression of downstream
target genes at the protein level, thus playing
[11]
important regulatory roles in cellular pathways .
Many recent studies have suggested that abnormal
expression of miRNA target genes is associated with
the initiation and development of various types of
[12,13]
cancer
. MiR-1 has been reported as a downregulated miRNA in various human malignancies and
[14-17]
has a tumor suppressive function
. However, Liu et
[18]
al found that miR-1 was markedly up-regulated in the
serum of gastric cancer patients. Our previous studies
also found that miR-1 was up-regulated in tumor
[19]
endothelial cells (TECs) of human HCC . Therefore, to
investigate the effect of miR-1 on TECs of human HCC,
we inhibited the expression of miR-1 in TECs using
antisense oligonucleotides and observed the effect on
biological behaviors including proliferation, apoptosis,
migration, and invasion of TECs.

CONCLUSION: MiR-1 might be a potential tumor
activator. Inhibiting its expression could decrease
proliferation, induce apoptosis, and inhibit the migration
and invasion of TECs of human HCC.
Key words: Tumor endothelial cells; Hepatocellular
carcinoma; Short hairpin RNA; MicroRNA-1
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study demonstrated that microRNA-1
(miR-1) might be a potential tumor activator. Inhibition
of the expression of miR-1 could decrease the
proliferation, induce the apoptosis, and inhibit the
migration and invasion of tumor endothelial cells of
human hepatocellular carcinoma.
Hu C, Shen SQ, Cui ZH, Chen ZB, Li W. Effect of microRNA-1
on hepatocellular carcinoma tumor endothelial cells. World J
Gastroenterol 2015; 21(19): 5884-5892 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i19/5884.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i19.5884

INTRODUCTION
Currently, primary liver cancer, which consists
predominantly of hepatocellular carcinoma (HCC),
is the fifth most prevalent cancer worldwide, the
second most frequent cause of cancer death in men,
the seventh most commonly diagnosed cancer and
[1]
the sixth leading cause of cancer death in women .
The only treatment that offers a potential for curing
patients with HCC is surgical resection or liver
transplantation. However, only a small number of
patients can receive surgical treatment due to the
limitations such as the stage of the carcinoma, the
number and the size of the nodules, and the liver
function. Furthermore, no effective treatment is
presently established once surgical treatment cannot
[2]
be performed, especially for advanced HCC patients .
Therefore, identifying novel therapeutic targets for the
treatment of HCC is urgently required.
Recent evidence highlighted that tumor micro
environment plays an important role in the initiation,
[3]
progression and metastasis of cancer . Cancer is
an ensemble production in which tumor cells act

WJG|www.wjgnet.com

MATERIALS AND METHODS
Cells

TECs of human HCC, human hepatic sinusoidal
endothelial cells (HSECs), and 293T cells were
purchased from Shanghai Xinran Biotechnology
(Shanghai, China) and cultured in DMEM (Dulbecco’
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s Modified Eagle’s Medium) high-glucose medium
supplemented with 10% fetal bovine serum, 100 U/mL
penicillin, and 100 mg/mL streptomycin under 5% CO2
in a humidified incubator at 37 ℃.

the manufacturer’s protocol. The resulting cDNA was
diluted 1:10 and used for PCR with 4 μL of miR-1
or U6 TaqMan primers and SYBR Green/Flourescein
qPCR Master Mix (Fermentas) in the ABI PRISM
7900HT (Applied Biosystems, Foster City, CA, USA).
The sequences of the primers were as follows: miR-1
forward: 5’-TGCGCTGGAATGTAAAGAAGTA-3’; miR-1
reverse: 5’-CCAGTGCAGGGTCCGAGGTATT-3’; U6
forward: 5’-CTCACTTCGGCAGCACATA-3’; U6 reverse:
5’-AACTCTTCACGATTTTGTCTGTC-3’. PCR amplification
from cDNA was performed in a final volume of 25
μL, and the cycling parameters were preheat at 95 ℃
for 10 min, then 40 cycles of 95 ℃ for 30 s and 60 ℃
for 1 min, followed by a melting curve analysis. The
specificity of the PCR amplification was confirmed
via a dissociation curve analysis. All reactions were
performed in triplicate. The ΔCt data were collected
automatically and -ΔΔCt was calculated using the
following formula:-ΔΔCt = ΔCt of CON group-ΔCt of
the NC or MD group. The relative expression of the
-ΔΔCt[20]
target gene was calculated using 2
.

Construction of lentiviral vectors

A DNA template and oligonucleotides corresponding to
miRNA-1 were targeted. The oligonucleotide sequences
were designed and synthesized as follows: miR-1inhibition-F: 5’- TGGAATGTAAAGAAGTATGTAT- 3’, and
miR-1-inhibition-R: 5’- ATACATACTTCTTTACATTCCA3’. The combined sequences of the enhanced green
fluorescent protein (EGFP) gene and the miRNA-1inhibitor were cloned into the Age Ⅰ and EcoR Ⅰ sites of
the GV159 vector (Genechem, Biotechnology, China)
containing a CMV-driven GFP reporter. All constructed
plasmids were confirmed via sequence analysis. All
plasmids were transfected into 293T cells using a
packaging vector mix (Invitrogen). Eight hours after
transfection, the culture medium was replaced with
complete culture medium. After another 48 h of
culture, the cell culture supernatant rich in lentiviral
particles was collected and filtered by using a 0.45 μm
filter which allows only viruses, and not cells to pass
through. Then, the filtrate was centrifuged to obtain
a high titer, concentrated lentiviral solution. The virus
titer was determined and calibrated in 293T cells.

Detection of TEC proliferation using MTT assay

Cells from each group that were in the logarithmic
phase were digested with trypsin and resuspended
in complete culture medium. The cells were counted
using a hemocytometer, and the cell density used for
inoculation was determined according to the growth
rate (usually 2000 cells/well). Each group had 3-5
duplicate wells with 100 μL of cell suspension in each
well; a total of five 96-well plates were used, and the
observations were continued for 5 d. When adding
cells to the tissue culture plates, the cell number in
each well was consistent. After the cells were plated,
they were cultured at 37 ℃ in a 5% CO2 incubator.
During the period starting from the second day of
plating to 4 h before the termination of culture, 10 μL
of 5 mg/mL MTT (Thiazolyl Blue Tetrazolium Bromide)
was added to each well without changing the medium.
After 4 h, the culture medium was discarded, and 100
μL DMSO was added to each well to stop the reaction.
After vortexing for 5-10 min, the optical density (OD)
value was detected at 490 nm using a microplate
reader, and the results were statistically analyzed.

Infection of TECs by lentiviruses

The experimental cells were divided into 3 groups: a
control (CON) group consisting of normal TECs without
lentiviral infection, a negative control (NC) group
consisting of normal TECs infected with a negative
control virus, and a micro-down (MD) group consisting
of normal TECs infected with the miR-1-inhibition
virus containing the target gene. Cells under good
culture conditions from each experimental group were
inoculated into 6-well plates one day prior to viral
infection. On the day of infection, lentiviruses were
added to each group of cells to perform the infection
experiments. Three days after infection, the expression
of GFP was observed under a fluorescence microscope,
and the proportion of cells with positive fluorescence
was higher than 90%. When cells became confluent,
they were harvested and examined.

Flow cytometry detection of TEC apoptosis by Annexin
V-APC single staining

Quantitative reverse transcription-polymerase chain
reaction for detection of mature miR-1 expression

Apoptosis was determined using an Annexin-V-APC
apoptosis detection kit (eBioscience, San Diego, CA,
United States). The cell culture supernatant from
each group was collected into 5 mL centrifuge tubes
after the cells were infected for 5 d. The cells were
washed once with D-Hanks and digested with trypsin;
the digestion was stopped by the addition of culture
supernatant. The cells were harvested and collected
into the same 5 mL centrifuge tube, and each group
had three duplicate wells. Then, the cells were
collected via centrifugation at 1500 rpm for 5 min and

Quantitative reverse transcription-polymerase chain
reaction (qRT-PCR) was performed to detect the
expression of miR-1 in the different groups and
the U6 small nuclear RNA was used as the internal
standard control. Total RNA was harvested from
cells of different groups using the Trizol reagent
(Invitrogen) according to the manufacturer’s
instructions. For reverse transcription, 5 μg of total
RNA was converted to cDNA using a TaqMan MicroRNA
Reverse Transcription Kit (Fermentas) according to
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A

B

Figure 1 Comparison of the morphology of tumor endothelial cells and hepatic sinusoidal endothelial cells. A: The morphology of tumor endothelial cells
(magnification × 100); B: The morphology of hepatic sinusoidal endothelial cells (magnification × 100).

analyzed in each chamber.

washed twice in PBS. Next, cells were resuspended
in binding buffer, and cell suspensions were collected,
stained with 5 μL Annexin V-APC at room temperature
for 15 min in the dark, and then transferred into flow
cytometry tubes for detection using a FACSCalibur (BD
Biosciences, San Jose, CA, United States).
The excitation and emission wavelengths of the
Annexin V-APC ﬂuorescent signals were 633 nm and
660 nm, respectively. The signals were detected in
logarithmic mode at FL4. Annexin V-APC was set as
the horizontal axis. Cells staining positive for Annexin
V-APC were considered apoptotic (the right upper
quadrant and right lower quadrant).

Statistical analysis

All data are expressed as the mean ± SD. SPSS
17.0 software was used for statistical analyses.
Differences among groups were assessed using an
unpaired Student’s t-test. P-values less than 0.05 were
considered statistically significant.

RESULTS
Cell morphology

Observations under a microscope revealed that most
of the TECs showed a thin and long “filamentous rodshaped” morphology, and some showed a triangle or a
polygon shape with different sizes (Figure 1A), whereas
HSECs showed a uniform, typical, “cobblestone-like”
morphology (Figure 1B).

Transwell migration assay
4

A total of 3 × 10 cells were resuspended in serumfree DMEM after transfection and placed in the top
portion of a Transwell chamber with 8-μm pores
(Millipore). The lower portion of the chamber contained
10% FBS as a chemoattractant. The chambers were
incubated at 37 ℃ in 5% CO2 for 12 h. Non-migrating
cells on the top of the membrane were removed with
cotton swabs. Cells that migrated to the bottom of the
insert were fixed with 95% ethanol, stained with 0.2%
crystal violet (Beyotime, China), and counted and
photographed under magnification × 100. Five random
fields were analyzed in each chamber.

Determination of lentivirus titers after infection of TECs

Three days after infection, the expression of GFP was
observed under a fluorescence microscope. A1, B1 and
C1 in Figure 2 show the morphology of cells in the CON,
NC and MD groups, respectively, under the bright field
and A2, B2 and C2 show the same fields under the green
fluorescence field. The CON group showed no green
fluorescence (Figure 2A2); the NC group (Figure 2B2)
and the MD group (Figure 2C2) showed obvious green
fluorescence. The results indicated that the lentiviral
shRNA was successfully constructed and the proportion
of cells with positive fluorescence was over 90%.

Transwell invasion assay
4

A total of 3 × 10 cells were resuspended in serumfree DMEM after transfection and placed in the top
portion of a Transwell chamber with 8-μm pores
2
(Millipore) and coated with 30 mg/cm matrigel
extracellular matrix (ECM) gel (Sigma-Aldrich, United
States). The lower portion of the chamber contained
10% FBS as a chemoattractant. The chambers were
incubated at 37 ℃ in 5% CO2 for 24 h. Cells on the top
of the membrane were removed with cotton swabs.
Cells that invaded the bottom of the insert were fixed
with 95% ethanol, stained with 0.2% crystal violet
(Beyotime, China), and counted and photographed
under × 100 magnification. Five random fields were
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MiR-1 expression in cells of three groups

As observed in Figure 3, the expression of miR-1 was
-ΔΔCt
significantly decreased in the MD group (2
= 0.57
-ΔΔCt
± 0.14) compared with the CON group (2
= 1) and
-ΔΔCt
the NC group (2
= 1.05 ± 0.13) (P < 0.01). There
was no significant difference between the NC group
and the CON group (P > 0.05).

Detection of TEC proliferation by MTT assay

As observed in Figure 4, cell proliferation was all
significantly inhibited in the MD group for the 5 d (the
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A1

B1

C1

A2

B2

C2

Figure 2 Determination of lentivirus titers after infection of tumor endothelial cells. The morphology of cells in the three groups under bright field and green
fluorescence field (A1: CON 100 × B; B1: NC 100 × B; C1: MD 100 × B; A2: CON 100 × G; B2: NC 100 × G; C2: MD 100 × G). B and G indicate the bright field and
the green fluorescence field, respectively. MD: Micro-down; NC: Negative control; CON: Control.

Relative miR-1 expression

1.5

CON

1.0

NC

MD

b
miR-1
0.5
U6
0.0
CON

NC

MD

Group

Figure 3 MiR-1 expression in cells of the three groups. The expression of miR-1 was significantly decreased in the MD group compared with the NC and CON
groups (P < 0.01). There was no significant difference between the NC group and CON group (P > 0.05). bP < 0.01 vs CON and NC group. MD: Micro-down; NC:
Negative control; CON: Control.

NC
b

MD
Optical density (OD)

OD490 of days 1-5 was 0.258 ± 0.005, 0.518 ± 0.029,
1.140 ± 0.054, 1.457 ± 0.106, and 1.543 ± 0.047)
compared with the CON group (the OD490 of days 1-5
was 0.328 ± 0.005, 0.672 ± 0.008, 1.362 ± 0.044,
1.653 ± 0.173, and 1.829 ± 0.031) and the NC group
(the OD490 of days 1-5 was 0.322 ± 0.011, 0.695
± 0.007, 1.419 ± 0.031, 1.778 ± 0.037, and 1.843
± 0.039) (P < 0.01), whereas cell proliferation in the
CON and NC groups was not affected (P > 0.05).

CON

2.0

1.5

1.0

0.5

Flow cytometric detection of apoptosis in each group
after transduction

0.0
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t /d

Five days after transduction, the confluence of each
group of cells was approximately 90%. As observed in
Figure 5, there was no significant difference between
the CON group (2.03% ± 0.30%) and the NC group
(2.18% ± 0.15%) (P > 0.05), whereas the MD group

Figure 4 Detection of tumor endothelial cell proliferation by MTT assay.
Cell proliferation was significantly inhibited in the MD group compared with
the CON and NC groups (P < 0.01), while there was no significant difference
between the CON and NC groups (P > 0.05). bP < 0.01 vs CON and NC groups.
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Figure 5 Flow cytometric detection of apoptosis in each group after transduction. A: Flow cytometry results of the CON group; B: Flow cytometry results of the
NC group; C: Flow cytometry results of the MD group. Cells staining positive for Annexin V-APC were considered apoptotic (the right upper quadrant and right lower
quadrant). bP < 0.01 vs CON and NC groups. MD: Micro-down; NC: Negative control; CON: Control.

(6.32% ± 0.33%) showed significant apoptosis
compared with the other groups (P < 0.01).

DISCUSSION
HCC is one of the most common malignant tumors
of the digestive system. More and more studies
demonstrated that angiogenesis can influence
[21,22]
tumor genesis and growth
. Therefore, if we can
selectively inhibit or directly kill the TECs of HCC,
this may provide a more effective and less toxic
therapeutic method for HCC patients. Thus, the
identification of specific markers for HCC TECs and
the investigation of specific targeted therapies against
TECs have become new hot spots in the field of tumor
[23]
therapy . MiRNAs are involved in the regulation
of diverse cellular processes, such as proliferation,
[24-27]
differentiation, cellular migration and apoptosis
.
MiR-1 has initially been described as a regulator of
[28]
myogenesis . Subsequently, it has been found that
miR-1 is dysregulated in many diseases especially
in tumors. In this study, we explored the effect of
suppressing the expression of miRNA-1 on biological
behavior of TECs of HCC and the following major
findings were obtained from our study: suppressing
the expression of miRNA-1 could inhibit proliferation,
promote apoptosis and inhibit migration and invasion
of TECs of HCC.

Transwell migration assay in each group after
transduction

As shown in Figure 6, the number of cells that
migrated to the lower portion of the chamber in the
CON, NC group, and MD groups was 99.8 ± 3.11, 97.2
± 3.70, and 62.0 ± 5.48, respectively. The results
showed that the migration of TECs was significantly
inhibited in the MD group compared with the CON
and NC groups (P < 0.01). There was no significant
difference between the CON group and the NC group (P
> 0.05).

Transwell invasion assay in each group after
transduction

As observed in Figure 7, the number of the cells that
invaded the lower portion of the chamber in the CON,
NC, and MD groups was 44.6 ± 3.36, 44.4 ± 5.17,
and 29.8 ± 2.39, respectively. The results showed that
the invasion of TECs was significantly inhibited in the
MD group compared with the CON and NC group (P <
0.01). There was no significant difference between the
CON group and the NC group (P > 0.05) (Figure 7).
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Figure 6 Transwell migration assay. The number of cells migrated to the lower portion of the chamber was significantly decreased in the MD group compared with
the CON and NC groups (P < 0.01). There was no significant difference between the CON and NC groups (P > 0.05). bP < 0.01 vs CON and NC groups. A: CON group; B:
NC group; C: MD group. MD: Micro-down; NC: Negative control; CON: Control.
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Figure 7 Transwell invasion assay. The number of cells invading to the lower portion of the chamber was significantly decreased in the MD group compared with
the CON and NC groups (P < 0.01). There was no significant difference between the CON and NC groups (P > 0.05), bP < 0.01 vs CON and NC groups. A: CON
group; B: NC group; C: MD group. MD: Micro-down; NC: Negative control; CON: Control.
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RNA interference (RNAi) is a posttranscriptional
gene silencing mechanism that has emerged as a
[29]
powerful method for silencing gene expression .
However, its two greatest disadvantages, inefficient
delivery and transient effects, prohibit its application
in chronic degenerative diseases. Lentivirus can easily
integrate into the host genome and stably encode
[30]
shRNA to overcome these drawbacks . As a result,
miR-1 shRNA was explored as a means to silence
endogenous miR-1 expression in the present study.
The transduction rate was almost 90%.
It is well known that tumorigenesis is due to an
[31]
imbalance between cell proliferation and apoptosis .
Therefore, in the present study, we observed the
effect of miR-1 on the proliferation and apoptosis
of TECs. The results of MTT assay indicated that
inhibition of the expression of miR-1 could significantly
decrease TEC proliferation, and the difference was
the most significant on day 5. Therefore, based on
the initial MTT assay results, day 5 presented the
most significant proliferation inhibition and was used
as the time point for apoptosis detection. The results
of apoptosis detection also showed that inhibition of
the expression of miR-1 could significantly induce
apoptosis in TECs. The death-inducing signaling
complex pathway and the mitochondrial pathway are
the two major pathways of cellular apoptosis that have
[32]
been identified . The mechanism of regulation of
miR-1 for apoptosis in TECs was not identified in this
study and we will conduct further research to reveal
the potential mechanism.
Tumor invasion and metastasis are important
causes of morbidity and death for liver cancer patients.
Blood vessels play an important role in the invasion
and metastasis of HCC. Our experiments concerning
in vitro migration and invasion showed that inhibition
of the expression of miR-1 could significantly inhibit
the migration and invasion of TECs of human HCC.
[33]
However, Weiwei et al
found that overexpression
of miR-1 could inhibit the invasion and migration of
HepG2 cells. Therefore, to investigate the effect of
miR-1 on the invasion and metastasis of HCC, in vivo
experiments will need to be performed in our further
research.
In summary, our study demonstrated that miR-1
might be a potential tumor activator. Inhibition of
the expression of miR-1 could decrease proliferation,
induce apoptosis, and inhibit migration and invasion
of TECs of human HCC. The mechanism of the effect
described above still requires further research. We
have found some potential target genes of miR-1 such
as gap junction protein (GJA1), tankyrase (TNKS2),
monocyte to macrophage differentiation-associated 2
(MMD2) using the software TargetScan and we will use
methods such as luciferase activity assay and Northern
blot to confirm these genes. In addition, we will also
perform in vivo experiments to observe the effect of
miR-1 on the growth, invasion and metastasis of HCC.
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Abstract
AIM: To validate the value of aspartate amino
transferase to platelet ratio index (APRI) in assessment
of liver fibrosis and prediction of postoperative
prognosis of biliary atresia (BA) infants from Mainland
China.
METHODS: Medical records of 153 BA infants who
were hospitalized from January 2010 to June 2013
were reviewed. The efficacy of APRI for diagnosis
of liver fibrosis was assessed using the receiver
operator characteristic (ROC) curve compared to the
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pathological Metavir fibrosis score of the liver wedge
specimens of 91 BA infants. The prognostic value of
preoperative APRI for jaundice persistence, liver injury,
and occurrence of cholangitis within 6 mo after KP was
studied based on the follow-up data of 48 BA infants.

org/10.3748/wjg.v21.i19.5893

RESULTS: APRI was significantly correlated with
Metavir scores (r s = 0.433; P < 0.05). The mean APRI
value was 0.76 in no/mild fibrosis group (Metavir score
F0-F1), 1.29 in significant fibrosis group (F2-F3), and
2.51 in cirrhosis group (F4) (P < 0.001). The area
under the ROC curve (AUC) of APRI for diagnosing
significant fibrosis and cirrhosis was 0.75 (P < 0.001)
and 0.81 (P = 0.001), respectively. The APRI cut-off
of 0.95 was 60.6% sensitive and 76.0% specific for
significant fibrosis diagnosis, and a threshold of 1.66
was 70.6% sensitive and 82.7% specific for cirrhosis.
The preoperative APRI in infants who maintained
jaundice around 6 mo after KP was higher than that
in those who did not (1.86 ± 2.13 vs 0.87 ± 0.48, P <
0.05). The AUC of APRI for prediction of postoperative
jaundice occurrence was 0.67. A cut-off value of
0.60 showed a sensitivity of 66.7% and a specificity
of 83.3% for the prediction of jaundice persistence.
Preoperative APRI had no significant association with
later liver injury or occurrence of cholangitis.

Biliary atresia (BA) is a severe, cholestatic disease of
infancy of unknown cause characterized by fibrous
obliteration of inter- and extra-hepatic biliary tree.
In untreated cases, it would cause death by 2 years
of age. It occurred with an incidence of 1 in 5000
to 1 in 19000 live births, and was more common in
[1-3]
Asian countries . Etiology and molecular networks
underpinning such an expeditious fibrogenic process
have not been well established. Immune and
nonimmune factors were implicated in the pathogenesis
of BA, and the resultant cholestasis and oxidative
stress appeared to be the main triggers of hepatic
[4,5]
fibrosis in this disease . Early Kasai portoenterostomy
(KP) is the only and palliative therapy with the hope
of restoring bile flow to the gastrointestinal tract to
alleviate injury of the liver caused by cholestasis and
to prolong the survival with the native liver, but it
cannot stop the progress of inflammation around bile
ducts and hepatic fibrosis. Nearly one third of cases
may develop persistent jaundice, recurrent cholangitis
and other symptoms a short term post-operation
and had worse outcome. Variable liver fibrosis,
[6-8]
cirrhosis, and liver failure may still happen . When
KP had failed and severe complications occurred, liver
transplantation is the only effective treatment. Hepatic
fibrosis is not only a universal and prominent feature of
BA, but also the most important predictor of outcome
post KP. Therefore, assessment of hepatic fibrosis is
[9-12]
critical for the management after KP
.
In BA, assessment of liver fibrosis had traditionally
been accomplished by subjective visual analysis of
trichrome staining of liver tissue obtained at the time
[13,14]
of KP or liver transplantation
. It cannot meet the
needs of early and continual liver status assessment in
BA patients, though pathological diagnosis is believed
as the gold standard for determining the degree of
[15]
liver fibrosis . Less invasive techniques developed
in adults had been applied in pediatric patients with
[13,16,17]
chronic liver diseases
. Among the serological
indicators, aspartate aminotransferase to platelet ratio
index (APRI) is the simplest model based on aspartate
transaminase (AST) and platelet count from routine
hematological and biochemical tests and had obtained
attention in BA patients during the last several
[18-21]
years
. However, controversial results have been
released when assessing the value of APRI in liver
fibrosis diagnosis in BA children and post KP outcome
prediction. Regarding that the biased results might
be caused by small sample size in previous studies,
we validated the value of APRI in assessment of liver

INTRODUCTION

CONCLUSION: Our study demonstrated that APRI
could diagnose significant liver fibrosis, especially
cirrhosis in BA infants, and the elevated preoperative
APRI predicts jaundice persistence after KP.
Key words: Aspartate aminotransferase to platelet ratio
index; Biliary atresia; Cirrhosis; Liver fibrosis; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is still controversy over the role of
aspartate aminotransferase to platelet ratio index
(APRI) in the diagnosis of liver fibrosis and prognosis
in biliary atresia. In this paper, we confirmed that
APRI could help diagnose significant liver fibrosis,
especially cirrhosis in a cohort of infants with biliary
atresia from Mainland China, and preoperative APRI
also could predict jaundice persistence after Kasai
portoenterostomy. These results may have implications
in the management of this disease.
Yang LY, Fu J, Peng XF, Pang SY, Gao KK, Chen ZR, He LJ,
Wen Z, Wang H, Li L, Wang FH, Yu JK, Xu Y, Gong ST, Xia
HM, Liu HY. Validation of aspartate aminotransferase to platelet
ratio for diagnosis of liver fibrosis and prediction of postoperative
prognosis in infants with biliary atresia. World J Gastroenterol
2015; 21(19): 5893-5900 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/5893.htm DOI: http://dx.doi.
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fibrosis and prediction of postoperative prognosis of BA
infants from Mainland China.

was considered as no/mild fibrosis, F2-F3 as significant
fibrosis, and F4 as cirrhosis.

Statistical analysis

MATERIALS AND METHODS

Analyses were performed using IBM SSPS 19.0.
Quantitative data are shown as mean ± SD unless
otherwise stated. Continuous variables were compared
using the Student’s t-test or ANOVA analysis.
Correlation was evaluated by the Spearman correlation
coefficient. The diagnostic efficacy of APRI was
assessed using the receiver operator characteristic
(ROC) curve. All of the possible cut-off values were
associated with the probability of a true positive
(sensitivity) and a true negative (specificity). The
best cut-off point was defined as the highest value of
sensitivity plus specificity. Values of the area under the
ROC curves (AUC) near 1.0 indicated high diagnostic
accuracy. P values less than 0.05 were regarded as
statistically significant. The statistical methods of this
study were reviewed by Jing Gu from the Department
of Medical Statistics and Epidemiology, School of Public
Health, Sun Yat-sen University.

Case enrollment

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved
by the ethics committee of Guangzhou Women and
Children’s Medical Center in Guangzhou, China.
Enrollment was proposed to all consecutive infants with
diagnosed BA confirmed by cholangiogram at abdomen
surgical or laparoscopic biliary duct exploration, who
admitted to our center between January 2010 and
June 2013. Basic information including sex, age at
operation, and routine biochemical and hematological
parameters were collected. Follow-up data which
could evaluate persistence of jaundice (total bilirubin
> 34 μmol/L), acute liver injury (ALT > 35 U/L), and
occurrence of cholangitis within 6 mo after KP were
collected for analysis of short-term outcomes.
Patients with incomplete data, or younger than 15
days, or diagnosed with co-occurring heart disease
were excluded, because their platelet counts and AST
levels might be influenced.

RESULTS
One hundred and fifty-three BA infants (92 boys and
61 girls) were diagnosed at an average age of 85 ±
38 d (range: 1-241 d). Among them, 45.8% (70/153)
underwent KP with a mean age of 73 ± 23 d at
operation. After the exclusion criteria were considered,
91 and 48 BA infants who fulfilled the requirements
of the clinical and laboratory data were entered into
the study of APRI in liver fibrosis and postoperative
prognosis, respectively.

Calculation of APRI

APRI was calculated using the formula of Wai et
[18]
al : [AST/upper limit of normal (ULN)]/platelet
9
count (expressed as platelets × 10 /L) × 100. AST
and platelets tested within 1 wk before the operation
were used in the analysis. Results closest to the date
of operation were chosen if more than one set of
laboratory data was available.
The ULN of AST was verified before calculation. AST
levels of 150 age- and sex-matched healthy infants
were tested according to document C28-A3 of the
[22]
Clinical and Laboratory Standards Institute (CLSI) .
Their AST values showed normal distribution with 95%
confidence interval (CI) of 28-60 U/L. Therefore, 60
U/L was used as the ULN of AST for APRI calculation in
this study.

Correlation between APRI and severity of fibrosis

Ninety-one infants, 55 boys and 36 girls, with a
median age at surgery of 83 ± 36 d (range: 19-224
d), were enrolled for analysis of correlation between
APRI and liver fibrosis severity. Metavir scores were
F0 in 2, F1 in 23, F2 in 35, F3 in 21, and F4 in 10
patients. Clinical characteristics of the patients are
summarized in Table 1. APRI in BA patients correlated
with Metavir scores (rs = 0.433; P < 0.05), as well as
original AST (rs = 0.266; P < 0.05) and PLT (-0.346;
P < 0.05). Additionally, the age at the time of surgery
and total bile acids (the cholestatic parameter) showed
a significant positive correlation with the degree of
fibrosis (rs = 0.289, 0.332, respectively; P < 0.01 for
each). Comparison of clinical characteristics between
these individuals showed a statistical significance for
APRI by Metavir stage (P < 0.001); the median APRI in
F4 was significantly different from any stage of F0-F3
with followed the least significant difference post-hoc
test (P = 0.000-0.007) but no statistical difference
in the stages of F0 to F3 (P = 0.050-0.703). When
categorizing F0-F4 into groups of no/mild fibrosis
(F0-F1), significant fibrosis (F2-F3) and cirrhosis

Liver histology and quantification of liver fibrosis

Liver sections of the enrolled patients were retrieved
from sample bank in department of pathology and
reviewed blindly by two experienced pathologists. Liver
wedge tissue samples were obtained during surgical
exploration or KP. Biopsy specimens were fixed in 10%
neutral formalin and embedded in paraffin. Sections
were stained with hematoxylin and eosin (HE), and
Masson’s trichrome. The Metavir scoring system
was applied to quantify liver fibrosis based on the
architectural features of portal fibrosis, of which a 0-4
scale was staged as follows: F0 = no fibrosis, F1 =
portal fibrosis without septa, F2 = portal fibrosis with
rare septa, F3 = numerous septa and bridging fibrosis
[23]
without cirrhosis, and F4 = cirrhosis . Scoring F0-F1
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Table 1 General characteristic of infants with biliary atresia by Metavir stage n (%)
Parameter, mean ± SD

All

Metavir stage

(n = 91)
Age (d)
AST (U/L)
ALT (U/L)
ALP (U/L)
γ-GT (U/L)
TP (g/L)
ALB (g/L)
TBIL (μmol/L)
DBIL (μmol/L)
TBA (μmol/L)
PLT (× 109/L)
INR
AST/ALT
APRI

F0
(n = 2)
45 (37)
233 (259)
127 (152)
366 (235)
892 (841)
57.6 (13.9)
41.4 (3.9)
313.5 (44.6)
133.6 (92.6)
71.9 (36.9)
713 (127)
1.69 (1.06)
2.14 (0.52)
0.50 (0.52)

83 (36)
285 (182)
179 (105)
541 (221)
895 (685)
58.3 (4.8)
40.0 (4.7)
202.8 (75.8)
147.6 (55.2)
166.7 (68.5)
447 (162)
1.03 (0.26)
1.84 (1.13)
1.28 (1.05)

F1
(n = 23)
70 (37)
221 (114)
175 (128)
511 (207)
751 (632)
57.9 (5.7)
40.0 (3.8)
192.5 (71.9)
138.9 (52.9)
133.0 (53.8)
498 (126)
1.01 (0.13)
1.84 (1.80)
0.79 (0.45)

F2
(n = 35)
84 (22)
310 (230)
197 (104)
569 (220)
1009 (810)
58.8 (4.2)
40.6 (5.4)
193.5 (60)
144.2 (41.3)
175.2 (65.6)
454 (151)
1.00 (0.11)
1.64 (0.65)
1.26 (0.93)

F3
(n = 21)
85 (34)
307 (169)
152 (78)
518 (242)
972 (610)
58.7 (4.0)
40.0 (4.2)
222.5 (100.6)
170.3 (75.6)
194.9 (64.0)
435 (155)
1.00 (0.12)
2.21 (1.06)
1.35 (0.93)

F4
(n = 10)
110 (62)
306 (125)
198 (94)
597 (225)
662 (404)
56.5 (4.5)
38.2 (5.3)
195.4 (65.6)
134.9 (43.1)
177.2 (84.5)
279 (165)
1.18 (0.59)
1.66 (0.52)
2.51 (1.68)

P value
0.027
NS
NS
NS
NS
NS
NS
NS
NS
0.007
0.000
0.001
NS
0.000

SD: Standard deviation; NS: Not significant; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; γ-GT: Gammaglutamyl transpeptidase; TP: Total protein; ALB: Albumin; TBIL: Total bilirubin; DBIL: Direct bilirubin; TBA: Total bile acids; INR: International normalized
ratio; APRI: Aspartate aminotransferase to platelet ratio index. Reference intervals: AST (5-60 U/L), ALT (3-35 U/L), ALP (118-390 U/L), γ-GT (13-57 U/L),
TP (60-80 g/L), ALB (35-50 g/L), TBIL (2-17 μmol/L), DBIL (0-7 μmol/L), TBA (0-15 μmol/L), PLT (140-440 × 109/L), INR (0.8-1.5).

6.00

P < 0.001

ANOVA P < 0.001

P < 0.05

5.00

30
*
59
78
67

4.00
APRI

fibrosis (F2-F3) and cirrhosis (F4), ROC curves of APRI
for the 91 subjects were constructed as F0-F1 vs F2-F4,
and F0-F3 vs F4 (Figure 2). The area under the ROC
curve (AUC) of APRI for diagnosing significant fibrosis
(F2-F3) and cirrhosis (F4) were 0.75 (P < 0.001) and
0.81 (P = 0.001), respectively. For significant fibrosis,
an APRI cut-off of 0.95 was 60.6% sensitive and 76.0%
specific. A threshold of 1.66 was 70.6% sensitive and
82.7% specific for cirrhosis. The accuracies of APRI for
diagnosing significant fibrosis and cirrhosis in the BA
infants were 64.8% and 82.4%, respectively.

3.00
21
2.00
1.00

Prediction of postoperative outcomes

0.00
No/mild fibrosis

Significant fibrosis

Cirrhosis

(F0-F1)

(F2-F3)

(F4)

Forty-eight BA infants who had followed-up record
were included in the prediction of postoperative
outcomes. Twenty-four of them (50%) showed
persistent jaundice 6 mo after KP and had higher
preoperative APRI than the jaundice-free infants (1.86
± 2.13 vs 0.87 ± 0.48, P < 0.05). The marginal cutoff value for preoperative APRI was 0.60 (AUC = 0.67;
P < 0.05) in predicting persistence of jaundice, with
a sensitivity of 66.7% and a specificity of 83.3%.
The APRI value significantly predicted the persistence
of jaundice after operation with an odds ratio of 7.0
(95%CI: 1.6-29.9) and accuracy of 68.9%. Clearance
of jaundice was not achieved in any of the children
with APRI > 2.0. 18/48 (37.5%) who developed
cholangitis within 6 mo after KP, showed no difference
in preoperative APRI from those did not (1.33 ± 1.20
vs 1.39 ± 1.84, P > 0.05). This suggested that there
was no association between preoperative APRI and the
development of postoperative cholangitis.
With a cut off value of APRI = 0.95, 24 (50%)
patients were in the group of significant fibrosis
and the others in non-significant fibrosis group. The
significant fibrosis group had higher AST and ALT levels

Metavir fibrosis score

Figure 1 Aminotransferase to platelet ratio index by Metavir score of
liver fibrosis in infants with biliary atresia. Round dots represent values
larger than the upper quartile plus 1.5 times the interquartile range. Asterisks
represent values larger than the upper quartile plus 3.0 times the interquartile
range. Metavir fibrosis scores of F0-F4 were categorized into groups of no/mild
fibrosis (F0-F1, n = 25), significant fibrosis (F2-F3, n = 56) and cirrhosis (F4,
n = 10). The APRI in the three groups significantly differed from each other by
ANOVA analysis (P < 0.001).

(F4) by the degree of fibrosis, no/mild fibrosis was
present in 27.5% of the biopsies, significant fibrosis
in 61.5% and cirrhosis in 11.0%. The mean APRI
values in groups of no/mild fibrosis, significant fibrosis,
and cirrhosis were 0.76, 1.29, and 2.51, respectively
(ANOVA P < 0.001; Figure 1). The APRI in the three
groups significantly differed from each other and
increased with the progression of liver fibrosis.
Based on two different thresholds of significant
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Figure 2 Receiver-operating characteristics curve for aminotransferase to platelet ratio index in the diagnosis of significant liver fibrosis or cirrhosis in
biliary atresia. A: Receiver-operating characteristics (ROC) curve of F0-F1 vs F2-F4. The area under the ROC curve (AUC) of APRI for diagnosing significant fibrosis
(≥ F2) was 0.75 (95%CI: 0.64-0.86, P < 0.001); B: ROC curve of F0-F3 vs F4. The area under the ROC curve (AUC) of APRI for diagnosing liver cirrhosis (= F4) was
0.81 (95%CI: 0.67-0.96, P = 0.001).

Table 2 Comparison of liver injury parameters in biliary atresia patients according to aminotransferase to platelet ratio index cut-off
value n (%)
Parameter

APRI for significant fibrosis (cut-off = 0.95)
At KP

AST (U/L)
ALT (U/L)

APRI for cirrhosis (cut-off = 1.66)

6 mo after KP

At KP

6 mo after KP

≤ 0.95

(n = 24)

> 0.95
(n = 24)

≤ 0.95

(n = 24)

> 0.95
(n = 24)

≤ 1.66

(n = 38)

> 1.66
(n = 10)

≤ 1.66

(n = 38)

> 1.66
(n = 10)

194 (83)
136 (73)

496 (721)1
293 (327)1

210 (188)
163 (128)

149 (93)
126 (96)

234 (92)
164 (100)

785 (1077)2
407 (474)2

183 (159)
139 (112)

165 (102)
168 (121)

All data are shown as mean (SD). 1Compared with non-significant fibrosis group, P < 0.05; but it decreased to the same levels as non-significant fibrosis
group. There were no obvious changes of AST and ALT in non-significant fibrosis group before and after KP. 2Compared with non-cirrhosis group, P < 0.01;
but it decreased to the same levels as non-cirrhosis group. There also were no obvious changes of AST and ALT in non-cirrhosis group before and after KP.
APRI: Aminotransferase to platelet ratio index.

counts with fibrosis was found in adult patients with
chronic hepatitis C. It has been introduced to detect
fibrosis and cirrhosis in adult patients with other liver
[24,25]
diseases with promising results
. There are little
data available on the use of APRI in pediatric patients
mainly with chronic hepatitis (B or C), NAFLD, and
[22,26,27]
intestinal failure
. Until 2007, association of APRI
with BA was first described, and it was first reported to
significantly correlate with fibrosis stages and have a
significant AUC for the diagnosis of cirrhosis of 0.73 on
biopsies from 33 children with a group of chronic liver
[20]
diseases including nine presenting with BA . Then,
[19]
in a series of 35 BA children, Kim et al
observed a
significant correlation between APRI and the degree
of hepatic fibrosis (r = 0.77), and AUC of 0.92 and
0.91 for the determination of Metavir ≥ F3 and F4,
respectively. However, it could not be proved when
[21]
Lind et al
studied 31 BA patients. Nonetheless, the
latest study showed that APRI at a cut-off of 1.22
(AUC = 0.83) could predict macroscopic cirrhosis with
[28]
a sensitivity of 75% and a specificity of 84% , when
macroscopic assessment of fibrosis were done in a
larger population involving 260 BA infants.

(parameters of liver injury) at the time of KP than the
non-significant fibrosis group (P < 0.05 for each, Table
2). Six months after KP, these parameters decreased
to the same levels as the non-significant fibrosis
group. There was no obvious change of AST and ALT in
non-significant fibrosis group before and after KP. With
a cut off value of APRI = 1.66, 10 (26.3%) patients
were in the cirrhosis group. At the time of KP, infants
in the cirrhosis group also had much higher AST and
ALT than those without (P < 0.01 for each). But six
months after KP, these two parameters of those infants
decreased to the same as in the non-cirrhosis group,
and that before surgery. The change of AST and ALT
before and after KP for all patients had no significant
correlation with APRI (P > 0.05 for each).

DISCUSSION
APRI is an indirect biochemical marker of hepatic
fibrosis, based on limited expense and widespread
available laboratory parameters, reflecting alterations
[18]
in hepatic function. It was developed by Wai et al in
2003 when the correlation of serum AST and platelet
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Our study is the first to validate the performance
of APRI in assessing liver fibrosis with a cohort of BA
infants from Mainland China, a popular area with high
[5,12]
morbidity for this disease
. Our findings validated
that APRI could diagnose significant fibrosis and
cirrhosis but with less accuracy than initially described
for BA patients. In our study, APRI significantly
correlated with Metavir stages in BA infants and
increased with the progression of fibrosis, similar to
that previously reported in pediatric liver diseases
[20]
including BA . We also observed that APRI was
not sensitive enough to differentiate Metavir stages
except cirrhosis and indicated the presence of mild
[21]
fibrosis as Lind et al
reported. This was possibly
related to the basis of APRI on the routine laboratory
parameters which did not directly reflect fibrogenesis
but rather the current state of hepatic damage due to
fibrosis or cirrhosis. In spite of this, APRI could identify
significant fibrosis and cirrhosis at AUC of 0.75 and
0.81, respectively, in the present study, which showed
similar performance for staging hepatitis C-related
[29]
fibrosis in a recent meta-analysis by Lin et al . The
cut-offs and diagnostic efficacy including sensitivity,
specificity and accuracy were different from other
studies about BA patients, which could be explained
due to the difference in the number of patients enrolled
and AST ULN used for calculation of APRI. Thereby,
our study showed that APRI could be used as a noninvasive alternative index for assessing the severity of
liver fibrosis in BA, especially for diagnosing significant
fibrosis and cirrhosis.
BA is a progressive disease consistent with the
effects of on-going cholangitis, cholestasis and
fibrosis. APRI has provided a 5-year prognostic value
in patients with chronic hepatitis in a prospective
[30]
study . The good correlation of APRI with the
presence of varices in elder children post KP had been
[19,31,32]
found by several studies
. And this correlation
with poorer outcomes after surgery had been
brought forward to preoperative APRI but no agreed
[19,21]
conclusions have been drawn
. In the latest study,
the infants that achieved clearance of jaundice had
significantly lower median APRI at the time of KP, and
jaundice persisted in any child with an initial APRI of
[28]
> 3.0 and required a liver transplant to survive .
The survival rate of the native liver in BA infants with
low APRI was significantly improved compared to
those with a high APRI. With a similar rate of jaundice
clearance to the above-mentioned study, our study
showed that preoperative APRI (> 0.60) could predict
jaundice persistence with an odds ratio of 7.0, but not
worsened liver injury or occurrence of cholangitis after
KP. Jaundice clearance was not achieved in any child
with an APRI > 2.0. Therefore, determination of APRI
before KP may help clinicians by providing beneficial
information in decision of therapy and management of
BA after surgery.
The present study has the following advantages
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compared to previous studies. First, the association of
APRI originated parameters AST and PLT with Metavir
fibrosis scores was verified, which strongly provided
important preconditions for feasibility of the index in
assessing liver fibrosis in BA. The results dispelled the
suspicions whether APRI could apply in such fibrosis
that dramatically progresses to cirrhosis within a few
weeks after birth and may represent another type
of fibrosis distinguishing what is involved in other
chronic liver diseases. Second, a verified and agematched ULN of AST was used in the calculation of
APRI. The aminotransferase ULN varying with age and
methods is thought to be a major disadvantage of
[33]
APRI . Different ULN used in the subjects with same
age were noticed in previous studies, which may be
partly responsible for the difference in results. It is
worth noting that using a uniform ULN may benefit
the comparability between different studies and clinical
application of APRI. One limitation of this study is
that this is a retrospective study including patients
from a single center. The efficacy of cut-off values
remains to be further validated in clinical prospective
and multicenter studies. Moreover, other important
postoperative outcomes resulting from liver fibrosis,
including EV/GV and portal hypertension, were not
focused in a short-term follow-up in the present study.
This may limit the clarification of APRI for postoperative
prognosis, since initial APRI had little predictive value
for future variceal formation reported recently and
several studies described that it could predict EV/GV in
[29]
elder BA children because of short follow-up time .
This could be considered in a prospective study.
In conclusion, APRI is effective in diagnosing
significant liver fibrosis, especially cirrhosis, in BA
infants. The elevated preoperative APRI also could
predict jaundice persistence after KP. Since the method
is convenient, inexpensive, and non-invasive, it will
benefit the management of BA infants particularly in
regions with limited healthcare resources.
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Biliary atresia (BA) is the most common cholestatic liver disease which
results in progressive sclerosing fibrous obliteration of the extra-hepatic bile
ducts in early infancy. Kasai portoenterostomy (KP) is the standard surgical
management for BA patients. Full evaluation of liver fibrosis and determination
of the prognosis after KP may be beneficial to clinical practice. There still lacks
an appropriate non-invasive marker.

Research frontiers

Aspartate aminotransferase to platelet ratio index (APRI) is the simplest
serological model for evaluating liver fibrosis. It has been used to assess liver
fibrosis and cirrhosis in adult patients and even children with liver-related
diseases with promising results. It also has been found to be a predictor of
poorer outcomes post KP. However, it is controversial that APRI could be
valuable in diagnosing liver fibrosis and predicting postoperative prognosis after
surgery for BA children.

Innovations and breakthroughs

This is the first study to investigate the diagnostic performance of APRI in
assessing liver fibrosis and predicting postoperative prognosis in a larger cohort
of infants with BA in Mainland China. The authors validated the association of
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APRI-originated parameters (AST and platelet count) with the degree of liver
fibrosis in BA, which provided important preconditions for the use of APRI in
this disease. Moreover, a verified and age-matched upper limit of normal of AST
was used for calculation of APRI. This study suggests that APRI is effective in
diagnosing significant liver fibrosis, especially cirrhosis, in infants with BA and
also has predictive value in determining persistence of jaundice after KP.

13

Applications

14

APRI may decrease the need for staging liver biopsy specimens in highly
suspected BA infants or in monitoring of fibrosis. It can help clinicians to select
proper therapeutic strategy in the management of BA infants.

15

Terminology

APRI is an indirect invasive parameter for assessing liver fibrosis. It does not
reflect fibrogenesis directly but rather the current state of hepatic damage due
to fibrosis or cirrhosis. It is calculated using the formula: (AST/upper limit of
normal)/platelet count (expressed as platelets × 109/L) × 100.

16

Peer-review

The authors investigated the diagnostic performance of APRI in assessing liver
fibrosis and predicting postoperative prognosis in a larger cohort of infants with
BA in Mainland China. They found that it could identify significant fibrosis and
cirrhosis in BA infants at the area under the receiver operator characteristic
curve of 0.75 and 0.81, respectively, and preoperative APRI (> 0.60) could
predict jaundice persistence but not worsened liver injury or occurrence of
cholangitis after KP. The results are interesting and may help to make decisions
in selection of therapeutic strategy and management of BA infants after KP.
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Abstract
AIM: To investigate the correlations of pre-treatment
positron emission tomography-computer tomography
(PET-CT) metabolic quantifiers with clinical data of
unstratified gastric cancer (GC) patients.
METHODS: Forty PET-CT scans utilising 18-fluorode
oxyglucose in patients who received no prior treatment
were analysed. Analysis involved measurements of
maximum and mean standardised uptake volumes
(SUV), coefficient of variation (COV), metabolic
tumour volumes and total lesion glycolysis of different
thresholds above which the tumor volumes were
identified. The threshold values were: SUV absolute
value of 2.5, 30% of SUVmax, 40% of SUVmax,
and liver uptake-based (marked 2.5 , 30 , 40 and liv,
respectively). Clinical variables such as age, sex,
clinical stage, performance index, weight loss, tumor
histological type and grade, and CEA and CA19.9 levels
were included in survival analysis. Patients received
various treatment modalities appropriate to their
disease stage and the outcome was defined by time to
metastasis (TTM) and overall survival (OS). Clinical and
metabolic parameters were evaluated by analysis of
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variance, receiver operating characteristics, univariate
Kaplan-Meier, and multivariate Cox models. P < 0.05
was considered statistically significant.

in men, 9.8 per 100000 in women), and the lowest
in Northern America (2.8 and 1.5, respectively).
High mortality rates are also present in both sexes in
Central and Eastern Europe and in Central and South
America. Gastric cancer exhibits a high mortality to
incidence ratio, which indirectly demonstrates the low
curability of gastric cancer, suggesting that there is still
significant room for improvement in its diagnosis and
[1]
therapy .
Unspecific symptoms construed as indigestion or
peptic ulcer disease are often ignored and contribute to
late detection. The diagnosis of gastric cancer largely
relies on endoscopy, which has been proven effective
both medically and epidemiologically. However,
due to changing approach to treatment of gastric
cancer, which varies between local, locoregional, and
metastatic disease, endoscopy should be accompanied
by imaging modalities that help fully identify disease
stage. This additional imaging has traditionally been
achieved through contrast-enhanced computer
[2,3]
tomography of the abdomen
. Recent studies
have demonstrated high specificity and sensitivity of
fusion positron emission tomography with computed
tomography and its superiority over former methods in
gastric cancer in detection of distant metastatic sites.
However, reports demonstrate both advantages and
[4-7]
limitations .
Currently, there are a number of reports indicating
high usability of positron emission tomographycomputer tomography (PET-CT) in determining
[8-11]
disease stage
, identification of recurrence following
[12]
[8,9]
surgery , response to chemotherapy , prognostic
18
18
value of Fluorodeoxyglucose ( FDG) metabolism
quantifiers, risk of nodal and distant spread of
[11]
18
tumour
and correlation between FDG uptake and
[6]
tumour histopathology or grade .
Some of the limitations of PET-CT in gastric cancer
as described by various studies include insufficient
uptake in signet-ring histological subtype as well as in
nodal and peritoneal metastasis. Insufficient uptake
is also a problem for tumours less than 30 mm in
diameter or those limited submucosa. The dependence
of sensitivity on tumour infiltration level within the
stomach wall has been reported for PET-CT. Reports
have shown sensitivity of 44% in T1 and 92% in T2-T4
tumours.
However, false positive results with high tracer
uptake are often observed in chronic mucosal
[5]
inflammation . Optimal study pre-conditioning
(adequate filling of the gastric and dilating its wall) can
[13,14]
increase imaging sensitivity
.
Our study analysed the pattern of commonly
18
measured and potentially clinically significant FDG
metabolism quantifiers in PET-CT fusion studies in a
cohort of previously untreated patients with gastric
cancer and its correlations to clinical data. We also
18
investigated the quality of the FDG variables in
an attempt to select the variables most suitable for
measurement in stomach cancer. The present study is

RESULTS: Significant differences were observed
between initially disseminated and non-disseminated
patients in mean SUV (6.05 vs 4.13, P = 0.008), TLG2.5
3
3
3
(802 cm vs 226 cm ; P = 0.031), and TLG30 (436 cm
3
vs 247 cm , P = 0.018). Higher COV was associated
with poor tumour differentiation (0.47 for G3 vs
0.28 for G1 and G2; P = 0.03). MTV2.5 was positively
correlated to patient weight loss (< 5%, 5%-10%
3
3
3
and > 10%: 40.4 cm vs 123.6 cm vs 181.8 cm ,
respectively, P = 0.003). In multivariate Cox analysis,
TLG30 was prognostic for OS (HR = 1.001, 95%CI:
1.0009-1.0017; P = 0.047) for the whole group of
patients. In the same model yet only including patients
without initial disease dissemination TLG30 (HR = 1.009,
95%CI: 1.003-1.014; P = 0.004) and MTV2.5 (HR = 1.02,
95%CI: 1.002-1.036; P = 0.025) were prognostic for
OS; for TTM TLG30 was the only significant prognostic
variable (HR = 1.006, 95%CI: 1.001-1.012; P = 0.02).
CONCLUSION: PET-CT in GC may represent a valuable
diagnostic and prognostic tool that requires further
evaluation in highly standardised environments such as
randomised clinical trials.
Key words: Stomach neoplasmas; Positron-emission
18
tomography; Fluorodeoxyglucose; Neoplasm staging;
Distant metastasis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is one of the first to investigate
the potential use of such a variety of radiotracer
quantifiers, demonstrating their ability to differentiate
locally advanced and disseminated tumours. This broad
analysis can be utilized in clinical use to identify groups
of patients with an unfavourable tumour prognosis who
could possibly benefit from more aggressive treatment.
Our database is being continuously updated and we
plan to validate our findings in a larger and more
homogeneous cohort.
Grabinska K, Pelak M, Wydmanski J, Tukiendorf A, d’Amico A.
Prognostic value and clinical correlations of 18-fluorodeo
xyglucose metabolism quantifiers in gastric cancer. World J
Gastroenterol 2015; 21(19): 5901-5909 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i19/5901.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i19.5901

INTRODUCTION
Gastric adenocarcinoma is the third leading cause
of cancer death in both sexes worldwide (723000
deaths, 8.8% of the total). The highest estimated
mortality rates are in Eastern Asia (24 per 100000
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one of a few studies that have evaluated such a large
number of PET/CT parameters in gastric cancer. Earlier
studies concentrated only on the SUV max value.
Our analysis focused in particular on the differences
between patients with local and metastatic disease and
the possible impact of disease on their overall survival
and time-to-metastasis.

s liver + 2 standard deviations (SD)]. These values
were measured directly on PET-CT workstations. Also
analysed were the following composite parameters:
Total lesion glycolysis (TLG = SUVmean* MTV) and
coefficient of variation (COV = SD/SUVmean).

Statistical analysis

Statistical calculations were performed using Statistica
10 Software (StatSoft, Inc.). The group was compared
with the independent sample t-test, analysis of
variance or the Mann-Whitney U-test. Univariate
[15]
ROC curve model
was used for assessment of the
18
confidence of FDG metabolism quantifiers to identify
18
metastatic and local disease. The impact of FDG
metabolism quantifiers on overall survival (OS) and
time-to-metastasis (TTM) was analysed by Cox and
Kaplan-Meier models. Overall survival was defined as
time from date of PET-CT study to patient death and
(TTM) was defined as time from PET-CT study to first
follow-up visit at which tumour dissemination was
confirmed (by pathologic examination of specimen,
most commonly probatory peritoneal biopsies or by
clinically evident lesions in imaging studies); TTM
was only assessed for patients who were not initially
disseminated. Results within 95%CI (P < 0.05) were
considered statistically significant.

MATERIALS AND METHODS
Patients

All patients received no treatment prior to the
examination and had undergone abdominal computed
tomography with contrast-enhancement before
PET/CT. The intention of the examination was to
initially assess stage of disease for optimal selection
of different treatment modalities. This study was
approved by the local ethics committee (committee
number-KB/493-59/09) in accordance with the Helsinki
Declaration of 1975, as revised in 2000. The study
protocol (established upon our institution experience)
was uniform for all patients as follows: after a 6-h
fast, patients were intravenously administered 7-15
18
mCi activity of FDG (0.1 mCi per kg body weight).
CT data were acquired on exhaust breath phase not
exceeding 9.6 s; PET acquisition times ranged from 17
to 20 min. All metabolic quantifiers were analysed on
®
Siemens Syngo.via™ PET-CT-dedicated workstations.
Glucose metabolism-related factors that could possibly
affect interpretation of results (blood glucose level
at time of study and incidence of diabetes mellitus)
were uniformly distributed in all groups. Clinical
characteristics of the patients are summarised in Table
1.
18

FDG metabolism quantification

RESULTS
18

18

18

We retrospectively analyzed a set of 40 FDG PET-CT
scans performed in Maria Skłodowska-Curie Memorial
Institute of Oncology between 2008 and 2014 by one
®
of two hybrid PET-CT scanners (Philips Gemini XL
®
and Siemens Biograph™ mCT) in patients who had
histologically confirmed gastric cancer.
Both scanners were periodically calibrated against
the same electronic phantom probe that guarantees
identical baseline SUV readouts of the reference
radiotracer activity. PET-CT studies were performed
18
randomly 1 h after administration of FDG. Acquired
DICOM images were analysed on Siemens Syngo.via
PET-CT workstations. The following parameters were
assessed for each primary gastric tumour: maximum
standard uptake volume (SUVmax), mean SUV (SUVmean)
and metabolic tumour volume (MTV). The latter was
measured with four different thresholds, varying by the
SUV above which voxels inside the three-dimensional
region of interest (ROI) covering the visible tumour
were considered the metabolic volume. The following
metabolic volumes were listed: MTV2.5 (threshold:
SUV = 2.5), MTV30 (≥ 30% of SUVmax), MTV40 (≥
40% of SUVmax), MTVliv [≥ mean SUV of the patient’

WJG|www.wjgnet.com

FDG metabolism quantifiers and clinical variables

Analysis of FDG metabolism quantifiers revealed
significant differences between three particular clinical
groups of patients with stomach cancer. MTV2.5 was
related to level of weight loss relative to starting
weight: the average volume varied significantly among
groups with: (1) less than 5% weight loss; and (2) 5%
to 10% weight loss; (3) more than 10% weight loss:
3
3
3
40.4 cm vs 123.6 cm vs 181.8 cm , respectively (P =
0.003, Figure 1).
Other significant metabolic variables included COV
3
(0.21 vs 0.44 vs 0.44; P = 0.03) and TLGliv (4.63 cm
3
3
vs 17.45 cm vs 19.52 cm , P = 0.03). Another finding
was the difference among different tumour grades with
respect to COV, with higher COV observed in poorly
differentiated G3 tumours than in better differentiated
G1 and G2 tumours (0.46 vs 0.28, P = 0.03). Finally,
almost all metabolic quantifiers differed between T1-T3
and T4 clinical stages. Tumour metabolic volumes
3
3
(MTV2.5: 102.4 cm vs 217.3 cm , P = 0.009; MTV40:
3
3
3
46.7 cm vs 107.5 cm , P = 0.0007; MTVliv 57.8 cm vs
3
166.3 cm , P = 0.002) and the total lesion glycolysis
3
3
volumes (TLG2.5 543.6 cm vs 1827.1 cm , P = 0.004;
3
3
TLG30: 394.3 cm vs 1086.1 cm , P = 0.005; TLGliv: 12
3
3
cm vs 26.1 cm , P = 0.01) increased with clinical stage.
A summary of this analysis is presented in Table 2.
18

FDG metabolism quantifiers in local vs metastatic
disease

A comparative analysis of the primary tumour metabolism
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Table 1 Clinical patient characteristics n (%)
Variable

Overall (n = 40) number

Locally advanced (n = 23) number

Disseminated (n = 17) number

P value

63/37-79

69/37-79

62/42-79

0.38
0.66

31 (77)
9 (23)

17 (74)
6 (26)

14 (82)
3 (18)

18 (45)
22 (55)

11 (48)
12 (52)

7 (41)
10 (59)

11 (28)
12 (30)
17 (42)

7 (30)
7 (30)
9 (40)

4 (24)
5 (29)
8 (47)

20 (50)
15 (37.5)
5 (12.5)

12 (52)
8 (35)
3 (13)

8 (47)
7 (41)
2 (12)

32 (80)
8 (20)

20 (87)
3 (13)

12 (71)
5 (29)

20 (50)
20 (50)

16 (70)
7 (30)

4 (23)
13 (77)

32 (80)
8 (20)

17 (74)
6 (26)

15 (88)
2 (12)

Age: median/range (yr)
Sex
Male
Female
Performance status
0
1-2
Weight loss
< 5%
5%-10%
> 10%
Tumour location
Upper third
Middle third
Lower third
Tumour clinical stage (AJCC 2010)
cT1-T3
cT4
Nodal involvement (AJCC 2010)
cN0
cN1-N3
Histology
Intestinal type
Diffuse type
Histological grade
G1-G2
G3
Not specified
CA19.9 median (range), IU/mL
CEA median (range), IU/mL

240
220
200

0.73

0.61

0.85

0.39

0.014

0.45

0.71
12 (30)
18 (45)
10 (25)
10.65 (2-159674)
2.86 (0.5-514)

8 (35)
9 (39)
6 (26)
9.43 (2.0-12571)
2.09 (0.5-117)

3

[cm ]

160

2.5

0.10
0.17

dissemination. Results, including identification of
optimal cut-off values (best weighed between specifity
and sensitivity) for each parameter are displayed in
Table 4. Parameters are displayed in order according
to overall grade, which is based on AUC (area under
[15]
curve )-see table descriptions.

mean
mean ± standard error
mean ± 1.96 × standard error
P = 0.003

180

MTV

4 (24)
9 (52)
4 (24)
11.07 (2.0-159674)
9.04 (0.7-514)

140
120

18

100
80
60
40
20
0

<5

5-10
Weight loss (%)

> 10

Figure 1 Box plot of MTV2.5 values of patients grouped by extent of weight
loss.

of patients with local and disseminated disease
revealed a statistically significant difference in SUVmean
between the two groups: 4.13 vs 6.05, respectively, (P
= 0.008). TLG2.5 and TLG30 also varied between local
3
3
and disseminated disease: 225.87 cm vs 802.17 cm
3
3
(P = 0.03) for TLG2.5 and 247.33 cm vs 435.61 cm (P
= 0.01) for TLG30. Comparisons for all parameters are
presented in Table 3.
Analysis of all metabolic quantifiers using ROC
curve model named TLG30, TLG2.5, MTV40 and SUVmean
as fairly reliable quantifiers to identify tumour

WJG|www.wjgnet.com

FDG metabolism quantifiers as survival predictors

Clinical and metabolic variables were analysed using
Cox multivariate models. Factors that significantly
affected OS were as follows: male sex (HR = 0.13,
95%CI: 0.007-0.41; P = 0.005), initial tumour site in
antrum (HR = 0.08, 95%CI: 0.007-0.39; P = 0.008),
and TLG30 (HR = 1.001, 95%CI: 1.0009-1.0017;
P = 0.047). The Kaplan-Meier univariate model
comparing two groups of patients stratified by the
ROC-calculated threshold for TLG30 confirmed TLG30
parameter to be a significant prognostic factor for OS
(Figure 2). Predictably, there were more patients with
disseminated disease who had TLG30 volumes above
the threshold than non-disseminated ones (15/17 vs
9/23, P = 0.008). Notably though, the initial disease
dissemination itself was not a significant survival
predictor in univariate Kaplan-Meier model.
A separate analysis of OS and TTM was performed
for patients in whom the PET-CT study identified
local disease (n = 23). For OS, TLG30 was as well an
independent prognostic factor (HR = 1.009, 95%CI:
1.003-1.014; P = 0.004), along with MTV2.5 (HR =

5904
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Table 2 Distribution of

18

Fluorodeoxyglucose metabolism quantifiers in various clinical patient subgroups
3
)

SUVmax SUVmean MTV2.5(cm
Sex
Male
12.97
Female
10.88
P value
0.51
Performance status
0
11.16
1-2
13.60
P value
0.36
Weight loss
< 5%
7.71
5%-10%
12.68
> 10%
15.47
P value
0.051
Tumour location
Upper third
13.93
Middle third
11.11
Lower third
10.96
P value
0.56
AJCC tumour clinical stage
cT1-T3
11.67
cT4
15.82
P value
0.21
AJCC nodal involvement
cN0
11.32
cN1-N3
13.68
P value
0.37
Histology
Intestinal type
13.34
Diffuse type
9.13
P value
0.21
Histological grade
G1-G2
13.16
G3
11.99
P value
0.61

3
)

MTV30(cm

3
)

MTV40(cm

3
)

MTVliv(cm

3
)

COV TLG2.5(cm

3
)

TLG30(cm

3
)

TLG40(cm

3
)

TLGliv(cm

5.00
4.76
0.79

133.19
98.91
0.43

105.19
85.45
0.65

60.81
52.06
0.63

86.26
56.03
0.39

0.41
0.28
0.18

866.70
571.58
0.52

551.5
384.9
0.48

16.14
10.21
0.29

13.99
9.22
0.30

4.39
5.41
0.17

109.79
138.31
0.44

124.00
81.73
0.24

68.8
50.69
0.24

65.79
90.63
0.40

0.37
0.39
0.87

582.67
978.35
0.3

570.26
478.41
0.65

15.14
11.09
0.29

13.35
15.99
0.59

4.31
4.56
5.63
0.28

40.41
123.61
181.81
0.0031

61.38
90.26
133.62
0.24

38.98
57.73
72.48
0.19

23.98
88.61
108.90
0.053

0.211
0.441
0.441
0.031

209.67
678.12
1268.7
0.059

243.88
431.41
747.12
0.096

7.52
14.17
15.52
0.20

4.631
17.451
19.521
0.0271

5.15
4.83
4.46
0.82

129.16
142.17
82.93
0.67

79.95
74.72
59.68
0.19

52.18
54.09
37.85
0.22

79.18
88.87
52.31
0.75

0.43
0.29
0.41
0.24

850.20
878.94
364.75
0.68

418.48
727.09
256.94
0.2

12.98
13.95
9.51
0.77

15.41
15.01
11.77
0.89

4.61
6.28
0.07

102.41
217.31
0.0091

87.24
154.79
0.13

46.71
107.51
0.00071

57.81
166.31
0.0021

0.39
0.34
0.63

543.61
1827.11
0.0041

394.31
1086.11
0.0051

11.61
18.24
0.16

4.49
5.41
0.22

97.33
153.62
0.12

70.88
130.61
0.1

46.16
71.52
0.10

66.48
91.43
0.38

0.40
0.36
0.58

600.96
999.63
0.29

376.09
668.3
0.14

11.11
14.73
0.34

12.04
17.58
0.26

5.17
4.06
0.24

138.79
72.19
0.14

106.51
77.68
0.53

60.93
50.47
0.59

91.90
29.67
0.09

0.40
0.29
0.31

902.61
391.05
0.28

560.06
328.19
0.38

13.85
9.16
0.32

17.01
5.98
0.07

4.83
5.20
0.73

118.67
122.11
0.91

64.91
133.85
0.14

39.76
71.31
0.36

73.64
70.96
0.89

0.281
0.471
0.031

632.14
950.73
0.59

309.77
702.29
0.11

10.07
14.20
0.42

17.06
10.14
0.16

121
26.101
0.011

Average metabolic parameter values are presented. 1Metabolic quantifiers exhibited statistically significant differences among clinical subgroups (described
earlier in the text). SUV: Standard uptake volume; MTV: Metabolic tumour volume; COV: Coefficient of variation; TLG: Total lesion glycolysis.

Table 3 Comparison of average
Metabolic quantifier
SUVmax
SUVmean1
COV
MTV2.5(cm3)
MTV30(cm3)
MTV40(cm3)
MTVliv(cm3)
TLG2.5(cm3)1
TLG30(cm3)1
TLG40(cm3)
TLGliv(cm3)

18

Fluorodeoxyglucose metabolism quantifiers between metastatic and local tumours

Overall (n = 40)

Locally advanced (n = 23)

Disseminated (n =17)

P value

10.95
4.14-47.74
4.951
1.94-13.831
0.34
0-1.12
91.36
0.96-688.63
69.16
12.79-668.60
46.05
8.13-208.36
47.31
0-352.25
445.071
2.62-59841
352.651
46.7-29131
8.35
0.56-49.26
10.5
0-70.42

10.36
4.14-22.66
4.131
1.94-6.381
0.38
0.03-1.12
77.16
6.91-379.2
58.36
12.79-275.3
31.85
8.13-208.22
31.56
1.18-337.38
225.871
15.13-2419.91
247.331
46.7-1756.41
7.61
1.41-45.77
6.6
0.4-70.42

12.78
2.73-47.74
6.051
2.78-13.831
0.35
0-0.80
135.55
0.96-688.63
91.97
21.82-668.60
56.64
14.34-208.36
87.12
0-352.25
802.171
2.62-59841
435.611
113.9-29131
8.82
0.56-49.26
13.81
0-34.15

0.130
0.0081
0.360
0.058
0.130
0.110
0.140
0.0311
0.0181
0.760
0.950

1

Parameters exhibiting a statistically significant difference (as described earlier in text). SUV: Standard uptake volume; MTV: Metabolic tumour volume;
COV: Coefficient of variation; TLG: Total lesion glycolysis.
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Table 4 Analysis of accuracy of metabolic quantifiers to differentiate between local and disseminated tumours by ROC model
Metabolic quantifier

AUC

SE

95%CI

TLG30(cm3)1
SUVmean1
TLG2.5(cm3)1
MTV40(cm3)1
MTV30(cm3)
MTV2.5(cm3)
MTVliv(cm3)
SUVmax
TLGliv(cm3)
TLG40(cm3)
COV

0.781
0.731
0.721
0.711
0.69
0.68
0.67
0.61
0.61
0.50
0.50

0.071
0.081
0.081
0.081
0.08
0.09
0.09
0.09
0.09
0.09
0.09

0.63-0.921
0.58-0.891
0.55-0.881
0.55-0.871
0.53-0.86
0.51-0.84
0.50-0.84
0.43-079
0.43-0.79
0.31-0.68
0.27-0.63

Cutoff value Sensitivity of cutoff value
390.531
6.871
802.171
37.251
83.54
132.55
87.12
14.44
7.42
49.26
1.13

Specifity of cutoff value

Overall mark

P value

78%1
100%1
83%1
61%1
74%
74%
74%
78%
56%
100%
96%

Fair1
Fair1
Fair1
Fair1
Poor
Poor
Poor
Poor
Poor
Useless
Useless

0.00061
0.09001
0.03401
0.00101
0.0020
0.0600
0.1000
0.4000
0.3000
-

65%1
35%1
53%1
88%1
65%
59%
53%
47%
71%
6%
0%

1

Parameters rated as “fair” or better. Overall mark by AUC value: 1.0 ideal, 0.99-0.9 excellent, 0.89-0.8 good, 0.79-0.7 fair, 0.69-0.51 poor, 0.5 useless (ideally
random). SUV: Standard uptake volume; MTV: Metabolic tumour volume; COV: Coefficient of variation; TLG: Total lesion glycolysis; AUC: Area under
curve.
Observations:

Complete Censored
3
TLG30 ≤ 319.4 cm (n = 16, median OS = 338 d)

1.0

3

TLG30 > 319.4 cm (n = 24, median OS = 251 d)

0.9

Log-rank test P = 0.028

0.8

Complete Censored

1.0

3
TLG30 ≤ 149.9 cm (n = 10, median OS = 424 d)

0.9

TLG30 > 149.9 cm (n = 13, median OS = 253 d)
Log-rank test P = 0.03

3

0.8

0.7

Surviving fraction

Surviving fraction

Observations:

0.6
0.5
0.4
0.3

0.7
0.6
0.5
0.4
0.3

0.2

0.2

0.1

0.1
0.0

0.0
0

200

400

600

800

0

1000 1200 1400 1600 1800 2000

Figure 2 Kaplan-Meier curves for overall survival of patient groups
stratified by ROC-calculated threshold for TLG30.

400
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1000 1200 1400 1600 1800 2000

Figure 3 Kaplan-Meier curves for overall survival of patient groups
stratified by ROC-calculated threshold for TLG30 (including only patients
who were not disseminated initially).

1.02, 95%CI: 1.002-1.036; P = 0.025). OS in the
Kaplan-Meier model varied significantly for TLG30stratified groups (Figure 3; note the different ROC
threshold value resulting from lower TLG30 values in
non-disseminated patients’ group). For TTM, the Cox
proportional hazard model identified TLG30 as the only
significant prognostic factor (HR = 1.006, 95%CI:
1.001-1.012; P = 0.02). This result was not significant
when analysed in univariate Kaplan-Meier model.
However, of all of parameters analysed in this model,
TLG30 threshold was closest to reaching statistical
significance (P = 0.06).
Other metabolic parameters were not observed
to vary significantly across patient subgroups with
respect clinical variables listed in Table 1, particularly
between metastatic and non-metastatic patients. A
summary of the average metabolic quantifier values
for these variables is presented in Tables 2 and 3.

gastric cancer (GC) have emerged recently, especially
[7,16]
regarding its utilisation in disease staging
. These
suggest that, despite its particular limitations in
[17]
assessment of small, early tumours , PET-CT can
reliably visualise advanced primary tumours and can
detect tumour dissemination to (regional) lymph
nodes and distant organs. The latter are often silent on
[4,5,7]
contrast-enhanced CT
. One group reported 94%
sensitivity in PET-CT diagnosis in advanced GC (stages
[18]
Ⅲ and Ⅳ) .
In addition to diagnostic value, many researchers
have attempted to identify possible prognostic and
predictive information derived from radiotracer
metabolism quantification. In GC, the majority of
available studies focused on SUVmax value. One group
investigated 271 patients following gastrectomy and
identified SUVmax > 8.2 as a negative prognostic factor
[19]
favouring disease recurrence . Another analysed 62
patients with disseminated GC. Their study described
primary tumour SUVmax < 6.0 as a positive prognostic
factor for OS and PFS. This value was calculated
using an ROC model, and its significance out-powered

DISCUSSION
General prognostic value of PET-CT in gastric cancer

Two reports on usefulness of PET-CT imaging in
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[8]

median SUVmax value of the whole group (7.2) . In
a third study comprising 75 tumours limited to the
stomach and 22 disseminated tumours, 25% of all
18
tumours did not exhibit pathologic FDG uptake.
The authors indirectly explained this by pointing at
a significant share of tumours of low clinical stage
and poor cellular differentiation (with both showing
18
tendency for low FDG-uptake) in their group. In our
study, no false negative results occurred. Tumours that
18
did demonstrate pathologic FDG uptake, as well as
T3/T4 tumours and those above 60 mm in diameter,
exhibited a statistically worse OS, whereas a threshold
of median SUVmax (6.7) was not prognostic for OS.
This study is notable for demonstrating the superiority
of PET-CT over contrast-enhanced CT in detection of
metastatic lymph nodes; PET-CT-positive lymph nodes
were a significant prognostic factor, whereas lymph
[4]
nodes positive on CT were not prognostic . Finally, it
was reported that SUVmax > 8 was prognostic for worse
OS in a group of 35 disseminated GC patients who
[9]
underwent palliative chemotherapy .
In our study, despite a notable inequality in median
SUVmax between limited and disseminated GC (10.36
vs 12.78), no significant difference in SUVmax was
observed. The ROC model also failed to identify an
SUVmax value that was significantly prognostic for
tumour dissemination. However, we did identify other
18
FDG metabolic quantifiers (TLG, MTV, SUVmean;
these quantifiers are presented in Table 4) that
significantly correlated with clinical variables, some of
which have not been described previously in GC.

This parameter has not been reported in GC, yet studies
covering different tumour types describe elevated COV
as an indicator of tumour heterogeneity and a predictive
[23,24]
factor of a worse treatment outcome
. In our
study, due to the variety of treatment modalities, we
only investigated the correlation between COV and
clinical and pathological variables. Our observation
may indicate that tumours with higher COV exhibit
a worse response to chemotherapy, consistent with
the aforementioned studies. This hypothesis requires
further study.

Clinical course, prediction of metastasis and survival

MTV2.5, TLGliv, and COV were significantly associated
with the degree of weight loss, regardless of clinical
stage. This trend may be explained by increased
glucose metabolism in large and advanced tumours,
leading to cachexia through deteriorating gastric
function (through limiting its capacity, absorption
and muscular activity) and secretion of pro-cachectic
cytokines. No other study has investigated such
correlations. One group included BMI in their analysis,
but there was no correlation between BMI and tumours
18
with high and low FDG uptake or according to lymph
[11]
node involvement status .
18
Our study analysed FDG metabolism of primary
tumours in an attempt to identify differences in
metabolic quantifiers that differ significantly between
metastatic and non-metastatic tumours. These
metabolic quantifiers could help to identify patients
in whom tumour dissemination is believed to have
occurred. These quantifiers would be of particular
interest in signet-ring carcinoma, which is characterised
18
by exceptionally low FDG uptake (reportedly due to
lower cellular density and lower GLUT-1 expression
) and peritoneal tumour spread with tumour foci
[25,26]
below the limit of PET-CT resolution
. We have
identified six metabolic quantifiers as potentially able
to differentiate disseminated and limited disease.
The investigated parameters were pre-selected to be
suitable for tumours with relatively low radiotracer
uptake (i.e., 50% SUVmax threshold was omitted
from our analysis), and results confirmed the overall
superiority of MTV and TLG with centre-weighed 30%
SUVmax thresholds (78% AUC). Their potential to
identify tumours likely to disseminate has not been
well established for GC, but other studies in other
cancers have described TLG as a useful prognostic
[27-30]
biomarker
.
Multi- and univariate analysis of OS and TTM in our
study identified TLG30 as the most valuable survival
18
predictor of all FDG metabolism quantifiers. The
[27]
results of studies of other tumour types
n = 81
[29]
NSCLC patients
n = 86 oesophageal carcinoma
patients; in both TLG 2.5 prognostic for OS and
[30]
recurrence-free survival ; n = 41 various solid
tumours (n = 6 GC), TLG predictive for chemotherapy
response are consistent with our observations
[27,29,30]
regarding prognosis as well
.

Clinical stage and grade

This study observed that MTV and TLG of almost
all aforementioned thresholds were significantly
elevated in T4 tumours. Other studies investigating
18
the correlation between FDG metabolism and tumour
stage have also demonstrated increased radiotracer
uptake. One study reported that increased uptake
[4]
was associated with worse OS but another study did
[20]
not . Caution should be taken in the interpretation of
our observations due to the significant differences in
the sizes of the pT1-3 and pT4 groups (32 vs 8) and
due to the lack of contrast enhancement of the lowdose CT layer in the PET-CT study. There have been
18
numerous reports on high levels of FDG uptake by
chronic gastric inflammation, which can significantly
increase the number of false positive studies, as well
as reports of predictions of inaccurately large tumour
volumes in the context of chronic inflammation coexisting (common because gastritis chronica is an
[21]
identified precancerous state) . Dilation of the
stomach with neutral fluid prior to the examination
has been proposed by some who claim that it helps
better visualise tumour borders and distinguishes
18
physiological FDG uptake from tumor uptake and
[13,22]
involved regional lymph nodes
.
In our study, we observed that COV was
significantly higher in poorly differentiated G3 tumours.
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Study limitations

allowed to differentiate between patients with local and metastatic disease and
had a prognostic significance. The results confirmed the overall superiority of
radiotracer uptake quantifiers that are not affected by relatively low radiotracer
uptake of the tumour (which is generally the case for GC compared to other
tumours), namely MTV and TLG with centre-weighed 30% SUVmax thresholds
(78% AUC). Their potential to identify tumours likely to disseminate has not
been well established for GC, but a number of studies in other cancers have
described TLG as a useful prognostic biomarker.

Our study was designed as a hypothesis generator to
18
investigate general trends and correlations of FDG
metabolism quantifiers with the clinical course of GC
and should only be regarded as such. Patients were not
standardised or stratified according to clinical stage,
and they received a variety of treatment modalities
(some received none except best supportive care). No
minimal follow-up period was introduced (range: 6 d
to 5.2 years, median-9.5 mo). Therefore, all results
related to the survival analysis should be interpreted
with caution. Lack of contrast enhancement in the CT
layer in our PET/CT study protocol could also disturb
interpretation of local lymph node involvement status
(in PET image, lymph nodes often merge into a single
high-radiotracer uptake region with the primary
tumour) and, consecutively clinical stage.
In conclusion, PET-CT is a useful tool in the
diagnosis of gastric cancer. When appropriate study
protocol enhancements are applied, PET-CT can be
used to more reliably stage patients and, as our study
has demonstrated, identify patients with potentially
worse prognoses and those at greater risk of peritoneal
18
tumour spread. Radiotracer quantifiers with low FDG
uptake are preferred for PET-CT; the results of our and
other studies indicate that total lesion glycolysis with
low radiotracer uptake with 2.5 absolute thresholds
and 30% relative thresholds should always be included
in the analysis. Initial and, optionally, intra-treatment
PET-CT can be a valuable addition to randomised
clinical trials to help properly stage patients and to
assess radiotracer metabolism changes as a response
to therapy. In a clinical trial with a standardised group
of patients, the diagnostic, prognostic and possibly
predictive values of PET-CT, as well as its limitations,
can be more unambiguously confirmed, eventually
permitting the widespread use of PET-CT in the
therapeutic decision-making in GC patients.

Applications

This broad analysis can be clinically utilized to identify groups of patients with
worse tumour prognosis and who could possibly benefit from more aggressive
treatment. The study results suggest that PET-CT studies may have a firm
place in the therapeutic decision-making in gastric cancer patients.

Terminology

PET/CT is a tool of nuclear medicine. It is a combination of PET, a functional
imaging technique that produces a three-dimensional image of metabolic
processes in the body and CT, a 3-dimensional X-ray scan performed on the
patient during the same session, in the same machine. 18FDG is an analogue
of glucose labeled with a short-life radioactive isotope of fluorine, which is
injected into a patient before PET scanning. The concentrations of radiotracer
visualized indicate tissue metabolic activity by virtue of the regional glucose
uptake. Radiotracer uptake above a certain level is considered as suspected for
presence of a primary malignant tumor or metastasis, even despite its normal
structural image in CT. The SUV is often used in PET imaging for a simple
semi-quantitative analysis. The SUV represents the ratio of the radioactivity
measured in a spatially defined part of the body at a certain time point to a
hypothetically even distribution of the injected radioactivity across the whole
body. MTV represents a measurable volume of a given cubic unit whose
radioactivity exceeds a threshold assumed to differentiate between a normal
tissue and a malignant tumor. TLG is defined as SUVmean x MTV; it represents
a product of intensity and volume quantifiers describing the same spatially
localized radioactivity.
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ORIGINAL ARTICLE
Retrospective Study

Risk factors causing structural sequelae after anastomotic
leakage in mid to low rectal cancer
Woong Bae Ji, Jung Myun Kwak, Jin Kim, Jun Won Um, Seon Hahn Kim
METHODS: Prospectively collected data of consecutive
subjects who had anastomotic leakage after surgical
resection for rectal cancer from March 2006 to
May 2013 at Korea University Anam Hospital were
retrospectively analyzed. Two subgroup analyses were
performed. The patients were initially divided into the
sequelae (stricture, fistula, or sinus) and no sequelae
groups and then divided into the permanent stoma (PS)
and no PS groups. Univariate and multivariate analyses
were performed to identify the risk factors of structural
sequelae after anastomotic leakage.
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RESULTS: Structural sequelae after anastomotic
leakage were identified in 29 patients (39.7%).
Multivariate analysis revealed that diversion ileostomy
at the first operation increases the risk of structural
sequelae [odds ratio (OR) = 6.741; P = 0.017].
Fourteen patients (17.7%) had permanent stoma during
the follow-up period (median, 37 mo). Multivariate
analysis showed that the tumor level from the dentate
line was associated with the risk of permanent stoma
(OR = 0.751; P = 0.045).
CONCLUSION: Diversion ileostomy at the first
operation increased the risk of structural sequelae
of the anastomosis, while lower tumor location was
associated with the risk of permanent stoma in the
management of anastomotic leakage.
Key words: Anastomotic leakage; Permanent stoma;
Leakage sequelae; rectal cancer; Anastomotic leakage
fate
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: This study aimed to find the risk factors
causing structural sequelae of anastomotic site after
leakage in rectal cancer patients. Anastomotic leakage
is one of the most challenging complications. Even after

AIM: To investigate the risk factors causing structural
sequelae after anastomotic leakage in patients with mid
to low rectal cancer.
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patients recover from the acute complication phase,
they can suffer from its structural sequelae including
stricture, fistula, sinus, or permanent stoma. No studies
have evaluated the risk factors causing structural
sequelae of anastomosis after leakage. Here we report
our data about the fate of anastomotic leakage and the
risk factors that should be considered after anastomotic
leakage in patients with rectal cancer.

all included patients were divided into the sequelae
and no sequelae groups according to the existence of
structural sequelae of AL (fistula, sinus, or stricture).
Second, all patients were divided into the permanent
stoma (PS) and no PS groups (Figure 1).

Procedures and follow-up

All surgical procedures were performed by three
surgeons in a division that specialized in laparoscopic
and robotic colorectal surgery. All surgical resections
for rectal cancer were performed using a conventional
laparoscopic or robotic method. A normal diet was
resumed by clinical decision according to the surgeons’
preferences. The pathological examinations were
performed by pathologists according to the seventh
edition on colon and rectal cancer of the American
Joint Committee on Cancer. The approach to managing
AL was chosen by the surgeons among conservative
management with antibiotic therapy, percutaneous
abscess drainage (PAD), surgical procedures such as
drainage and irrigation, diversion enterostomy with or
without primary repair of the leakage site, re-resection
with anastomosis, and Hartmann’s procedure.
After surgical resection of the rectal cancer, all
patients were routinely followed every 3-6 mo during
the first 2 years and every 6 mo thereafter. Routine
follow-up tests included computed tomography
(CT) of the abdomen and pelvis, chest CT, and
carcinoembryonic antigen levels. Total colonofiberoscopy
or sigmoidoscopy was performed if needed. Patients
with AL underwent additional CT, sigmoidoscopy, or
contrast study at the physician’s discretion.

Ji WB, Kwak JM, Kim J, Um JW, Kim SH. Risk factors causing
structural sequelae after anastomotic leakage in mid to low
rectal cancer. World J Gastroenterol 2015; 21(19): 5910-5917
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i19/5910.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i19.5910

INTRODUCTION
Despite technological advancements in surgical devices,
methods, and perioperative management, anastomotic
leakage (AL) after colorectal surgery remains a
significant problem for patients and surgeons. AL can
result in poor surgical, oncological, and functional
outcomes. It increases postoperative morbidity and
[1,2]
mortality
as well as local and systemic tumor
[3]
recurrence or progression and decreases quality
[4-6]
of life . Even with the proper management of AL,
structural sequelae can develop such as prolonged
fistula, sinus formation, or stricture. Those complications
may cause various symptoms, complicate postoperative
management, delay or prevent stomal repair, and
postpone adjuvant treatment.
There have been many studies on AL after colorectal
[7-11]
surgery as well as its risk factors
. However, none
have examined the prognosis of leakage itself. Here we
evaluated the clinical consequences of the anastomosis
site after leakage and identified factors influencing poor
anastomotic healing after leakage.

Definitions

Anastomotic leakage was defined as in previous studies
with any grade including abscess in close proximity
and was diagnosed based on radiologic and endoscopic
findings together with clinical signs such as a change
in drainage color or signs of peritonitis that required
[12]
surgery . Mid to low rectal cancer was defined as
[13]
rectal cancer located < 10 cm from the dentate line .
Hospital stay was defined as the period of time from
admission until discharge. Intensive care unit (ICU)
transfer was defined as transfer to the ICU during the
course of in-hospital management including routine
stays after the surgical procedure. Tumor location was
defined as the length in centimeters between the lower
tumor margin and the dentate line. Multi-organ failure
was defined as functional deterioration of two or more
vital organs.
Structural sequelae of AL included prolonged
fistula, sinus formation, and anastomotic stricture. A
fistula was diagnosed when the contrast study findings
showed a fistulous tract connected to the intraabdominal cavity, abdominal organ, or abscess cavity.
Sinus formation was diagnosed when the end of a
fistulous tract of any length without connection was
identified during the examination. Anastomotic stricture

MATERIALS AND METHODS
Study cohort and data collection

We performed a retrospective data analysis with
prospectively collected data from a cohort of 107
consecutive patients who experienced AL after elective
surgical resection for rectal cancer from March 2006 to
May 2013 at Korea University Anam Hospital. A total
of 809 patients with rectal cancer underwent surgical
resection during this period. We included 79 patients
in this study and excluded 28 patients who had upper
rectal cancer (n = 16), were lost to follow-up, had
postoperative mortalities (n = 9), or had another pelvic
organ malignancy (n = 1). Follow-up loss was defined
as when the patient did not present at the clinic on any
of the designated dates during study period.
Two subgroup analyses were performed. First,
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Leakage (n = 107)

Table 1 Baseline characteristics of patients diagnosed with
anastomosis leakage after resection of mid to low rectal
cancer (n = 79)

Exclusion (n = 28)

n (%)
Inclusion (n = 79)

Age (yr), median
Gender
Male
Female
BMI (mean, kg/m2)
ASA score

Hartmann’s procedure,
Re-resection and
anastomosis (n = 6)

Ⅰ
Ⅱ
Ⅲ

No sequelae group
(n = 44)

Tumor stage
0/Ⅰ

Sequelae group
(n = 29)

Re-grouping by permanent
stoma (n = 79)

No PS group
(n = 65)

55 (69.6)
24 (30.4)
24.18
34 (43.0)
43 (54.4)
2 (2.5)

Ⅲ

23 (29.1)
24 (30.4)
24 (30.4)

Ⅳ

8 (10.1)

Ⅱ

Surgical method

n (%)

Conventional
Laparoscopic
Robotic
Conversion
Anastomosis method
Hand-sewn
Stapling
Anastomosis type
End-to-end
End-to-side
Colonic J-pouch
Neoadjuvant
chemoradiotherapy
Transfusion

3 (3.8)
45 (57.0)
28 (35.4)
3 (3.8)

59

10 (12.8)
68 (87.2)
70 (88.6)
5 (6.3)
4 (5.1)
19 (24.1)
13 (17.3)

Data are expressed as n (%), mean or median. BMI: Body mass index; ASA:
American Society of Anesthesiologists.

the included patients (n = 79) are presented in Table
1. There was no statistically significant difference in
initial management methods after AL (Tables 2 and
3). A total of 29 patients underwent multiple invasive
procedures to manage complications after the initial
therapies. Conservative therapy using antibiotics and
diet control was initially intended for 32 patients, but
11 of them (34.4%) underwent other management
tactics such as PAD or surgical procedures.

PS group
(n = 14)

Figure 1 Flow chart of patient selection and subgroups in our study. PS:
Permanent stoma.

was defined when the endoscopic findings showed any
degree of stenotic lesion at the anastomotic area with
or without symptoms. Permanent stoma was any type
of enterostomy for the diversion that was not intended
to be repaired until the last follow-up visit during the
study period.

Risk of occurrence of structural sequelae after AL

Among the 79 patients, six were excluded from this
comparison because they experienced changes in
the anastomosis site by Hartmann’s procedure or
re-resection and anastomosis at any point during
the management period. Structural sequelae after
anastomotic leakage, such as prolonged fistula,
sinus formation, and stricture, were identified in
29 patients (39.7%). Univariate analysis of the
sequelae and no sequelae groups revealed that age,
pathological stage (0/Ⅰ/Ⅱ ), ileostomy, hospital
stay, duration of antibiotic use, and transfusion were
significantly different between the two groups (Table 4).
Multivariate analysis performed using these variables
showed that diversion ileostomy at the first operation
increases the risk of complications [odds ratio (OR) =
6.741; 95% confidence interval (CI): 1.404-32.364; P
= 0.017; Table 4].

Statistical analysis

Continuous data were analyzed by Student’s t-test and
categorical data were analyzed by logistic regression
2
test or χ test with Fisher’s exact test as needed.
Multivariate analysis was performed using a logistic
regression test that was set up using univariate
associations that were significant at P values < 0.05.
Survival analysis and the test for cumulative incidence
of permanent stoma were performed using KaplanMeier survival analysis with a log-rank test. All tests
were two-sided and statistical significance was
considered at P values < 0.05. Statistical analysis was
performed using SPSS Statistics for Windows (version
20; IBM, Armonk, NY, United States).

Risk analysis of permanent stoma

Among 79 patients, 14 (17.7%) had a permanent
enterostomy. None of the patients in the no sequelae
group required a permanent stoma, while 15 patients
(51.7%) in the sequelae group (n = 29) were able
to have their stomas repaired after anastomotic
complication management.
Sinus formation occurred in eight patients, stricture

RESULTS
Baseline characteristics

The median follow-up period of the included 79 patients
was 37 mo. Disease-related death occurred in five
patients, while disease progression or recurrence was
observed in 18 patients. The baseline characteristics of
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Table 2 Univariate analysis of differences between the sequelae and no sequelae groups (n = 73) n (%)
95%CI
Age, median (yr)
> 65
Gender
Male
BMI, mean
ASA score
Ⅰ
Ⅱ/Ⅲ

Operation time, mean (min)
Ileostomy
LNM, mean
RLN, mean
Stage
0/Ⅰ/Ⅱ
Ⅲ/Ⅳ
Tumor location, median (centimeters from AV)
Neoadjuvant chemoradiotherapy
Surgical method
Conventional
Laparoscopic
Robotic
Conversion
Anastomosis
Hand-sewn
Stapling
Anastomosis type
End-to-end
End-to-side
Colonic J-pouch
Mechanical bowel preparation
Yes
No
Initial AL management
Conservative
PAD
Diversion only
Primary repair + diversion
Surgical irrigation + drainage
Transfusion
Leakage (d)
Hospital stay (d)
Days to start diet (d)
Antibiotics use (d)
ICU transfer
Multi-organ failure
Postoperative ileus

1

No sequelae

OR

Lower

Upper

P value

62
11 (37.9)

55.5
14 (31.8)

1.459

0.557

3.819

0.037
0.442

21 (72.4)
23.99

30 (68.2)
24.25

1.148

0.411

3.212

0.792
0.748

11
18
284.49
21 (72.4)
1.1
22.1

20
24
260.74
20 (45.5)
1.3
23.6

1.259

0.487

3.255

3.412

1.254

9.290

0.635
0.205
0.016
0.698
0.681

22 (75.9)
7 (24.1)
5
9 (31.0)

22 (50.0)
22 (50.0)
5.5
8 (18.2)

0.318

0.114

0.890

2.137

0.715

6.393

0
14 (48.3)
13 (44.8)
2 (6.9)

3 (6.9)
27 (61.4)
14 (31.8)
0

3 (10.3)
26 (89.7)

6 (13.6)
38 (86.4)

26 (89.7)
2 (6.9)
1 (3.4)

39 (88.6)
2 (4.5)
3 (6.9)

20 (69.0)
9 (31.0)

34 (77.3)
10 (22.7)

12 (41.4)
7 (24.1)
4 (13.8)
0
6 (20.7)
8 (27.6)
5.7
48.9
6.3
25.3
3 (10.3)
3 (10.3)
5 (17.2)

20 (45.5)
9 (20.5)
10 (22.7)
1 (2.3)
4 (9.1)
4 (9.1)
4.2
20.9
5.7
15.0
3 (6.9)
2 (4.3)
4 (8.7)

Sequelae

0.029
0.144
0.174
0.080

0.726

0.766

0.784

0.281

2.187

0.642
0.512

3.810

1.027

14.137

1.212
2.538
2.197

0.251
0.398
0.536

5.852
16.204
8.935

0.046
0.054
0.001
0.665
0.001
0.811
0.325
0.276

1

Patients who had structural sequelae after leakage, includes patients with anastomosis fistula, sinus, or stricture. Data are expressed as n (%), mean or
median. BMI: Body mass index; ASA: American Society of Anesthesiologists; LNM: Lymph node metastasis; RLN: Retrieved lymph nodes; AV: Anal verge;
PAD: Percutaneous abscess drainage; AL: Anastomotic leakage; ICU: Intensive care unit; OR: Odds ratio.

in nine, and fistula in 14. Of these, 87.5% of stomas
with sinus formation and 66.7% of those with stricture
were closed, but only 35.7% of stomas with prolonged
fistula could be closed. A log-rank test revealed a
difference in the risk of PS between AL complication
types with borderline significance (P = 0.05; Figure 2).
There was a statistically significant difference
between the PS and no PS group in terms of tumor
location from the anal verge, duration of antibiotic
use, ICU transfer, and multi-organ failure (Table
3). Multivariate analysis showed that a tumor

WJG|www.wjgnet.com

location farther from the anal verge was associated
with decreased risk of PS (OR = 0.751; 95%CI:
0.567-0.994; P = 0.045) (Table 5).

DISCUSSION
To our knowledge, this is the first study of the
structural sequelae of AL to include its prognosis
and risk factors. Although several studies have been
[14-16]
performed to identify the factors influencing PS
,
we identified the risk of structural sequelae that can
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Table 3 Univariate analysis of differences between the permanent stoma and no permanent stoma groups (n = 79) n (%)
95%CI
No PS

OR

Lower

Upper

P value

58
4 (28.6)

60
25 (38.5)

0.250

0.181

2.262

0.772
0.488

10 (71.4)
24.29

45 (69.2)
24.16

1.111

0.311

3.971

0.871
0.893

8 (57.1)
6 (42.9)
274.79
11 (78.6)
2.21
20.57

26 (40.0)
39 (60.0)
269.63
34 (52.3)
1.06
23.11

0.500

0.155

1.609

3.343

0.853

13.107

0.245
0.827
0.083
0.299
0.561

9 (64.3)
5 (35.7)
3
5 (35.7)

23 (58.5)
23 (41.5)
5
14 (21.5)

0.782

0.236

2.594

2.204

0.584

7.014

0 (0)
10 (71.4)
3 (21.4)
1 (7.1)

3 (4.6)
35 (53.8)
25 (38.5)
2 (3.1)

1 (7.7)
12 (92.3)

9 (13.8)
56 (86.2)

12 (85.7)
2 (14.3)
0

58 (89.2)
3 (4.6)
4 (6.2)

5 (35.7)
9 (64.3)

17 (26.2)
48 (73.8)

4 (28.6)
4 (28.6)
2 (14.3)
0
3 (21.4)
0
1 (7.1)
5 (35.7)
5.0
45.9
7.5
26.8
4 (28.6)
3 (21.4)
1 (7.1)

29 (44.6)
13 (20.0)
12 (18.5)
1 (1.5)
7 (10.8)
2 (3.1)
1 (1.5)
10 (15.4)
4.7
29.1
5.8
17.5
5 (7.7)
3 (4.6)
8 (12.3)

PS
Age, median (yr)
> 65
Gender
Male
BMI, mean
ASA score
Ⅰ
Ⅱ/Ⅲ

Surgical time, mean (min)
Ileostomy
LNM, mean
RLN, mean
Stage
0/Ⅰ/Ⅱ
Ⅲ/Ⅳ
Tumor location, median (centimeters from AV)
Neoadjuvant chemoradiotherapy
Surgical method
Conventional
Laparoscopic
Robotic
Conversion
Anastomosis
Hand-sewn
Stapling
Anastomosis type
End-to-end
End-to-side
Colonic J-pouch
Mechanical bowel preparation
Yes
No
Initial AL management
Conservative
PAD
Diversion only
Primary repair and diversion
Surgical irrigation and drainage
Re-anastomosis and diversion
Hartmann’s procedure
Transfusion
Leakage, mean (d)
Hospital stay, mean (d)
Days to start diet, mean (d)
Antibiotics use, mean (d)
ICU transfer
Multi-organ failure
Postoperative ileus

0.688
0.029
0.266
0.438

0.545

0.129

0.638

0.187

2.171

0.471
0.633

3.056

0.846

11.036

4.800
5.636
0.548

1.098
1.005
0.063

20.990
31.602
4.773

0.088
0.768
0.121
0.427
0.018
0.037
0.049
0.586

Data are expressed as n (%), mean or median. PS: Permanent stoma; BMI: Body mass index; ASA: American Society of Anesthesiologists; LNM: Lymph
node metastasis; RLN: Retrieved lymph nodes; AV: Anal verge; AL: Anastomotic leakage; PAD: Percutaneous abscess drainage; ICU: Intensive care unit;
OR: Odds ratio.

occur after leakage as well as the risk of having a PS
of patients who underwent surgical resection for mid
to low rectal cancer.
Temporary diversion with ileostomy is frequently
performed after high-risk anastomosis. Several
factors are associated with high-risk anastomosis
including preoperative radiotherapy, male gender, lowlevel anastomosis, co-morbidities, steroid use, and
[9-11]
obesity
. However, the decision to perform diversion
ileostomy depends on the surgeon. Although ileostomy

WJG|www.wjgnet.com

after rectal surgery could be considered a subjective
variable, diversion turned out to be the single most
predictive risk factor of structural sequelae of AL in the
current study. Diversion after surgical resection of mid
to low rectal cancer can be interpreted to indicate that
the anastomosis was unstable for various reasons,
including preoperative radiotherapy, difficult procedure
due to a deep and narrow pelvis (as is common in
male patients), or very a low-level anastomosis.
Diversion for protection against AL or a defunctioning
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Table 5 Multivariate analysis of the permanent stoma and no
permanent stoma groups with factors selected on univariate
analysis

Table 4 Multivariate analysis of the sequelae and no sequelae
groups including variables selected on univariate analysis
95%CI
OR
Age
Ileostomy
Stage (Ⅲ/Ⅳ)
Antibiotics use (d)
Hospital stay (d)
Transfusion

1.035
6.741
0.292
1.016
1.045
5.760

Lower

Upper

0.979
1.069
0.079
0.954
0.987
0.787

1.095
13.372
1.077
1.085
1.106
42.138

95%CI

P value
0.378
0.017
0.064
0.613
0.135
0.085

Tumor location
Antibiotic use
ICU transfer
Multi-organ failure

OR

Lower

Upper

P value

0.751
1.036
4.184
0.685

0.567
0.990
0.277
0.027

0.994
1.084
63.162
17.426

0.045
0.125
0.301
0.528

OR: Odds ratio; ICU: Intensive care unit.
OR: Odds ratio.

1.0
Cumulative incidence of stoma repair

sequelae group had repairable stomas. Our results also
showed that a higher cancer lesion location decreased
the risk of PS (OR = 0.751; P = 0.045). Univariate
analysis showed that ICU transfer and multi-organ
failure were associated with PS (Table 3). A patient’
s postoperative condition might affect the decision to
perform stoma repair.
The prognosis of patients who experience AL after
colorectal surgery for colorectal cancer is known to
[21-24]
be worse than that of those who do not
. We did
not compare the leakage and non-leakage groups,
but 5-year progression-free survival was significantly
decreased in the patients who could not undergo
stoma repair compared to those of patients who
[25]
could (data now shown). Dekker et al
showed
the importance of the first postoperative year for
the prognosis of patients with colorectal cancer. Our
finding of a worse 5-year progression-free survival rate
of the PS group suggest that post-leakage structural
sequelae should be a concern in the consideration of
cancer prognosis.
We could not collect data on anorectal function
for all of the included patients. Patients who had their
stomas repaired might have problems with long-term
[26,27]
anorectal function
. By adding functional data, we
would learn more about the prognosis of structural
sequelae of AL. Moreover, there were no standard
protocols for the choice of management options for
the structural sequelae of AL; rather, it depended on
[28-30]
each physician’s choice
. Nonetheless, there was
no statistically significant difference in management
methods between the study groups (Tables 2 and 4).
In conclusion, even with proper management,
patients undergoing rectal surgery may experience
structural sequelae of anastomotic leakage. Although
there are several reasons to perform diversion, our
study showed that performing ileostomy significantly
increased the risk of structural sequelae of AL and that
a lower cancer lesion location was a risk factor for PS.

Permanent stoma
Sinus
Stricture
Fistula

0.8

0.6

0.4

0.2

0.0

0

10

20

t /mo

30

Figure 2 Cumulative incidence of stoma repair according to the
anastomotic leakage sequelae type during 3 years following the operation.
The log-rank test revealed a difference among the three types of structural
sequelae in terms of permanent stoma incidence with borderline significance (P
= 0.05).
[17,18]

stoma can reduce the risk of anastomosis failure
.
[19]
In a randomized multicenter trial, Matthiessen et al
reported that a defunctioning stoma could reduce
the risk of AL (OR = 3.4; P < 0.001). However, the
results of our study showed that if AL had already
occurred, diversion was the most predictive factor of
structural sequelae of AL. The significant difference in
hospital stay and duration of antibiotic use between
the sequelae and no sequelae groups on univariate
analysis is thought to reflect the association between
the development of AL complications and its severity.
In addition, transfusion is usually performed when
the procedures are difficult for various reasons such
as severe adhesion, narrow pelvis, and an advanced
cancer lesion.
[16]
Dinnewitzer et al reported that coloanal anastomosis
and anastomotic leakage were risk factors for PS on
[20]
multivariate analysis. den Dulk et al
reported that
postoperative complications and secondary stoma
formation were limiting factors for stoma reversal in
patients undergoing total mesorectal excision (TME) for
rectal cancer. We found that all protective diversions
were repaired in patients who did not have structural
sequelae of AL, whereas only 51.7% of patients in the
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Abstract
AIM: To compare the success rates and adverse
events of early needle-knife fistulotomy (NKF) and
double-guidewire technique (DGT) in patients with
repetitive unintentional pancreatic cannulations.
METHODS: From a total of 1650 patients admitted
for diagnostic or therapeutic endoscopic retrograde
cholangiopancreatography (ERCP) at a single tertiary
care hospital (Pusan National University Yangsan
Hospital, Yangsan, South Korea) between January
2009 and December 2012, 134 (8.1%) patients with
unsuccessful biliary cannulation after 5 min trial of
conventional methods, together with 5 or more repetitive
unintentional pancreatic cannulations, were enrolled in
the study. Early NKF and DGT groups were assigned 67
patients each. In the DGT group, NKF was performed
for an additional 7 min if successful cannulation was not
achieved.
RESULTS: The success rates with early NKF and
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the DGT were 79.1% (53/67) and 44.8% (30/67) (P
< 0.001), respectively. The incidence of post-ERCP
pancreatitis (PEP) was lower in the early NKF group
than in the DGT group [4.5% (3/67) vs 14.9% (10/67),
P = 0.041]. The mean cannulation times in the early
NKF and DGT groups after assignment were 257 s and
312 s (P = 0.013), respectively.

[10-12]

of NKF in experienced hands is safe and effective
.
The double-guidewire technique (DGT) has also
been introduced as a useful method for overcoming
[13-15]
difficult biliary cannulation
. In a previous study
comparing DGT with precut sphincterotomy technique,
the former required a significantly shorter procedural
time but still showed a similar success rate as the latter
in biliary cannulation. However, it induced pancreatitis
[16]
more frequently . A recent study reported that a
novel sequential 3-step protocol (traditional cannula
with guidewire, DGT, and then NKF) showed an even
[17]
higher success rate of biliary cannulation (99%) .
But 2 prospective randomized studies comparing DGT
with using conventional methods in patients with
difficult biliary cannulation showed controversial results
[13,18]
in terms of selective biliary cannulation and PEP
.
[13]
Maeda et al
reported that DGT showed a higher
cannulation rate with no PEP than the conventional
technique (93% and 58%, respectively). However,
[18]
Herreros de Tejada et al
reported that DGT was
not superior to the standard cannulation technique
(success rates; 47% and 56%, respectively) and
was associated with frequent PEP (17% and 8%,
[18]
respectively) . Therefore, the present study was
performed to evaluate whether early NKF or DGT
is useful for overcoming difficulty in patients with
repetitive unintentional pancreatic cannulations.

CONCLUSION: Our data suggest that early NKF should
be considered as the first approach to selective biliary
cannulation in patients with repetitive unintentional
pancreatic cannulations.
Key words: Endoscopic retrograde cholangiopan
creatography; Cannulation; Pancreatitis; Needle knife
fistulotomy; Double guidewire technique
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective single center analysis of
outcomes of early needle-knife fistulotomy (NKF)
and double-guidewire technique (DGT) revealed that
early NKF has a higher success rate of selective biliary
cannulation with a lower incidence of post-endoscopic
retrograde cholangiopancreatography pancreatitis and
shorter procedural time than DGT in patients with
repetitive unintentional pancreatic cannulations.

MATERIALS AND METHODS

Kim SJ, Kang DH, Kim HW, Choi CW, Park SB, Song BJ, Hong
YM. Needle-knife fistulotomy vs double-guidewire technique
in patients with repetitive unintentional pancreatic cannulations.
World J Gastroenterol 2015; 21(19): 5918-5925 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i19/5918.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i19.5918

Patients and study design

Between January 2009 and December 2012, a total
of 1650 patients with pancreaticobiliary disorders
and naïve papillae who were admitted for diagnostic
or therapeutic ERCP at a single tertiary care hospital
(Pusan National University Yangsan Hospital, Yangsan,
Korea) and who gave written informed consent were
included in the study. Patients were excluded from
the study if one of the following criteria was present:
age younger than 15 years, previous surgical biliaryintestinal operations, tumor in the ampulla of Vater,
clinical evidence of acute pancreatitis at the time of
procedure, coagulopathy, and pregnancy. In patients
for whom we had failed to achieve biliary cannulation
after attempting for 5 min, accompanied by repetitive
pancreatic duct cannulations, early NKF or DGT was
performed to achieve biliary cannulation. The data
were collected prospectively, but data analysis was
done retrospectively.
In the DGT group, NKF was performed for an
additional 7 min if successful cannulation was not
achieved during the trial of DGT. In the early NKF
group, endoscopists finished the ERCP without an
additional procedure after failure of NKF. Of the
1650 patients with naïve ampullae, 1340 (81.2%)
underwent selective cannulation without difficulty,
within 5 min. The incidence of PEP was 2.5% in the
successful cannulation group without difficulty. Of the
310 patients in whom we did not achieve successful

INTRODUCTION
Successful cannulation of an intended duct is the
most important first step for effective biliary and
pancreatic procedures during endoscopic retrograde
[1]
cholangiopancreatography (ERCP) . The success
rates of conventional methods for biliary cannulation
[1-3]
range from 80% to 95%
. When conventional
methods fail to achieve selective cannulation, various
alternative techniques can be used. However,
prolonged and repetitive manipulation of the papilla
during various procedures increases the risk of post[4]
ERCP pancreatitis (PEP) . Therefore, much effort has
been made to develop useful endoscopic techniques
in order to perform successful cannulation and reduce
PEP. The most commonly used technique in patients
with difficult cannulation is precut sphincterotomy,
including needle-knife fistulotomy (NKF) and needle[5-7]
knife papillotomy . NKF could be safer than needleknife papillotomy in terms of PEP because an incision
is made a few millimeters apart from the papillary
[8,9]
orifice . A recent study also reported that early use

WJG|www.wjgnet.com
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Assessed for eligibility
(n = 1650)
Excluded due to
successful cannulation without difficulty
(n = 1340)
Difficult CBD cannulation
(n = 310)
Excluded due to
no repetitive pancreatic cannulation
(n = 158)
poor patient condition (n = 18)
5 or more repetitive pancreatic
cannulations (n = 134)

Early NKF group (n = 67)

DGT group (n = 67)
Successful DGT (n = 30)

Successful NKF (n = 53)

NKF after DGT (n = 37)
Successful NKF (n = 25)

Cannulation failure
(n = 14)

Cannulation failure
(n = 12)

Figure 1 Study flow diagram. CBD: Common bile duct; NKF: Needle-knife fistulotomy; DGT: Double-guidewire technique.

Definitions

cannulation using the conventional method, 158
patients without repetitive pancreatic cannulation
using the conventional method were excluded because
of multiple failed attempts to insert the guidewire into
the pancreatic duct, which caused excessive edema
and papillary trauma and could increase the incidence
of PEP. The poor condition/cooperation of 18 patients
prevented continued ERCP after conventional method
failure. The remaining 134 patients (43.2%) with 5 or
more repetitive unintentional pancreatic cannulations
were assigned to the early NKF or DGT group in
alternating sequence for selective biliary cannulation
(Figure 1).
Two endoscopists who had clinical experience with
ERCP for 10 to 20 years participated in the present
study; both of them also had experience with NKF and
DGT in patients with difficult cannulation. The numbers
of patients were distributed equally by two experts.
Our hypothesis was that in patients with repetitive
unintentional pancreatic cannulation, NKF has a higher
success rate to achieve biliary access compared with
DGT. Power calculations indicated that a sample size
of 140 patients (70 in each group) was needed for
an α error of 0.05 and 95% power, based on an
expected 80% of cannulation success rate in
patients with repetitive unintentional pancreatic
cannulations by early NKF and 50% by DGT. This
proportion was based on the results of a previous
prospective, randomized trial evaluation NKF or
[2,16,18]
DGT
. The study was approved by the Ethics
Committee of the Pusan National University Yangsan
Hospital (IRB No. 05-2014-036) and written informed
consent from all patients was obtained prior to study
inclusion.

WJG|www.wjgnet.com

Difficult cannulation was defined as failed selective
biliary cannulation within 5 min of using the
conventional method, regardless of the number of
unintentional pancreatic cannulations. We regarded
5 or more guidewire passings or contrast injections
through the pancreatic duct as repetitive pancreatic
cannulations. PEP was defined as a new-onset or
increased abdominal pain persisting for at least 24 h
after the procedure with serum amylase levels 3 times
the upper normal limit. The severity of pancreatitis
was classified as mild if hospitalization was extended
2 to 3 d after the ERCP, moderate if hospitalization
was extended 4 to 10 d, and severe if hospitalization
was extended for more than 10 d. Asymptomatic
hyperamylasemia after ERCP was defined as 3-fold or
greater increase in serum amylase levels at 24 h after
the procedure without abdominal pain. Baseline and
24 h post-ERCP serum amylase levels were obtained in
all patients. Bleeding was defined as clinically apparent
with a decrease in the hemoglobin level higher than
2 g/dL. Failure was defined when biliary cannulation
was not achieved within 7 min of trial. The procedural
time was defined as the time lapse from assignment to
cannulation.

Endoscopic procedure

All patients underwent ERCP using a side-view
duodenoscope (JF-240 or TJF-240; Olympus Optical
Co, Ltd, Tokyo, Japan). A sphincterotome (Ultratome
XL, Boston Scientific, Natick, Mass) or an ERCP catheter
(Fluoro Tip, Boston Scientific) with a hydrophilic
guidewire (0.025- or 0.035-inch Jagwire, Boston
Scientific) was used for initial cannulation. Patients
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ERCP). ERCP was performed under conscious sedation
using midazolam and pethidine. All patients received
pharmacologic prophylaxis of PEP using nafamostat
mesilate (Futhan; SK chemicals Life Science Biz, Seoul,
Korea).

Statistical analysis

All statistical analyses were performed using SPSS
software version 19.0 (SPSS, Chicago, IL, United
States). Continuous data are summarized as mean ±
2
SD. The χ test or F-test and t test were used for the
comparison of categorical variables when appropriate.
Statistical significance was set at P < 0.05.
The statistical methods of this study were reviewed
by Jun Hee Han from Research and Statistical Support,
Research Institute of Convergence for Biomedical
Science and Technology, Pusan National University
Yangsan Hospital.

Figure 2 Common bile duct cannulation with a catheter preloaded with
another guidewire after previous insertion of a guidewire in pancreatic
duct.

Table 1 Baseline characteristics (n = 134) n (%)
Early NKF group
Age (yr), mean ± SD
Male sex
ERCP indications
Choledocholithiasis
Malignant stricture
Benign biliary stricture
Other
Periampullary diverticulum
Intradiverticular ampulla
Juxtadiverticular ampulla
Pancreas duct stent

DGT group P value

65.5 ± 13.1
33 (49.3)

65.2 ± 14.0
34 (50.7)

30 (44.8)
32 (47.8)
4 (6.0)
1 (1.5)
9 (13.4)
0
9
4 (6.0)

38 (56.7)
20 (29.9)
7 (10.4)
2 (3.0)
25 (37.3)
2
23
5 (7.5)

RESULTS

0.889
0.863
0.165

Of the 310 patients who did not achieve successful
cannulation using the conventional method, the
success rate using NKF of 158 patients (50.1%)
without repetitive pancreatic cannulation was 81.6%
(129/158), and the rate of PEP was 7.6% (12/158).
For 18 patients (5.8%) with poor condition, an
alternative approach could not be permitted after
selective cannulation failure and the incidence of PEP
was 5.5% (1/18). The remaining 134 patients (43.2%)
with 5 or more repetitive unintentional pancreatic
cannulations were assigned to the early NKF or DGT
group in alternating sequence for selective biliary
cannulation (Figure 1).
The patient characteristics of both the early
NKF and DGT groups are summarized in Table 1.
There were no significant differences in the baseline
characteristics except for incidence of periampullary
diverticula between the early NKF and DGT groups [9
patients (13.4%) vs 25 patients (37.3%), P = 0.001].
The most common indication for ERCP was biliary
lithiasis (50.7%, 68/134). Pancreatic stents were
successfully placed in all patients who were considered
to be at high risk of PEP. There was no difference in
the percentage of patients regarding the use of a
prophylactic pancreatic duct stent (6.0% in early NKF
group and 7.5% in DGT group, P = 1.000).

0.001

1.000

NKF: Needle-knife fistulotomy; DGT: Double-guidewire technique.

with 5 or more repetitive unintentional pancreatic
cannulations were assigned to either NKF or DGT. NKF
was done with a needle knife (MicroKnife XL, Boston
Scientific). A fistulotomy was performed by making
a puncture at the most prominent portion of the
papillary roof and then cutting downward toward the
papillary orifice. After needle puncture of the bile duct,
a sphincterotome with guidewire was used to cannulate
the common bile duct. After successful cannulation,
endoscopic sphincterotomy was performed. DGT was
performed with a device preloaded with a guidewire
(Figure 2). Insertion of the guidewire into the main
pancreatic duct was guided by fluoroscopy. Placement of
a guidewire in the pancreatic duct facilitated cannulation
of the bile duct with another sphincterotome or catheter
via the same working channel alongside the first
guidewire. In cases of failed selective biliary cannulation
using DGT, NKF was attempted as a rescue procedure.
We placed a pancreatic plastic stent when patients were
considered to be at high-risk of PEP (more than 2 of
the following risk factors: suspected dysfunction of the
sphincter of Oddi, young women, injection of contrast
into the pancreatic duct, or > 12 min of cannulation
attempt). If the patient’s condition permitted delay of
procedure for the therapeutic purpose, we performed
repeated ERCP in a short interval (at least 2 d after first
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Successful cannulation

In the early NKF group, successful cannulation was
achieved in 53 patients (79.1%). Of the 14 patients
with unsuccessful cannulation after the first ERCP, 3, 2,
and 9 patients underwent percutaneous transhepatic
biliary drainage (PTBD), magnetic resonance
cholangiopancreatography (MRCP), and second ERCP,
respectively, within 2 d after the ERCP. Of patients
undergoing second ERCPs, 8 patients achieved
successful cannulation. The overall success rate of
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(Table 2).
No post-NKF bleeding was observed in either group.
A single case of perforation occurred during NKF in the
DGT group, which was conservatively treated without
any eventful outcomes. There was no death related to
ERCP in either group.

Table 2 Clinical outcomes of the patients n (%)
Early NKF group

DGT group

Success rate of
53 (79.1)
30 (44.8)
assigned technique
Total success rate of
1st ERCP
53 (79.1)
55 (82.1)
2nd ERCP
61 (91.0)
62 (92.5)
Cannulation time after 4 min 17 s ± 115 s 5 min 12 s ± 137 s
assignment, mean ± SD
Pancreatitis, total
3 (4.5)
10 (14.9)
Mild
1
5
Moderate
2
5
Hyperamylasemia
20 (29.9)
21 (31.3)
Perforation1
0
1

P value
< 0.001

0.662
0.753
0.013

Patients with periampullary diverticula

In patients with diverticula, the initial success rate of
biliary cannulation was higher in the early NKF group
than in the DGT group [77.8% (7/9) vs 48.0% (12/25),
P = 0.240], although the number of each group was
too small to conclude statistical significance (P =
0.240). NKF was performed on 13 patients who failed
biliary cannulation using DGT. The success of biliary
cannulation using NKF after DGT failure was observed
in 8 patients (61.5%; 8/13). The DGT subgroup
(80.0%) that had additional NKF achieved similar
success rate to the early NKF subgroup (77.8%; P =
1.000).
A difference of PEP incidence between the early
NKF subgroup (0%; 0 of 9) and DGT subgroup (8.0%;
2 of 25) was observed. Pancreatitis severity was mild (n
= 2) in all subgroup patients.

0.041

0.851
1.000

1

A perforation occurred during NKF in the DGT group and was treated
conservatively. ERCP: Endoscopic retrograde cholangiopancreatography;
NKF: Needle-knife fistulotomy; DGT: Double-guidewire technique.

biliary cannulation was 91.0% in the early NKF group
including second ERCPs (61/67).
Successful cannulation was achieved in 30 patients
(44.8%) of the DGT group. These included 5 patients
who obtained wire-guided direct biliary cannulation
without DGT (during trials to place a pancreatic
guidewire). The cross-over treatment from DGT to
NKF was performed in 37 patients who failed biliary
cannulation using DGT. Additional success using NFK
was achieved in 25 patients (67.5%, 25/37). The
overall success rate of biliary cannulation was 82.1%
(55/67) in the DGT group. Of the 12 patients with
unsuccessful biliary cannulation during first ERCP,
2, 2, and 8 patients underwent PTBD, endoscopic
ultrasonography (EUS), and second ERCP, respectively.
Of the patients undergoing second ERCPs, 7 patients
had successful biliary cannulation. The overall success
rate of biliary cannulation was 92.5% in the DGT group
including second ERCPs (62/67) (Table 2).
The initial success rate was higher in the early NKF
group than in the DGT group (79.1% vs 44.8%, P <
0.001). With an additional NKF as a rescue procedure,
the DGT group achieved similar success rate as early
NKF alone (82.1% vs 79.1%, P = 0.663). The average
procedural time was 4 min 17 s ± 115 s in the early
NKF group and 5 min 12 s ± 137 s in the DGT group (P
= 0.013).

DISCUSSION
When conventional methods are unsuccessful in
achieving deep biliary cannulation, precut sphincterotomy
[1]
or DGT can be used . NKF is a needle-knife precutting
method which has been commonly used to overcome
[5]
difficult cannulation . It can reduce the risk of PEP by
making an incision a few millimeters from the papillary
orifice and preventing a direct mechanical injury to the
pancreatic duct orifice. Many meta-analyses advocate
that early precutting should be performed to reduce
the incidence of PEP by decreasing the number of
cannulation attempts and unintentional pancreatic
[19-21]
cannulations
. A recent prospective cohort study
concluded that if the endoscopist is experienced in
ERCP and precut techniques, an early precut strategy
should be the preferred cannulation strategy because
[22]
of its safety and effectiveness .
[23]
Since its first description by Dumonceau et al ,
DGT has been performed as a promising technique
to overcome difficult cannulation and has been
widely used in patients with repetitive pancreatic
cannulations. Placement of a guidewire deep into
the main pancreatic duct facilitates cannulation of
the bile duct by providing a variety of benefits, such
as opening a stenotic papillary orifice, stabilizing the
papilla, lifting the papilla toward the working channel,
straightening the pancreatic duct and common
channel, or potentially minimizing repetitive injections
[1]
into the pancreatic duct .
In 2009, an algorithm for biliary cannulation
suggested that needle-knife sphincterotomy should
be performed to overcome difficult cannulation after a

Adverse events

The early NKF group showed a significantly lower
incidence of PEP than the DGT group [3 patients (4.5%)
vs 10 patients (14.9%), P = 0.041]. In all patients
with prophylactic pancreatic duct stent, PEP was not
observed. The severity of pancreatitis was mild (n =
1) and moderate (n = 2) in the early NKF group, and
it was mild (n = 5), and moderate (n = 5) in the DGT
group. No severe PEP occurred in either group. The
incidence of hyperamylasemia showed no significant
difference between the early NKF and DGT groups [20
patients (29.9%) vs 21 patients (31.3%), P = 0.851]
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Table 3 The success rate of biliary cannulation and the incidence of post-endoscopic retrograde cholangiopancreatography
pancreatitis in double-guidewire technique in 5 randomized studies n (%)
Study

Study design

Maeda et al[13], 2003

Single-center
randomized
study
Multicenter
randomized
study
Single-center
randomized
study
Two-center
randomized
study

Herreros de Tejada et al[18], 2009

Angsuwatcharakon et al[16], 2012

Coté et al[27], 2012

Yoo et al[28], 2013

Single-center
randomized
study

Patients
screened

Success rate

Inadvertent
success in
DGT

PEP

Failure

Patients
randomized DGT

Timing of
DGT

107

27 (25)

Unsuccessful
within 10 min

93%

NA

0%

NA

845

97 (11)

After 5
attempts

47%

18%

17%

10 more
attempts

426

23 (5)

Unsuccessful
within 10 min

73.9%

NA

21.7%

Another
10 min

442

42 (10)

54.8%

16.7%

1394

34 (2)

Unsuccessful
within 6
min or 3 PD
cannulations
Unsuccessful
within 10 min

79.4%

NA

2.4% Another 6
min

38.2%

10 more
attempts

PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis; DGT: Double-guidewire technique; PD: Pancreatic duct; NA: Not available.

[16,18,27,28]

minimum of 4 attempts using conventional methods.
DGT or pancreatic duct stent insertion should be
considered when repetitive unintentional pancreatic
cannulations take place without selective biliary
[24]
access . However, compared to consistently high
success rates of biliary cannulation using NKF (83%
to 96%), DGT showed marked variation of successful
[9,11,13,16,18,25]
biliary cannulation rates (47% to 92.6%)
.
In addition, a previous study reported that the success
rate of biliary cannulation using DGT was just 43.8%
(49/112) in patients with repetitive pancreatic duct
[26]
cannulations . Therefore, there is the need to
evaluate the usefulness of early NKF and DGT for
selective biliary cannulation in patients with repetitive
unintentional pancreatic cannulations.
Our results showed a low success rate of biliary
cannulation using DGT (44.8%) compared to early
NKF (79.1%). The success rate of biliary cannulation
using DGT in our study is similar to those reported by
[18]
[27]
Herreros de Tejada et al
(47%) and Coté et al
(54.8%). Considering cases with inadvertent success in
those studies, our result is somewhat better. The results
from other studies summarized in Table 3 show higher
success rates (73.9%-93%) without any description
[13,16,28]
of unintentional biliary cannulations
. Our low
success rate of biliary cannulation could be associated
with a shorter procedural time and a slightly larger
number of patients. Compared to procedural time limits
(6-7 min) of studies with low success rates of biliary
cannulation using DGT, studies with high success rates
had longer procedural times (another 10 min and 10
[16,27,28]
more attempts without the time limit)
. Although
a long procedural time increased the success rate of
biliary cannulation using DGT to 73.9% or 79.4%, the
incidence of PEP was markedly increased to 21.7%
or 38.2% compared to 2.4% or 17% in studies with
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low success rates
. A low success rate of
biliary cannulation was also observed in a multicenter
[18]
study with a relatively large number of patients . In
contrast, previous studies that were performed on a
small number of patients in a single center and by a
single endoscopist showed high success rates of biliary
[16,28]
cannulation
. In addition, a study with the highest
success rate of biliary cannulation, shown in Table 3,
reported the difficult cannulation rate was as high as
[13]
49.5% . Therefore, a selection bias caused by a small
sample size and a single endoscopist can lead to a good
success rate of biliary cannulation using DGT.
The success rate of biliary cannulation using a
stepwise approach (DGT and NKF sequentially) in the
DGT group was similar to that in the early NKF group
alone (82.1% vs 79.2%, P = 0.665). This means that
DGT itself does not provide additional advantages
in achieving selective biliary cannulation. Instead,
a long procedural time is required because half of
the patients not only failed cannulation using DGT,
but also underwent additional NKFs to rescue DGT
failure. In addition, the DGT group (14.9%) showed
a significantly higher incidence of PEP than the early
NKF group (4.2%). Repetitive contact with the papilla
during DGT and a longer procedural time may be the
reason for the high incidence of PEP. Pancreatic stent
placement could be useful for reducing the incidence
[29,30]
of PEP
. However, failure of pancreatic stent
[31]
placement can cause severe forms of pancreatitis .
Therefore, it is appropriate to place a pancreas stent
selectively in a high-risk group. Considering these
results, DGT is frequently complicated by pancreatitis
and requires more time to achieve a similar success
rate to NKF.
There was a significant difference in the baseline
characteristics of periampullary diverticula between
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the 2 groups. The success rate of biliary cannulation
using NKF was not significantly different between
patients with periampullary diverticula and those
without [77.8% (7/9) vs 79.5% (46/58)]. As for DGT,
there was also no significant difference in the success
rate of biliary cannulation whether periampullary
diverticula were present or not [48% (12/25) vs 42%
(18/42)]. The presence of periampullary diverticula did
not influence the success rate of biliary cannulation.
Despite the small number of patients in the early NKF
group, our results are consistent with a previous study
which reported that NKF can be performed effectively
and safely in patients with periampullary diverticula
[32]
and difficult biliary cannulation .
Considering a low success rate of biliary cannulation,
a long procedural time, and a high incidence of PEP
in the DGT group, NKF should be performed as early
as possible in patients with repetitive unintentional
pancreatic duct cannulations. Subsequent options to
pursue when NKF fails include repeated ERCP attempts
or consideration of alternative approaches, such as
percutaneous or EUS duct-access procedures. DGT
could be considered in special conditions, such as a
very small and flat papilla in which NKF has high risk
for perforation, or the location of the papilla in the
lower rim or just inside the diverticulum where DGT
can evert the papilla to the duodenal lumen. DGT
can help less experienced endoscopists to avoid the
risks of precut sphincterotomy, such as bleeding and
perforation.
This study has several limitations. Firstly, the
study was not a randomized prospective controlled
study and this could cause uneven distribution of
patients with periampullary diverticula among the
two groups. Endoscopists knew the assigned method
before the allocation; this might have influenced the
decision to include patients in this study. Secondly,
it has a single-center design with small sample size,
although its sample size is relatively large compared
to that of previous studies. This might influence the
interpretation of the differences in adverse events
including PEP. Finally, this study was done by very
experienced endoscopists, limiting the generalizability
of this study finding. Therefore, large-scale prospective
multicenter studies are needed to overcome these
limitations. However, we think that a strengthening
factor in the current study includes minimizing PEP
risk caused by unsuccessful conventional cannulations
by using the limit of 5 min before allocation into an
assigned method, and it is the first study to compare
early NKF and DGT in patients with repetitive
unintentional pancreatic cannulations.
In conclusion, in patients with repetitive unintentional
pancreatic cannulations, NKF had a higher success rate
of selective biliary cannulation with a lower incidence
of PEP than DGT. Therefore, these data suggest that
early NKF should be considered as the first approach to
selective biliary cannulation in such patients.
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COMMENTS
COMMENTS
Background

Precut sphincterotomy using needle-knife fistulotomy (NKF) or needleknife papillotomy has been used in patients with failed conventional biliary
cannulation. Double-guidewire technique (DGT) has also been reported to be
useful for difficult biliary cannulation.

Research frontiers

Most previous studies evaluated the outcomes of DGT compared to precut
sphinterotomy or standard cannulation technique to overcome difficult biliary
cannulation. There has been no study to compare the usefulness of early NKF
and DGT in patients with repetitive unintentional pancreatic cannulations.

Innovations and breakthroughs

An algorithm for biliary cannulation suggested by Bourke et al described that
DGT or pancreatic duct stent insertion should be considered when repetitive
unintentional pancreatic cannulations take place without selective biliary
access. The authors measured the usefulness of early NKF and DGT for
selective biliary cannulation in patients with repetitive unintentional pancreatic
cannulations.

Applications

Early NKF should be considered as the first approach to selective biliary
cannulation in patients with repetitive unintentional pancreatic cannulations.
DGT can help less experienced endoscopists to avoid the risks of precut
sphincterotomy, such as bleeding and perforation.

Terminology

Although there is no universally agreed cut-off for difficult cannulation, the
authors defined an unsuccessful biliary cannulation within 5 min of using the
conventional method as failure, regardless of the number of unintentional
pancreatic cannulations. The authors regarded 5 or more guidewire passings
or contrast injections through the pancreatic duct as repetitive pancreatic
cannulations.

Peer-review

This article is about selective biliary cannulation techniques for the difficult
biliary cannulation cases. The authors especially compared early NKF
with DGT, and concluded that early NFK achieved a higher success rate
of cannulation with a lower incidence of PEP. We often experience difficult
cannulation cases, and we try DGT or some precut techniques. This paper is
very important clinically and interesting for many endoscopists who perform
ERCP.
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METHODS: The clinical records of 921 consecutive
patients who underwent PD between 2008 and 2013
were reviewed retrospectively. Postoperative pancreatic
fistula (POPF) was defined and classified by the
international study group of pancreatic fistula (ISGPF).
We used a logistic regression model to determine the
independent risk factors of CR-POPF and developed a
scoring system based on the regression coefficient of
the logistic regression model. The optimal cut-off value
to divide the risk strata was determined by the Youden
index. The patients were divided into two groups (low
risk and high risk). The independent sample t test
was used to detect differences in the means of drain
amylase on postoperative day (POD) 1, 2 and 3. The
optimal cut-off level of the drain amylase to distinguish
CR-POPF from non-clinical POPF in the two risk strata
groups was determined using the receiver operating
characteristic (ROC) curves.
RESULTS: Grade A POPF occurred in 106 (11.5%)
patients, grade B occurred in 57 (6.2%) patients,
and grade C occurred in 32 (3.5%) patients. A
predictive scoring system for CR-POPF (0-6 points) was
constructed using the following four factors: 1 point for
each body mass index ≥ 28 [odds ratio (OR) = 3.86;
95% confidence interval (CI): 1.92-7.75, P = 0.00],
soft gland texture (OR = 4.50; 95%CI, 2.53-7.98, P =
0.00), and the difference between the blood loss and
transfusion in operation ≥ 800 mL (OR = 3.45; 95%CI,
1.92-7.75, P = 0.00); and from 0 points for a 5 mm or
greater duct diameter to 3 points for a less than 2 mm
duct (OR = 8.97; 95%CI: 3.70-21.77, P = 0.00). The
ROC curve showed that the area under the curve of this
score was 0.812. A score of 3 points was suggested to
be the best cut-off value (Youden index = 0.485). In
the low risk group, a drain amylase level ≥ 3600 U/L
on POD3 could distinguish CR-POPF from non-clinical
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AIM: To establish a scoring system to predict clinically
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POPF (the sensitivity and specificity were 75% and
85%, respectively). In the high risk group, the best cutoff was a drain amylase level of 1600 (the sensitivity
and specificity were 77 and 63%, respectively).

a paradigm shift among pancreatic surgeons in the
management of POPF, from a reactive “wait and see”
approach that depends on treating fistulas when they
become evident, to a proactive strategy that instead
[8,16-18]
relies on early anticipation and timely prevention
.
Recent studies have suggested that many factors
influence POPF, such as gender, preoperative jaundice,
operative time, pancreatic duct diameter and soft
[2-8]
pancreatic parenchyma . However, the predictive
risk factors that can precisely distinguish clinically
relevant POPF (CR-POPF) from transient pancreatic
fistula in the early postoperative period remain unclear.
The aim of the present study was to construct a
new and convenient scoring tool to predict CR-POPF
and discover ways to distinguish CR-POPF from nonclinical POPF in the early period after PD. This was
done using preoperative and surgical variables in a
study group of 921 patients, according to the different
risk strata of scores.

CONCLUSION: A 6-point scoring system accurately
predicted the occurrence of CR-POPF. In addition, a
drain amylase level on POD3 might be a predictor of
this complication.
Key words: Pancreatic fistula; Pancreaticoduo
denectomy; Postoperative complication; Risk factor;
Logistic model
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinically relevant (CR) postoperative pancreatic
fistula (POPF) after pancreaticoduodenectomy (PD)
remains a challenge, even at high-volume centres. In
our study, we established a novel predictive scoring
system for CR-POPF after PD based on a large number
of cases in a single centre and discovered that the drain
amylase level on postoperative day 3 could distinguish
CR-POPF from non-clinical POPF in the early period
after PD according to the different risk strata of scores.
This tool could help surgeons anticipate, identify and
control CR-POPF proactively, with the aim of achieving
better outcomes from this daunting postoperative
complication.

MATERIALS AND METHODS
Patients

From January 2008 to December 2013, 921 consecutive
patients underwent PD. Various patient factors
were analysed at the Institution and Hospital of
Hepatobiliary Surgery, PLA General Hospital, China.
Informed consent for the surgical procedures was
obtained from each patient. The local ethics committee
approved this study.

Chen JY, Feng J, Wang XQ, Cai SW, Dong JH, Chen YL. Risk
scoring system and predictor for clinically relevant pancreatic
fistula after pancreaticoduodenectomy. World J Gastroenterol
2015; 21(19): 5926-5933 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/5926.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5926

Perioperative management

The standard Whipple type operation was performed
in 491 patients (53%), and the remaining 430
patients (47%) underwent a pylorus-preserving PD
(PPPD). Pancreatic anastomosis after PD and PPPD
was performed by duct-to-mucosa and end-to-side
pancreaticojejunostomy in all patients. Biliary drainage
was achieved by end-to-side hepaticojejunostomy.
None of the patients received radiotherapy or
chemotherapy perioperatively. All patients were
managed in the intensive care unit for at least one day
before transfer to the ward. Prophylactic octreotide
was given subcutaneously and continued routinely for
three days postoperatively.

INTRODUCTION
Pancreaticoduodenectomy (PD) has been established
as a standard surgical operation for malignant
and benign diseases in the pancreatic head and
[1,2]
periampulary regions . With recent advances in
surgical techniques and perioperative management,
the mortality rate has decreased to less than 2% (in
[3-7]
high-volume centres)
. However, the morbidity
rate after PD remains high (30%-65%). In particular,
postoperative pancreatic fistula (POPF) remains
the most important cause of morbidity; this also
contributes significantly to a prolonged hospitalisation
[1-8]
course, increased health care costs, and mortality .
Although attempts have been made to decrease
POPF rates by improving reconstruction techniques for
[9-12]
the pancreatoenteric anastomosis
, including the
[13,14]
placement of pancreatic duct stents
or the use
[15]
of somatostatin analogues , an effective strategy to
prevent POPF has not yet been found. There has been
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Definitions of postoperative complications

POPF was defined and classified by the international
[19]
study group of pancreatic fistula (ISGPF) . Grade A
POPF is a transient and asymptomatic fistula that does
not need specific treatment. Grade B is symptomatic,
clinically apparent, and requires diagnostic evaluation
and specific medical treatment or prolonged drainage
for longer than 3 wk. Grade C requires a major change
in clinical management or deviation from the normal
clinical pathway. Combined grade B + C is defined
[20]
as CR-POPF. Biliary fistula
was defined as the
presence of bile in the drainage fluid that persisted to
postoperative day (POD) 4. Delayed gastric emptying
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was defined as any of the following: output from a
nasogastric tube of > 500 mL per day that persisted
beyond POD10, the failure to maintain oral intake by
[21]
POD14 or reinsertion of a nasogastric tube .

classic PD, and the remaining 430 patients (47%)
underwent PPPD. Combined portal vein resection was
performed in 31 patients (3.4%). Median operative
time was 380 min (range: 135-1265 min) and the
median operative blood loss was 400 ml (range:
100-5300 mL). Two hundred and twenty three
patients (24.2%) received a blood transfusion; the
median amount of blood received was 710 mL (range:
280-1700 mL). The mean difference between the
blood loss and intra-operative transfusion was 400 mL
(range: 50-2100 mL).
Postoperatively, the median hospital stay was
18 d (range: 3-72 d). Regarding postoperative
complications, the overall morbidity was 294 (31.9%):
195 patients (21.2%) developed a POPF; 106 patients
(11.5%) had an A-type fistula; 57 patients (6.2%) had
a B-type fistula; and the remaining 32 patients (3.5%)
had a C-type fistula. Other postoperative complications
included delayed gastric emptying in 215 patients
(23.3%), intra-abdominal infection in 42 patients
(4.6%), wound infection in 44 patients (4.8%), biliary
leakage in 33 patients (3.6%), pulmonary complication
in 38 patients (4.1%) and postoperative haemorrhage
in 54 patients (5.9%). The hospital mortality in this
series was 29 patients (3.1%). Haemorrhage and
secondary multiple organ failure was the main cause
of death.

Data collected

Preoperative variables included patient demographics,
past medical history, laboratory tests and preoperative
biliary drainage by ERCP or PTBD. Intraoperative
variables included pancreatic duct diameter,
consistency of the pancreas, operation time, blood
loss, blood transfusion, and the difference between
the blood loss and transfusion. Postoperative variables
included postoperative complications, amylase in the
drainage fluid from POD1 to POD7, the day of starting
oral feeding, the length of postoperative stay and
hospital mortality. All pathological specimens were
reviewed to confirm the diagnosis.

Statistical analysis

Statistical computations were performed using
Statistical Package for the Social Sciences 16.0 for
Windows (SPSS, Inc). For continuous variables,
descriptive statistics were calculated and reported
as the mean ± standard deviation (SD). Categorical
variables were described using frequency distributions.
The independent sample t test was used to detect
differences in the means of continuous variables;
2
the χ test was used in cases with low expected
frequencies. A P value < 0.05 was considered to be
significant. Variables with P < 0.1 were entered into
a logistic regression model to determine independent
risk factors of CR-POPF. We developed a scoring
system using each independent risk factor, which
was based on the regression coefficient of the logistic
regression model. The points of this scoring system
were further modified to develop a more utilitarian
application. Receiver operating characteristic (ROC)
curves and the corresponding area under the curve
(AUC) were used to evaluate the performance of the
prediction model. The optimal cut-off value to divide
the risk strata was determined by the Youden index
(sensitivity +, specificity - 1). The 921 patients were
divided into two groups (low risk and high risk).
The independent sample t test was used to detect
differences in the means of drain amylase on POD1, 2,
and 3. The optimal cut-off level of the drain amylase to
distinguish CR-POPF from non-clinical POPF in the two
risk strata groups was determined by the ROC curves.

Risk factors for CR-POPF

Univariate and multivariate analyses were used to
determine the risk factors of CR-POPF. Table 1 shows
the result of 19 parameters that were examined
univariately as potential risk factors for the 89 patients
with CR-POPF vs 832 with no CR-POPF. Body mass
index (BMI) ≥ 28, alcohol use, pancreatic duct size < 3
mm, soft pancreatic parenchyma, ≥ 800 mL difference
between the blood loss and intra-operative transfusion,
and non-pancreatic diseases were associated with
CR-POPF. However, on multivariate logistic regression
analysis, only BMI ≥ 28, pancreatic duct < 3 mm,
soft pancreatic parenchyma, and a difference ≥ 800
mL between the blood loss and intra-operative blood
transfusion were significant factors. Further analysis
reflected the effects of narrowing of the pancreatic
duct diameter. A pancreatic duct diameter measuring
5 mm was considered a reasonable baseline, because
this has been referred to as the normal diameter of
[8,22]
the main pancreatic duct
. Table 2 shows that each
1-mm decrease in the diameter of the pancreatic duct
from a baseline of 5 mm resulted in a more than 4-fold
increase in the odds of developing CR-POPF (OR = 4.59,
95%CI: 2.47-8.53, P = 0.00).

RESULTS
Overview

CR-POPF risk score model

Nine hundred and twenty one consecutive patients
[591 (64%) men and 330 (36%) women] underwent
PD; their mean age was 56 ± 12 years (range: 11-82
years). Preoperative biliary stenting was performed in
181 patients (19.7%), 491 patients (53%) underwent
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We developed a score model using each standardised
variable, based on the regression coefficient of the
logistic regression model. The equation for the scoring
system was developed on the assumption that a patient
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Table 1 Univariate analyses of risk factors for clinically relevant postoperative pancreatic fistula n (%)
Non B/C grade POPF group (n = 832)

Parameters

Age (n = 921)
< 65 yr
640 (76.9)
≥ 65 yr
192 (23.1)
Sex (n = 921)
Male
529 (63.6)
Female
303 (36.4)
BMI (n = 921)3
< 28
773 (92.9)
≥ 28
59 (7.1)
Personal history
Hypertension (n = 921)
Yes
177 (21.3)
No
655 (78.7)
Diabetes mellitus (n = 921)
Yes
95 (11.4)
No
737 (88.6)
Coronary artery disease (n = 921)
Yes
81 (9.7)
No
781 (93.9)
Smoking (n = 921)
Yes
199 (23.9)
No
633 (76.1)
Drinking (n = 921)3
Yes
174 (20.9)
No
658 (79.1)
Abdominal operation history (n = 921)
Yes
111 (13.3)
No
721 (86.7)
Serum albumin (g/L, n = 893)
< 35
660 (81.8)
≥ 35
147 (18.2)
Serum total bilirubin (µmol/L, n = 905)1
< 171
604 (73.9)
≥ 171
213 (26.1)
Type of resection (n = 921)
PD
446 (53.6)
PPPD
386 (46.4)
Pancreatic duct (mm, n = 921)3
<3
250 (30.0)
≥3
582 (70.0)
Texture of remnant pancreas (n = 921)3
Soft
289 (34.7)
Hard
543 (65.3)
Operative time (min, n = 913)
< 360
346 (42.0)
≥ 360
478 (58.0)
Difference between the blood loss and transfusion in operation (mL, n = 920)3
< 800
772 (92.9)
≥ 800
59 (7.1)
Reconstruction of blood vessels (n = 921)
Yes
29 (3.5)
No
803 (96.5)
Pancreaticoduodenectomy extending to adjacent (n = 921)2
Yes
21 (2.5)
No
786 (94.5)
Pancreatic carcinoma
Yes
219 (26.3)
No
613 (73.7)

B/C grade POPF group (n = 89)

P value

68 (76.4)
21 (23.6)

0.91

62 (69.7)
27 (30.3)

0.26

71 (80.8)
18 (20.2)

0.00

16 (18.0)
73 (82.0)

0.47

11 (12.4)
78 (87.6)

0.79

4 (4.5)
85 (95.5)

0.54

23 (25.8)
66 (74.2)

0.69

12 (13.5)
77 (86.5)

0.09

14 (15.7)
75 (84.3)

0.53

13 (15.1)
73 (84.9)

0.48

61 (69.3)
27 (30.7)

0.40

45 (50.6)
44 (49.4)

0.58

62 (69.7)
27 (30.3)

0.00

68 (76.4)
21 (23.6)

0.00

35 (39.3)
54 (60.7)

0.65

75 (84.3)
14 (15.7)

0.00

2 (2.2)
87 (97.8)

0.76

0 (-)
89 (100.0)

0.25

15 (16.9)
74 (83.1)

0.05

1

This level of serum total bilirubin was assayed just before the operation (tested within three days before operation); 2Combined resection of adjacent organs
including: liver, colon, kidney and so on; 3Statistically significant. POPF: Postoperative pancreatic fistula; PD: Pancreaticoduodenectomy; PPPD: Pyloruspreserving pancreaticoduodenectomy.

5 mm or greater duct diameter to 3 points for less than
a 2 mm duct (Table 3). The score values for individual
patients ranged from 0 to 6. The ROC curve (Figure 1A)

receives 1 point each for BMI ≥ 28, soft gland texture,
and the difference between the blood loss and intraoperative transfusion ≥ 800 mL, and from 0 points for a
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A

Table 2 Multivariate logistic regression models of independent
risk factors for clinically relevant postoperative pancreatic
fistula (n = 921)
OR

95%CI

0.00

3.86

1.92-7.75

0.00
0.00
0.00
0.00
0.00

1.00
4.59
7.91
8.97
4.50
3.45

2.47-8.53
4.07-15.39
3.70-21.77
2.53-7.98
1.92-7.75

ROC curve

0.8

Sensitivity

P value
BMI (≥ 28)
Pancreatic duct (< 3 mm)
≥ 5 mm
3-5 mm
2-3 mm
< 2 mm
Texture of remnant pancreas (soft)
Difference between the blood loss and
transfusion in operation (≥ 800 mL)

1.0

0.6

0.4

0.2

0.0

0.0

0.2

BMI: Body mass index.

B
Table 3 Risk scoring system for clinically relevant postoperative
pancreatic fistula

0.8

1.0

0.8

1.0

ROC curve

0.8

Points contributed

BMI (kg/m2)
< 28
≥ 28
Gland texture
Firm
Soft
The difference between the blood loss and
transfusion in operation
< 800 mL
≥ 800 mL
Pancreatic duct diameter
≥ 5 mm
3-5 mm
2-3 mm
< 2 mm

Sensitivity

Risk factor

1.0

0.4
0.6
1-specificity

0 point
1 point
0 point
1 point

0.4

0.2

0 point
1 point

0.0

0 point
1 point
2 points
3 points

C

0.0

0.2

1.0

0.4
0.6
1-specificity

ROC curve

0.8

Sensitivity

BMI: Body mass index.

showed that the AUC of this score was 0.812 (95%CI:
0.766-0.858). A score of 3 points was suggested to be
the best cut-off value to divide the risk strata because
the Youden index was 0.485. Two risk strata were
assigned according to the total score: low risk (0 to 2
points) and high risk (3 to 6 points).

0.6
Source of the curve
0.4

Drain amylase on POD 2
Drain amylase on POD 3
Reference line

0.2

0.0

Predictive drain amylase level for CR-POPF

These patients were divided into a low risk and a high
risk group. The low risk group comprised 652 patients
whose score was less than 3 points; the remaining 269
patients were classified into the high risk group. In the
low risk group, there was no significant difference in
the drain amylase level on POD1 and 2 between CRPOPF and non-clinical POPF. However, the mean drain
amylase levels on POD3 were 26416.6 ± 16865.0 U/L
in patients with CR-POPF compared with 2952.9 ±
606.0 U/L in those without complications (P = 0.000).
Considering the sensitivity and specificity of the drain
amylase on POD3, the AUC was 0.838 (Figure 1B).
A drain amylase level ≥ 3600 U/L on POD3 was
determined to be the best cut-off value for prediction

WJG|www.wjgnet.com

0.6

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 1 Receiver operating characteristic curve. A: Receiver operating
characteristic (ROC) curve for the predictive scoring system; B: Drain amylase
on postoperative day 3 in the low risk group. Area under the receiver operator
characteristics curve was 0.838. C: Drain amylase on postoperative day 2 and
3 in high risk group. Areas under the receiver operator characteristic curves
were 0.756 and 0.761, respectively. POD: Postoperative day.

of CR-POPF (the sensitivity and specificity of cut-off
levels were 75% and 85%, respectively).
In the high risk group, there was no significant
difference in the drain amylase level on POD1. The
mean drain amylase level on POD2 was 22935 ± 8568
U/L in patients with CR-POPF compared with 6227 ±

5930

May 21, 2015|Volume 21|Issue 19|

Chen JY et al . Risk scoring system for CR-POPF
2540 U/L in those without complications (P = 0.01),
and on POD3, the mean levels were 13709 ± 2626
U/L vs 5122 ± 1290 U/L for these groups, respectively
(P = 0.01). Regarding the sensitivity and specificity
of the drain amylase on POD2 and 3, the AUCs were
0.756 and 0.761, respectively (Figure 1C). The drain
amylase on POD 3 had a better performance. The
drain amylase level ≥ 1600 U/L on POD 3 was the
best cut-off for prediction of CR-POPF (the sensitivity
and specificity of the cut-off levels were 77% and
63%, respectively).

for information regarding postoperative parameters.
Third, this system is different from the other risk
[4,27]
assessment tools for POPF after PD
and provides
a good early prediction of the occurrence of CRPOPF. Grade A POPF does not need specific clinical
treatment; therefore, distinguishing CR-POPF from
transient POPF in the early postoperative period is
valuable in the clinical setting.
The role of a surgically placed prophylactic intraabdominal drain after PD and its effect on the morbidity
rate and optimal timing for drain removal, remain
[15,29]
controversial
. However, there is a consensus that
a prolonged period of drain placement may increase
the rate of infection at the surgical site and may also
[17]
increase the rate of POPF . For this reason, although
a high level of drain amylase indicates POPF, it is
important to determine whether the POPF is grade A
or grade B/C as soon as possible. In cases of grade
A POPF, we could remove the drain, even if the drain
amylase level was high. We considered whether
CR-POPF could be distinguished from non-clinical
POPF using only postoperative factors, such as drain
amylase. However, previous studies have reported that
measuring daily levels of amylase in drainage fluid may
not reflect the severity of POPF, although the increase
was significantly greater in cases of POPF than in those
[3,30]
[2]
without POPF
. El Nakeeb et al used 4000 U/L as
a cut-off. A low drain amylase on POD1 excluded a CRPOPF. The sensitivity of this study was only 28.1%,
but the specificity was 97.2%. Therefore, we divided
patients into two groups according to the different risk
strata of scores. We found that there was a relationship
between CR-POPF and drain amylase level on POD3 in
the two groups. Our study demonstrated that in the
low risk group, a drain amylase level ≥ 3600 U/L on
POD 3 was the best cut-off for the prediction of CRPOPF. The sensitivity and specificity for this cut-off
level were 75% and 85%, respectively. Using 1600
U/L as a cut-off in the high risk group, a low drain
amylase on POD3 excluded CR-POPF with a sensitivity
and specificity of 77% and 63%, respectively.
Using the present scoring system and predictive
drain amylase level, the following clinical advantages
can be expected in the perioperative risk management
of PD: (1) the selection of high risk patients for
CR-POPF, with the surgeon planning the surgery
accordingly; (2) the selection of patients who qualify
for early removal of their drain; and (3) the selection of
low-risk patients for PD and pancreatic reconstruction
by junior trainees.
The current work is not a randomised controlled
study and, therefore, is subject to certain limitations
secondary to the retrospective nature of the data
collection. First, gland texture was measured at the
discretion of the operating surgeon and was classified
as either firm or soft, rather than on a gradient
[9]
as others have described . Second, the surgical
procedures, such as standard Whipple type operation,
pylorus-preserving PD, or use of a pancreatic stent

DISCUSSION
CR-POPF remains the major cause of morbidity after
PD. The ability to make a reliable individual prediction
of the risk of CR-POPF may be a step towards more
individualised surgical management of patients
[9]
scheduled for PD . However, the current widely used
scoring systems are nonspecific and do not accurately
predict CR-POPF, because they mostly focus on the
[8]
physical status and operation tolerance of patients .
Given these drawbacks, we have developed a novel
predictive scoring system for CR-POPF after PD
using the following four independent perioperative
parameters: (1) soft gland texture; (2) the narrowed
pancreatic duct diameter; (3) BMI ≥ 28; and (4) the
difference between the blood loss and intra-operative
blood transfusion ≥ 800 mL.
The former two factors are associated with the
presence of chronic pancreatitis and are a challenge
for reconstruction. The soft gland texture and
narrowed pancreatic duct diameter demonstrate that
exocrine function is generally preserved, which is
[8]
more susceptible to ischemia and injury , and results
[23-25]
in the increased secretion of pancreatic juices
.
These two factors may also increase the difficulty of
[2,8]
performing a pancreaticojejunostomy . A high BMI is
associated with intra-abdominal obesity and fat tissue
[24-28]
volume in the pancreas
. Finally, the difference
between the blood loss and intra-operative blood
transfusion is associated with rapid volume loss, which
causes ischemia and tissue oedema, and may directly
affect the healing of the pancreatic duct-to-mucosa
[8]
anastomosis .
The risk factors of POPF have been proposed by
recent studies, and some of these studies have also
proposed a risk scoring system; the advantage of
[4,8,27]
our risk assessment tool over other models
lies
in three factors. First, our research is based on large
single centre retrospective cases, where each surgeon
performed more than 30 cases of PD, annually.
Moreover, the form of pancreaticojejunostomy and
perioperative management has a unified standard
and thus can avoid the influence caused by the
reconstruction techniques for the pancreatoenteric
anastomosis. Second, the scoring is based on
the independent perioperative factors (accurately
determined in the operating room), without the need
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were not randomised, but depended on the surgeon’s
preference. Therefore, further studies are necessary to
evaluate prospectively the risk scoring system and the
predictive drain amylase level for CR-POPF.
In conclusion, despite these limitations, this study
has developed a novel predictive scoring system for
CR-POPF after PD, with good discriminating ability. In
addition, the drain amylase level on POD3 was useful
to distinguish CR-POPF from non-clinical POPF in the
early postoperative period following PD. The strength
of this study lies in its ability to validate this scoring
system in a high volume centre hospital. This tool may
help surgeons anticipate, identify and control CR-POPF
proactively, with the aim of achieving better outcomes
from this complication.
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Abstract
AIM: To characterize patterns of gastric cancer
recurrence and patient survival and to identify predictors
of early recurrence after surgery.
METHODS: Clinicopathological data for 417 con
secutive patients who underwent curative resection for
gastric cancer were retrospectively analyzed. Tumor
th
and node status was reclassified according to the 7
edition of the American Joint Committee on Cancer
tumor-node-metastasis classification for carcinoma
of the stomach. Survival data came from both the
patients’ follow-up records and telephone followups. Recurrent gastric cancer was diagnosed based
on clinical imaging, gastroscopy with biopsy, and/or
cytological examination of ascites, or intraoperative
findings in patients who underwent reoperation.
Predictors of early recurrence were compared in patients
2
with pT1 and pT2-4a stage tumors. Pearson’s χ test and
Fisher’s exact test were used to compare differences
between categorical variables. Survival curves were
constructed using the Kaplan-Meier method and
compared via the log-rank test. Variables identified
as potentially important for early recurrence using
univariate analysis were determined by multivariate
logistic regression analysis.
RESULTS: Of 417 gastric cancer patients, 80 (19.2%)
were diagnosed with early gastric cancer and the
remaining 337 (80.8%) were diagnosed with locally
advanced gastric cancer. After a median follow-up
period of 56 mo, 194 patients (46.5%) experienced
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recurrence. The mean time from curative surgery to
recurrence in these 194 patients was 24 ± 18 mo
(range, 1-84 mo). Additionally, of these 194 patients,
129 (66.5%) experienced recurrence within 2 years
after surgery. There was no significant difference in
recurrence patterns between early and late recurrence
(P < 0.05 each). For pT1 stage gastric cancer, tumor
size (P = 0.011) and pN stage (P = 0.048) were
associated with early recurrence of gastric tumors.
Patient age, pT stage, pN stage, Lauren histotype,
lymphovascular invasion, intraoperative chemotherapy,
and postoperative chemotherapy were independent
predictors of early recurrence in patients with pT2-4a
stage gastric cancer (P < 0.05 each).

Although several studies have sought to identify
clinicopathological factors that predict early recurrence,
their methodologies and definitions of early gastric
[11-13]
cancer vary
. Few studies to date have focused
on patterns and timing of recurrence, or on predictors
of early recurrence, after curative surgery in Chinese
patients.
Multimodal treatments, including intraoperative
and/or postoperative chemotherapy, have been
used for some patients undergoing D2 gastrectomy
[14]
for locally advanced gastric cancer . However,
little is known about the effect of intraoperative and
postoperative chemotherapy on early recurrence of
gastric cancer. This study therefore retrospectively
analyzed patterns and timing of recurrence in patients
who underwent curative surgery for gastric cancer.
Clinicopathological factors and therapeutic modalities
significantly associated with early recurrence were
identified to develop appropriate treatments and
follow-up programs.

CONCLUSION: Age, pT stage, pN stage, Lauren
histotype, lymphovascular invasion, intraoperative
chemotherapy, and postoperative chemotherapy are
independent factors influencing early recurrence of
pT2-4a stage gastric cancer.
Key words: Stomach neoplasms; Gastrectomy; D2
lymphadenectomy; Recurrence; Chemotherapy

MATERIALS AND METHODS

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

Patients

Between January 2002 and February 2008, 516
patients with gastric adenocarcinoma underwent
radical gastrectomy and D2 lymphadenectomy in
the Department of General Surgery, Peking Union
Medical College Hospital (PUMCH), Chinese Academy
of Medical Science and Peking Union Medical College.
Patients with gastric stump cancer (n = 7), those
who received neoadjuvant chemotherapy (n = 4)
or postoperative radiotherapy (n = 2), patients with
incomplete or inaccurate medical records (n = 10),
patients lost to follow-up within 2 years after surgery
(n = 68) and those who died of disease other than
gastric cancer within 2 years after curative surgery
(n = 8 cases) were excluded. The study therefore
included a total of 417 patients. None of these patients
had distant or peritoneal metastasis at the time of
resection, as shown by chest X-ray or chest computed
tomography (CT) scan and abdominal pelvic CT scan
before surgery. Tumor (T) and node (N) status was
th
reclassified according to the 7 edition of the American
Joint Committee on Cancer (AJCC) tumor-nodemetastasis (TNM) classification for carcinoma of the
[15,16]
stomach
.

Core tip: Few studies have assessed recurrence
patterns or predictors of early recurrence after curative
surgery in Chinese patients with gastric carcinoma.
This study found that survival after gastric cancer
recurrence was poor. Large tumor size and advanced pN
stage were associated with early recurrence of tumor
pT1 stage tumors. Age, pT stage, pN stage, Lauren
histotype, lymphovascular invasion, intraoperative
chemotherapy, and postoperative chemotherapy were
independent predictors of early recurrence of pT2-4a
stage tumors.
Kang WM, Meng QB, Yu JC, Ma ZQ, Li ZT. Factors associated
with early recurrence after curative surgery for gastric cancer.
World J Gastroenterol 2015; 21(19): 5934-5940 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i19/5934.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i19.5934

INTRODUCTION
Although it has declined somewhat, the overall agestandardized incidence of gastric cancer in China in
[1,2]
2009 was 17.85 per 100000 persons
. Despite
improvements in diagnostic procedures and the
introduction of multimodal treatment strategies, patient
survival remains dismal owing to early recurrence
[3-8]
originating from minimal residual disease
. More
than 70% of recurrences and tumor-related deaths
[9-11]
occur within 2 years after surgery
, with tumor
recurrence being the leading cause of death in patients
who undergo curative surgery for gastric cancer.

WJG|www.wjgnet.com

Variables

Clinicopathological features and therapeutic modalities
reviewed included sex, age at diagnosis, tumor size,
[17,18]
Lauren histotype (intestinal or diffuse-mixed type)
,
lymphovascular invasion, AJCC pT stage of the primary
tumor, AJCC pN stage, intraoperative chemotherapy
and postoperative chemotherapy.

Treatments

All patients in this study underwent curative (R0)
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resection and D2 lymphadenectomy as the primary
[19,20]
treatment
. Of the 80 patients with early gastric
cancer (pT1), 20 (25%) received intraoperative
chemotherapy, and 3 (2 pT1N1M0 and 1 pT1N2M0)
received six cycles of postoperative adjuvant
chemotherapy. Of the 337 patients with locally
advanced gastric cancer (pT2-4a), 190 (56.4%)
received intraoperative chemotherapy, and 246 (73%)
received postoperative adjuvant chemotherapy, with
200 (81.3%) of the latter completing at least six
cycles.
Intraoperative chemotherapy consisted of
2
intravenous administration of epirubicin 20 mg/m ,
2
leucovorin 200 mg, 5-fluorouracil (5-FU) 600 mg/m
2
(maximum ≤ 1000 mg), and mitomycin 5 mg/m
(maximum ≤ 10 mg).
Three main postoperative adjuvant chemotherapy
[21]
regimens were used: XELOX
(2-h intravenous
2
infusion of oxaliplatin 130 mg/m on day 1 and oral
2
capecitabine 1000 mg/m twice daily on days 1-14,
[22]
with cycles every 21 d); FOLFOX4
(intravenous
2
infusion of oxaliplatin 85 mg/m on day 1, leucovorin
2
200 mg/m as a 2-h infusion followed by bolus
2
injection of 5-FU 400 mg/m on days 1, 2, and 22-h
2
continuous intravenous infusion of 5-FU 600 mg/m
on days 1, 2, every 2 wk for at least six cycles); and
[23]
FOLFOX6
(intravenous infusion of oxaliplatin 100
2
2
mg/m on day 1, leucovorin 200 mg/m as a 2-h
2
infusion followed by bolus injection of 5-FU 400 mg/m
on day 1, and 46-h continuous intravenous infusion of
2
5-FU 3000 mg/m starting on day 1, every 2 wk for at
least six cycles).

70
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Figure 1 Number of patients in this study dying of recurrent gastric
cancer per year. Most recurrences (129/194, 66.5%) occurred within 2 years
(early recurrence).

Meier method and compared by the log-rank test.
Multicollinearity, defined as a tolerance < 0.1, was
diagnosed by the linear regression model. All analyses
were performed using SPSS 12.0 (SPSS, Chicago,
Illinois, United States). The prognostic powers of
covariates were expressed by calculating odds ratios
(ORs) and 95% confidence internals (CIs). All P values
were two-sided and P values < 0.05 were considered
statistically significant.
The study was approved by the Ethics Committee
of Chinese Academy of Medical Science and Peking
Union Medical College, Beijing, China.

RESULTS

Follow-up

All patients were followed regularly from the date of
surgery to death, emigration, or February 10, 2012,
whichever came first. Survival data were obtained
from both patients’ follow-up records and telephone
follow-up. History and physical examinations were
routinely performed every 3-6 mo for the first 3 years
and every 6-12 mo thereafter. CT examinations were
performed at least twice a year for the first 2 years,
and annually thereafter. Gastroscopy with or without
biopsy was performed every 1-2 years.
Recurrent gastric cancer was diagnosed based
on clinical imaging, gastroscopy with biopsy, and/or
cytological examination of ascites, or intraoperative
findings in patients who underwent reoperation.
Recurrences were classified as locoregional, hemato
genous, peritoneal or distant lymphatic, according to the
sites of relapse.

Of the 417 patients included in the current study, 80
(19.2%) were diagnosed with early gastric cancer
and 337 (80.8%) with locally advanced gastric cancer.
The median follow-up time of all 417 patients was 56
mo (range, 3-117 mo), during which gastric cancer
recurrence was detected in 194 (46.5%) patients, with
184 patients dying of gastric cancer recurrence. Ten
patients with recurrence remained alive after the end
of follow-up. In contrast, 9 of 223 patients without
recurrence died of other diseases within 2 years after
surgery, with the other 214 patients remaining alive
without recurrence during follow-up.
The mean time from curative surgery to recurrence
in the 194 patients with recurrence was 24 ± 18
mo (range, 1-84 mo), with 129 (66.5%) of these
patients experiencing recurrence within 2 years (Figure
1). Those 129 patients were classified as the early
recurrence group, whereas the late/no recurrence
group was defined as patients who lived without
recurrence for more than 2 years after surgery.

Statistical analysis

Categorical variables were compared using Pearson’
2
s χ tests and Fisher’s exact tests. Variables differing
significantly on univariate analysis were included in
multivariate models of logistic regression analysis.
Survival curves were constructed using the Kaplan-
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Patterns of initial recurrence

Of the 194 patients with recurrence, 99 (51.0%)
experienced locoregional recurrence, 86 had peritoneal

5936

May 21, 2015|Volume 21|Issue 19|

Kang WM et al . Recurrence after gastric cancer surgery
Table 1 Initial recurrence patterns in the 194 patients with
recurrence n (%)
Pattern

Total
recurrence

Early
recurrence

Late
recurrence

n = 194

n = 129

n = 65

(100.0)

Hematogenous
recurrence
Liver
Lung
Bone
Brain
Locoregional
recurrence
Remnant stomach
Anastomosis
Perigastric area
Peripancreatic area
Abdominal wall
Local lymph node
Peritoneal
recurrence
Distant lymphatic
recurrence
Virchow’s node
Inguinal lymph
node
Mediastinal
lymph node
Para-aortic lymph
node

(66.5)

Table 2 Univariate analysis of factors predicting early
recurrence in patients with early gastric cancer n (%)

P value

Variable

(33.5)

77 (39.7)

56 (43.4)

21 (32.3)

0.136

55 (28.4)
16 (8.2)
14 (7.2)
3 (1.5)
99 (51.0)

42 (32.6)
10 (7.8)
8 (6.2)
2 (1.6)
68 (52.7)

13 (20.0)
6 (9.2)
6 (9.2)
1 (1.5)
31 (47.7)

0.067
0.724
0.442
0.995
0.509

10 (5.2)
32 (16.5)
40 (20.6)
13 (6.7)
2 (1.6)
34 (17.5)
86 (44.3)

6 (4.7)
25 (19.4)
27 (20.9)
10 (7.8)
2 (1.9)
27 (20.9)
59 (45.7)

4 (6.2)
7 (10.8)
13 (20.0)
3 (4.6)
0 (0.0)
7 (10.8)
27 (41.5)

0.734
0.127
0.880
0.410
0.313
0.079
0.579

11 (5.7)

7 (5.4)

4 (6.2)

1.000

6 (3.1)
1 (0.5)

4 (3.1)
0 (0.0)

2 (3.1)
1 (1.5)

1.000
0.335

3 (1.5)

2 (1.6)

1 (1.5)

1.000

2 (1.0)

2 (1.6)

0 (0.0)

0.552

Gender
Women
Men
Age at diagnosis (yr)
≤ 60
60
Tumor size (cm)
≤ 5.0
>5.0
Lauren histotype
Intestinal
Diffuse-mixed
Lymphovascular
invasion
Present
Absent
pT stage
pT1a
pT1b
pN stage
N0
N1, N2
Intraoperative
chemotherapy
Yes
No

Early
recurrence

Late/no
recurrence

Univariate
analysis

n =4

n = 76

P value

1 (25.0)
3 (75.0)

35 (46.1)
41 (53.9)

3 (75.0)
1 (25.0)

45 (59.2)
31 (40.8)

2 (50.0)
2 (50.0)

74 (97.4)
2 (2.6)

3 (75.0)
1 (25.0)

45 (59.2)
31 (40.8)

0.623

0.646

0.011

0.646

< 0.144
1 (25.0)
3 (75.0)

2 (2.6)
74 (97.4)

2 (50.0)
2 (50.0)

47 (61.8)
29 (38.2)

2 (50.0)
2 (50.0)

70 (92.1)
6 (7.9)

< 0.639

0.048

1.000
1 (25.0)
3 (75.0)

19 (25.0)
57 (75.0)

P values were evaluated by Fisher’s exact test.

P values were evaluated by Pearson’s χ 2 test or Fisher’s exact test, as
appropriate. Some patients experienced initial recurrence at multiple sites.

Survival time after recurrence

Median survival after recurrence in all patients with
recurrence was 6 mo (95%CI: 5.32-6.68 mo), 5
mo (95%CI: 6.01-7.92 mo) in patients with early
recurrence and 7 mo (95%CI: 4.21-5.80 mo) in
patients with late recurrence (log rank test, P = 0.045)
(Figure 2).

1.0
Late recurrence
Early recurrence
Late recurrence-censored
Early recurrence-censored

Cumulative survival

0.8

0.6

Log-rank test P = 0.045

Factors predictive of early recurrence

0.4

Of the 80 patients with early gastric cancer, 4
(5.0%) experienced early recurrence, as did 125
of the 337 patients (37.1%) with advanced gastric
cancer. Analysis of predictors of early recurrence in
patients with early gastric cancer (pT1) showed that
larger tumor size (P = 0.011) and advanced AJCC
pN stage (P = 0.048) were significantly associated
with early recurrence (Table 2). Univariate analysis of
clinicopathological factors predictive of recurrence in
patients with locally advanced gastric cancer showed
that age at diagnosis, tumor size, Lauren histotype,
lymphovascular invasion, AJCC pT stage, AJCC pN
stage, intraoperative systemic chemotherapy, and
postoperative chemotherapy were significantly
associated with early recurrences (Table 3). Multivariate
analysis showed that age at diagnosis (P = 0.033),
AJCC pT stage (P < 0.001), AJCC pN stage (P < 0.001),
Lauren histotype (P < 0.001), lymphovascular invasion
(P = 0.011), intraoperative chemotherapy (P < 0.001),

0.2

0.0
0.00

10.00

20.00

30.00

40.00

50.00

60.00

Months after recurrence

Figure 2 Survival after recurrence. Survival was significantly poorer in
patients with early than late recurrence of gastric cancer (P = 0.045).

dissemination (44.3%), 77 (39.7%) showed
hematogenous metastases, and 11 (5.7%) had distant
lymphatic recurrence (Table 1). Of the 129 patients
with early recurrence, 56 (43.4%) had hematogenous
recurrence, 59 (45.7%) had peritoneal recurrence, and
68 (52.7%) had locoregional recurrence. Recurrence
patterns did not differ significantly in patients with
early and late recurrence (Table 1).
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Table 3 Univariate analysis of factors predicting early
recurrence in patients with locally advanced gastric cancer n (%)

Table 4 Multivariate analysis of factors predicting early
recurrence by binary logistic regression model

Variable

Factor

P value

OR

95%CI

A Age at diagnosis
pT pT stage
pN stage
N0
N1
N2
N3
Lauren histotype
Lymphovascular
invasion
Intraoperative
chemotherapy
Postoperative
chemotherapy

0.033
< 0.001
< 0.001

1.813
2.865

1.050-3.131
1.603-5.123

0.001
0.001
< 0.001
< 0.001
0.011

1.00 (reference)
4.029
4.425
9.860
3.492
3.460

1.708-9.500
1.889-10.365
4.314-22.536
1.810-6.736
1.335-8.969

< 0.001

0.327

0.190-0.564

0.007

0.423

0.225-0.793

Gender
Women
Men
Age at diagnosis (yr)
≤ 60
> 60
Tumor size (cm)
≤ 5.0
> 5.0
Lauren histotype
Intestinal
Diffuse-mixed
Lymphovascular
invasion
Present
Absent
pT stage
pT2, pT3
pT4a
pN stage
N0
N1
N2
N3
Intraoperative
chemotherapy
Yes
No
Postoperative
chemotherapy
No
5-FU-based regimen

Early
recurrence

Late/no
recurrence

Univariate
analysis

n = 125

n = 212

P value

41 (32.8)
84 (67.2)

65 (30.7)
147 (69.3)

0.683

0.016
52 (41.6)
73 (58.4)

117 (55.2)
95 (44.8)

76 (60.8)
49 (392)

155 (73.1)
57 (26.9)

0.019

0.016
85 (68.0)
40 (32.0)

169 (79.7)
43 (20.3)
< 0.001

21 (16.8)
104 (83.2)

9 (4.2)
203 (95.8)

30 (24.0)
95 (76.0)

105 (49.5)
107 (50.5)

13 (10.4)
25 (20.0)
30 (24.0)
57 (45.6)

82 (38.7)
52 (24.5)
46 (21.7)
32 (15.1)

The constant of the model was -2.087 (standard error = 0.468).

patients with late recurrence (32.6% vs 20.0%),
although the difference was not significant (P =
0.067). No other differences in recurrence patterns
were observed between the early and late recurrence
[12]
groups. As previously reported , survival after
recurrence was poor, especially in patients with early
recurrence.
Because 66.5% of recurrences occurred within 2
years after surgery and this study focused on factors
associated with early recurrence, clinicopathologic
characteristics were compared in patients with and
without early recurrence within 2 years after surgery.
Age, lymphatic metastasis and submucosal invasion
have been reported to be significantly associated with
[25]
recurrence of gastric cancer . In the current study,
only 5% (4/80) of patients with early gastric cancer
experienced early recurrence. Although larger tumor
size and advanced AJCC pN stage were found to be
significantly associated with early recurrence in this
group, the number of patients was small, indicating
that these results require further validation.
The early recurrence rate was significantly higher
in patients with locally advanced than early gastric
cancer. Age at diagnosis, AJCC pT stage, AJCC pN
stage, Lauren histotype, lymphovascular invasion,
intraoperative chemotherapy, and postoperative
chemotherapy were found to be independent factors
influencing timing of recurrence in patients who
underwent curative surgery for locally advanced gastric
cancer. No obvious multicollinearity was observed
among these factors.
Interestingly, we found that more patients
in the late- and non-recurrence groups received
intraoperative chemotherapy than did patients in
the early recurrence group, with intraoperative
chemotherapy found to be an independent predictor
of early recurrence [hazard ratio (HR) = 0.327, P
< 0.001]. Most previous studies of intraoperative
chemotherapy assessed only patients who received
hyperthermic intraperitoneal chemotherapy, not

< 0.001

< 0.001

< 0.001
54 (43.2)
71 (56.8)

136 (64.2)
76 (35.8)
0.036

42 (33.6)
83 (66.4)

49 (23.1)
163 (76.9)

P values were evaluated by Pearson’s χ 2 test.

and postoperative chemotherapy (P = 0.007) were
independent predictors of early recurrence, whereas
gender was not (Table 4). All tolerance values of
significant factors were greater than 0.1.

DISCUSSION
Many studies have reported that approximately
70% of patients with gastric cancer experience early
tumor recurrence, defined as within 2 years after
[9,11,24]
surgery
. Less is known, however, about patterns
of recurrence and predictors of early recurrence,
especially in Chinese patients. This study therefore
investigated recurrence patterns and factors predicting
early recurrence in patients undergoing curative
surgery for gastric cancer.
[9,11]
In agreement with earlier findings
, we found
that most recurrences (129/194, 66.5%) were
early, occurring within 2 years after curative surgery.
The three main types of early recurrence were
hematogenous (56/129, 43.4%), peritoneal (59/129,
45.7%), and locoregional (68/129, 52.7%). Patients
with early recurrence had more liver metastases than
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intravenous chemotherapy, although intravenous 5-FU
during surgery for advanced gastric cancer was first
[26,27]
administered in 1987
. A randomized controlled
clinical trial is required to confirm the benefits of
intraoperative chemotherapy.
The current study also found that postoperative
chemotherapy was an independent predictor of early
recurrence (HR = 0.423, P < 0.007). Results of both
the Capecitabine and Oxaliplatin Adjuvant Study in
Stomach Cancer and the Adjuvant Chemotherapy Trial
of TS-1 for Gastric Cancer trials suggested that FUbased adjuvant therapy improves survival of patients
with gastric cancer following gastrectomy combined
[28-31]
with D2 lymphadenectomy
. However, another
study found that adjuvant chemotherapy was not a
[12]
significant predictor of the timing of recurrence .
Further evaluation is necessary to assess the effect of
adjuvant chemotherapy on early recurrence.
The main limitations of this study were its
retrospective nature and relatively small sample size.
In summary, this retrospective study found that
larger tumor size and advanced AJCC pN stage
were significantly associated with early recurrence
of early gastric cancer; whereas age at diagnosis,
AJCC pT stage, AJCC pN stage, Lauren histotype,
and lymphovascular invasion were all independent
predictors of early recurrence in patients undergoing
curative surgery for locally advanced gastric cancer.
Chemotherapy, both intraoperative and postoperative,
was associated with early recurrence of gastric
carcinoma. Patients with gastric cancer should be
closely monitored and actively followed for at least 2
years after surgery.
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Abstract
AIM: To compare safety and therapeutic efficacy of
laparoscopic radiofrequency (RF) ablation vs computed
tomography (CT)-guided RF ablation for large hepatic
hemangiomas abutting the diaphragm.
METHODS: We retrospectively reviewed our sequential
experience of treating 51 large hepatic hemangiomas
abutting the diaphragm in 51 patients by CT-guided
or laparoscopic RF ablation due to either the presence
of symptoms and/or the enlargement of hemangioma.
Altogether, 24 hemangiomas were ablated via a CTguided percutaneous approach (CT-guided ablation
group), and 27 hemangiomas were treated via a
laparoscopic approach (laparoscopic ablation group).
RESULTS: The mean diameter of the 51 hemangiomas
was 9.6 ± 1.8 cm (range, 6.0-12.0 cm). There was no
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[1,2]

difference in the diameter of hemangiomas between
the two groups (P > 0.05). RF ablation was performed
successfully in all patients. There was no difference
in ablation times between groups (P > 0.05). There
were 23 thoracic complications in 17 patients: 15
(62.5%, 15/24) in the CT-guided ablation group and
2 (7.4%, 2/27) in the laparoscopic ablation group (P
< 0.05). According to the Dindo-Clavien classification,
two complications (pleural effusion and diaphragmatic
rupture grade Ⅲ) were major in two patients. All
others were minor (grade Ⅰ). Both major complications
occurred in the CT-guided ablation group. The
minor complications were treated successfully with
conservative measures, and the two major complications
underwent treatment by chest tube drainage and
thoracoscopic surgery, respectively. Complete ablation
was achieved in 91.7% (22/24) and 96.3% (26/27) in
the CT-guided and the laparoscopic ablation groups,
respectively (P > 0.05).

incidentally on abdominal imaging studies
. As
most hepatic hemangiomas are < 5 cm in diameter
and asymptomatic, medical or surgical intervention
is not necessary. Treatment is required, however,
if the tumor is growing and manifests abdominal
symptoms or if rupture has occurred (or may occur
[2-5]
in the future) . Although surgical resection is the
most effective treatment for symptomatic, enlarging
hepatic hemangiomas, it is a highly invasive procedure
associated with morbidity and mortality rates of
[6-9]
up to 27% and 3%, respectively
. Alternatively,
minimally invasive procedures of transcatheter arterial
embolization or radiation therapy may be used, but
[10-13]
these treatments are not curative
.
Radiofrequency (RF) ablation is an effective,
minimally invasive, safe treatment for hepatic
[14-20]
hemangiomas > 5 cm
. On the basis of the
accumulated experience with treating hepatic
hemangiomas by RF ablation and the development of
RF equipment for this procedure, this therapy has also
been performed successfully for those larger than >
[21-23]
10 cm
.
The RF technique can be performed percutaneously,
laparoscopically, or as an open procedure. Each
approach has theoretical and proven advantages
and disadvantages, which can lead to confusion and
inefficiencies in the referral process for the patients.
The percutaneous approach can be performed under
general or local anesthesia as an outpatient procedure,
which has the advantage of not requiring a surgical
procedure. However, lesions located in the dome of the
liver abutting the diaphragm or close to the stomach
or colon are not always accessible by a percutaneous
approach because of the risk of injuring adjacent
organs. The laparoscopic approach has the advantage
of being minimally invasive while providing access for
intraoperative ultrasonography (US) examination of
the liver for better lesion detection and more accurate
targeting, although it requires a high level of skill.
The laparoscopic approach is also indicated when the
tumor is adherent to structures that may be damaged
by thermal ablation such as the colon, stomach, or
[24]
duodenum .
If a tumor is located in the hepatic dome, which
abuts the diaphragm, complete tumor ablation
without injury to the diaphragm or lung is challenging
[25-29]
using the percutaneous approach
. In contrast,
using the laparoscopic approach, establishment
of pneumoperitoneum causes elevation of the
diaphragm, which increases the operative space and
avoids injuring the diaphragm. It also facilitates needle
placement. We therefore hypothesized that the risk
of thoracic complications would be reduced during RF
ablation for large hepatic hemangiomas abutting the
diaphragm under the laparoscopic approach.
To our knowledge, there are no published com
parative controlled studies evaluating the protective
effect on the diaphragm or therapeutic efficacy

CONCLUSION: Laparoscopic RF ablation therapy
should be used as the first-line treatment option for
large hepatic hemangiomas abutting the diaphragm.
It avoids thermal injury to the diaphragm and reduces
thoracic complications.
Key words: Hepatic hemangioma; Radiofrequency ablation;
Diaphragm; Computed tomography; Laparoscopy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Radiofrequency (RF) ablation is an accepted
non-surgical treatment for hepatic hemangiomas. If
a tumor is located in the hepatic dome which abuts
the diaphragm, complete tumor ablation without
injury to the diaphragm or lung is challenging under
percutaneous approach. The study preliminarily
proved that laparoscopic RF ablation therapy should
be used as the first-line treatment option for hepatic
hemangiomas abutting the diaphragm, which can
avoid thermal injury to the diaphragm effectively and
reduce the thoracic complications obviously.
Gao J, Kong J, Ding XM, Ke S, Niu HG, Xin ZH, Ning CM,
Guo SG, Li XL, Zhang L, Dong YH, Sun WB. Laparoscopic
vs computerized tomography-guided radiofrequency ablation
for large hepatic hemangiomas abutting the diaphragm. World J
Gastroenterol 2015; 21(19): 5941-5949 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i19/5941.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i19.5941

INTRODUCTION
Hepatic hemangiomas are the most common
benign tumors affecting the liver. They occur in the
general population at an incidence ranging from
0.4% to 20%. In most cases, they are discovered
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of various approaches to RF ablation for large
hepatic hemangiomas abutting the diaphragm. This
study aimed to evaluate the protective effect on
the diaphragm and the therapeutic efficacy of a
laparoscopic vs a computed tomography (CT)-guided
percutaneous approach to RF ablation for large hepatic
hemangiomas.

Cool-tip ACTC 2025 or ACTC 1525 electrodes, and
an RF generator (Covidien Healthcare, Dublin,
Ireland). Out of 51 hemangiomas, 27 were treated by
laparoscopic RF ablation (laparoscopic ablation group),
and 24 were treated by CT-guided percutaneous RF
ablation (CT-guided ablation group).
Local review boards approved the study. Written
informed consent was obtained from each patient
before the treatment.

MATERIALS AND METHODS
Patients

Laparoscopic RF procedure

We retrospectively reviewed the records of consecutive
patients with hepatic hemangiomas abutting the
diaphragm whom we had treated by CT-guided or
laparoscopic RF ablation from October 2011 to May
2014. The following hospitals in China participated
in the study: Beijing Chaoyang Hospital Affiliated to
Capital Medical University, Beijing, China; Affiliated
Hospital of Chifeng University, Neimenggu, China;
Chaoyang Central Hospital, Liaoning, China; Shanxi
Provincial People’s Hospital, Shanxi, China; Fenyang
Hospital, Shanxi, China; and Zhanhua People’s
Hospital, Shandong, China.
From October 2011 to May 2014, a total of 9978
patients were diagnosed with hepatic hemangioma
in the outpatient clinics of the six hospitals. Among
them, 1025 patients suffered from large hepatic
hemangiomas (≥ 5 cm). All were initially managed by
clinical observation. Over time, 187 of these patients
were considered candidates for active treatment
[20]
because of the following indications : (1) the patient
complained of persistent abdominal pain or discomfort
related to the hemangioma. Upper gastrointestinal
endoscopy and colonoscopy were performed to rule
out any potential gastrointestinal diseases that might
be causing these symptoms; and (2) the lesion
increased in size by > 1 cm, which was confirmed
on regular follow-up imaging studies during a 2-year
observation period. On the basis of the accumulated
experience of treating large hepatic hemangiomas
[20,22]
by RF ablation
, we treated these patients with
hepatic hemangiomas using RF ablation as the firstline treatment.
Of the 187 patients, 51 patients with 51 hepatic
hemangiomas abutting the diaphragm were included in
the study. We defined tumors abutting the diaphragm
when they were located near the diaphragm (< 5 mm)
[27,28]
on axial CT scans
. All tumors in this study were
mainly located in liver segment 4, 5, 7, or 8.
The staff team consisted of hepatobiliary surgeons,
anesthesiologists, and radiologists. For the fact that
intraoperative US guidance was available in Beijing
Chao-yang Hospital, the patients in this hospital
were treated under laparoscopic approach. Whereas,
intraoperative US guidance was not available in the
other 5 hospitals, so the patients there were treated
under CT-guided percutaneous approach. The same
experienced operator (Sun WB) performed all of the
procedures, using internally cooled cluster electrodes,
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For laparoscopic RF ablation, after induction of general
anesthesia, patients were placed in a supine position.
Two 10-mm trocars were placed in the abdomen, and
initial laparoscopic exploration of the peritoneal cavity
was performed. Under US guidance, the RF probe
was introduced into the peritoneal cavity through the
subcostal abdominal wall with laparoscopic visualization
and deployed into the tumor. The ablation strategies
[22]
were described in our previously published article .
The RF process was monitored by intraoperative US.
The ablated lesion became hyperechoic because of
outgassing from heated tissues.

CT-guided RF procedure

For the CT-guided RF procedure, a 35F or 37F leftside double-lumen endobronchial tube was intubated
under general anesthesia. The tube position was
checked and confirmed by auscultation or by fiberoptic
bronchoscopy. The right lung was permitted to
collapse, with selective left lung ventilation. The skin
entrance point of the RF probe was chosen in the
CT scanning plane containing the tumor. With CT
monitoring, the RF probe was inserted through the
chest wall and then through the empty pleural space
and the diaphragm to the liver, finally reaching the
targeted tumor. After the position of the probe was
confirmed to be appropriate by CT, RF procedures
were performed in a manner similar to that used for
the laparoscopic procedure.

Postoperative evaluation

One day after ablation, all patients were evaluated on
lung CT scans, which were repeated on the following
day if necessary. All patients were followed by
enhanced CT or magnetic resonance imaging (MRI)
1 mo after ablation. Complete ablation was defined
as no nodular or irregular enhancement adjacent to
the ablated zone, as shown on enhanced CT or MRI
scans. Incomplete ablation was defined as irregular,
peripheral-enhanced foci in the ablated zone. In the
case of complete ablation, subsequent CT or MRI
examinations were repeated at 6-mo intervals. In the
case of incomplete ablation, repeat RF ablation was not
performed unless the residual tumor had progressed
during follow-up at 6-mo intervals.

Study endpoints

Primary endpoints of the study were technical success,
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Table 3 Thoracic complications of radiofrequency ablation n
(%)

Table 1 Demographic characteristic of patients in the study

n (%)
Group

CT-guided
ablation
(n = 24)

Laparoscopic
ablation
(n = 27)

P value

Age (yr), mean (SD)
Gender (male: female)
Co-morbidities
Gallbladder stones
Type 2 diabetes mellitus
History of open
cholecystectomy
Chronic hepatitis B
History of previous liver
surgery
Hepatic cysts
Reasons for radiofrequency
ablation
Abdominal discomfort only
Enlargement of hemangioma
only
Abdominal discomfort and
enlargement
Maximal size of hemangioma,
(cm), mean (SD)
Min
Max

50.0 (14.5)
10:14

49.5 (8.27)
11:16

0.748
0.947

0 (0)
2 (8.3)
1 (4.2)

3 (11.1)
3 (10.3)
0 (0)

0.238
1.000
0.471

1 (4.2)
0 (0)

0 (0)
1 (3.7)

0.471
1.000

0 (0)

1 (3.7)

1.000

Group

CT-guided
ablation
(n = 24)

Total No. of patients with
complication
Incidence of complication
Right shoulder pain
Transient lung injury
Plural effusion
Diaphragmatic perforation
Hemothorax
Hospital stay, mean (SD)

Laparoscopic
ablation
(n = 27)

P value

15 (62.5)

2 (7.4)

0.000

11 (45.8)
3 (12.5)
5 (20.8)
1 (4.2)
1 (4.2)
9.3 (6.5)

2 (7.4)
0 (0)
0 (0)
0 (0)
0 (0)
3.7 (0.9)

0.003
0.097
0.018
0.471
0.471
0.032

Chaoyang Central Hospital
3 (12.5)
9 (37.5)

3 (11.1)
11 (40.7)

1.000
0.813

12 (50.0)

13 (48.2)

0.895

9.6 (2.5)

9.4 (1.8)

0.686

6.0
11.5

6.5
12.0

RESULTS
RF ablation procedure

Of the 51 patients, 21 (41.2%) were male and
30 (58.8%) female. The mean diameter of the 51
hemangiomas was 9.6 ± 1.8 cm (range, 6.0-12.0 cm).
The patients’ demographic characteristics are given in
Table 1.
Outcome data for the RF ablation treatments are
given in Table 2. Ablation treatment was conducted
according to predefined protocols. There were no
technical failures. There was no difference in ablation
times between the two groups (P > 0.05) (Table 2).
In the laparoscopic ablation group, laparoscopic
cholecystectomy or deroofing was performed during
the ablation procedure in patients with gallstones (n =
3) or hepatic cysts (n = 1).

Table 2 Outcome of radiofrequency ablation for hepatic
hemangiomas n (%)
Laparoscopic P value
ablation
(n = 27)

Group

CT-guided
ablation
(n = 24)

Technical success rate
Complete ablation
Time of ablation per lesion (min),
mean (SD)
Diameter of ablated zone 1 mo
after ablation (cm), mean (SD)
Diameter of ablated zone 6 mo
after ablation (cm), mean (SD)

24 (100)
22 (91.7)
94.2 (20.4)

27 (100)
26 (96.3)
95.4 (18.3)

0.595
0.875

6.4 (1.3)

4.4 (1.4)

0.457

5.5 (1.4)

3.7 (1.5)

0.387

Safety of RF ablation: thoracic complications

There were 23 thoracic complications in 17 patients,
including 15 (62.5%, 15/24) in the CT-guided ablation
group and 2 (7.4%, 2/27) in the laparoscopic ablation
group (P < 0.05) (Table 3). According to the Dindo[30]
Clavien classification , two complications (pleural
effusion and diaphragmatic rupture, grade Ⅲ) were
major in two patients. All others were minor (grade Ⅰ).
Eleven patients who underwent CT-guided ablation
and two who underwent laparoscopic ablation had
right shoulder pain after ablation. All of these patients
required a pethidine injection for relief. The mean
duration of the postprocedural pain was 2.5 d in the
CT-guided ablation group and 1 d in the laparoscopic
ablation group.
Three cases of transient lung injury without
respiratory symptoms were detected on CT scans
in the CT-guided ablation group 1 d after ablation.
The injuries appeared as an abnormal round shape
of the lung parenchymal density on the CT scans.
These lesions resolved spontaneously without specific
treatment as detected on follow-up CT scans.
Five patients in the CT-guided ablation group
developed pleural effusion. Four of the five patients

safety (no thoracic complications related to RF
ablation), mean hospital stay, and confirmed complete
ablation. Secondary endpoints were alleviation of
symptoms, change in the size of the ablation zone,
recurrence of the residual tumor, and quality of life.
The endpoints of the study were defined at 6 mo after
the RF ablation treatment.

Statistical analysis

Values are expressed as mean ± SD. Continuous
variables were compared between groups using
Student’s t-test and analysis of variance. Differences
2
in the categorical data were analyzed by use of the χ
test or Fisher’s exact test. Two-tailed P values < 0.05
were deemed significant. Statistical analyses were
performed using SPSS version 15.0 for Windows (SPSS,
Chicago, IL, United States). The statistical methods
of this study were reviewed by Chunmin Ning and
Shigang Guo from Department of General Surgery,
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A

B

C

D

E

F

Figure 1 One patient with a 7.5-cm hemangioma mainly in segment 8 in the computed tomography-guided ablation group developed a diaphragmatic
rupture after ablation. A: A 40-year-old woman in the computed tomography (CT)-guided radiofrequency (RF) ablation group had a 7.5-cm hemangioma in segment
8, as illustrated on an abdominal CT scan; B: During CT-guided ablation, the lesion became depressed and commenced outgassing; C: Four days after ablation,
CT scan of the chest showed a multiloculated pleural effusion occupying the right hemithorax with collapse of the right lung; D: Drainage via a chest tube was
unsuccessful. She subsequently underwent thoracotomy; E: Two chest tubes were inserted into the pleural space; F: At 6 mo after ablation, CT scans showed that the
hemangioma was completely ablated and markedly smaller without development of a diaphragmatic hernia.

lower lobe with significant adhesions to the diaphragm
and along the major and minor fissures. The locu
lations were dissected along with decortication of a
thick pleural rind, after which a diaphragmatic defect
of 1.0 cm diameter was found. The diaphragm was not
repaired because of the tissue edema surrounding the
defect. Two chest tubes were inserted into the pleural
space and were removed 1 wk later (Figure 1E). The
patient was discharged 23 d after ablation. Six months
after ablation, CT scans in the arterial phase showed
that the hemangioma had been completely ablated
without formation of a diaphragmatic hernia (Figure
1F).
The hospital stay was significantly shorter in the
laparoscopic ablation group than in the CT-guided

recovered after conservative treatment. The other
patient underwent drainage via a chest tube (grade Ⅲ
complication).
One patient with a 7.5-cm hemangioma mainly in
segment 8 in the CT-guided ablation group developed
a diaphragmatic rupture after ablation (Figure 1A and
B). She was clinically normal for the first 2 d after
ablation but then developed right shoulder pain and a
high fever (39.0 ℃). CT scans of the chest (Figure 1C)
showed a multiloculated pleural effusion occupying
the right hemithorax with collapse of the right lung.
An attempt at drainage via a chest tube yielded only
100 mL of bloody fluid (Figure 1D). She subsequently
underwent thoracoscopic surgery, which showed
multiple, fluid-filled loculations mostly around the right

WJG|www.wjgnet.com

5945

May 21, 2015|Volume 21|Issue 19|

Gao J et al . RF ablation for large hepatic hemangiomas

A

B

C

D

Figure 2 Complete ablation is achieved in a patient in the laparoscopic ablation group. A: A 45-year-old woman in the laparoscopic ablation group had an 8.0-cm
hemangioma in segment 5, as seen on an abdominal computerized tomography (CT) scan; B: On laparoscopic views, the tumor is evident on the superior surface;
C: The lesion became a depressed mass of hard texture after RF ablation; D: The hemangioma disappeared completely 1 mo after ablation, as illustrated on an
abdominal CT scan.

ablation group (3.7 ± 0.9 d vs 9.3 ± 6.5 d, P <
0.05). This difference was directly related to thoracic
complications in the CT-guided ablation group.

31 patients who had pretreatment symptoms related
to their hemangiomas, 28 had complete resolution
of symptoms and three experienced symptom
amelioration without further therapy after ablation.
At the 6-mo follow-up, no patient had developed new
symptoms attributable to the hemangiomas. The
subjective health status and quality of life were rated
[3]
as good to excellent in 100% of patients at follow-up .
After RF ablation of the hemangiomas, all patients were
able to perform full-time or part-time work.

Efficacy of RF ablation

Complete ablation was achieved in 91.7% (22/24)
and 96.3% (26/27) of the CT-guided and laparoscopic
ablation groups, respectively (P > 0.05) (Table 3 and
Figure 2). Three hemangiomas were incompletely
ablated, showing subtle enhancement on the
peripheral rim of the ablated tumors on follow-up CT
or MRI.
At 1 mo, the mean diameter of the ablation zone
was reduced from 9.6 ± 2.5 cm to 6.4 ± 1.3 cm in the
CT-guided ablation group and from 9.4 ± 1.8 cm to
4.4 ± 1.4 cm in the laparoscopic ablation group - an
insignificant difference between the groups (P > 0.05).
At 6 mo after ablation, the mean diameter of the
ablation zone had decreased further in both groups (to
5.5 ± 1.4 cm in the CT-guided ablation group and to 3.7
± 1.5 cm in the laparoscopic ablation group), also an
insignificant difference.

DISCUSSION
The study aimed to compare the safety and
therapeutic efficacy for patients who underwent CTguided percutaneous or laparoscopic RF ablation for
large hepatic hemangiomas abutting the diaphragm.
Our data suggest that the laparoscopic approach for
RF ablation of large hepatic hemangiomas abutting
the diaphragm was successful. It was associated
with fewer thoracic complications than the CT-guided
percutaneous approach (7.4% vs 62.5%). We also
found that the hospital stay was significantly shorter
for patients treated with the laparoscopic approach
because of their lower incidence of complications. A
high frequency of complete ablation of these tumors
was attained with both treatment approaches. The
immediate and sustained reduction in the size of the
tumors was also similar in the two groups.

Follow-up results

After RF ablation, there was no perioperative mortality or
delayed complications, such as local tumor progression,
destructive biliary damages, or liver abscess. The three
residual lesions shrunk somewhat during the follow-up
period and necessitated no further treatment. Of the
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The hepatic tumors situated in the hepatic dome
area abut the diaphragm. Thus, collateral thermal
damage to the diaphragm easily occurs during RF
treatment under the percutaneous approach. Several
thoracic complications have been reported, including
diaphragmatic perforation, right shoulder pain,
pleural effusion, and other problems following RF
ablation of subcapsular malignant tumors abutting the
[25-29]
diaphragm
.
The diaphragm is innervated by phrenic nerves
arising from nerve roots C3, C4, and C5, which
represent the same dermatome as that in shoulder
skin. Thus, diaphragmatic irritation is referred to the
shoulder and can cause right shoulder pain. Hence,
right shoulder pain (referred pain) was reportedly
the representative indicator of diaphragmatic thermal
[25-29]
injury
. Diaphragmatic perforation and herniation
were reported as major complications of RF ablation
for hepatic tumors abutting the diaphragm in nine
[29]
[27]
cases . Kang et al
retrospectively assessed 80
patients who underwent percutaneous RF ablation for
a single nodular (< 4 cm) hepatocellular carcinoma.
They divided the patients into two groups based on
whether the index tumor was abutting the diaphragm:
group A (abutting; n = 31) vs group B (nonabutting; n
= 49). They found that the percutaneous RF ablation
of hepatocellular carcinoma abutting the diaphragm
seemed safe without major complications, although
it was associated with right shoulder pain (26%) and
transient lung injury (23%). It was less effective,
however, with regard to technical success (84% vs
98%) and local tumor progression (29% vs 6%).
The operator’s concern about thermal injury to the
adjacent diaphragm may lead to incomplete ablation.
In theory, it is more difficult and risky for per
cutaneous RF ablation of large hepatic hemangiomas
abutting the diaphragm than hepatic malignant
tumors abutting the diaphragm. This is because the
hemangiomas to be treated are usually larger than
the malignant tumors and have wider contact area
with the diaphragm. Theoretically, this difficulty and
the risk can be maximally solved with a preference for
the laparoscopic approach. Laparoscopic RF ablation
is increasingly being used for malignant tumors
[31]
because of its several advantages . It allows accurate
identification of patients with extrahepatic disease
(i.e., peritoneal metastases) who would otherwise
be undetectable by CT. Moreover, intraoperative
ultrasonography was used routinely in conjunction
with the laparoscopic approach to increase the ability
to determine real-time RF electrode placement and
[20,31]
evaluate the efficacy of ablation
. For the large
hepatic hemangiomas abutting the diaphragm,
establishment of pneumoperitoneum causes elevation
of the diaphragm, which increases the operative
space, thereby avoiding diaphragmatic injury and
facilitating needle placement during laparoscopic
RF ablation. Also, a single well-done ablation of a
hepatic hemangioma can lead to obvious collapse of
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tumor tissue around the ablation zone, increasing the
operative space further, making the following ablation
easier.
During this era of evidence-based medical practice,
determining the best approach for each patient is
increasingly important. To our best knowledge, the
present study is the first comparative controlled study
to evaluate the protective effect on the diaphragm
or therapeutic efficacy of different approaches of RF
ablation for large hepatic hemangiomas abutting
the diaphragm. The study shows that the incidence
of thoracic complications was significantly lower in
patients undergoing laparoscopic ablation than in those
subjected to CT-guided ablation. Most of the thoracic
complications were trivial, although two were of major
significance. In the current study, a high frequency of
complete ablation of these tumors was attained with
both treatment approaches. Interestingly, the remnant
tumor tissues were situated within the liver in the
laparoscopic ablation group, whereas in the CT-guided
ablation group they were on the surface of the lesions.
We therefore suggest that the laparoscopic approach
of RF ablation should be the first-line treatment for
large hepatic hemangiomas abutting the diaphragm. If
[22]
a second ablation session is needed , the repeat RF
ablation would be performed percutaneously.
The major limitations of our study include its
retrospective nature, the nonrandomized selection of
patients, the short follow-up period, and the relatively
small number of patients evaluated. We believe
it is important that all of our RF procedures were
performed by a single surgeon, thus minimizing the
chance of bias that might have occurred had multiple
surgeons been involved. Also, the patients in our
study were managed from a surgical perspective and
by a team of surgeons and making the results less
applicable for nonsurgical institutions.
In conclusion, laparoscopic RF ablation therapy
should be used as the first-line treatment for large
hepatic hemangiomas abutting the diaphragm. Its use
avoids thermal injury to the diaphragm and reduces
the occurrence of thoracic complications.

COMMENTS
COMMENTS
Background

Radiofrequency (RF) ablation is an accepted non-surgical treatment for
hepatic hemangiomas. If a tumor is located in the hepatic dome which abuts
the diaphragm, complete tumor ablation without injury to the diaphragm or
lung is challenging under percutaneous approach. In contrast, using the
laparoscopic approach, establishment of pneumoperitoneum causes elevation
of the diaphragm, which increases the operative space and avoids injuring the
diaphragm. In theory, it is more difficult and risky for percutaneous RF ablation
of large hepatic hemangiomas abutting the diaphragm than hepatic malignant
tumors abutting the diaphragm. This is because the hemangiomas to be treated
are usually larger than the malignant tumors and have wider contact area with
the diaphragm.

Research frontiers

The present study is the first comparative controlled study to evaluate
the protective effect on the diaphragm or therapeutic efficacy of different
approaches of RF ablation for large hepatic hemangiomas abutting the

5947

May 21, 2015|Volume 21|Issue 19|

Gao J et al . RF ablation for large hepatic hemangiomas
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The study shows that the incidence of thoracic complications was significantly
lower in patients undergoing laparoscopic ablation than in those subjected to
computerized tomography (CT)-guided ablation.
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The study results provide evidence that laparoscopic RF ablation therapy
should be used as the first-line treatment for large hepatic hemangiomas
abutting the diaphragm. Its use avoids thermal injury to the diaphragm and
reduces the occurrence of thoracic complications.
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The tumor abutting the diaphragm was defined as the lesion that was located
near the diaphragm (< 5 mm) on axial CT scans.
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via the minor papilla attempted in 74 patients at our

Abstract

Core tip: Cannulation of the minor papilla into the duct
of Santorini can be difficult to achieve via standard
procedures because of the tiny minor papilla orifice.
Although various methods have been advocated to
facilitate cannulation, some procedures still fail. The
needle-knife has a slim tip, which is a unique advantage
for insertion into the minor papilla orifice. After failure
of standard cannulation techniques, we used three

center between January 2008 and June 2014 were
retrospectively reviewed.
RESULTS: Standard methods were successful in
79 cannulations. Of the 25 cannulations that could
not be performed by standard methods, 19 were
performed by needle-knife, while 17 (89.5%) were
successful. Needle-knife use improved the success
rate of cannulation [76.0%, 79/104 vs 92.3%, (79 +
17)/104; P = 0.001]. When the 6 cases not appropriate
for needle-knife cannulation were excluded, the
success rate was improved further (80.6%, 79/98 vs
98.0%, 96/98; P = 0.000). There were no significant
differences in the rates of post-endoscopic retrograde
cholangiopancreatography adverse events between the
group using standard methods alone and the group
using needle-knife after failure of standard methods
(4.7% vs 10.5%, P = 0.301).
CONCLUSION: The needle-knife procedure may be
an alternative method for improving the success rate
of cannulation via the minor papilla, particularly when
standard cannulation has failed.

Key words: Needle-knife; Minor papilla; Cannulation;
Meticulous procedure; Endoscopic retrograde cholangio
pancreatography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To determine the efficacy and safety of meticulous
cannulation by needle-knife.
METHODS: Three needle-knife procedures were used
to facilitate cannulation in cases when standard can
nulation techniques failed. A total of 104 cannulations
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needle-knife procedures to facilitate cannulation via the
minor papilla, which significantly improved the success
rates of cannulation. In this series, we describe the
meticulous procedures involved in this technique.

adverse events of these techniques.
The needle-knife has a slim tip, which is a
unique advantage for insertion into the minor papilla
orifice. Many centers have used needle-knife-guided
cannulation via the minor papilla. However, some
centers have discontinued using the technique,
which has mainly been assessed for therapeutic
[5,9,13,16,20]
potential
. Since 2008, our center has used
needle-knives for cannulation when the minor papilla
orifice is too small to allow a catheter or guidewire
to advance deeply. The objective of this study was
to describe the efficacy and safety of this meticulous
procedure.

Wang W, Gong B, Jiang WS, Liu L, Bielike K, Xv B, Wu YL.
Endoscopic treatment for pancreatic diseases: Needle-knifeguided cannulation via the minor papilla. World J Gastroenterol
2015; 21(19): 5950-5960 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/5950.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5950

INTRODUCTION

MATERIALS AND METHODS

Endoscopic treatment via the minor papilla may be
the only option for some patients, including those
with pancreatic divisum, recurrent acute pancreatitis,
chronic pancreatitis (CP) with severe abdominal
[1-9]
pain, and pancreatographic changes
. The most
important step in endoscopic treatment of these
diseases is insertion of the guidewire into the duct
[10-12]
of Santorini
. Standard procedures involve wireguided cannulation with a standard sphincterotome
(5-7F cannula) that has a straight or tapered tip that
[11,13]
can accept a 0.035-inch guidewire
. However, it is
often difficult to cannulate the minor papilla.
Experts have advocated various procedures to
facilitate minor papilla cannulation, including spraying
the minor papilla with methylene blue and indigo
[11,14]
carmine to help identify the orifice
, administering
intravenous secretin to induce flow of pancreatic
secretions and to make the minor papilla orifice more
[5,10,15,16]
evident
, using a needle-knife to perform
[4]
minor papilla fistulotomy , using tapered catheters
or sphincterotomes with or without a small-caliber
[1-5,7-10,14-21]
wire
, and performing rendezvous techniques,
wire-guided cannulation, or physician-controlled
[4,16,21,22]
wire-guided cannulation
. These procedures
produced successful cannulation in 73% to 100% of
documented cases (i.e., 0% to 27% of procedures
[1-5,7-11,14-22]
failed; Table 1)
.
The main reason for cannulation failure is that
the minor papilla orifice can be inconspicuous or
appear as a tiny dimple or papule, with almost no
elevation or apparent orifice, and so guidewires and
sphincterotome cannulas are larger than the minor
papilla orifice. Although smaller-caliber guidewires
(e.g., 0.018- to 0.025-inch) are available, they are
soft and difficult to control. Furthermore, intravenous
secretin is contraindicated in children/adolescents,
cases of acute pancreatitis, patients who have used
anticholinergic medications within one week of
endoscopic retrograde cholangiopancreatography
(ERCP), patients with known hypersensitivity or
adverse reactions to secretin, and patients who are
[15]
pregnant or breastfeeding . Thus, further innovations
are needed to improve success rates and minimize the

Patients

WJG|www.wjgnet.com

The ERCP database was retrospectively reviewed
to find all patients who underwent cannulation via
the minor papilla at the Digestive Endoscopy Center
at Ruijin Hospital from January 2008 to June 2014.
Patients who did not receive cannulation via the
minor papilla were excluded. After approval by the
Institutional Review Board, medical records were
accessed and the following data were acquired for each
patient: age, sex, presenting problem, number and
success of procedures, diagnostic findings, therapeutic
measures, cannulation time, adverse events, patient
management, and follow-up visits and management.

Definition

“Successful cannulation” was defined as deep place
ment of the guidewire into the duct of Santorini (i.e.,
the dorsal duct), which was assessed by the injection
[13]
of contrast medium . “Cannulation time” was defined
as the elapsed time from the commencement of
cannulation attempts to the successful cannulation of
[15]
the duct of Santorini . “Cannulation attempt” was
defined as contact between the cannulating device and
[23]
the papilla for at least 5 s . Because few centers use
a needle-knife to introduce a guidewire via the minor
papilla during cannulation, we referred to previous
studies that used the needle-knife for difficult biliary
[13,24-27]
cannulation
and our past experiences. We
arbitrarily defined “unsuccessful cannulation” as “a
skilled endoscopist not achieving cannulation after 5
min or more than 15 attempts”.
Pancreatic divisum was diagnosed via the presence or
[10]
absence of ductal abnormalities by ERCP . Intraductal
papillary mucinous neoplasm (IPMN) was diagnosed
[28]
from ERCP data or histologic examination . Similar to
[29]
Li and Wang et al , Wang currently at Ruijin Hospital
North, CP was diagnosed on the basis of abdominal
pain and the presence of any of the following findings:
(1) ductal changes on ERCP, (2) pancreatic calcification
(including ductal stones) revealed by imaging, and (3)
histological analyses (when surgical intervention was
performed).
Major adverse events of ERCP were defined
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Table 1 Published data on cannulation via the minor papilla
Ref.

Year No.

18
1
19
11
20
2
3
23
15
16
4

1984
1986
1987
1990
1992
2000
2002
2003
2003
2003
2004

6
6
18
136
19
25
24
6
14
28
11

21
6
17

2006
2008
2009

184
57
64

22
8
9
10

2010
2013
2013
2013

25
34
48
45

Cannulation procedure

Success (%) Complication (%)

Blunt tipped needle catheter
Flexible Seldinger wire with a dilator and papillotome
Needle-tipped catheter or 0.018 inch guidewire
Tapered or needle-tipped catheter + secretin (35% patients)
Tapered catheter with 0.018 inch guidewire
Tapered catheter with 0.018 or 0.02 inch guidewire
Tapered catheter with 0.018 inch guidewire
Contour catheter with 0.025 or 0.035 inch wire (rendezvous technique)
Methylene blue + needle tipped catheter with 0.018 inch guidewire
Synthetic porcine secretin
Catheter with 0.025 inch guidewire (including rendezvous technique), needle-knife to minor papilla
fistulotomy
Tapered or metal tip catheter with 0.018 or 0.025 inch guidewire
Tapered cannula with a guidewire + secretin (10% patients)
Pull-sphincterotome with 0.018-0.035 inch guidewire (wire-guided cannulation) + secretin (17%
patients)
Tip sphincterotome with a 0.025 inch guidewire (physician-controlled wire-guided cannulation)
Tapered catheter with or without 0.025 inch guidewire
Tapered cannula and a 0.025 or 0.035 inch guidewire
Tapered-tip or needle-tip catheters, short-nose pull-sphincterotomes, and 0.018-0.035 inch guidewires

83.3
100
72.9
91
83
73.5
NA
100
85.7
89.3
90.9

0
0
4.2
1.5
NA
0
38
0
7.1
0
0

NA
86
85

8.2
11.7
26.5

96
80
97.9
91.9

12
4.5
2.0
16.1

PD: Pancreas divisum; NA: Not available; No.: Number of patients.

according to consensus criteria. Post-ERCP pancreatitis
was defined as new or worsened abdominal pain
for more than 24 h after endoscopy, with amylase
levels more than threefold the normal upper limit,
which required hospitalization or prolonged planned
hospitalization for at least one night. Mild infection
(cholangitis) was defined as a temperature of more
than 38  ℃ for 24 to 48 h after the procedure,
accompanied by colicky pain and cholestasis/jaundice
without evidence of unrelated infections. “Moderate
bleeding” was defined as bleeding requiring the
maximum number of transfusions (4 units of packed
cells) in the absence of angiographic or surgical
[29,30]
intervention
.

via the minor papilla was attempted by wireguided cannulation with a standard sphincterotome
(physician-controlled wire-guided cannulation) or
directly using the tapered tip of the sphincterotome
(Step 1). When the main pancreatic duct was distorted
and a guidewire introduced via the major papilla
entered the duodenum via the minor papilla, the
“rendezvous method” was performed (Step 1.1). A
guidewire was inserted into the duct of Wirsung via
the major papilla, and then into the duodenum via the
duct of Santorini and minor papilla. The guidewire was
grasped and removed through the biopsy channel of
[5,22]
the endoscope
.
A needle-knife (MicroKnife TM XL, Boston Scientific,
USA) was used for cannulation when the pullsphincterotome failed, when the minor papilla orifice
was too small to receive the pull-sphincterotome or
guidewire, or when the expert (Gong B) deemed it
necessary (Step 2). For needle-knife cannulation,
the needle tip was extended 5 to 7 mm beyond
the cannula tip and passed in the direction of the
minor papilla orifice. If the orifice was visible, then a
small incision was made by the needle-knife (precut
papillotomy; Step 2.1). The incision was started at the
top of the papillary orifice (12 o’clock position) and
extended in the cephalad direction until the papillary
mound was divided or the incision was sufficiently
large to receive the tip of the guidewire or pullsphincterotome. The cut size was determined by the
size of the minor papilla, and generally ranged from
3 to 6 mm. After the incision was made, the needleknife was exchanged for a pull-sphincterotome with
a guidewire, which was carefully advanced into the
duct of Santorini. This procedure was named “needleknife papillotomy with introduction of a guidewire
and pull-sphincterotome” (NPI-GS; Figure 1). If the

Cannulation via minor papilla

The risks and benefits of the procedure and alternative
treatments were explained. Written informed consent
was obtained from adult patients and parents/
guardians of children before the procedure. Patients
were mildly sedated (with diazepam, meperidine, and
scopolamine butylbromide) or deeply sedated (with
propofol injection, fentanyl, and vecuronium bromide)
by anesthetists. Side-viewing duodenoscopes (JF-240
for children and adolescents, JF-260 for adult patients;
Olympus Optical Co. Ltd., Tokyo, Japan) were used,
and cannulation was performed with standard pullsphincterotomes (ENDO-FLEX, Germany) with or
without a guidewire (Jagwire; 0.025- or 0.035-inch in
diameter, 450-cm in length; Boston Scientific).
When endoscopists detected pancreatic divisum,
distortion of the duct of Wirsung, a tight stricture,
or an impacted stone downstream from the junction
of the main and accessory ducts, cannulation via
the minor papilla was attempted and a two-step
sequence guideline was followed. The direct approach
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A

B

C

D

A
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D

Figure 1 “Needle-knife papillotomy with introduction of a
guidewire and pull-sphincterotome” procedure. A: A small
incision was made with the needle-knife (precut papillotomy);
B: The needle-knife was exchanged for a pull-sphincterotome
with a guidewire, which was carefully advanced into the
duct of Santorini through the sphincterotome; C: The
sphincterotome advanced along the guidewire; D: Guidewire
located in the duct of Santorini.

Figure 2 “Needle-knife papillotomy with introduction
of a guidewire, pull-sphincterotome, and guidewire”
procedure. A: A small incision was made with the needleknife (precut papillotomy); B: The needle-knife was
exchanged for a pull-sphincterotome, which was used to
enlarge the incision; C: A guidewire was carefully advanced
into the duct of Santorini through the sphincterotome; D:
Guidewire located in the duct of Santorini.

incision in the minor papilla orifice was too small to
receive a guidewire, then the sphincterotome was
used to perform a small papillotomy (Step 2.1.1). This
procedure was named “needle-knife papillotomy with
introduction of a guidewire, pull-sphincterotome, and
guidewire” (NPI-GSG) (Figure 2).
When the minor papilla orifice was invisible, we
used the “needle-knife introduction of a guidewire”
(NI-G) procedure (Step 2.2). The needle tip was
aimed at and carefully inserted into the orifice. The

WJG|www.wjgnet.com

needle-knife cannula was pushed forward, while the
needle-knife tip was pulled back until the cannula
anastomosed with the minor papilla orifice. The needleknife cannula was lightly pressed on or adjacent to the
minor papilla orifice while the needle-knife tip was in
the orifice. A guidewire (Jagwire; 0.025- or 0.035-inch
in diameter, 450-cm in length; Boston Scientific) was
carefully advanced approximately 25 mm into the duct
of Santorini through the needle-knife cannula and the
minor papilla orifice until it passed the cross-point of
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A

B
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D

E

F

Figure 3 Schematic for the “needle-knife introduction of a guidewire” procedure. A: The needle tip was inserted into the orifice; B: The needle-knife cannula
was placed on the minor papilla orifice; C: The guidewire was carefully advanced through the cannula until it passed the cross-point (black arrow) of the ducts of
Wirsung and Santorini; D: The cannula was inserted into the capitular head of the duct of Santorini along the guidewire and advanced; E: The needle-knife was
removed; F: The guidewire was left in place.

the ducts of Wirsung and Santorini. The needle-knife
cannula was inserted into the capitular head of the
duct of Santorini along the guidewire and contrast
medium was injected. After the course of the duct of
Santorini was confirmed, the guidewire was advanced
deeply into the duct for therapeutic intervention, while
the needle-knife cannula was pulled back until it was
completely withdrawn. Finally, the needle-knife was
removed, leaving the guidewire in place (Figures 3-5).
After successful cannulation via the minor papilla
and the duct of Santorini, endoscopic interventions
were performed. These interventions included
papillotomy, stone extraction, nasopancreatic drainage,
stricture dilation, stent insertion, and stent retrieval.

4, worse; and 5, much worse. Data regarding any
repeat ERCP, surgery, and narcotic requirements
[6]
were collected . The follow-up period was defined as
the period between the date of the first endoscopic
[30]
intervention at our hospital to the last follow-up ,
date of death, or date of surgical intervention.

Statistical analysis

Quantitative data were summarized by mean ± SD
or median (range). Data were analyzed by t-tests (for
normal distributions) or by Wilcoxon rank-sum tests
(for non-normal distributions). Categorical data were
presented as frequencies (percentages) and analyzed
2
by χ tests with or without the Yates correction for
continuity or the Fisher exact test, where appropriate.
SPSS 17.7 software for Windows (SPSS, Chicago, IL)
was used for statistical analyses. A P value < 0.05 was
[30]
considered statistically significant .

Follow-up

Eligible patients were contacted, with follow-up
information obtained by Jiang WS. A questionnaire
was completed via telephone interviews or face-toface meetings with patients. The scripted telephone
questionnaire included questions regarding the present
condition of the patient. Answers were provided on
a 5-point Likert scale: 1, cured; 2, better; 3, same;

WJG|www.wjgnet.com

RESULTS
A total of 5385 ERCPs were performed, and 104
cannulations (1.9%) via the minor papilla were
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Figure 4 “Needle-knife introduction of a guidewire” procedure. A: The cannula of the needle-knife approaching the minor papilla orifice; B: The needle tip was
extended 3 to 5 mm beyond the cannula tip and aimed at the orifice; C, D: The needle tip was inserted into the orifice; E: The cannula of the needle-knife was placed
on the minor papilla orifice and a guidewire was advanced through the cannula; F: The cannula was inserted into the capitular head of the duct of Santorini along the
guidewire and advanced continually; G: Contrast material was injected and the location within the duct of Santorini was confirmed; H: The needle-knife was removed; I:
The guidewire was left in place.

attempted in 74 patients (mean: 1.4 ERCPs/patient;
range: 1-5 ERCPs/patient). Diagnoses and clinical
indications for the procedures are presented in
Table 2. Three patients with pancreatic divisum
and CP also received surgical interventions (postpancreaticojejunostomy, n = 1; Billroth Ⅰ reconstructi
on after gastrectomy, n = 1; Billroth Ⅱ reconstruction
after gastrectomy, n = 1).
Cannulations using sphincterotomes with or without
guidewires were successful in 79/104 ERCPs (76.0%).
Among the 25 failed cannulations performed with
sphincterotomes, 19 cannulations with needle-knives
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were performed. Seventeen of these procedures
(89.5%, 17/19) were successful. One of the 2 patients
who underwent failed procedures with needle-knife
(i.e., only performed precut papillotomy) reported
improvement; the other patient reported unchanged
symptoms. In the remaining 6 cases, the needleknife was not used because other diagnoses were
discovered that dictated the use of other procedures.
Thus, the success rate of minor papilla cannulation
improved significantly with the needle-knife procedure
[76.0%, 79/104 vs 92.3%, (79 + 17)/104; P = 0.001].
Excluding the 6 cases that were not appropriate
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while sphincterotome cannulation was performed
in 23 female patients (42.6%, 23/55) (P = 0.450).
Cannulation procedures with the needle-knife after
failed cannulation with the sphincterotome were
slightly more common in female patients (P = 0.105;
Table 3). However, the incidence of post-ERCP adverse
events (4.9%; 3/61) in male cases was similar to
female cases (7.0%; 3/43) (P = 0.689).
Only 3 of the 70 patients who received therapeutic
ERCPs were lost to follow-up. Among the 67 (95.7%)
patients with follow-up information, 3 patients with CP
(n = 1) or CP and pancreas divisum (n = 2) developed
pancreatic cancer and died. Improvements (better
and cured) were documented in 52 (77.6%) patients.
Excluding the 3 patients with pancreatic cancer, the
overall rate of improvement was 81.3% (52/64) (Table
2, Figure 5).

Table 2 Patient data
Basic clinical data
Total number of patients
Patients that received therapeutic ERCP
Patients that received diagnostic ERCP
Total cannulation procedures via minor papilla
Only using standard method1
Using needle-knife after failure of standard method
Using needle-knife at start and standard methods later2
Age (yr)
Children and adolescents (age < 18 yr) (female)
Adults (female)
Clinical indications for cannulation procedures
Pancreatitis
Chronic recurrent pancreatic-type pain without enzyme
elevation
Biliary disease
Definite or suspected pancreatic mass
Diagnoses
Chronic pancreatitis
Pancreas divisum
Chronic pancreatitis and pancreas divisum
Intraductal papillary mucinous neoplasms
Follow-up
Patients who received therapeutic ERCP
Patients who received therapeutic ERCP and were
followed up
Follow-up period (months)
Follow-up results4
Improved
Cured
Same
Worse or much worse

n
74
70
4
104
79 (56 cases)
14 (14 cases)
11 (4 cases)3
40.5 ± 21.8
16 (11)
58 (22)
33
37
2
2
13
17
40
4

DISCUSSION
[12]

For cannulation, one size does not fit all . The
duration of attempted cannulation varies, and
procedures and instruments should be tailored to
the risk profile and papillary/ductal anatomy of each
[12]
patient . Five different cannulation procedures were
performed in this study, including 2 procedures with
the pull-sphincterotome (physician-controlled wireguided cannulation or directly using the tapered tip
of the sphincterotome and rendezvous method) and
3 procedures with the needle-knife (NI-G, NPI-GS,
and NPI-GSG procedures). Use of the needle-knife
for cannulation was determined in each case without
regard for age or gender.
To the best of our knowledge, the NI-G procedure
may be a novel needle-knife procedure. The needle tip
was only used to grasp the minor papilla orifice and,
subsequently, a guidewire was carefully advanced into
the duct of Santorini through the needle-knife cannula.
Papillotomy was not performed during the NI-G
procedure. Literature searches revealed one study
[4]
somewhat similar to ours, in which Song et al used
needle-knives to perform minor papilla fistulotomies
in 3 patients with CP. Another study, reported by
[31]
Wilcox et al , performed a precut papillotomy when
a tapered-tip catheter could not be passed into the
dorsal duct over a guidewire (i.e., partly successful
cannulation).
Given that the orientation of the sphincterotome to
the desired duct is favorable and adjustable compared
to a catheter, we preferred to use a tapered tip
catheter of a standard pull-sphincterotome with or
without a guidewire to cannulate via the minor papilla,
[4,5,7-10,14-22]
consistent with many endoscopists
. The rate
(76.0%) of successful cannulations when standard
procedures were used was slightly lower than the
results presented in previous studies. This difference
may be because our study included some children and
adolescents, some patients with definite or suspected
pancreatic masses, and some patients who had

70
67 (95.7%)
29.0 ± 22.2
49
3
7
5

1

Using a tapered tip catheter with or without a guidewire; 2Using needleknife after failure of the standard method in the first and/or second
cannulation and only using standard methods in later cannulations; 3Five
cannulations using the needle-knife after failure of the standard methods
in the first and second cannulations in 4 patients and 6 cannulations using
only standard methods in the 4 later cannulations for these cases; 4Three
patients died prior to follow-up. ERCP: Endoscopic retrograde cholangiop
ancreatography.

for needle-knife cannulation, the success rate was
improved even further (80.6%; 79/98 vs 98.0%;
96/98, P = 0.000; Figure 5).
The overall incidence of post-ERCP adverse events
was 5.8% (6/104). Adverse events included post-ERCP
pancreatitis (mild, n = 1; moderate, n = 2; severe, n
= 1), mild infection (n = 1), and moderate bleeding
(n = 1). There were no ERCP-related perforations or
deaths. There were no significant differences in the
rates of post-ERCP adverse events between the group
using a sphincterotome alone and the group using a
needle-knife after sphincterotome failure (4.7% vs
10.5%, P = 0.301; Table 3).
The needle-knife was used 5 times in 4 children/
adolescents (25.0%, 4/16) and 14 times in 14 adult
cases (24.1%, 14/58) (P = 1.000). There were no
significant differences in the rates of stent insertions,
cannulation failures, post-ERCP adverse events, and
needle-knife use between children/adolescents and
adults (Table 4). Needle-knife cannulations were
performed in 10 female patients (52.6%, 10/19),
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Cannulation via minor papilla (n = 104)
Step 1: standard cannulation
Using a tapered tip catheter with or without guid-wire
Failed

Successful

25 (24.0%)

79 (76.0%)
Step 1.1

Step 2: needle-knife was tried

Via minor papilla
(n = 76)
A needle-knife was introduced
(n = 19)
Invisible orifice:
Step 2.2

A needle-knife was not used
(n = 6)
Dead (n = 1);
Follow-up (n = 1);
Sphincterotomy with the sphincterotome (n = 2);
Successful cannulation with a sphincterotome
later (n = 2)

Visible orifice:
Step 2.1
Step 2.1.1

NI-G
(n = 9)

NPI-GS
(n = 3)

Successful

n =9

NPI-GSG
(n = 7)

Successful

n =3

Rendezvous
method (n = 3)

Successful

n =5

Failed

Only minor
papillotomy
(pre-cut
papillotomy)

n =2

17 (89.5%)

2 (10.5%)

Figure 5 Cannulation procedures via the minor papilla. NI-G: Needle-knife introduction of a guidewire; NPI-GS: Needle-knife papillotomy with introduction of a
guidewire and pull-sphincterotome; NPI-GSG: Needle-knife papillotomy with introduction of a guidewire, pull-sphincterotome, and guidewire.

Table 3 Endoscopic retrograde cholangiopancreatography interventions and complications n (%)
1

2

Sphincterotome (n = 85)

Needle-knife (n = 19)

P value

32 (37.7)
493 (57.7)
25 (30.5)
53 (61.0)
21 (24.7)
74 (87.1)
18 (21.2)
1
5.5 ± 4.0
4 (4.7)

11 (57.9)
10 (52.6)
4 (21.1)
11 (57.9)
4 (21.5)
15 (79.0)
2 (10.5)
1
7.3 ± 5.1
2 (10.5)

0.105
0.690
0.578
0.796
1.000
0.468
0.355
0.5053
0.301

ERCP procedures in female cases
Minor papilla sphincterotomy
Dilation
Stents
ENPD tubes
Stents + ENPD tubes
Stone extraction and clearance of Santorini’s duct
Retrieving of migrated duct stents
Recorded cannulation time (min)4
Post-ERCP complications
1

Cannulation using a sphincterotome with or without a guidewire; 2Cannulation with a needle-knife after failure with a sphincterotome; 3Two minor
papillotomy procedures using the needle-knife were performed along a guidewire after successful cannulation with the sphincterotome; 4Times were
recorded in 17 procedures using a sphincterotome and 5 procedures using a needle-knife. ERCP: Endoscopic retrograde cholangiopancreatography; ENPD:
Endoscopic naso-pancreatic drainage.

received surgical interventions. Cannulations in these
cases are generally considered to be more difficult.
The total success rate for cannulation in our study,
including cannulation by needle-knife, was 92.3%.
When we excluded the 6 patients who were not
indicated for cannulation by needle-knife, the success
rate reached 98.0% (P = 0.000). The success rate of
cannulation procedures performed by needle-knife
after failure with the sphincterotome still reached
89.5% (17/19). Importantly, our success rates and
patient numbers are higher, and the incidence (5.8%)
of post-ERCP adverse events was lower, compared to
previous studies. Cannulation with the needle-knife,
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use of stents, age, and gender did not correlate with
adverse events. At the end of follow-up, 81.3% of
patients reported improvement, similar to previously
reported results (range: 58%-96%).
The small or inconspicuous minor papilla orifice often
makes it difficult to use a pull-type sphincterotome,
[1,11]
guidewire, or catheter
. As seen through a
duodenoscope, the small minor papilla orifice appears
like a “point”, whereas the cross-sections of the
guidewire, sphincterotome cannula, and catheter tip
are like “faces”. Because of the size differences and
peristalsis of the duodenum, it is difficult to produce
anastomoses between these “faces” and “points”,
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after the needle-knife tip was inserted into the orifice,
the needle-knife cannula was pushed forward while
the needle-knife tip was pulled back until the cannula
anastomosed with the orifice. When the needle-knife
cannula is pushed forward, the needle must be pulled
back at the same rate, so that the inserting needle
tip remains in place and does not follow the cannula
to be completely withdrawn; and (5) if the NI-GSG
procedure fails, then the NI-G procedure does not
need to be performed. Failure of the NI-GSG procedure
often indicates that the duct of Santorini is too narrow
to receive a guidewire.
Safety is a major concern with needle-knife
procedures. Adverse events, including bleeding,
retroperitoneal perforation, and (especially) pan
creatitis have been reported. In this study, needleknife cannulation was performed through meticulous
procedures with the following considerations: (1) the
needle-knife procedures did not always involve minor
papillotomy, which are associated with an increased
risk of post-ERCP adverse events, especially bleeding
and perforation. Of the 19 cannulations performed
by needle-knife, 9 (47.4%) NI-G procedures did not
involve minor papillotomy; (2) minor papillotomy
(precut papillotomy; NPI-GS and NPI-GSG procedures)
was used to expand the minor papilla orifice to
facilitate guidewire or sphincterotome insertion into
the duct of Santorini. Although the maximum extent
of each cut was determined by the minor papilla size,
the cut was stopped as soon as the incision received
the tip of the guidewire or pull-sphincterotome,
especially if the practitioner was concerned about
bleeding or perforation. If an incision created by the
needle-knife was insufficiently large, then the pullsphincterotome was used to enlarge it; (3) the needleknife was used before insertion of a guidewire or stent
for cannulation. Minor papillotomy was not performed
along guidewires or stents, as has been the case in
[5,16,20]
other studies
. The needle-knife was used to
accomplish cannulation via the minor papilla, and
was not used as a therapeutic procedure; (4) seven
or more transpapillary cannulation attempts or more
than five cannulations of the pancreatic duct have
been identified as independent risk factors for postERCP adverse events. Compared to late precuts, early
precut implementation reduces the risk of pancreatitis.
Many endoscopists consider the number of attempts
at the papilla (i.e., prolonged cannulation attempts,
varying from 5 to 20 min) as an independent risk
factor for pancreatitis. Therefore, using the needleknife to cannulate quickly may be safer than repeated
attempts with a sphincterotome, which are likely to
[13,24-28]
fail
; and (5) a skilled assistant worked alongside
the endoscopist during these procedures, helping the
endoscopist to maintain control over the endoscope
and needle-knife. The cannulation times were similar
between the needle-knife and the sphincterotome (P =
0.505).

Table 4 Cannulation procedures in adolescents and adults n (%)
1

Adolescents
(n = 30)
Cannulation with needle-knife
Stents
Cannulation failure
Post-ERCP complication

5 (16.7)
20 (66.7)
2 (6.7)
2 (6.7)

Adults
P value
(n = 74)
14 (18.9)
44 (59.5)
6 (8.1)
4 (5.4)

0.788
0.494
1.000
1.000

1

Patients < 18 years old. ERCP: Endoscopic retrograde cholangiopancreato
graphy.

especially when the neck or waist behind the “face”
is very soft. However, the cross-section of the tiny
needle-knife tip is similar to a point, enabling aligning
of the point of the needle-knife tip with the “point” of
the minor papilla orifice. Thus, using a needle-knife
to guide cannulation via the minor papilla may be a
suitable choice.
When cannulation with a pull-sphincterotome
fails, the needle-knife can be used in 2 distinct ways.
First, it can be directly inserted into the small orifice
of the minor papilla. This procedure is relatively
easy to perform, because the orifice and needle are
similar in size, and a “point-to-point” connection can
be made. Alternatively, if the orifice is visible, then
the needle-knife can be used to introduce a small
incision or perform a papillotomy (precut papillotomy),
thereby turning the minor papilla orifice into a “face”.
This procedure expands the minor papilla orifice and
enables insertion of a guidewire, whose cross-section
is also like a “face” (i.e., the NPI-GS procedure). This
procedure is also easy to perform, because a “faceto-face” connection can be made with the expanded
orifice. If the orifice is still too small to receive a
guidewire smoothly, then a small papillotomy can be
performed by using the pull-sphincterotome to expand
the orifice further (i.e., the NPI-GSG procedure). When
the orifice is too small to make an incision with the
needle-knife, the NI-G procedure can be used.
Some details of the NI-G cannulation procedure
must be emphasized: (1) “point-to-point” indicates
that the tip of needle should be aimed at and inserted
or aligned adjacent to the minor papilla orifice. When
the orifice was too small to distinguish, we tried to
insert the needle in the general direction of the orifice;
(2) duodenal peristalsis often made it very difficult to
cannulate and aim the tip of the pull-sphincterotome
at the orifice. During the NI-G procedure, the sphincter
was inserted into the needle tip to provide structural
support and anchor the needle-knife in the orifice.
This fixation step facilitated the aiming of the needleknife cannula at the minor papilla orifice, resulting
in a smooth passage that directed the guidewire
into the duct of Santorini; (3) the center of effort is
located at the orifice. After the needle-knife tip was
inserted into the minor papilla orifice, the needle-knife
was anchored in the orifice to increase control over
cannulation, similar to standard sphincterotomes; (4)
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success rate of cannulation via the minor papilla, particularly when standard
cannulation procedures have failed.

Several limitations of this study should be noted.
First, the data used in this study were retrospective and
nonrandom, which may have introduced unintentional
bias in group selection. The search strategies employed
were diligent, although some patient information was
not directly collected in a standardized manner in
[21]
the clinic . However, study subjects were identified
from clinical information recorded in a computerized
database system, and some patient follow-ups were
conducted by telephone after hospital discharge. Thus,
the data were as complete and reliable as possible.
Second, the number of recorded cannulation times
was small compared to the total number of procedures
performed, with most measurements being made
after 2010. All cannulations using the needle-knife
were performed or supervised by one expert (Gong
B), but not all cannulations using the sphincterotome
were supervised. These factors may introduce bias
in comparing cannulation times, but the use of the
needle-knife for cannulation via the minor papilla was
exploratory. Cannulation times including procedural
consultations may only approximate the true time
of cannulation. The data showed that cannulation
time using a needle-knife was no longer than when
using a sphincterotome. Finally, the small number
of patients included in this study may overestimate
or underestimate the rates of success and adverse
events. Studies with larger numbers of patients are
needed to verify our results.
In summary, needle-knife cannulation via the minor
papilla confers important technical advantages when
compared to procedures using sphincterotomes with
or without guidewires. Needle-knife cannulation is a
safe procedure, but should be performed meticulously.
Needle-knife procedures should be included in routine
practice to improve the success rates of cannulation
via the minor papilla, particularly when standard
cannulation procedures have failed.

Terminology

NI-G: Needle-knife introduction of a guidewire. NPI-GS: Needle-knife
papillotomy with introduction of a guidewire and pull-sphincterotome. NPI-GSG:
Needle-knife papillotomy with introduction of a guidewire, pull-sphincterotome,
and guidewire
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The authors describe three meticulous procedures with the needle-knife to
cannulate the minor papilla. This study describes the procedures appropriately
and is relevant to clinicians.
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Abstract
AIM: To assess the prognostic significance of
immunological and nutritional-based indices, including
the prognostic nutritional index (PNI), neutrophillymphocyte ratio (NLR), and platelet-lymphocyte ratio
in gastric cancer.
METHODS: We retrospectively reviewed 632 gastric
cancer patients who underwent gastrectomy between
1998 and 2008. Areas under the receiver operating
characteristic curve were calculated to compare the
predictive ability of the indices, together with estimating
the sensitivity, specificity and agreement rate.
Univariate and multivariate analyses were performed to
identify risk factors for overall survival (OS). Propensity
score analysis was performed to adjust variables to
control for selection bias.
RESULTS: Each index could predict OS in gastric
cancer patients in univariate analysis, but only PNI had
independent prognostic significance in multivariate
analysis before and after adjustment with propensity
scoring (hazard ratio, 1.668; 95% confidence interval:
1.368-2.035). In subgroup analysis, a low PNI predicted
a significantly shorter OS in patients with stage Ⅱ-
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Ⅲ disease (P = 0.019, P < 0.001), T3-T4 tumors (P <
0.001), or lymph node metastasis (P < 0.001). Canton
score, a combination of PNI, NLR, and platelet, was a
better indicator for OS than PNI, with the largest area
under the curve for 12-, 36-, 60-mo OS and overall
OS (P = 0.022, P = 0.030, P < 0.001, and P = 0.024,
respectively). The maximum sensitivity, specificity, and
agreement rate of Canton score for predicting prognosis
were 84.6%, 34.9%, and 70.1%, respectively.

prognosis of gastric cancer is associated not only with
tumor behavior, but also with the general condition of
patients, especially their immunological and nutritional
[2-4]
status . The prognostic nutritional index (PNI), which
is simple to calculate and easy to interpret, has been
widely used to assess the preoperative immunological
and nutritional status of patients undergoing gas
[5,6]
trointestinal and cardiac surgery . Its application
as a prognostic marker was recently suggested by
some researchers, and it was recently used to predict
prognosis in a number of malignancies, including
pancreatic, hepatocellular, and colorectal carcinoma.
However, its prognostic significance in gastric cancer
has not been fully studied, and the mechanisms that
[7-9]
link PNI to outcome remain unclear . In addition to
PNI, markers of systematic inflammation, such as the
number of white blood cells, neutrophils, platelets,
and lymphocytes, and the indices derived from these,
[10,11]
including the neutrophil-lymphocyte ratio (NLR)
and platelet-lymphocyte ratio (PLR), have also been
used as prognostic markers. NLR was found to be
associated with survival in lung and ovarian cancers,
while PLR was found to be associated with prognosis in
[12-15]
pancreatic cancer
.
For gastric cancer, it remains unclear whether
these parameters are independent prognostic factors
in different disease stages, which of them have
the highest prognostic value, and whether there
is an advantage to combining them. We therefore
retrospectively investigated the associations between
PNI and clinicopathological features, as well as the
predictive significance of PNI, NLR, and PLR, either
alone or in combination, for overall survival (OS) in
gastric cancer patients. A reliable prognostic index
could help in making key clinical decisions such as
the timing of surgery and the correct postoperative
medical treatment.

CONCLUSION: PNI is an independent prognostic
factor for OS in gastric cancer. Canton score can be a
novel preoperative prognostic index in gastric cancer.
Key words: Gastric cancer; Prognostic nutritional index;
Canton score; Prognosis; Neutrophil-lymphocyte ratio;
Platelet-lymphocyte ratio
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study to compare the
prognostic significance of different immuno-nutritional
indices including prognostic nutritional index (PNI),
neutrophil-lymphocyte ratio (NLR) and plateletlymphocyte ratio (PLR) in gastric cancer. We found
that PNI was an independent prognostic factor for
overall survival in gastric cancer before and after
the propensity score analysis, especially in patients
with advanced disease, deep tumors, or lymph node
metastasis. We also proposed that a new index-Canton
score (a combination of PNI, NLR and PLT) is a superior
prognostic factor compared to PNI, NLR, or PLR alone,
as it better represents the relative contribution of each
of these indices.
Sun KY, Xu JB, Chen SL, Yuan YJ, Wu H, Peng JJ, Chen CQ,
Guo P, Hao YT, He YL. Novel immunological and nutritionalbased prognostic index for gastric cancer. World J Gastroenterol
2015; 21(19): 5961-5971 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/5961.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5961

MATERIALS AND METHODS
Patients

We enrolled 632 patients with histologically proven
gastric cancer who underwent gastrectomy between
January 1998 and December 2008 at the First Affiliated
Hospital of Sun Yat-sen University. They were all aged
over 18 years, and complete clinical and laboratory
data were available in each case. Preoperative data
were collected within 7 d before surgery and the blood
samples were obtained from the first or the second
day of patients’ admission when they did not receive
any treatment. Gastrectomy was performed for all
patients for whom this was indicated. Patients were
routinely followed, every 3 mo in the first year, every
3-6 mo in the second and third year, and at least once
a year thereafter. The latest follow-up was December
2013, and the average follow-up duration was 55.75
mo (range, 0.8-186 mo). Patients with a history of
inflammatory disease, active concomitant infection,
other malignancies or synchronous immune disease

INTRODUCTION
Gastric cancer continues to be a major cause of
morbidity and mortality worldwide, especially in
developing countries. Despite an improvement in
survival over recent years due to the development of
better endoscopic and imaging techniques, surgical
skills, and medical treatments, its prognosis remains
[1]
unfavorable . Surgery continues to be the most
effective therapy for gastric cancer. Pathological results
after surgery are widely used to evaluate the longterm postoperative prognosis. However, the indices
used to evaluate the optimal timing of surgery or to
predict survival preoperatively are still limited.
Many researchers have reported that the postoperative
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(e.g., syphilis or hyperthyroidism) that might have
interfered with the results of baseline immunological
and nutritional status were excluded, as were patients
who underwent preoperative chemotherapy. Thus,
a total of 632 patients (413 men and 219 women)
with a mean age of 57 years were finally eligible and
analyzed. The follow-up rate reached 93.2%. Written
informed consent was obtained from all patients.

Table 1 The list of multiple immunological and nutritionalbased prognostic indices for gastric cancer
Combined marker

Data

We retrospectively reviewed these patients’ medical
records to retrieve specific data, such as general
clinical information (age, sex, height, and body
weight), coexisting comorbidities, surgical data
(types of gastrectomy, bleeding, and durations of
surgery), tumor depth, lymph node metastasis,
distant metastasis, histopathological analysis of
the resected specimen, resectability of the tumor,
postoperative surgical and medical complications,
postoperative chemotherapy, and survival. Gastric
th
cancer stage was classified according to the 7 edition
of the American Joint Committee on Cancer TNM
[16]
classification system . The degree of resectability
was classified as R0, R1, or R2 [R0, radical resection
(the tumor was cleared macroscopically and
histologically); R1, remaining microscopic disease;
and R2, remaining macroscopic disease]. Events
occurring within 30 d after surgery were classified as
postoperative complications or mortality. The ClavienDindo classification was applied to rate the severity
[17]
of each postoperative complication . The presence
of postoperative complications in this study was
defined as Clavien classification grade Ⅱ or higher
and the serious complications were defined as grade
Ⅲ or Ⅳ, as there were no grade Ⅴ complications.
Immunological and nutritional indices were generated
from the data of preoperative blood tests, including the
level of serum albumin (ALB) and carcinoembryonic
antigen (CEA), the total lymphocyte count (TLC), white
blood cell count, neutrophil count, platelet count, and
monocyte count. The earliest set of measurements
was used if there were more than one set for a given
patient. PNI, NLR, and PLR were calculated as ALB (g/L)
9
+ 5 × TLC (10 /L), neutrophil count/lymphocyte count,
[18]
and platelet count/lymphocyte count, respectively .

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

PNI: Prognostic Nutritional Index; NLR: Neutrophil-lymphocyte ratio;
PLR: Platelet-lymphocyte ratio.

which allows the prediction of 5-year OS with the best
[20]
sensitivity and specificity . According to the defined
cut-off values for these three indices, patients were
stratified into a PNI low or high group, a NLR low or
[10,21]
high group, and a PLR low or high group (Table 1)
.
Events occurring within 30 d after surgery were
classified as postoperative complications or mortality.
The categorical variables are presented as numbers
and percentages and the differences between groups
2
were determined using the χ test. The survival curves
were calculated by the Kaplan-Meier method and
compared using the log-rank test. The areas under
the ROC curve (AUC) of all the derived indices (any
combination of PNI, NLR, PLR and PLT, n = 15) were
calculated to compare the predictive ability of each
index at different time points (the end of follow-up,
12 mo, 36 mo and 60 mo), respectively. Then, we
further compared the predictive value of the index
with the largest AUC to that of PNI by comparing their
AUC using the Z-test. OS was calculated from the
date of surgery to the date of death or the last followup. Mantel-Cox regression methodology was used for
univariate analysis of the potential factors related to
survival. Factors that showed significant prognostic
value in univariate analysis were further analyzed in
the final multivariate Cox proportional hazards model
adjusted for a propensity score in four strata.
Propensity score analysis was performed to adjust
variables to control for selection bias due to the nonrandomization of patients allocated in two groups
[22,23]
according to the corresponding cut-off value
. A
propensity score that represents the probability of
being allocated into different groups was estimated
with a logistic regression model for all patients. Any
potential factors involved in both group selection

Statistical analysis

PNI stratification according to nutritional significance
has previously been suggested, whereby a value
higher than 50 was normal, a value higher than 45
was considered mild malnutrition, a value higher than
40 was considered moderate malnutrition, and a value
lower than 40 was considered severe malnutrition.
However, there is no validated cut-off value for
PNI, NLR, or PLR, and therefore, receiver operating
characteristic (ROC) curve analysis was performed
with 5-year OS as the outcome, and the Youden index
[19]
was then estimated . The optimal cut-off value is that

WJG|www.wjgnet.com

Score

Prognostic Nutritional Index
≥ 48.2
< 48.2
Neutrophil-lymphocyte ratio
≤ 1.83
> 1.83
Platelet-lymphocyte ratio
≤ 140
> 140
Canton score
PNI ≥ 48, NLR ≤ 1.83 and PLT ≤ 3 × 1011/L
PNI ≥ 48, NLR ≤ 1.83 and PLT > 3 × 1011/L
PNI ≥ 48, NLR > 1.83 and PLT ≤ 3 × 1011/L
PNI < 48, NLR ≤ 1.83 and PLT ≤ 3 × 1011/L
PNI ≥ 48, NLR > 1.83 and PLT > 3 × 1011/L
PNI < 48, NLR ≤ 1.83 and PLT > 3 × 1011/L
PNI < 48, NLR > 1.83 and PLT ≤ 3 × 1011/L
PNI < 48, NLR > 1.83 and PLT > 3 × 1011/L
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RESULTS

Table 2 Relationship between clinicopathological factors,
postoperative complications, and prognostic nutritional index
n (%)

Variable
Age (yr)
≤ 65
> 65
Sex
Male
Female
Resectability
0
1, 2
Tumor depth
T1, T2
T3, T4
Lymph node
N0
N1-3
Distant metastasis
M0
M1
Pathological stage
I, Ⅱ
Ⅲ, Ⅳ
WBC
9
≤ 11 × 10 /L
> 11 × 109/L
ALB
≥ 35 g/L
< 35 g/L
PLT
9
≤ 300 × 10 /L
9
> 300 × 10 /L
CEA
≤ 5 ng/mL
> 5 ng/mL
Histological type
Well
Poor
Blood loss
≤ 400 mL
> 400 mL
Operative time
≤4h
>4h
Postoperative chemotherapy
Absent
Present
Postoperative complications
Absent
Present
Severe complication
Absent
Present

PNI-H

Patient characteristics

The baseline patient characteristics are summarized in
Table 2. There were 413 male and 219 female patients
(65.3% vs 34.7%), with a mean age of 57 years
(range, 19-89 years), and 187 patients were older
than 65 years. Five hundred and twenty-five patients
underwent radical gastrectomy: total gastrectomy,
partial gastrectomy, and palliative resection in 262,
263 and 107 cases, respectively. Ninety-five, 112,
267, and 158 patients had stages I, Ⅱ, Ⅲ, and Ⅳ
disease, respectively. Eighty-one (12.8%) patients had
postoperative complications. Decreased serum ALB
levels (< 35 g/L) and elevated platelet counts (> 300
9
× 10 /L) were noted in 125 (19.8%) and 148 (23.4%)
patients, respectively.

PNI-L P value
0.407

445 (70.4)
187 (29.6)

235
92

210
95

413 (65.3)
219 (34.7)

214
113

199
106

509 (80.5)
123 (19.5)

285
42

224
81

126 (19.9)
506 (80.1)

79
248

47
258

193 (30.5)
439 (69.5)

114
213

79
226

474 (75.0)
158 (25.0)

266
61

208
97

0.958

< 0.001

0.006

0.015

< 0.001

ROC curve analysis

0.002
207 (32.8)
425 (67.2)

125
202

82
223

597 (94.5)
35 (5.5)

312
15

285
20

507 (80.2)
125 (19.8)

325
2

182
123

484 (76.6)
148 (23.4)

260
67

224
81

547 (86.6)
85 (13.4)

287
40

260
45

190 (30.1)
442 (69.9)

98
229

92
213

We performed ROC curve analysis to determine the
optimal cut-off value with 5-year OS as an endpoint.
The AUCs were 0.642, 0.636, and 0.614 for PNI,
NLR, and PLR, respectively. Cut-off values of 48.2,
1.83, and 140 provided the maximal Youden index
with sensitivities of 70.1%, 49.5%, and 73.2%, and
specificities of 55.8%, 73.2%, and 60.3% for PNI,
NLR, and PLR, respectively. Therefore, 327 (51.7%)
and 305 (48.3%) patients were stratified into PNI
high and low groups; 421 (66.6%) and 311 (34.4%)
patients, into NLR high and low groups; and 340
(53.8%) and 292 (46.2%) patients, into PLR high and
low groups, respectively.

0.279

< 0.001

0.072

0.353

0.958

Survival

0.034
423 (66.9)
209 (33.1)

233
94

190
115

253 (40.0)
379 (60.0)

130
197

123
182

237 (37.5)
395 (62.5)

120
207

117
188

551 (87.2)
81 (12.8)

288
39

263
42

580 (91.8)
52 (8.2)

307
20

273
32

Four-hundred and forty-eight (70.9%) patients died
during follow up, with 1-, 3-, and 5-year OS rates of
72.9%, 47.6% and 39.1%, respectively. A decreased
PNI and elevated NLR and PLR were associated with a
reduced OS (P < 0.001 for all; Figure 1). The 1-, 3-,
and 5-year OS rates were 80.7%, 59.3%, and 49.5%
in patients with a PNI > 48, and 64.6%, 35.1%, and
28.9% in patients with a PNI ≤ 48 (P < 0.001 for all
groups; Figure 1A).

0.883

0.666

0.488

0.045

Predictive factors for OS

In univariate analysis, multiple factors, including PNI,
NLR, and PLR, were associated with a shorter OS
(Table 3). Of these, a multivariate analysis adjusted
for propensity score revealed that PNI, resectability,
CEA levels, distant metastasis, pathological
stage, postoperative complications, and age were
independent prognostic factors for OS (Table 3).

WBC: White blood cell; ALB: Albumin; PLT: Platelet; CEA: Carcinoembryonic
antigen.

and survival in the univariate analysis were entered
in the model. The percentage of correctly classified
patients reached 60.1 in this model. According to the
propensity score, patients were stratified in four strata
with 25% of patients in each. All the calculations were
performed using the SPSS statistical package (version
20.0; SPSS Inc., Chicago, IL, United States). A P value
less than 0.05 was considered statistically significant.
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PNI and clinicopathological characteristics

Clinicopathological features such as resectability, tumor
depth, lymph node metastasis, distant metastasis,
pathological stage, ALB, blood loss, and severe
postoperative complications differed significantly
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Overall survival

A

1.0

≥ 48.2

0.8

< 48.2
≥ 48.2-censored
< 48.2-censored

Table 3 Univariate and multivariate analyses of prognostic
factors in gastric cancer patients
Variable

0.6

Age (yr)
≤ 65
> 65
Sex
Male
Female
Resectability
R0
R1, R2
Tumor depth
T1, T2
T3, T4
Lymph node
N0
N1-3
Distant metastasis
M0
M1
Pathological stage
I

0.4

0.2

0.0
0.00

Overall survival

B

50.00
100.00
150.00
Months after surgery

200.00

1.0

≤ 1.83

0.8

> 1.83
≤ 1.83-censored
> 1.83-censored

0.6

Ⅱ

0.4

Ⅲ
Ⅳ

WBC
9
≤ 11 × 10 /L
> 11 × 109/L
ALB
≥ 35 g/L
< 35 g/L
PLT
9
≤ 300 × 10 /L
> 300 × 109/L
CEA
≤ 5 ng/mL
> 5 ng/mL
Histological type
Well
Poor
Blood loss
≤ 400 mL
> 400 mL
Operative time
≤4h
>4h
Postoperative chemotherapy
Absent
Present
Postoperative complications
Absent
Present
PNI
1
2
NLR
1
2
PLR
1
2
Propensity score

0.2

0.0
0.00

Overall survival

C

50.00
100.00
150.00
Months after surgery

1.0

≤ 140

0.8

> 140
≤ 140-censored
> 140-censored

200.00

0.6

0.4

0.2

0.0
0.00

50.00
100.00
150.00
Months after surgery

200.00

Figure 1 Overall survival according to prognostic nutritional index (A),
neutrophil-lymphocyte ratio (B), and platelet-lymphocyte ratio (C). The
prognosis of patients with prognostic nutritional index (PNI) ≥ 48.2, neutrophillymphocyte ratio (NLR) ≤ 1.83, or platelet-lymphocyte ratio (PLR) ≤ 140 was
more favorable than that of patients with PNI < 48.2, NLR > 1.83, or PLR > 140
(P < 0.001 for all).

between the PNI low and high groups (Table 2).

Subgroup analysis by pathological stage

Immunological and nutritional status might vary
according to disease stage, and we therefore classified
patients into four groups according to pathological

WJG|www.wjgnet.com

Univariate
P value

Multivariate
HR

95%CI

0.041

P value
0.004

1
2.323

1.299-4.156

0.299

< 0.001

0.018
1
2.062

1.133-3.759

< 0.001

< 0.001

< 0.001

< 0.001
1
10.505 6.540-16.874

< 0.001
< 0.001
< 0.001
0.002

1
2.552 1.591-4.095 < 0.001
4.695 3.053-7.220 < 0.001
10.505 6.540-16.874 < 0.001

< 0.001

< 0.001

< 0.001

0.004
1
1.457

1.126-1.883

< 0.001

< 0.001

0.067

0.479

< 0.001

0.002
1
1.516

1.164-1.974

< 0.001

< 0.001
1
1.668

1.368-2.035

< 0.001

0.656
1
1.056

0.830-1.343

< 0.001

0.113
1
1.190

0.960-1.475
0.398

WBC: White blood cell; ALB: Albumin; PLT: Platelet; CEA: Carcinoembryonic antigen; PNI: Prognostic nutritional index; NLR: Neutrophillymphocyte ratio; PLR: Platelet-lymphocyte ratio; HR: Hazard ratio.
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A

B

Stage Ⅰ

1.0

0.6
PNI
≥ 48.2
< 48.2
≥ 48.2-censored
< 48.2-censored

0.4

0.2

0.4

0.0
0.00

50.00
100.00
150.00
Months after surgery
Stage Ⅲ

1.0

200.00

PNI
≥ 48.2
< 48.2
≥ 48.2-censored
< 48.2-censored

0.00

D

0.6

0.4

50.00
100.00
150.00
Months after surgery
Stage Ⅳ

1.0

0.2

200.00

PNI
≥ 48.2
< 48.2
≥ 48.2-censored
< 48.2-censored

0.8

Overall survival

0.8

Overall survival

0.6

0.2

0.0

C

PNI
≥ 48.2
< 48.2
≥ 48.2-censored
< 48.2-censored

0.8

Overall survival

Overall survival

0.8

Stage Ⅱ

1.0

0.6

0.4

0.2

0.0

0.0
0.00

50.00
100.00
150.00
Months after surgery

200.00

0.00

50.00
100.00
150.00
Months after surgery

200.00

Figure 2 Overall survival of patients with different disease stages according to prognostic nutritional index (A-D). A high prognostic nutritional index (PNI)
was significantly associated with a longer overall survival in patients with stage Ⅱ or stage Ⅲ disease (P = 0.019 and P < 0.001, respectively).

New prognostic index - Canton score (a combination of
PNI, NLR and PLT)

stage (Figure 2). The OS of patients with a low PNI
was significantly shorter only if they had stage Ⅱ or Ⅲ
disease (stage Ⅱ: PNI-H vs PNI-L, 65.15% vs 52.17%,
P = 0.019; stage Ⅲ: 43.97% vs 19.05%, P < 0.001),
but not stage Ⅰ or Ⅳ disease (stage Ⅰ: 89.83% vs
88.88%, P = 0.377; stage Ⅳ: 6.56% vs 5.15%, P =
0.471). Patients with a high NLR had a significantly
shorter OS only if they had stage Ⅰ disease (P = 0.007).
However, in patients with stage Ⅲ or Ⅳ disease, a
high PLR was significantly associated with a shorter OS
(P = 0.011, 0.031 vs P = 0.132, 0.556, respectively).

As one indicator might have limited predictive value,
we combined a number of factors to generate a new
preoperative prognostic index. After combining PNI,
NLR, PLR, ALB, and PLT to generate several new
indices and comparing them, we found two indices
with the greatest prognostic significance (Table 4).
They were the combination of PNI, NLR, and PLT and
the combination of PNI, NLR, PLR and PLT. With the
advantage of convenience, the combination of PNI,
NLR and PLT, which we referred to Canton score, was
chosen as the novel prognostic index considering
there was no significant difference between these two
derived indices. Canton score is defined as the number
of the following prognostic indexes (PNI ≥ 48, NLR ≤
11
1.83 and PLT ≤ 3 × 10 /L) and thus has a value of
0, 1, 2, or 3. Detailed definition of the value of Canton
score is shown in Table 1. The AUC for Canton score
with 5-year OS as an outcome was 0.684, with an
obvious difference compared to that of PNI (P = 0.024).
We then compared the AUCs of Canton score and PNI
with 12-, 36-, 60-mo and overall OS as endpoints.
The AUC of Canton score in each case was higher than
that of PNI (P = 0.022, P = 0.030, P < 0.001, and P =

Subgroup analysis according to tumor depth and lymph
node metastasis

To further explore the association between PNI and
gastric cancer progression, we performed subgroup
analysis according to tumor depth and lymph node
metastasis. Among patients with T1 or T2 tumors
(n = 126 in total), those with a high PNI tended to
have a longer (but not significantly longer) OS (P =
0.134), although those with a high PNI and a T3 or T4
tumor did have a significantly longer OS (n = 506, P
< 0.001). Similarly, OS in the PNI high group was only
significantly longer amongst those with lymph node
metastasis (P < 0.001).
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Table 4 Areas under the receiver operating characteristic curve for survival of gastric patients based on all the derived prognostic
scores at the end of follow-up, or after 12, 36, or 60 mo
Item

All survival

PNI
NLR
PLR
PLT
PNI + NLR
PNI + PLR
PNI + PLT
NLR + PLR
NLR + PLT
PLR + PLT
PNI + NLR + PLR
PNI + NLR + PLT
PNI + PLR + PLT
NLR + PLR + PLT
PNI + NLR + PLR + PLT

12 mo

36 mo

60 mo

AUC

P value

AUC

P value

AUC

P value

AUC

P value

0.630
0.613
0.611
0.573
0.535
0.477
0.498
0.477
0.487
0.440
0.679
0.684
0.668
0.660
0.685

< 0.001
< 0.001
< 0.001
0.004
0.493
0.656
0.970
0.647
0.796
0.240
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.602
0.593
0.580
0.564
0.502
0.480
0.493
0.447
0.466
0.448
0.638
0.655
0.634
0.627
0.647

< 0.001
< 0.001
0.002
0.013
0.968
0.644
0.867
0.229
0.437
0.237
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.621
0.587
0.592
0.562
0.476
0.435
0.469
0.459
0.488
0.448
0.651
0.657
0.647
0.629
0.657

< 0.001
< 0.001
< 0.001
0.007
0.570
0.123
0.468
0.329
0.772
0.219
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.614
0.588
0.593
0.566
0.487
0.455
0.449
0.472
0.461
0.442
0.647
0.654
0.646
0.632
0.655

< 0.001
< 0.001
< 0.001
0.005
0.776
0.309
0.251
0.522
0.382
0.190
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

AUC: Area under the curve; PNI: Prognostic nutritional index; NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-lymphocyte ratio.
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Figure 3 Comparison of the areas under the receiver operating characteristic curve for survival of gastric cancer patients based on prognostic nutritional
index and Canton score at the end of follow-up (A), or after 12 mo (B), 36 mo (C), or 60 mo (D). The areas under the receiver operating characteristic curve at
these four points were significantly greater for Canton score than for prognostic nutritional index (PNI) (P = 0.024, P = 0.022, P = 0.030 and P < 0.001, respectively).

0.024, respectively) (Figure 3). Moreover, in univariate
analysis, hazard ratios (HRs) for death were 1.414
[95% confidence interval (95%CI): 1.054-1.895),
2.341 (95%CI: 1.772-3.091), and 3.555 (95%CI:
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2.545-4.966)] for patients with a Canton score of 1, 2,
and 3, respectively, compared to those with a Canton
score of 0 (Table 5). Multivariate analysis also revealed
an independent prognostic role for Canton score
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Table 5 Univariate and multivariate analyses of prognostic
factors including Canton score
Variable

Univariate
P value

Age (yr)

Multivariate
HR

95%CI

0.041

≤ 65

> 65
Sex
Male
Female
Resectability
R0
R1, R2
Tumor depth
T1, T2
T3, T4
Lymph node
N0
N1-3
Distant metastasis
M0
M1
Pathological stage
I, Ⅱ
Ⅲ, Ⅳ
WBC
9
≤ 11× 10 /L
> 11× 109/L
ALB
≥ 35 g/L
< 35 g/L
PLT
9
≤ 300 × 10 /L
> 300 × 109/L
CEA
≤ 5 ng/mL
> 5 ng/mL
Histological type
Well
Poor
Blood loss
≤ 400 mL
> 400 mL
Operative time
≤4h
>4h
Postoperative chemotherapy
Absent
Present
Postoperative complications
Absent
Present
PLR
PLR-L
PLR-H
Canton score
0
1
2
3

Table 6 Univariate and multivariate analyses of prognostic
factors including Canton score
Variable

P value
0.051

1
1.238

Resectability
R0
R1, R2
Canton score
0
1
2
3

0.999-1.536

0.299

< 0.001

0.002
1
1.567

1.204-2.040

Univariate
P value

Multivariate
HR

95%CI

< 0.001

0.021
< 0.001
< 0.001

P value
0.002

1
1.567

1.204-2.040

1
1.076
1.554
1.643

0.796-1.454
1.151-2.097
1.142-2.364

0.633
0.004
0.007

< 0.001

HR: Hazard ratio.

< 0.001

(Table 5). The maximum sensitivity, specificity, and
agreement rate of Canton score in predicting prognosis
were 84.6%, 34.9%, and 70.1%, respectively, superior
to these values for PNI, suggesting that Canton score
is a novel and effective preoperative prognostic index
(Table 6).

< 0.001

0.234
< 0.001
0.002

DISCUSSION
In our study, we found that PNI, NLR, and PLR were
associated with the OS of gastric cancer patients in
univariate analysis, but only PNI was an independent
prognostic factor in multivariate analysis before and
after propensity score adjustment, together with
resectability, postoperative complication, distant
metastasis, pathological stage, and CEA levels. In
addition, subgroup analysis showed that a low PNI
predicted a significantly shorter OS in patients with
stage Ⅱ or Ⅲ disease, T3 or T4 tumors, or lymph
node metastasis. We developed a new index, Canton
score, which is a better prognostic indicator for OS
than PNI.
Preoperative immunological and nutritional
conditions are associated with both the postoperative
[1,24]
and long-term outcomes of malignant tumors
.
Identifying prognostic factors before surgery to help
determine the optimal preoperative therapy and
timing of surgery is important. Previous attempts have
focused on a number of immuno-nutritional indices,
[4,6,7,9,15,21,25-27]
including PNI, NLR, PLR, PI, and GPS
.
However, their reported prognostic value can vary
between studies of the same cancer type; for example,
in hepatocellular carcinoma, PLR was found to be a
prognostic marker in one study, but another study
[15]
suggested that only PNI was a prognostic marker .
It is therefore crucial to compare different indices
to identify a more effective and convenient scoring
system. However, to date, these three indices have
not been analyzed together, nor has their association
with OS been compared in gastric cancer. In this study,
we found that PNI had the best predictive value, with
the highest AUC for 5-year OS, and it was the only
independent prognostic factor for OS. An additional

< 0.001

< 0.001

0.795

< 0.001

< 0.001

< 0.001

0.407

0.067

0.479

< 0.001

< 0.001

0.021
< 0.001
< 0.001

0.524

1
1.076
1.554
1.643

0.796-1.454
1.151-2.097
1.142-2.364

0.633
0.004
0.007

WBC: White blood cell; ALB: Albumin; PLT: Platelet; CEA: Carcinoembryonic antigen; PLR: Platelet-lymphocyte ratio.

(Canton score = 1: HR = 1.076; 95%CI, 0.796-1.454;
Canton score = 2: HR = 1.554; 95%CI: 1.151-2.097;
Canton score = 3: HR = 1.643; 95%CI: 1.142-2.364)
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consideration is the heterogeneity of patient cohorts
among studies, which might account for their different
findings. To reduce this bias, we performed propensity
score analysis and found that PNI was an independent
prognostic factor before and after adjustment.
The assessment of different prognostic factors
depended on the pathological stage of gastric cancer;
for example, PNI had greatest prognostic significance
in advanced gastric cancer patients (stages Ⅱ and
Ⅲ). Thus, error due to different proportions of patients
with a given pathological stage among different studies
cannot be excluded. For example, one study with 327
stage Ⅰ patients found a significant difference in OS
between stage Ⅰ patients with low or high PNI, but our
study with only 95 stage Ⅰ patients found no significant
[27]
association between PNI and OS . A larger cohort of
stage Ⅰ patients may give a different result.
It remains unclear how the association between
PNI and OS varied according to pathological stage. We
found that for patients in stage Ⅰ or Ⅲ, 5-year OS was
significantly shorter in the group of low PNI, however,
for patients in stage Ⅰ or Ⅳ, no significant association
was found although the 5-year OS of patients with
a low PNI was slightly shorter. This implies that the
predictive significance of PNI might be greater in
advanced gastric cancer, which is supported by the
finding that PNI was only significantly associated
with OS in patients with deeper tumor invasion and
lymph node metastasis. This result is consistent with
that of our meta-analysis and the findings of other
[4,28]
studies
. This dependence on tumor invasion and
spread might reflect the relatively good immunological
and nutritional status of gastric cancer patients with
stage Ⅰ disease, and that gastric cancer was not always
considered to be the major cause of death in these
patients. Indeed, one study found that more than 50%
of patients with stage Ⅰ disease died from non-cancer
[27]
causes, regardless of PNI . Similarly, we found that
age and postoperative complications were the two
main factors influencing prognosis in stage Ⅰ patients.
Advanced age was also an independent factor for
poor prognosis, but only after propensity score
adjustment, and several other studies did not find age
to be an independent factor. This suggests that the
non-randomization of patients and the consequent
compounding factors need to be accounted for; hence,
our propensity score analysis made our results more
reliable. Older patients with a decline in both biological
and physiologic functions of the digestive system and
accompanying disorders such as chronic diseases,
malignancies, and psychological illness are often in
[29]
a poor immunological and nutritional condition ,
and events such as respiratory failure consequent to
pneumonia were common non-malignant causes of
[30]
death in the elderly .
The mechanism by which low PNI may impact
survival is not fully understood. Serum ALB is required
for a number of key physiological functions, including
the maintenance of serum osmolality, tissue repair,
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transport of extrinsic and intrinsic compounds such
as drugs and nutrients, and modulating systematic
[31]
inflammation . Thus, hypoalbuminemia can result
in postoperative complications, including anastomotic
edema and fistula, delayed tissue repair, reduced
therapeutic efficacy of drugs and nutrients, and more
importantly, the activation of systematic inflammation
and influencing host immunity. Consequently, low ALB
levels could promote tumor growth and invasion and
trigger infections, which worsen prognosis. In addition to
ALB levels, the lymphocyte count reflects immunological
status and the degree of systematic inflammation to
[10]
[32]
some extent . Yang et al convincingly showed that
the impairment of lymphocyte mediated antitumor
response is an immunological determinant of prognosis
in hepatocellular carcinoma. It has also been reported
that a cascade of inflammatory mediators during
systematic inflammation can lead to tumor progression.
This results from the recruitment of inflammatory cells
including lymphocytes by the activation of transcription
factors and inflammatory mediators after activation
of the extrinsic (pre-existing inflammation) or intrinsic
[33]
pathway (oncogene activation) . There is also an
interaction between nutritional status and systematic
inflammation response. Moreover, both malnutrition
(hypoalbuminemia) and an inflammatory response
(based on the TLC) may affect therapeutic compliance
[34]
and in turn affect prognosis .
Subsequent prospective clinical studies failed
to find any benefit for serum ALB supplementation
and its preoperative use for cancer patients remains
controversial although correcting the serum ALB level
before surgery was found to improve survival in early
studies. However, anti-inflammatory therapy has been
shown to extend survival of gastric cancer patients
[35]
in a recent trial . Based on our findings, it might be
possible to improve survival by boosting immunity
and nutritional status. Indeed, previous studies have
also found that improved preoperative immunological
and nutritional status could reduce the length of
[27,36]
hospital stay and improve prognosis
. If this is
validated in further clinical trials, we would recommend
preoperative medical treatment to achieve nutritional
and immunological levels that optimize the PNI, and
then perform surgery at the optimal time.
The new index that we propose here, Canton
score, is a superior prognostic factor compared to
PNI, NLR, or PLR alone, as it better represents the
relative contribution of each of these indices. In
addition to PNI and NLR, which include TLC and ALB
levels, together with the neutrophil count, Canton
score also includes the PLT level, which was recently
found be associated with tumor development. Platelets
can secrete angiogenic factors and hence promote
tumor growth by stimulating angiogenesis and are
also involved in tumor invasion by binding to tumor
cells via the adhesion molecules found in their alphagranules. Further studies are needed to fully evaluate
the predictive value of Canton score in cancer.
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Several limitations of our study need to be con
sidered. This was a retrospective observational study
in which we detected a significant association between
PNI and OS in gastric cancer, but we could not prove
this association. Additionally, patients with different
disease stages were not equally distributed, with
relatively few cases of stage Ⅰ disease, thus probably
skewing the results.
In conclusion, PNI, but not NLR or PLR, is an
independent prognostic factor for OS in gastric cancer,
especially amongst patients with advanced disease, deep
tumor invasion, or lymph node metastasis. However,
more studies with larger sample sizes are needed to
explore the prognostic value of PNI in gastric cancer and
the benefit of intervention to improve immunological and
nutritional status in order to achieve a favorable PNI.
Further, we showed that Canton score could be a novel
preoperative prognostic index in gastric cancer.
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AIM: To investigate remnant gastric cancer (RGC) at
various times after gastrectomy, and lay a foundation
for the management of RGC.
METHODS: Sixty-five patients with RGC > 2 years and
< 10 years after gastrectomy (RGC Ⅰ) and forty-nine
with RGC > 10 years after gastrectomy (RGC Ⅱ) who
underwent curative surgery were enrolled in the study.
The clinicopathologic factors, surgical outcomes, and
prognosis were compared between RGC Ⅰ and RGC Ⅱ.
RESULTS: There was no significant difference in
surgical outcomes between RGC Ⅰ and RGC Ⅱ. For
patients reconstructed with Billroth Ⅱ, significantly
more patients were RGC Ⅱ compared with RGC (71.9%
vs 21.2%, P < 0.001), and more RGC Ⅱ patients had
anastomotic site locations compared to RGC Ⅰ (31.0%
vs 56.3%, P = 0.038). The five-year survival rates
for the patients with RGC Ⅰ and RGC Ⅱ were 37.6%
and 47.9%, respectively, but no significant difference
was observed. Borrmann type and tumor stage were
confirmed to be independent prognostic factors in both
groups.
CONCLUSION: RGC Ⅱ is located on the anastomotic
site in higher frequency and more cases develop after
Billroth Ⅱ reconstruction than RGC Ⅰ.
Key words: Clinical pathology; Recurrence; Remnant
gastric cancer; Survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This article is an important paper about
clinicopathologic features of remnant gastric cancer
(RGC) and the comparison of RGC with time interval of
> 2 and ≤ 10 years (RGC Ⅰ) after prior gastrectomy
for gastric cancers. RGC after 10 years was easier
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to locate on the anastomotic site than RGC Ⅰ. The
predominant reconstruction type of the first operation
is Billroth Ⅰ for RGC Ⅰ and Billroth Ⅱ for RGC Ⅱ. There
may be different pathogeneses in different subgroups
of RGC.

gastrectomy for gastric cancer into two subgroups:
RGC Ⅰ (2-10 years post-gastrectomy) and RGC Ⅱ
(> 10 years). The clinicopathologic features, type of
operation, and the long-term survival results of the
two subgroups were investigated and compared.

Zhang DW, Dong B, Li Z, Dai DQ. Clinicopathologic features
of remnant gastric cancer over time following distal gastrectomy.
World J Gastroenterol 2015; 21(19): 5972-5978 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i19/5972.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i19.5972

MATERIALS AND METHODS
Patients

Sixty-five patients with RGC Ⅰ and forty-nine with
RGC Ⅱ underwent treatment at the Department of
Gastrointestinal surgery, cancer institute of China
Medical University from January 1980 to December
2010. The patients whose cancers were detected in
the distal stomach after proximal gastrectomy were
excluded. To exclude the residual cancer in the initial
surgery, the patients with time interval ≤ 2 years
between the two cancers were excluded, though the
proximal and distal resection margins were evaluated
intraoperatively to confirm freedom from carcinoma
at the initial surgery. Of them, ninety-five patients
underwent surgical treatment and nineteen patients
underwent non-surgical treatment for the distant
metastasis or poor physical conditions. Seventy-four
patients (RGC Ⅰ: 42, RGC Ⅱ: 32) underwent curative
operation.

INTRODUCTION
Remnant gastric cancer (RGC) refers to a carcinoma
detected in remnant stomach more than five years
after primary surgery for a benign disease. Many
[1-4]
studies have paid attention to this disease
. It
has been reported to account for 2.4% to 5% of
[5,6]
all gastric cancers
. In recent decades, due to
improved outcomes of medical treatment for gastric or
duodenum ulcer, the number of patients undergoing
gastrectomy for benign disease has decreased by
a wide margin. Hence, the incidence of RGC strictly
according to the definition is on the downside.
On the contrary, the number of patients with
RGC following gastrectomy for gastric cancer has
progressively increased as a result of improved
outcomes for patients with gastric cancer and the
increasing proportion of patients diagnosed with early
[7]
gastric cancer . Recently, several reports have used
RGC to define all cancers arising from the remnant
stomach after partial gastrectomy, regardless of
[7-10]
the initial disease
. Several studies evaluated the
clinicopathologic characteristics and surgical outcomes
of patients with RGC after gastric cancer and compared
[11-13]
them with the RGC after benign disease
, and
observed no significant differences.
The preferred explanation for the pathogenesis
of RGC is that Billroth Ⅱ reconstruction produces
a typical model of carcinogenesis. Gastroduodenal
reflux and Helicobacter pylori colonization in the
remnant stomach promote the development of
[14,15]
RGC
. Because the gastric stump is constantly
under carcinogenic influence, the time interval is one
of the most important factors for the development of
RGC. For the patients with RGC after benign disease,
the average latency time is reported to be 20-27
years, and may go up to 40 years. Most authors have
reported a steep increase in the risk of developing
th
gastric stump cancer from the 20 year after the first
[16-18]
gastrectomy
. Nevertheless, we consider that
there maybe some differences in clinical pathology and
prognosis between the RGC patients with a recurrence
interval shorter than 10 years and those longer than
10 years.
In this study, we divided RGC following distal
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Pathologic examination and classification

Clinicopathologic data were recorded based on the
second English edition of the Japanese Classification
System for Gastric Cancer, edited by the Japanese
Gastric Cancer Association. The formalin-fixed
specimens, containing the carcinoma lesions
together with the surrounding gastric wall, were cut
into multiple slices, principally parallel to the lesser
curvature, at an interval of 5 mm. The hematoxylin
and eosin-stained sections of tumor were initially
examined independently by two pathologists and
further confirmed by an additional expert pathologist
for a final diagnosis. If there was disagreement in
the diagnosis, the slides were rechecked by all three
pathologists.
Clinicopathologic features, including age, sex,
tumor location, tumor size, Borrmann type, histologic
grade, Lauren grade, tumor stage, and type of
operation, were investigated and compared between
the two groups. The tumor locations of RGC were
classified as anastomotic site, non-anastomotic
site, and total stump. The total number of retrieved
lymph nodes in all patients were > 15, so the tumors
were staged according to the International Union
th
Against Cancer (UICC, 7 edition) classification.
Tumor histologic grade was classified into two
groups: differentiated, which included papillary
adenocarcinoma and moderately or well-differentiated
adenocarcinoma, and undifferentiated, which included
poorly or undifferentiated adenocarcinoma, mucinous
carcinoma, and signet ring cell carcinoma. The type of
the second resection included palliative resection, total
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Table 1 Number of patients according to the different periods and treatment type
RGC Ⅰ

Year

RGC Ⅱ

Curative resection

PR or no resection

No operation

Curative operation

PR or no resection

No operation

6
12
22
42

6
3
4
13

5
3
2
10

3
11
18
32

3
2
3
8

4
2
3
9

1980-1990
1990-2000
2000-2010
Total

PR: Palliative resection; RGC Ⅰ: Remnant gastric cancer 2-10 years after gastrectomy; RGC Ⅱ: Remnant gastric cancer > 10 years after gastrectomy.

2

analysis, two-tailed χ tests for categorical variables
and 2 t tests for continuous variables were employed
for statistical comparisons. In multivariate analysis,
Cox’s proportional hazard model was used to identify
independent factors correlated with prognosis. A P <
0.05 was considered statistically significant.
The statistical methods of this study were reviewed
by Bo Qu, (professor and biostatistician), China Medical
University.

Table 2 Surgical outcomes of the patients n (%)
RGC Ⅰ

Parameters

RGC Ⅱ

P value

(n = 55) (n = 40)
Type of surgery
No resection
Bypass surgery
Open biopsy only
Palliative resection
Curative resection
Resection type
Resection of RG or gastrectomy
Extended gastrectomy
Splenectomy
Whipple
Segmental T-colon resection
Distal pancreatectomy
Left lateral sectionectomy of liver
Diaphragm excision

0.803
5 (9.1)
2
3
8 (14.5)
42 (76.4)

4 (10.0)
3
1
4 (10.0)
32 (80.0)

30
12
3
4
2
0
2
1

26
6
2
0
2
2
0
0

0.189

RESULTS
There were 79 men and 35 women enrolled in the
study with a mean age of 61 ± 12 years. The number
of the patients with RGC according to the different
periods and treatment type is shown in Table 1.
Of the 114 patients, 95 underwent surgical
treatment. The types of surgery according to the
different subgroups are listed in Table 2. A total of
74 patients (70.7%) received a curative resection.
Because of peritoneal seeding, liver metastasis and
serious adjacent organ invasion, 12 patients (RGC Ⅰ:
8, RGC Ⅱ: 4) underwent a palliative resection and
9 (RGC Ⅰ : 5, RGC Ⅱ : 4) patients underwent a
non-resective operation such as bypass surgery or
diagnostic laparotomy. In the RGC Ⅰ group, 42 patients
underwent curative resection.
Clinicopathologic features of the 74 patients with
curative resection are shown in Table 3. The second
cancer was more frequently located on the anastomotic
site in the patients with RGC Ⅱ than that in the
patients with RGC Ⅰ (P = 0.038). Twenty-three patients
with RGC Ⅱ underwent Billroth Ⅱ reconstruction in the
first operation, which was significantly more than that
in the patients with RGC Ⅰ (P < 0.001). There were no
significant differences in age, tumor size, Borrmann
type, histologic grade, Lauren grade, or tumor stage
between the two groups. The tumor stage of the initial
cancer was only known for 33 patients with RGC Ⅰ and
22 with RGC Ⅱ because some clinical data were lost.
There was a significant difference in the number of
patients with stage Ⅲ or Ⅳ initial cancers, observed in
60.6% of RGC Ⅰ patients vs 22.7% of RGC Ⅱ patients
cases (P = 0.006).
The overall five-year survival rate of patients
with RGC was 43.6%. As shown in Figure 1, the
five-year survival rates were 37.6% and 47.9% for
the patients with RGC Ⅰ and RGC Ⅱ , respectively.

RG: Remnant gastric; RGC Ⅰ: Remnant gastric cancer 2-10 years after
gastrectomy; RGC Ⅱ: Remnant gastric cancer > 10 years after gastrectomy.

gastrectomy, and extended gastrectomy. Extended
gastrectomy included splenectomy, segmental
T-colon resection, distal pancreatectomy, left lateral
sectionectomy of liver, and diaphragm excision. For the
patients with Billroth Ⅱ reconstruction, the resection
of segmental jejunum connected to the gastric stump
was not recorded as extended gastrectomy.

Follow-up

All patients with RGC who underwent curative resection
operations were followed-up. Patients were evaluated
by chest radiograph, ultrasonography, abdominopelvic
CT scan, serum tumor markers, and endoscopy to
detect recurrence every 3 mo in the first two years.
After the first two years, a telephone interview was
conducted every 2 mo. Follow-up was complete for
the entire study population to December 2013. At the
end of follow-up, seven patients were lost. The rate of
follow-up was 94.6%.

Statistical analysis

All the statistical analyses were performed by SPSS
16.0 statistical package (SPSS Inc., Chicago, IL,
United States). Overall survival rates were determined
using the Kaplan-Meier estimator method. The logrank test was used to identify differences between
the survivals of the two subgroups. In univariate
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Table 3 Clinicopathologic features n (%)
RGC Ⅰ

Parameters
Sex
Male
Female
Age (yr), mean ± SD
Tumor size, cm
< 4.0
≥ 4.0
Tumor location
Anastomotic site
Non-anastomotic site
Total stump
Reconstruction of 1st operation
Billroth Ⅰ
Billroth Ⅱ
Borrmann type
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Histology grade
Differentiated
Undifferentiated
Lauren grade
Intestinal
Diffuse
Tumor stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
1st tumor stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ

Table 4 Analysis of the prognostic factors
RGC Ⅱ

P value

29 (69.0)
13 (31.0)
60.5 ± 11.6

21 (65.6)
11 (34.4)
62.3 ± 13.4

16 (38.1)
26 (61.9)

15 (46.9)
17 (53.1)

5-YSR
(%)
Sex
Male
Female
Age, yr
< 60
≥ 60
Tumor size (cm)
< 4.0
≥ 4.0
Reconstruction of 1st
operation
Billroth Ⅰ
Billroth Ⅱ
Borrmann type
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Histologic grade
Differentiated
Undifferentiated
Lauren grade
Intestinal
Diffuse
Tumor stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ

0.103
0.301

0.038
13 (31.0)
19 (45.2)
10 (23.8)

18 (56.3)
6 (18.7)
8 (25.0)

31 (78.8)
11 (21.2)

9 (28.1)
23 (71.9)

15 (35.7)
27 (64.3)

14 (43.7)
18 (56.3)

< 0.001
0.322

0.421
19 (45.2)
23 (54.8)

12 (37.5)
20 (62.5)
0.308

20 (47.6)
22 (52.4)

18 (56.3)
14 (43.7)
0.106

15 (35.7)
27 (64.3)

16 (50.0)
16 (50.0)
0.006

13 (39.4)
20 (60.6)

17 (77.3)
5 (22.7)

RGC Ⅱ

P value
UA

MA

5-YSR
(%)

0.574

UA

MA

0.179

31.9
51.9

51.0
43.6
0.854

0.467

40.8
34.2

44.4
49.2
0.018

0.235

59.8
23.7

0.009

0.653

60.0
35.2
0.875

0.644

34.4
45.5

44.4
49.0
0.015

0.004

57.4
25.9

0.031

0.013

0.044

0.254

0.032

0.321

0.009

< 0.001

66.7
36.9
0.035

0.532

53.3
24.3

66.7
36.9
0.026

0.108

56.9
22.9

55.6
36.7
0.015

67.0
18.1

P value

< 0.001
67.3
27.5

MA: Multivariate analysis; RGC Ⅰ: Remnant gastric cancer 2-10 years after
gastrectomy; RGC Ⅱ: Remnant gastric cancer > 10 years after gastrectomy;
UA: Univariate analysis; 5-YSR: Five-year survival rate.

RGC Ⅰ: Remnant gastric cancer 2-10 years after gastrectomy; RGC Ⅱ:
Remnant gastric cancer > 10 years after gastrectomy.

were confirmed as independent factors.

Survival functions
1.0

DISCUSSION
RGC Ⅰ

0.8

Cum survival

RGC Ⅰ

Parameters

0.805

Although the mortality of gastric cancer has sub
stantially decline because of early diagnosis, radical
surgery, and the development of adjuvant therapies,
the deaths that do occur almost invariably follow tumor
[19,20]
recurrence
. RGC following distal gastrectomy for
gastric cancer is a frequent type of tumor recurrence.
Operation is the most effective treatment for RGC.
Some reports proposed different operative method
[13,21]
for the curative resection of RGC
. We performed
mainly total gastrectomy plus D2 lymphadenectomy
and adjacent organ resection regardless of RGC Ⅰ or
RGC Ⅱ. The reports concerning the rate of resectability
for RGC have some discordant opinions. It had often
been described as having low resectability rates
[22,23]
(< 70%)
. It was also reported that the rate of
curative resection was 60% in patients with RGC
after benign disease, 78% in patients with RGC after
[24]
gastric cancer, and 70% in total patients with RGC .
Our study reports higher rates, as the rate of curative
resection was 76.4% for RGC Ⅰ and 80.0% for RGC
Ⅱ, with an overall rate of 77.9%. The reason for this
might be that some patients with distant metastasis or
poor physical condition were recommended to undergo

RGC Ⅱ

0.6

0.4

0.2

0.0
20.00

40.00

60.00

80.00

100.00

Months after operation

Figure 1 Survival curves. The five-year survival rate for patients with remnant
gastric cancer 2-10 years after gastrectomy (RGC Ⅰ) was 37.6%, and was
47.9% for those with remnant gastric cancer > 10 years after gastrectomy (RGC
Ⅱ) (P = 0.440).

Univariate analyses identified tumor size, Borrmann
type, histologic grade, Lauren grade, and tumor stage
as factors associated with prognosis (Table 4). In
multivariate analysis, Borrmann type and tumor stage
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treatment in the department of medical oncology.
Some studies report a high rate (40%-70%) of
combined organ resection, which was attributed it
to the high incidence of adjacent organ invasion and
[25-27]
the need for lymphadenectomy
. In the present
study, although the combined resection of involved
organs was more frequently selected in patients with
RGC Ⅰ than those in the patients with RGC Ⅱ (25.8%
vs 12.5%; P = 0.189), the rates are much lower than
what has been reported. This might be induced by the
different standard in the preoperational assessment.
In this investigation, Whipple resection was conducted
in four patients with RGC Ⅰ, but not in patients with
RGC Ⅱ. This might account for the difference of the
adjacent organs, which could be attributed to different
reconstruction type.
According to a previous study, gastritis cystica
polyposa, which was suspected to be of great
relevance to cancer development in the remnant
stomach, was detected more often on the anastomotic
site, and more often in patients with Billroth Ⅱ
[24]
reconstruction than in those with Billroth Ⅰ . These
suggest that long-term exposure of the gastric mucosa
to duodenal contents is one of the major causes of
RGC after distal gastrectomy and the anastomotic site,
which is the most direct site for this disadvantage,
and is understandably the most common location
for the RGC. However, the time interval from the
first resection to development of RGC varied to a
great extent. The average latency time was reported
to be 20-27 years, and up to 40 years. As the risk
of developing gastric stump cancer increases after
[16-18]
20 years
, the time interval appears to be one
of the most important factors for the development
of RGC. A reason for this is because the remnant
stomach is constantly under carcinogenic influence.
This is only applicable for RGC after benign disease,
as the anastomotic site of Billroth Ⅱ reconstruction
is frequently involved by RGC 15 years or more after
[4,28]
the first gastrectomy for benign disease
. In the
present study, more than half of RGC following gastric
cancer surgery developed less than 10 years after
the first operation. The time interval did not seem to
be enough for the development of RGC. Meanwhile,
RGC Ⅰ was more frequently located on the nonanastomotic site and more cases of them developed
after Billroth Ⅰ reconstruction. Thus, we infer that there
might be some different pathogeneses for RGC Ⅰ. It
is well known that mucosal changes, such as atrophic
gastritis and intestinal metaplasia, are often observed
in tumor-adjacent tissues. Denervation during initial
gastric cancer surgery might damage the defense
mechanisms of the gastric mucosa, which facilitates
the development of cancer from precancerous
[29]
lesions . We therefore also infer that preexisting
mucosal changes in the remnant stomach, such as
atrophic gastritis and intestinal metaplasia, rather
than gastroduodenal reflux, are more relevant to the
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development of RGC Ⅰ. On the other hand, RGC Ⅰ was
more common in patients with a more advantaged
tumor stage of the first cancer. This may suggest
that the development of RGC Ⅰ is be due to residual
carcinomas ignored at the initial operation. Although
resection margins are deemed histologically free of
tumor involvement at initial operation, tumor cells still
may remain in the remnant stomach.
It has been reported that the incidence of syn
chronous multiple gastric cancers are approximately
[30]
4%-7% of surgically resected cases . One study
conducted a comprehensive evaluation of serial
sections from the entire stomach and found an
incidence of 13.2%-14.6%, suggesting a higher
[30]
incidence of latent lesions . According to another
[31]
previous study , patients with multiple gastric
cancers are more likely to develop secondary gastric
cancers in the remnant stomach. All the above suggest
that RGC Ⅱ after Billroth Ⅱ reconstruction might
develop from a typical model of carcinogenesis for
gastroduodenal reflux. However, preexisting mucosal
changes or residual carcinomas ignored at initial
treatment might be more responsible for RGC Ⅰ .
In patients whose re-oncogenesis locations were
non-anastomotic sites and total stump, we did not
observe other sites of re-oncogenesis via preoperative
gastroscopy and intraoperative check, therefore,
we surmise that the re-oncogenesis locations were
associated with background mucosal change.
Moreover, curative resection with a safe margin (all
the margins have been proven postoperatively to be
safe or called “negative margin”) was achieved in all
42 of these patients. Thus, more studies should be
conducted to find the most possible reason for their
early re-oncogenesis after prior gastrectomy.
In conclusion, there is no significant difference in
surgical outcomes and prognosis between RGC Ⅰ and
RGC Ⅱ. However, in clinicopathologic features, RGC Ⅱ
is more frequently located on the anastomotic site and
more cases develop after Billroth Ⅱ reconstruction.
Therefore, we propose that gastroduodenal reflux
might induce the development of RGC Ⅱ. However,
the development of RGC Ⅰ could also be attributed to
preexisting mucosal changes or residual carcinomas
ignored at initial treatment for synchronous multiple
gastric cancers.
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after > 10 years is more frequently located on the anastomotic site and more
cases develop after Billroth Ⅱ reconstruction. Therefore, the authors suggest
that gastroduodenal reflux induces the development of these cases of RGC.

12

The development of RGC within 10 years after gastrectomy may result from
preexisting mucosal changes or residual carcinomas ignored at initial treatment
for synchronous multiple gastric cancers. This study may help to lay the
foundation of the management of RGC.

14

13

Applications

Terminology

RGC refers to a carcinoma detected in remnant stomach more than five years
after primary surgery for a benign disease.

15

The study is done carefully. This article is an important paper concerning
clinicopathologic features of RGC. Original point of this paper is the comparison
of RGC with time interval of > 2 and ≤ 10 years after prior gastrectomy for
gastric cancers.

16
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AIM: To evaluate the dose-limiting toxicities (DLTs)
and determine the maximum-tolerated dose (MTD) and
recommended dose (RD) of combination chemotherapy
with gemcitabine, cisplatin and S-1 which is an oral
fluoropyrimidine pro-drug in patients with advanced
biliary tract cancer.
METHODS: Patients with histologically or cytologically
confirmed unresectable or recurrent biliary tract
cancer were enrolled. The planned dose levels of
2
2
gemcitabine (mg/m ), cisplatin (mg/m ), and S-1
2
(mg/m per day) were as follows: level -1, 800/20/60;
level 0, 800/25/60; level 1, 1000/25/60; and level 2,
1000/25/80. In each cycle, gemcitabine and cisplatin
were administered intravenously on days 1 and 15,
and S-1 was administered orally twice daily on days 1
to 7 and days 15 to 21, every 4 wk.
RESULTS: Twelve patients were enrolled, and level
0 was chosen as the starting dose. None of the first
three patients had DLTs at level 0, and the dose
was escalated to level 1. One of six patients had
DLTs (grade 4 febrile neutropenia, leucopenia, and
neutropenia; grade 3 thrombocytopenia) at level 1.
We then proceeded to level 2. None of three patients
had DLTs during the first cycle. Although the MTD was
not determined, level 2 was designated at the RD for a
subsequent phase Ⅱ study.
CONCLUSION: The RD was defined as gemcitabine
2
2
1000 mg/m (days 1, 15), cisplatin 25 mg/m (days
2
1, 15), and S-1 80 mg/m per day (days 1-7, 15-21),
every 4 weeks. A phase Ⅱ study is planned to evaluate
the effectiveness of combination chemotherapy with
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gemcitabine, cisplatin, and S-1 in advanced biliary tract
cancer.

Available evidence suggests that a three-drug
combination regimen of gemcitabine, cisplatin, and
S-1 might further enhance response and improve
outcomes. However, the effectiveness of combination
therapy with gemcitabine, cisplatin, and S-1 has not
been evaluated previously in advanced biliary tract
cancer. We designed this phase Ⅰ study to evaluate the
safety and determine the maximum-tolerated dose
(MTD) and recommended dose (RD) of this triplet
combination in patients with advanced biliary tract
cancer.

Key words: Gemcitabine; Cisplatin, S-1; Advanced
biliary tract cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This Phase Ⅰ trial revealed that combination
therapy with gemcitabine, cisplatin, and S-1 was well
tolerated and feasible in patients with advanced biliary
tract cancer. We are now proceeding to a phase Ⅱ
study to investigate the efficacy of this combination
regimen in advanced biliary tract cancer.

MATERIALS AND METHODS
Patient eligibility

Patients with histologically or cytologically confirmed
biliary tract cancer were eligible for enrollment if they
met the following criteria: unresectable or recurrent
disease; no prior therapy (radiation or chemotherapy)
other than surgery; 20-79 years of age; an Eastern
Cooperative Oncology Group (ECOG) performance
status of 0 or 1; and adequate bone marrow function
3
(white blood cell count 3500-12000/mm , neutrophil
3
3
count ≥ 2000/mm , platelet count ≥ 100000/mm ,
and hemoglobin ≥ 10 g/dL), adequate liver function
(aspartate aminotransferase/alanine aminotransferase
(AST/ALT) ≤ three times the upper limit of normal
(ULN) (in patients with obstructive jaundice, ≤ five
times the ULN after biliary drainage), and total bilirubin
≤ 2 mg/dL (in patients with obstructive jaundice,
≤ 3 mg/dL after biliary drainage), adequate renal
function (creatinine clearance ≥ 60 mL/min; 24-h
urine collection was recommended, or the CockcroftGault formula could be used if 24-h collection
was not possible), and adequate heart function
(practically normal); and adequate oral intake. All
patients provided written informed consent. The
exclusion criteria were as follows: the presence of
another cancer; severe complications (for example,
congestive heart disease, coronary artery disease,
active arrhythmias, a history of cerebral infarction
or hemorrhage, active gastrointestinal bleeding or
ulcer, uncontrollable diabetes mellitus, renal failure,
active hepatitis, liver cirrhosis, or liver failure); the
presence of a fever with suspected infection; paresis,
peripheral neuropathy, or edema unrelated to biliary
tract cancer; severe pleural or pericardial effusion;
moderate or severe ascites; pregnancy or nursing
infants, women of childbearing age; pulmonary fibrosis
or interstitial pneumonia; severe mental disorders; a
history of severe allergy or allergies to the drugs used
in this study; treatment with another fluoropyrimidine
cytotoxic agent; and treatment with flucytosine. All
procedures were performed in accordance with the
1964 Declaration of Helsinki.

Watanabe A, Kida M, Miyazawa S, Iwai T, Okuwaki K,
Kaneko T, Yamauchi H, Takezawa M, Imaizumi H, Koizumi W.
Phase Ⅰ trial of combination chemotherapy with gemcitabine,
cisplatin, and S-1 in patients with advanced biliary tract cancer.
World J Gastroenterol 2015; 21(19): 5979-5984 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i19/5979.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i19.5979

INTRODUCTION
Biliary tract cancer is more common in East Asia and
[1]
Latin America than in other continents . Despite
recent remarkable progress in diagnostic procedures,
most cases are advanced at initial diagnosis and
are thus treated by chemotherapy. Moreover, even
if surgery, the only potentially curative treatment,
can be performed, relapse often occurs, and 5-year
survival rates are not high (ampullary cancer, 52.8%;
[2]
gallbladder cancer, 41.6%; bile duct cancer, 33.1%) .
Gemcitabine, cisplatin, and fluorouracil (including
their pro-drugs) are widely used to treat biliary tract
cancer. Gemcitabine is used throughout the world as
a key drug for the management of biliary tract cancer
because clinical trials have confirmed its effectiveness,
with a response rate (RR) of 17.5% and a mean
[3]
survival time (MST) of 7.6 mo . In addition, the
ABC-02 study, a phase Ⅲ randomized controlled trial
comparing gemcitabine alone with gemcitabine plus
cisplatin (GC), reported that MST was significantly
longer for the combination regimen (gemcitabine,
[4]
8.1 mo vs GC, 11.7 mo, P < 0.001) . These results
established GC combination therapy as a standard
treatment for advanced biliary tract cancer.
S-1 is an oral fluoropyrimidine pro-drug that has
been confirmed to be effective against various types
of solid tumors, both alone and in combination with
[5-12]
other cytotoxic drugs
. S-1 has also been confirmed
to be effective against biliary tract cancer. Two phase
2 clinical trials reported RRs of 21.1% and 35.0% with
[13,14]
MSTs of 252 d and 287 d, respectively
. However,
these results remain unsatisfactory.

WJG|www.wjgnet.com

Study design

This dose-escalating, single-center phase Ⅰ study
was performed at Kitasato University East Hospital in
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9 mg/dL; AST/ALT < five times the ULN (patients
without biliary drainage) or < three times the ULN
(patients with biliary drainage); total bilirubin < 3 mg/
dL (patients without biliary drainage) or < 2 mg/dL
(patients with biliary drainage); creatinine clearance
> 60 mL/min; no diarrhea/fatigue/mucositis or oral/
peripheral neuropathy of grade 2 or higher; no nonhematologic toxicities of grade 3 or higher (except for
abnormal blood test results not relevant to the study
drugs). If the patient did not meet the above criteria,
chemotherapy was postponed by several days to 3 wk
until recovery. If chemotherapy was delayed by more
than 3 wk, the protocol therapy was discontinued. S-1
was discontinued if the patient met any of the following
criteria during the treatment course: white-cell count
3
3
< 2000/mm ; neutrophil count < 1000/mm ; platelet
3
count < 75000/mm ; fever (> 38 ℃) due to infection;
hemoglobin < 9 mg/dL; AST/ALT > five times the ULN
(patients without biliary drainage) or >three times the
ULN (patients with biliary drainage); total bilirubin > 3
mg/dL (patients without biliary drainage) or > 2 mg/
dL (patients with biliary drainage); creatinine clearance
< 60 mL/min; diarrhea/fatigue/oral mucositis of grade
2 or higher; or non-hematologic toxicities of grade
3 or higher (excluding abnormal blood test results
not relevant to the study drugs). Because this was a
dose-escalation study a reduction in dosage was not
allowed. If dose reduction was required, the protocol
therapy was discontinued.

Table 1 Doses and treatment schedules for each level
Gemcitabine

Cisplatin

2

(mg/m , Days 1, 15)
Level -1
Level 0
Level 1
Level 2

800
800
1000
1000

S-1 (mg/d, Days 1-7, 15-21)
BSA <
1.25

1.25 <
BSA < 1.5

BSA >
1.5

60
60
60
80

80
80
80
100

100
100
100
120

20
25
25
25

BSA: Body surface area.

Japan. The protocol was approved by the institutional
review board of the hospital. Patient registration and
data management were conducted at the Department
of Gastroenterology, Kitasato University School of
Medicine. All laboratory tests required to assess
eligibility were completed within 14 d before starting
the protocol treatment. The doses and treatment
schedules of each level are summarized in Table 1;
these recommendations were based on previous
studies evaluating gemcitabine, cisplatin, and S-1 in
[3,4,13-15]
advanced biliary tract cancer
.
Dose-limiting toxicities (DLTs) were defined
according to the Common Terminology Criteria
for Adverse Events (CTCAE), version 4.0, as the
following events: grade 4 leucopenia, neutropenia,
or anemia; grade 3 neutropenia complicated by
fever (> 38 ℃) persisting for more than 2 d; grade
3 thrombocytopenia; any other grade 3-4 nonhematologic toxicity, with the exception of alopecia,
anorexia, fatigue, nausea, and vomiting; a delay
of more than 2 wk in starting the second cycle of
chemotherapy; and a delay of more than 2 wk in the
administering the cytotoxic agents scheduled to be
given on day 15. At least three patients were enrolled
at each dose level. If DLT occurred in one patient
during the first cycle, three additional patients were
enrolled at the same dose level. If only one of the
six patients had DLT, the dose was escalated to the
next level. There was no dose escalation in individual
patients. MTD was defined as the dose that caused
DLT in two or more of the first six patients or in two
initially treated patients. If the MTD was defined as
level 0, which was used as the starting dose, the
dose was de-escalated to level -1. RD was defined as
one dose lower than the MTD, given the toxicity and
tolerability of treatment in this study. If no patient had
DLT at level 2, level 2 was defined as the RD.

Pretreatment and follow-up evaluations

Pretreatment evaluations included a complete medical
history, physical examinations, blood tests, imaging
studies by contrast-enhanced computed tomography,
electrocardiography, and chest radiography. Creatinine
clearance was evaluated using 24-h urine specimens
(by the Cockcroft-Gault formula if impossible). During
protocol treatment, physical examinations and blood
tests were scheduled every week. Carcinoembryonic
antigen and carbohydrate antigen 19-9 (CA19-9)
were measured at the time of enrollment in the study
and every month thereafter. Toxicity was evaluated
according to the CTCAE, version 4.0. In patients
with measurable target lesions, the objective RR was
assessed according to the Response Evaluation Criteria
in Solid Tumors (RECIST), version 1.1, and imaging
tests were planned after the first cycle. Additional
imaging tests were performed if clinically indicated or
at the discretion of the treating physician.

Treatment

All patients received the first course of chemotherapy
in an inpatient clinic to closely monitor toxicity.
Chemotherapy was started on day 1 in eligible
patients. Treatment was repeated on day 15 or
subsequently, provided that all of the following criteria
3
were met: white-cell count > 3000/mm ; neutrophil
3
3
count > 1500/mm ; platelet count > 75000/mm ;
no fever (> 38 ℃ ) due to infection; hemoglobin >

WJG|www.wjgnet.com

RESULTS
Characteristics

Twelve patients were enrolled between June 2011 and
January 2014 (Table 2). The median age was 69 years
(range, 44-77 years), and no patient had recurrent
disease. Seven patients had gallbladder cancer (58%),
three (25%) had extrahepatic bile duct cancer, and two
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Table 2 Patient characteristics

Table 4 Hematologic adverse events during the first cycle
n (%)

Characteristic
Sex
Male
Female
Median age
Primary lesion
Intrahepatic
Extrahepatic
Gallbladder
Ampulla of vater
Disease status
Unresectable
Recurrent
Performance status (0/1)
Biliary drainage
Median CEA (ng/mL)
Median CA19-9 (U/mL)

Level (n = 3) Level (n = 6) Level (n = 3)
0
1
2

10 (83)
2 (17)
69 (range 44-77)

Neutropenia
Leucopenia
Thrombocytopenia
Anemia
Febrile
neutropenia

2 (17)
3 (25)
7 (58)
0 (0)

NA: Not applicable.

12 (100)
0 (0)
12/0
6 (50)
3 (range 1.1-33.4)
156.5 (range 1.0- > 10000)

Toxicity

Common hematologic and non-hematologic adverse
events occurring during the first cycle of chemotherapy
are summarized in Tables 4 and 5. Grade 3-4
neutropenia, leucopenia, thrombocytopenia, and
anemia occurred in 2, 1, 1, and 0 patients (17%,
8%, 8%, and 0%), respectively. Febrile neutropenia
occurred in one patient at level 1. Common nonhematologic adverse events were anorexia (5 cases,
42%), nausea (2 cases, 17%), vomiting (1 case,
8%), fatigue (2 cases, 17%), constipation (2 cases,
17%), and elevation of AST (5 cases, 42%) or ALT (4
cases, 33%). In addition, hyperbilirubinemia (4 cases,
33%) was common; however, this adverse event was
attributed primarily to obstruction of the biliary tract
caused by the primary disease. Among these adverse
events, the incidences of grade 3-4 events were
generally low (Table 5). On the basis of the incidences
of DLTs and adverse events, we selected level 2 as
the RD for a phase Ⅱ study designed to evaluate
the effectiveness of a combination of gemcitabine,
cisplatin, and S-1.

CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen.

Table 3 Dose-limiting toxicities at each level
Level Age Sex

Primary
lesion

Biliary
drainage

DLT

Response
(RECIST)

None
None
None
Gr 4 febrile
neutropenia and
leucopenia,
Gr 3
thrombocytopenia
None
None
None
None
None
None
None
None

PR
SD
PD
PD

0
0
0
1

71
73
63
77

M
M
F
M

Extrahepatic
Extrahepatic
Gallbladder
Intrahepatic

Yes
Yes
No
Yes

1
1
1
1
1
2
2
2

67
64
70
72
74
58
68
44

M
M
M
M
M
M
F
M

Gallbladder
Gallbladder
Extrahepatic
Gallbladder
Gallbladder
Intrahepatic
Gallbladder
Gallbladder

Yes
No
Yes
No
No
No
No
Yes

NE
SD
SD
PR
PR
PR
SD
PD

Response

Although tumor response was not the primary
endpoint of this study, imaging studies to evaluate
tumor response were planned after the first cycle.
Eleven of the 12 patients were assessable for response
according to RECIST; four patients had a partial
response (one at dose level 0, two at dose level 1,
and one at dose level 2), four patients had stable
disease (one at dose level 0, two at dose level 1, and
one at dose level 2), and three patients had disease
progression (one at each dose level), resulting in an
overall RR of 33.3%.

DLT: Dose-limiting toxicities; Gr: Grade; NE: Not evaluable; PD:
Progressive disease; PR: Partial response; SD: Stable disease.

(17%) had intrahepatic bile duct cancer. Six patients
(50%) required biliary drainage before starting
treatment.

DLTs

DLTs are summarized according to dose level in Table
3. Level 0 was chosen as the starting dose. Three
patients were assigned to level 0, and no patient had
DLT. Therefore, the dose was escalated to level 1. At
level 1, DLT occurred in one of the first three patients,
and three additional patients were assigned to this
level. In total, one of the six assessable patients had
DLTs (grade 4 febrile neutropenia, leucopenia and
neutropenia; grade 3 thrombocytopenia), and the dose
was further escalated to level 2. At level 2, DLT did not
occur in the first three assessable patients. Therefore,
level 2 was designated as the RD.

WJG|www.wjgnet.com

Gr 1-2 Gr 3-4 Gr 1-2 Gr 3-4 Gr 1-2 Gr 3-4
0
0
0
1
0
1
1
0
2
1
1
0
2
0
1
1
0
0
2
0
1
0
0
0
NA
0
NA
1
NA
0

DISCUSSION
This phase 1 dose-escalation study was designed to
define the MTD and RD of combination chemotherapy
with gemcitabine, cisplatin, and S-1 in patients with
advanced biliary tract cancer. Dose level 2 (gemcitabine
2
2
2
1000 mg/m , cisplatin 25 mg/m , S-1 80 mg/m per
day) was designated as RD; however, the MTD could
not be estimated.
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of combination therapy with gemcitabine, cisplatin,
and S-1.
However, multiple-drug regimens for chemotherapy
probably increase the risk of severe adverse events.
We based the treatment schedule of our regimen on
the results of previous pivotal clinical trials. First, in
the ABC-02 trial, the GC group received gemcitabine
2
2
1000 mg/m and cisplatin 25 mg/m on days 1 and
8 every 3 wk. Adverse events of grade 3 or higher
were neutropenia (25.3%), thrombocytopenia (8.6%),
and anemia (7.6%). Second, as for GS, we referred
to the results of a study of GS performed by Ookawa
[21]
et al
in patients with pancreatic cancer, because
fewer studies of GS have been reported for biliary
tract cancer than for pancreatic cancer. In that study,
2
gemcitabine 1000 mg/m was given on day 1, and
2
S-1 80 or 100 mg/m was given orally on days 1 to
7, every 2 wk. Adverse events or grade 3 or higher
were only leucopenia (25%) and neutropenia (20%);
moreover, there were no grade 4 events. On the
basis of these findings, we decided to administer
gemcitabine and cisplatin on days 1 and 15 and S-1
on days 1 to 8 and 15 to 21 every 4 wk because the
triple-drug combination of gemcitabine, cisplatin, and
S-1 was based on the GC and GS regimens and was
expected to have a higher risk of adverse events.
In conclusion, our results showed that combination
therapy with gemcitabine, cisplatin, and S-1 was well
tolerated and feasible in patients with advanced biliary
tract cancer. We are now proceeding to a phase Ⅱ
study to investigate the efficacy of this combination
regimen in advanced biliary tract cancer.

Table 5 Non-hematologic adverse events during the first
cycle
Level (n = 3) Level (n = 6) Level (n = 3)
0
1
2
Anorexia
Nausea
Vomiting
Fatigue
Constipation
Fever
Biliary tract
infection
Infections (others)
AST
ALT
Hyperbilirubinemia
Creatinine

Gr 1-2 Gr 3-4 Gr 1-2 Gr 3-4 Gr 1-2 Gr 3-4
2
0
1
0
2
0
1
0
1
0
0
0
1
0
0
0
0
0
0
0
0
0
2
0
1
0
1
0
0
0
1
0
2
0
0
0
NA
3
NA
0
NA
1
0
3
2
2
0

0
0
0
0
0

0
2
2
1
3

2
0
0
0
0

0
0
0
1
0

0
0
0
0
0

NA: Not applicable; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase.

We expected that our triple-drug regimen for
chemotherapy would enhance effectiveness as
compared with previously studied singlet or doublet
regimens, because previous clinical trials obtained
low RRs and short MSTs. In a phase 2 study of
[3]
gemcitabine alone, Okusaka et al obtained an RR of
17.5% and an MST of 7.6 mo. The ABC-02 study was
reported that MST of patients who received GC (11.7
mo) was significantly longer than that of patients who
[4]
received gemcitabine alone (8.1 mo, P < 0.001) . Two
phase 2 clinical trials showed that S-1 monotherapy
has clinically significant antitumor activity with mild
[13,14]
[15]
toxicity
. Kanai et al
conducted a phase 2 study
of gemcitabine plus S-1 (GS) in patients with advanced
biliary tract cancer and reported this regimen provided
a promising survival benefit with acceptable toxicity.
The efficacy and tolerability of triplet chemotherapy
regimens for other solid cancers were reported
[16]
recently. Vermorken et al
conducted a clinical trial
comparing a combination of docetaxel, cisplatin, and
fluorouracil (DCF) with cisplatin plus fluorouracil in
patients with head and neck cancer. DCF significantly
improved median progression-free survival as
compared with cisplatin plus fluorouracil (DCF, 11.0 mo
vs cisplatin plus fluorouracil, 8.2 mo, P = 0.007) and
[17]
had tolerable toxicities. Furthermore, Conroy et al
compared FOLFILINOX (a combination of fluorouracil,
oxaliplatin, and irinotecan) with gemcitabine alone.
Although triplet therapy was significantly more
effective (MST: FOLFILINOX 11.1 mo vs gemcitabine
6.8 mo, P < 0.001), FOLFILINOX had increased
[17]
[18]
toxicity . Koizumi et al
conducted a phase 2 study
of combination therapy with docetaxel, cisplatin and
S-1 in advanced gastric cancer and reported that this
regimen was highly active and well tolerated. These
triplet regimens with high RRs have been suggested
[19,20]
to be useful for neoadjuvant chemotherapy
. The
findings of these previous studies support our concept
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gemcitabine, cisplatin, and S-1 might further enhance response and improve
outcomes. However, the effectiveness of combination therapy with gemcitabine,
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cisplatin, and S-1 has not been evaluated previously in advanced biliary tract
cancer.

Applications
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This trial showed that combination therapy with gemcitabine, cisplatin, and S-1
was well tolerated and feasible in patients with advanced biliary tract cancer.
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Abstract
AIM: to evaluate the effectiveness of probiotic therapy
for suppressing relapse in patients with inactive
ulcerative colitis (UC).
METHODS: Bio-Three tablets, each containing 2 mg
of lactomin (Streptococcus faecalis T-110), 10 mg of
Clostridium butyricum TO-A, and 10 mg of Bacillus
mesentericus TO-A, were used as probiotic therapy.
Sixty outpatients with UC in remission were randomly
assigned to receive 9 Bio-Three tablets/day (BioThree group) or 9 placebo tablets/day (placebo group)
for 12 mo in addition to their ongoing medications.
Clinical symptoms were evaluated monthly or on the
exacerbation of symptoms or need for additional
medication. Fecal samples were collected to analyze
bacterial DNA at baseline and 3-mo intervals. Terminal
restriction fragment length polymorphism and cluster
analyses were done to examine bacterial components
of the fecal microflora.
RESULTS: Forty-six patients, 23 in each group,
completed the study, and 14 were excluded. The
relapse rates in the Bio-Three and placebo groups were
respectively 0.0% vs 17.4% at 3 mo (P = 0.036), 8.7%
vs 26.1% at 6 mo (P = 0.119), and 21.7% vs 34.8%
(P = 0.326) at 9 mo. At 12 mo, the remission rate
was 69.5% in the Bio-Three group and 56.6% in the
placebo group (P = 0.248). On cluster analysis of fecal
flora, 7 patients belonged to cluster Ⅰ, 32 to cluster Ⅱ,
and 7 to cluster Ⅲ.
CONCLUSION: Probiotics may be effective for
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maintaining clinical remission in patients with quiescent
UC, especially those who belong to cluster Ⅰ on fecal
bacterial analysis.

maintenance, but are not adequately effective.
Moreover, an appreciable number of patients cannot
tolerate these drugs, and immunomodulators can cause
serious adverse events, necessitating close followup. Therefore, the development of new remission
maintenance treatments that are very effective and safe
with good compliance when used on a long-term basis
has been eagerly awaited.
Recently, probiotic therapy has been acknowledged
to be potentially effective and safe in patients with
UC. Probiotics are defined as a live microbial feed
nutritional supplement that beneficially affects the
host by improving the balance of the intestinal flora.
Studies of animal models of colitis have suggested
that the intestinal flora has an important role in the
pathogenesis of colitis. In IBD-sensitive knockout
or transgenic mice, colitis develops in the presence
of a normal intestinal flora, but not in mice raised in
a germ-free environment, strongly suggesting that
the intestinal flora participates in the development
[1,2]
of colitis . Therefore, probiotic therapy designed to
correct the intestinal flora is expected to be useful for
preventing colitis.
Many studies have examined the effects of specific
bacterial strains or species in active UC. However, very
few studies have reported on the relation between the
intestinal flora as a whole (including microorganisms
that are difficult or impossible to culture) and the
[3-7]
pathological characteristics of UC . In a previous
study, we therefore gave probiotic or synbiotic therapy
for 4 wk to 20 patients with mild to moderate UC who
did not respond to, or could not tolerate, standard
therapy [oral mesalamine preparations, sulfasalazine,
azathiopurine (AZA)/6-mercaptopurine (6-MP), and
mesalamine enemas]. Our results confirmed that such
therapy can improve clinical symptoms and endoscopic
findings and provided evidence that remission
induction is promoted by a certain improvement in the
intestinal flora. We also reported that probiotic therapy
[8]
might be effective for maintenance of remission .
On the basis of the results of our previous study, we
conducted a single-center, randomized, double-blind,
placebo-controlled study to examine whether 12 mo of
probiotic therapy is useful for preventing relapse of UC
in patients who were already in remission.

Key words: Ulcerative colitis; Probiotics; Inflammatory
bowel disease; Cluster analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We conducted a single-center, randomized,
double-blind, placebo-controlled study to examine
whether 12 mo of probiotic therapy was useful for
preventing relapse of ulcerative colitis (UC) in patients
who were already in remission. The relapse rates in
the probiotic therapy group and placebo group were
respectively 0.0% vs 17.4% at 3 mo (P = 0.036), 8.7%
vs 26.1% at 6 mo (P = 0.119), and 21.7% vs 34.8%
(P = 0.326) at 9 mo. At 12 mo, the remission rate was
69.5% in the probiotic therapy group and 56.6% in the
placebo group (P = 0.248). Therefor probiotics may be
effective for maintaining clinical remission in patients
with quiescent UC.
Yoshimatsu Y, Yamada A, Furukawa R, Sono K, Osamura A,
Nakamura K, Aoki H, Tsuda Y, Hosoe N, Takada N, Suzuki y.
Effectiveness of probiotic therapy for the prevention of relapse
in patients with inactive ulcerative colitis. World J Gastroenterol
2015; 21(19): 5985-5994 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/5985.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.5985

INTRODUCTION
Ulcerative colitis (UC) is a chronic, idiopathic, refractory,
inflammatory bowel disease (IBD) characterized
by inflammatory mucosal injury of the colon, with
repeated periods of remission and relapse. The cause
and etiology of UC remain unclear. The mainstay of
treatment for UC is sulfasalazine- or mesalazinebased therapy. In patients with moderate to severe
UC, steroids are used concurrently to attempt to
induce remission. However, a considerable number of
cases are resistant to steroids. Patients with steroidresistant disease are given immunosuppressants and
newly developed biological preparations to promote
remission induction. Although these new treatments
have enhanced the remission induction rate as
compared with conventional therapy, achievement of a
high long-term rate of remission maintenance remains
a largely unattained goal. Steroids are very effective
for the induction of remission, but do not contribute
to remission maintenance. In addition, long-term
treatment with high doses of steroids is associated
with high rates of various adverse effects, seriously
impairing the quality of life of patients. Sulfasalazine,
mesalazine, and immunomodulators promote remission

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

The study group comprised patients with UC in
remission who were receiving treatment on an
outpatient basis at Sakura Medical Center, Toho
University. UC was diagnosed in accordance with the
diagnostic criteria proposed by the Survey Research
Group of Intractable Inflammatory Intestinal Disorders/
Specified Diseases, Japanese Ministry of Health, Labour
and Welfare. Patients 13 years or older in whom the
CAI was maintained at 5 or less while receiving drugs
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such as mesalazine, salazosulfapyridine, or steroids,
with no change in treatment regimens within 4 wk
before study entry, were enrolled in this randomized,
double-blind, placebo-controlled study.
Patients were excluded if they had serious cardiac
disease, serious renal disease, hypotension (systolic
blood pressure, ≤ 80 mmHg), a history of shock
during extracorporeal circulation, serious infections
such as sepsis or pneumonia, or a serum hemoglobin
concentration of less than 10 g/dL. We also excluded
patients who newly began treatments such as
leukocytapheresis, granulocyte adsorptive apheresis,
or immunosuppressant therapy with drugs such as
6-mercaptopurine, azathioprine, and cyclosporine to
improve symptoms, as well as patients who had milk
allergy or a CAI of 6 or higher. Pregnant women were
also excluded. All procedures were in accordance with
the Helsinki Declaration of 1975, as revised in 1983.

not be used as remission maintenance therapy. The
use of drugs with similar effects as the study drug,
potentially affecting the evaluation of effectiveness
(i.e., other active live microbial preparations, laxatives,
etc.) was prohibited from 1 wk before study entry
to the completion of the study. In principle, the use
of oral antibiotics was also prohibited, but the use of
topical antibiotics other than oral preparations was
not particularly restricted. If a patient received a new
treatment in addition to their basic therapy with drugs
such as mesalazine or salazosulfapyridine, relapse was
diagnosed, and the study treatment and fecal sample
collection were discontinued.

Analysis of intestinal microflora

DNA extraction: About 800 µL of the fecal sample
suspension preserved at 4 ℃ was transferred to a
tube containing zirconia beads (Nippon Gene Co.,
Ltd., Tokyo, Japan), and the cells were processed
with the use of FastPrep FP120A cell disruptor (MP
Biomedicals, Irvine, CA). After cooling on ice, the
specimen was centrifuged at 5000 rpm for 1 min.
DNA was automatically extracted from the processed
supernatant with the use of a 12GC and GC series
Magtration-MagaZorb DNA Common Kit 200N
(Precision System Science, Chiba, Japan). The final
concentration of the extracted DNA was adjusted to 10
ng/µL.

Study probiotic

Bio-Three tablets (Toa Pharmaceutical Co., Ltd.,
Toyama, Japan), a live microbial preparation, and
matching placebo tablets (Toa Pharmaceutical Co.,
Ltd.) were used as the study preparations. Bio-Three
tablets were granted manufacturing approval in 1963.
Each tablet contains 2 mg of lactomin (Streptococcus
faecalis T-110), 10 mg of Clostridium (Clostridium
butyricum TO-A), and 10 mg of Bacillus (Bacillus
mesentericus TO-A), combined with potato starch
and lactose. This preparation is effective for resolving
various symptoms caused by abnormal intestinal flora
and mainly improves bowel movement disorders.
Placebo tablets were prepared by substituting
equivalent amounts of starch for the probiotic powder.
Placebo tablets were identical to Bio-Three tablets and
could not be distinguished from the active preparation
on the basis of appearance.

Terminal restriction fragment length polymorphism
analysis: Terminal restriction fragment length
polymorphism (T-RFLP) analysis was performed
[9]
as described by Nagashima et al . The 16S
rRNA gene was amplified with the use of primer
sets516F (5′-TGCCAGCAGCCGCGGTA-3′) and
1492R (5′-GGTTACCTTGTTACGACTT-3′). The
5′-end of the forward primer 516F was labeled with
6′-carboxyfluorescein. Amplified polymerase chain
reaction (PCR) products were refined with the use of
®
MultiScreen PCRµ96 filter plates (Millipore, Tokyo,
Japan).
The refined PCR products (about 3 µL) were digested
for 3 h at 55 ℃ with 10 U of BslⅠrestriction enzyme (New
England Biolabs, Inc., Ipswich, MA, United States). The
length of the separated fluorescent PCR fragment was
determined with an ABI PRISM 3130xl genetic analyzer
(Applied Biosystems, Tokyo, Japan), and the data were
®
®
analyzed with GeneMapper software. MapMarker
X-Rhodamine Labeled 50-1000bp (BioVentures, Inc.,
Murfreesboro, TN, United States) was used as a size
standard marker.

Study design and treatment

At the start of the study, 30 outpatients were randomly
assigned to the Bio-Three group and 30 to the placebo
group by means of a computer-generated scheme.
The study protocol was reviewed and approved by
the Ethics Committee of Sakura Medical Center, Toho
University.
In both the Bio-Three group and the placebo group,
patients orally received 3 tablets 3 times daily. In
principle, the duration of treatment was 12 mo. Fecal
samples were collected immediately before and 3, 6, 9,
and 12 mo after the start of treatment. Fecal samples
for measurement of organic acids were preserved by
freezing, without modification. Fecal samples used
for DNA extraction were suspended in GTC solution
(100 mmol/L Tris-HCl, pH 9.0; 40 mmol/L TrisEDTA, pH 8.0; and 4 mol/L guanidine thiocyanate)
and were preserved at 4 ℃. As for concomitant
medication (therapy), the use of mesalazine and
salazosulfapyridine was unrestricted, but steroids could

WJG|www.wjgnet.com

Cluster analysis: To objectively interpret differences
in T-RFLP patterns, NTSYSpc software (Exeter
Software, Setauket, NY, United States) was used to
perform cluster analysis. Each terminal restriction
fragment (T-RF) was expressed as a percentage
of the peak area of all T-RFs. Disparity in similarity
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60 patient with remission before drug administration
one month

Table 1 Baseline characteristics of the study group
Bio-three (n = 23) Placebo (n = 23)
Male/female
Age (yr, mean ± SD)
Age of onset (yr)
Disease duration
(yr, mean ± SD)
Left colon
Proctosigmoiditis
Total/subtotal
Concomitant drug
Pentasa
Salazopyrin
Pentasa + salazopyrin
Nothing

16/7
44.8 ± 13.8
37.1 ± 14.4
8.0 ± 6.3

12/11
42.9 ± 15.9
36.0 ± 14.2
6.7 ± 5.9

6
6
11

9
5
9

11
10
1
1

13
9
0
1

among fecal samples in individual patients was
calculated using a correlation matrix and was
presented graphically on tree diagrams with the use of
a weighted pair-group method with arithmetic mean
[10]
(WPGMA) clustering .
High-performance liquid chromatography
analysis of fecal organic acids: Organic acid
concentrations in fecal samples were measured as
follows. About 0.1 g of fecal sample was measured
and combined with trans-crotonic acid as an internal
standard substance, and extraction was performed
twice with 0.6 mL of 0.25% ammonia solution. After
adding a 0.3-fold dilution of 10% (w/v) perchloric acid,
deproteinization was performed by centrifugation.
The solution was filtered and analyzed with a postcolumn high-performance liquid chromatography
(HPLC) system (Waters, Milford MA, United States).
Organic acids in the sample were separated with
an ion exchange column (organic acid column, 7.
8 mm i.d. × 300 mm long; Waters). The reaction
temperature in the column and post-column was
60 ℃. The mobile phase was 0.08% perchloric acid
delivered at a flow rate of 0.8 mL/min. The solution
eluted from the column was allowed to react with BTB
solution (0.2 mmol/L bromothymol blue, 5.2 mmol/L
sodium hydroxide, and 15 mmol/L disodium hydrogen
phosphate), delivered at a flow rate of 0.8 mL/min.
The absorbance was quantitatively measured at 445
nm using an ultraviolet visible spectrophotometer
(2487 Dual λ UV/Vis Detector; Waters).

7 patients

Dropout

7 patients

10 patients

Relapse

7 patients

56.6%

Rate of remission
after 12 mo

69.5%

Figure 1 Clinical outcomes of patients according to treatment received.

RESULTS
patient characteristics

At the start of the study, 30 patients each were
randomly assigned to the Bio-Three group and the
placebo group. After randomization, the baseline
characteristics of sex, age, age at disease onset,
disease duration, disease extent, and concomitant
treatment did not differ between the groups (Table 1).
Among the enrolled subjects, 7 patients in each group
were excluded because they met the exclusion criteria
specified in the protocol, such as the use of prohibited
drugs or refusal to participate in the study. Treatment
was actually begun in 23 patients in the Bio-Three
group and 23 in the placebo group (Figure 1).

Clinical results

After the study began, the number of patients who
had relapse was 2 at 6 mo, 5 at 9 mo, and 7 at 12 mo
among the 23 patients in the Bio-Three group and 4 at
3 mo, 6 at 6 mo, 8 at 9 mo, and 10 at 12 mo among
the 23 patients in the placebo group. Kaplan-Meier
curves were plotted, and relapse rates at each time
point were compared between the groups with the use
2
of the χ test (two-tailed, α = 0.05). The p value was
0.0363 at 3 mo, 0.1197 at 6 mo, and 0.3259 at 9 mo.
The cumulative remission maintenance rate at 12 mo
was 56.6% (n = 12) in the placebo group and 69.5%
(n = 16) in the Bio-Three group (Figure 2). When
remission maintenance rates were compared between
the treatment groups with the use of the log-rank test,
the p value was 0.302, with a hazard ratio of 0.607
(95%CI: 0.23-1.59). On the generalized Wilcoxon test,
the p value was 0.248. During our study, no adverse

Statistical analysis

Clinical data were statistically analyzed with SAS
software (version 8.2, SAS Institute Inc., Cary, NC,
United States). For patients with UC in remission,
the Kaplan-Meier method was used to compare the
cumulative non-relapse rate over the course of 12
mo between the Bio-Three group and placebo group.
The statistical significance of differences between
groups was evaluated with the log-rank test and
the generalized Wilcoxon test, and 95% confidence
intervals were calculated.
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Bio-three
n = 30

Placebo
n = 30

5988

May 21, 2015|Volume 21|Issue 19|

Yoshimatsu Y et al . Probiotic therapy for ulcerative colitis
Kaplan-Meier
1.0

Remission rate

0.8

of T-RF in cluster Ⅱ , OTU124 accounted for a
significantly higher proportion of total T-RF peak area
in cluster Ⅱ than in the other clusters.
A total of 28 fecal samples belonged to cluster Ⅲ.
The clinical outcomes of the 7 subjects who belonged
to cluster Ⅲ at the start of treatment were remission
maintained in 2 of the 4 patients in the Bio-Three
group and 2 of the 3 patients in the placebo group.
The difference between the groups was not significant.
A total of 39 fecal samples belonged to cluster Ⅰ.
The clinical outcomes in the 7 subjects who belonged
to cluster Ⅰ at the start of treatment were remission
maintained in all 3 patients in the Bio-Three group,
as compared with only 1 of the 4 patients in the
placebo group. Among the 39 fecal samples that
belonged to cluster Ⅰ, 19 fecal samples were derived
from patients in the Bio-Three group, and 17 of these
samples were from patients who had a final evaluation
of remission maintained. The other 20 fecal samples
were from patients in the placebo group, and 8 of
these samples were from patients who had a final
evaluation of remission maintained. When these data
2
were compared with the use of Pearson’s χ test, the p
value was 0.0013, indicating that the rate of remission
maintenance was significantly higher in the Bio-Three
group than in the placebo group, and the relapse rate
was significantly lower in the Bio-Three group than in
the placebo group.

Treatment
Bio-three
Placebo
Bio-three end point
Placebo end point

0.6
0.4
0.2
0.0
0

100
200
300
Duration of treatment (d)

χ 2 test
Log rank
(mantel-Cox)

1.007

Degree of freedom
1

400
Significance probability
0.316

Figure 2 Cumulative remission maintenance rate in the bio-three group
and placebo group.

changes were observed in the Bio-Three group, as
compared with the placebo group, indicating that there
is no problem with the safety of Bio-Three.

Bacteriological analysis

In our previous study evaluating the effectiveness of
Bio-Three for inducing remission in patients with active
[8]
UC , a cluster analysis was performed to evaluate
fluctuations in fecal flora, using the T-RF data derived
by digestion of the PCR products with Bsl Ⅰ restriction
enzyme, and several findings were obtained. In
the present study of the effectiveness of Bio-Three
for remission maintenance, the PCR products were
similarly digested with Bsl Ⅰ restriction enzyme, and
cluster analysis of the T-RF data showed that the fecal
flora can be divided into 3 clusters, consistent with
the results of our previous study. To confirm whether
the 3 clusters in the present study correspond to the
3 clusters in our previous study, the fecal sample data
used in our previous study of remission induction were
linked to the fecal sample data in the present study,
and another cluster analysis was performed. The
results showed that each of the fecal samples from our
previous study belonged to the same clusters as those
in our previous analysis. Therefore, for convenience
the same names of the clusters in our previous study
were used in the present study, i.e., the cluster in the
upper part of the figure was named cluster Ⅱ, the
cluster in the middle part was named cluster Ⅲ, and
the other cluster was named cluster Ⅰ (Figure 3, Table
2).
A total of 138 fecal samples belonged to cluster Ⅱ.
The clinical outcomes of the 32 subjects who belonged
to cluster Ⅱ at the start of treatment were remission
maintained in 11 of the 16 patients in the Bio-Three
group and 10 of the 16 patients in the placebo group.
This difference was not significant. As a characteristic
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HPLC analysis of fecal organic acids

The fecal concentrations of short-chain fatty acids
did not differ significantly between the Bio-Three
group and the placebo group at any time during
treatment. On comparison of the clusters derived by
T-RFLP analysis, the ratio of the concentration (mmol/
L) of butyrate to that of acetate (Bu/Ac ratio) was
significantly higher in cluster Ⅰ than in clusters Ⅱ and
Ⅲ. When fecal organic acids were compared according
to clinical outcomes (i.e., between fecal samples
obtained at each of the specified times from patients
in whom remission was maintained for 1 year and
fecal samples from patients who had relapse within 6
mo after fecal collection), the concentrations of butyric
acid and other short-chain fatty acids did not differ
significantly between the groups. However, the Bu/Ac
ratio at each of the sampling times was significantly
higher in fecal samples obtained from patients who
had relapse within 6 mo after fecal collection than
in those obtained from patients who remained in
remission (Table 3).

DISCUSSION
T-RFLP is a molecular technique that allows the
diversity and colony structure of microbial complexes
to be promptly compared and the diversity of
[11,12]
ecosystems to be evaluated
. Recently, several
studies have performed T-RFLP in patients with UC.
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Alteration of intestinal microflora
Before ingestion
After administration

Probiotics_remission
Probiotics_relapse
Placebo_remission
Placebo_relapse

Cluster Ⅱ

16

Remission: 11
Relapse: 5

Placebo

16

Remission: 10
Relapse: 6

0.48
Coefficient

0.74

No. of patients
(at the start)

Clinical effectiveness
(after treatment)

Probiotics

4

Remission: 2
Relapse: 2

Placebo

3

Remission: 2
Relapse: 1

Cluster Ⅰ

0.21

Clinical effectiveness
(after treatment)

Probiotics

Cluster Ⅲ

-0.05

No. of patients
(at the start)

No. of patients
(at the start)

Clinical effectiveness
(after treatment)

Probiotics

3

Remission: 3
Relapse: 0

Placebo

4

Remission: 1
Relapse: 3

1.00

Figure 3 Alteration of intestinal microflora after treatment in the Bio-Three group and placebo group. The dendrogram indicates the similarity of individual
intestinal microflora T-RFLP patterns of fecal samples obtained after 0, 3, 6, 9, and 12 mo of treatment. Solid line and circles, Bio-Three group and remission; double
line and open circles, Bio-Three group and relapse; solid dotted line and arrows, placebo group and remission; double dotted line and arrows, placebo group and
relapse. The first and last samples from the same individuals are connected with lines. The tables indicate clinical effectiveness according to the cluster that the
subjects belonged to at the start of this study.

However, few studies have examined time-series
samples obtained from the same subjects. Most
previous investigations have evaluated fecal samples
[13-17]
obtained at a specific time
.
We previously studied the effectiveness of probiotic
therapy for inducing remission in patients with flare-
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ups of UC. On T-RFLP cluster analysis, fecal flora could
be divided into 3 clusters, designated as clusters Ⅰ,
Ⅱ, and Ⅲ. The flora of patients whose UC disease
activity index (UCDAI) was improved by probiotic
therapy was centered around cluster Ⅱ. Cluster Ⅱ
[8]
flora was characterized by a high ratio of OTU124 .
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Table 2 Comparison of characteristics of fecal samples
(according to cluster)

Table 3 Comparison of characteristics of fecal samples
(according to clinical outcomes)

Group
(sample number)
Cluster Ⅰ
Cluster Ⅱ (n = 138)
Cluster Ⅲ (n = 28)

OTU124/all T-RFs
(%)

Butyrate/acetate ratio
(mol)

Group (sample number)

2.8 ± 3.6
27.6 ± 12.0
18.0 ± 10.8

0.254 ± 0.172
0.184 ± 0.147
0.075 ± 0.126

Remission (before
treatment) (n = 29)
Remission (months 3 and
6) (n = 58)
Remission (months 9 and
12) (n = 56)
Relapse (within 6 mo)
(n = 28)

Data are expressed as mean ± SD. Because equal variances were rejected
for each variable, multiple comparisons were performed with Dunnett’s
T3 test. Different letters indicate the presence of a significant difference (p
< 0.05). T-RF: terminal restriction fragment.

22.7 ± 13.8

0.165 ± 0.143

22.0 ± 14.6

0.145 ± 0.136

21.7 ± 14.1

0.160 ± 0.146

20.7 ± 14.7

0.260 ± 0.185

Data are expressed as mean ± SD. Because each variable had equal
variances, multiple comparisons were performed with Tukey’s honestly
significant difference test. Different letters indicate the presence of a
significant difference (p < 0.05). “Relapse (within 6 mo)” means that fecal
samples were obtained within 6 mo before relapse (i.e., relapse occurred
within 6 mo after collection of fecal samples).

[9]

Nagashima et al , who proposed the T-RFLP technique
used in our study, reported that OTU124 is derived
from Bifidobacteria. Many studies have examined the
relation between Bifidobacteria and UC, and most have
reported that Bifidobacteria mitigates inflammation
[18-21]
associated with UC
. On the basis of these findings,
we previously concluded that cluster Ⅱ flora is
“healthy intestinal flora (appropriate intestinal flora)”
in patients with UC. Probiotic therapy may therefore
be less effective for improving flora in patients who
initially have cluster Ⅱ flora, leading only to marginal
[8]
improvement clinically .
The results of the present study similarly suggest
that cluster Ⅱ represents “healthy intestinal flora”.
Consequently, probiotic therapy is expected to be of
the greatest potential benefit for intestinal flora that
is most dissimilar to cluster Ⅱ. This speculation is
supported by the following two points. First, in our
previous study of patients with “flare-ups” of UC, only 6
(30%) of the 20 subjects had intestinal flora belonging
[8]
to cluster Ⅱ before treatment . In the present study
of patients with UC “after induction of remission”, 32
(70%) of the 46 subjects had intestinal flora belonging
to cluster Ⅱ. Given that the proportion of patients with
“appropriate intestinal flora” is expected to be higher
among patients with remission induction and remission
maintenance than among those with relapse, the fact
that the majority of patients in the present study,
who were already in remission, belonged to cluster
Ⅱ supports our speculation that probiotic therapy is
potentially most beneficial for patients with intestinal
flora most dissimilar to cluster Ⅱ. Second, among
the 32 subjects who belonged to cluster Ⅱ at the
start of treatment in the present study, remission was
maintained in 11 of the 16 patients in the Bio-Three
group and 10 of the 16 patients in the placebo group.
There was no difference in the remission maintenance
rate between these groups. In contrast, among the 7
subjects who belonged to cluster Ⅰ (i.e., the cluster
farthest from cluster Ⅱ) before treatment, remission
was maintained in all 3 patients in the Bio-Three
group, whereas relapse occurred in 3 of the 4 patients
in the placebo group. These findings indicate that
probiotic therapy was less effective in patients who
initially belonged to cluster Ⅱ (“appropriate intestinal
flora”), with no difference from placebo. In contrast,
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OTU124/all T-RFs Butyrate/acetate ratio
(%)
(mol)

probiotic therapy was potentially most beneficial for
patients with intestinal flora belonging to cluster Ⅰ flora
before treatment, the cluster that is farthest from
cluster Ⅱ. Consequently, probiotic therapy was more
effective than placebo for maintaining remission in
this subgroup of patients. These results were very
interesting and are consistent with the findings of our
[8]
previous study .
The fecal Bu/Ac ratio differed between patients
with relapse and those in whom remission was
maintained for 12 mo and was significantly higher
within 6 mo before relapse than at other times (Table
3). Interestingly, the Bu/Ac ratio tended to be higher in
feces belonging to cluster Ⅰ than in the other clusters
(Table 2). These findings may be attributed to the
following mechanism. Butyrate serves as an energy
source for intestinal epithelial cells and is known to
induce apoptosis of colorectal cancer cells and the
differentiation of intestinal epithelial cells. In addition,
butyrate has been shown to inhibit the activation
of nuclear factor kappa B (NF-κB) and to have anti[11,22,23]
inflammatory properties
. On the other hand, the
utilization efficiency of butyrate has been reported to
be low in the colonic mucosa of patients with refractory
UC. The anti-inflammatory activity of butyrate has
prompted several studies of its effectiveness and
[24-28]
mechanism of action in patients with UC
.
In our previous study evaluating the effectiveness
of Bio-Three for inducing remission in patients with
UC, the decrease in the UCDAI after treatment (i.e.,
the improvement in symptoms of UC) correlated with
[8]
the decrease in the fecal butyrate concentration . On
the basis of this finding, we performed breath tests
13
after administration of [1- C]-butyrate enemas in 10
patients with active UC and 12 with quiescent UC and
confirmed that the utilization efficiency of butyrate
was decreased in patients with high inflammatory
[29-33]
activity
. These findings suggest that an increased
Bu/Ac ratio resulting from decreased absorption of
butyrate, an indicator of anti-inflammatory activity,
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and an increase in fecal butyrate concentrations is
associated with a higher risk of relapse in patients with
UC. The mean rate of remission maintenance at 12 mo
in patients who receive mesalazine preparations alone
is estimated to be about 61% (range: 45%-71%)
on the basis of the results of previous randomized
[34-41]
controlled trials
. This rate is similar to the relapse
rate among patients who received mesalazine
preparations alone (56.6%) in the placebo group of
our study.
We used the Kaplan-Meier method to compare
relapse rates between the treatment groups. The
relapse rate after 12 mo did not differ significantly
between the Bio-Three group and the placebo group
on either the log-rank test or generalized Wilcoxon
test. However, detailed analysis showed that clinical
effectiveness differed between the Bio-Three group
and placebo group among patients who belonged to
cluster Ⅰ. As mentioned above, probiotic therapy is
most likely to be effective in patients with intestinal
flora belonging to cluster Ⅰ, which is characterized by
both a low ratio of OTU124 (which tended to be high in
patients belonging to cluster Ⅱ, classified as “healthy
intestinal flora”) and a high fecal Bu/AC ratio (which
was significantly higher in patients within 6 mo before
relapse than in patients without relapse).
Combining probiotics or synbiotics with conventional
drugs has been recommended as a safe and effective
treatment for patients with active UC. For more than
10 years considerable attention has focused on the
[42]
effectiveness of probiotic therapy for UC . Nearly
all studies have reported that probiotics such as
[43-45]
[46]
[47]
VSL#3
, BIFICO , and E. coli Nissle 1917
and
[48-50]
[51]
prebiotics such as GBF
and BGS
are useful for
maintaining remission maintenance and preventing
relapse in patients with UC. In comprehensive
Cochrane reviews of clinical studies evaluating the
[52]
effectiveness of probiotics for UC, Mallon et al
and
[53]
Naidoo et al
concluded that although probiotics are
ineffective for the induction of remission, probiotics
combined with conventional therapy are expected to
be effective for maintenance of remission. A meta[54]
analysis conducted by Sang et al . reported that
probiotics are slightly but not significantly effective
for remission induction, but significantly contribute to
remission maintenance.
The results of our study suggest that cluster
analysis of patients’ intestinal flora before treatment
can contribute to the effective use of probiotic
therapy. To our knowledge, our study represents an
unprecedented attempt to define factors related to the
effectiveness of Bio-Three for the prevention of relapse
in patients with inactive UC. Not only the fecal flora,
but also the fecal concentration of short-chain fatty
acids differed between patients who had relapse within
1 year and those in whom remission was maintained
for 1 year. This finding suggests that patient profiling
on the basis of factors such as the results of cluster
analysis of fecal flora and the fecal short-chain fatty
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acid concentration might facilitate prediction of the
response to treatment and future clinical status in
patients with UC.

ACKNOWLEDGMENTS
The T-RFLP analysis and cluster analysis were performed
by TOA Pharmaceutical Co., Ltd. and TechnoSuruga
Laboratory Co., Ltd. This study was supported by in
part by a grant from the Japan Ministry of Health and
Welfare.

COMMENTS
COMMENTS
Background

Ulcerative colitis (UC) is a chronic, idiopathic, refractory, inflammatory bowel
disease (IBD) characterized by inflammatory mucosal injury of the colon, with
repeated periods of remission and relapse. Recently, probiotic therapy has
been acknowledged to be potentially effective and safe in patients with UC.
Probiotics are defined as a live microbial feed nutritional supplement that
beneficially affects the host by improving the balance of the intestinal flora.

Research frontiers

Studies of animal models of colitis have suggested that the intestinal flora has
an important role in the pathogenesis of colitis. In IBD-sensitive knockout or
transgenic mice, colitis develops in the presence of a normal intestinal flora,
but not in mice raised in a germ-free environment, strongly suggesting that the
intestinal flora participates in the development of colitis. Therefore, probiotic
therapy designed to correct the intestinal flora is expected to be useful for
preventing colitis.

Innovations and breakthroughs

The results confirmed that probiotic therapy can improve clinical symptoms
and endoscopic findings and provided evidence that remission induction is
promoted by a certain improvement in the intestinal flora. The authors also
reported that probiotic therapy might be effective for maintenance of remission.

Applications

The authors conducted a single-center, randomized, double-blind, placebocontrolled study to examine whether 12 mo of probiotic therapy is useful for
preventing relapse of UC in patients who were already in remission.

Peer-review

In this study, the authors designed the randomized double-blind controlled
study to evaluate the effectiveness of probiotic therapy for suppressing relapse
in patients with UC. They concluded that probiotics may be effective for
maintaining clinical remission in patients with quiescent UC, especially those
who belong to cluster Ⅰ on fecal bacterial analysis. This paper is well written
and the results of the study are clinically interesting.
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AIM: To assess the efficacy and safety of a patientpositioning device (EZ-FIX) for endoscopic retrograde
cholangiopancreatography (ERCP).
METHODS: A total of 105 patients were randomized
to the EZ-FIX (n = 53) or non-EZ-FIX (n = 52) group
in this prospective study. Midazolam and propofol,
titrated to provide an adequate level of sedation
during therapeutic ERCP, were administered by trained
registered nurses under endoscopist supervision.
Primary outcome measures were the total dose of
propofol and sedative-related complications, including
hypoxia and hypotension. Secondary outcome measures
were recovery time and sedation satisfaction of the
endoscopist, nurses, and patients.
RESULTS: There was no significant difference in the
rate of hypoxia, but there was a statistical trend (EX-FIX
group; n = 4, 7.55%, control group; n = 6, 11.53%,
P = 0.06). The mean total dose of propofol was lower
in the EZ-FIX group than in the non-EZ-FIX group
(89.43 ± 49.8 mg vs 112.4 ± 53.8 mg, P = 0.025).
In addition, the EZ-FIX group had a shorter mean
recovery time (11.23 ± 4.61 mg vs 14.96 ± 5.12 mg, P
< 0.001). Sedation satisfaction of the endoscopist and
nurses was higher in the EX‑FIX group than in the nonEZ-FIX group. Technical success rates of the procedure
were 96.23% and 96.15%, respectively (P = 0.856).
Procedure-related complications did not differ by group
(11.32% vs 13.46%, respectively, P = 0.735).
CONCLUSION: Using EZ-FIX reduced the total dose
of propofol and the recovery time, and increased the
satisfaction of the endoscopist and nurses.
Key words: EZ-FIX; Patient-positioning device; Propofol;
Sedation; Endoscopic retrograde cholangiopancrea
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(n = 53) or the non-EZ-FIX group (n = 52). Patients
were excluded if they were younger than 18 years of
age, had an ASA classification of “V”, had a history
of complications during sedative endoscopy, adverse
reactions to propofol or midazolam injection, severe
obstructive sleep apnea, pregnancy, or an allergy to
eggs or soybeans.
Therapeutic ERCP was performed by one expe
rienced endoscopist who had performed over 1000
therapeutic ERCP procedures during the previous
5 years (Han JH). Trained registered nurses, with
experience of over 100 therapeutic ERCP procedures,
administered all medications, monitored patients, and
prepared medical records under the supervision of the
physician performing the ERCP. They were assisted
during ERCP by one gastroenterology fellow and two
other nurses.
A patient-positioning device (EZ-FIX, Arlico Medical,
South Korea) was used in this study. EZ‑FIX is filled
with tiny polystyrene particles and compressed air
and is covered with polyurethane. First, the EZ-FIX
is inflated after setting the device on the procedure
table in a loose shape. The patient is then placed on
the EZ-FIX in the desired posture. Air is removed from
the EZ-FIX by vacuum to “copy” and fix the shape of
the patient’s posture (Figure 1). Sedatives were then
administered after placement of monitoring devices.
The level of sedation was defined according to the
ASA classifications: minimal, moderate, deep sedation,
[2]
and general anesthesia . Minimal sedation is a state
in which the patient can respond normally to verbal
stimulation. With moderate sedation, the patient can
respond purposefully to verbal commands, either alone
or accompanied by light tactile stimulation. Under
deep sedation, the patient cannot be aroused easily,
but responds purposefully following repeated or painful
stimulation. In this study, the target level of sedation
was deep sedation, which is used for advanced
endoscopic procedures, including ERCP and endoscopic
submucosal dissection.
The initial intravenous bolus dose of midazolam
was 0.05 mg/kg; a half dose was used in those
over 70 years old and ASA Ⅲ-Ⅳ patients. A 20-mg
propofol bolus was also injected when a patient failed
to achieve sedation 3 min after the first injection, and
20-mg doses of propofol were injected repeatedly at
1-min intervals until sedation was achieved. Additional
midazolam 0.025 mg/kg was administered when the
procedure time was predicted to be excessive or the
demand for propofol was too frequent. All the subjects
gave informed consent, and the study was approved
by the Institutional Review Board at the Chungbuk
National University (CBNUH201304018002) and is
registered at the Clinical Research Information Service
(CRIS, KCT000137).

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

Core tip: Although the incidence of sedation-related
complications is low, it is closely associated with
endoscopy-related morbidity and mortality. Many
studies on the efficacy and safety of various sedative
drugs have been conducted, but none used a patientpositioning device. We planned this study to improve
the safety and efficacy of sedation during endoscopy
by using a patient-positioning device (EZ-FIX).
Lee S, Han JH, Lee HS, Kim KB, Lee I, Cha EJ, Shin YD, Park N,
Park SM. Efficacy and safety of a patient-positioning device (EZFIX) for endoscopic retrograde cholangiopancreatography. World
J Gastroenterol 2015; 21(19): 5995-6000 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i19/5995.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i19.5995

INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP) is an advanced upper endoscopic procedure,
and is useful for the diagnosis and treatment of
[1]
pancreatobiliary disorders . However, ERCP is an
invasive procedure of considerable duration and causes
substantial discomfort to patients. Thus, a deeper
level of sedation may be necessary to ensure the
success and safety of the procedure. Deep sedation
during ERCP with careful monitoring minimizes patient
movement, allowing the endoscope to be manipulated
precisely with little interruption. Although the incidence
of sedation-related complications is low, it is closely
associated with endoscopy related morbidity and
mortality. EZ-FIX is a patient-positioning device that
uses polyethylene particles and compressed air that
is expected to contribute to sedation safety by fixing
the position of the patient. Such fixation avoids the
transient failure of maintenance of sedation that can
occur during ERCP procedures. Studies on the efficacy
and safety of various sedative drugs have been
published, but none of these studies used a patientpositioning device. This study was designed to assess
the efficacy and safety of the EZ-FIX during ERCP.

MATERIALS AND METHODS
Patients and study design

This prospective, randomized trial included 105
patients who underwent therapeutic ERCP between
April 2013 and March 2014, at the Chungbuk National
University Hospital. The sample-size calculation was
based on a preliminary study. Consecutive patients
who provided informed consent and were to undergo
ERCP were assigned randomly to the EZ-FIX group

WJG|www.wjgnet.com

Outcome measures

Primary outcome measures were the total dose of
propofol and sedative-related complications, including
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Figure 1 Preparation process for endoscopic retrograde cholangiopancreatography using EZ-FIX. EZ‑FIX is filled with tiny polystyrene particles and
compressed air. First, EZ-FIX was placed on the procedure table in a loose shape (A); Then, the patient was placed on the EZ-FIX, and the monitoring device was set
up (B); All belts on the device were locked, including those for both hands (C); Inflation state of EZ-FIX after sedation (D); Deflation state of EZ-FIX. It fixes the shape
of the patient’s posture (E).
2

compared using a χ test or Fisher’s exact test for
categorical variables. The Student’s t-test was used for
normally distributed continuous variables and a MannWhitney U-test for non-normally distributed continuous
variables. A p value of < 0.05 was considered
statistically significant. The SPSS software (ver. 13.0;
SPSS Inc., Chicago, IL, United States) was used for
statistical analysis.

Table 1 Baseline characteristics of the EZ-FIX and non-EZFIX groups n (%)

Age (yr)
Gender (male: female)
Weight (kg)
Procedure time (min)
ASA classification
1-2
3-4

EZ-FIX
(n = 53)

Non-EZ-FIX
(n = 52)

P value

68.0 ± 15.4
55:45
59.42 ± 10.36
24.66 ± 13.58

67.0 ± 14.0
56:44
60.79 ± 10.75
27.15 ± 11.73

0.837
0.914
0.507
0.317
0.458

42 (79.2)
11 (20.8)

38 (73.1)
14 (26.9)

RESULTS
In total, 105 patients were enrolled in this prospective
study and were randomized to the EZ-FIX group
(n = 53) or the non-EZ-FIX group (n = 52). The
characteristics of both groups are shown in Table 1.
There was no significant difference between the two
groups in terms of age, gender, body weight, duration
of procedure, or ASA score.
Table 2 shows that the total dose of midazolam
and the induction time were not significantly different
between the groups (2.42 ± 1.88 mg vs 2.41 ± 1.91
mg, p = 0.976, and 3.37 ± 0.94 min vs 3.72 ± 1.02
min, p = 0.067, respectively). The mean total dose
of propofol was lower in the EZ-FIX group than in
the non-EZ-FIX group (89.43 ± 49.8 mg vs 112.4
± 53.8 mg, p = 0.025). In addition, the EZ-FIX
group had a shorter mean recovery time (11.23 ±
4.61 mg vs 14.96 ± 5.12 mg, P < 0.001; Figure 2).
Based on the VAS, patient satisfaction scores did not
differ significantly between the groups. However, the
satisfaction scores of both the endoscopist and nurses
were significantly higher in the EZ-FIX group than in
the non-EZ-FIX group (8.11 ± 0.99 vs 6.54 ± 1.40, P
< 0.001, and 7.81 ± 1.03 vs 6.02 ± 1.74, P < 0.001,
respectively).

hypoxia and hypotension. Secondary outcome
measures were recovery time and sedation satisfaction
of the endoscopist, nurses, and patients. Procedure
time was counted from the dosing of sedatives until
withdrawal of the endoscope. Recovery time was
defined from the completion of the procedure until
the Aldrete score reached 10 points. The total doses
of midazolam and propofol administered during the
procedure were measured. The endoscopists and
sedation nurses completed a questionnaire, using
a 10-cm visual analog scale (VAS), which assessed
patient cooperation and overall satisfaction with
sedation and the procedure (ranging from 0 = poor, to
10 = excellent). Safety was monitored by measuring
systolic and diastolic pressure, heart rate, and oxygen
saturation before and after the procedure and at
10-min intervals during the procedure. Procedurerelated complications recorded included bleeding,
perforation, and pancreatitis.

Statistical analysis

Baseline data from the patients in the two groups were
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Figure 2 Comparisons of the efficacy profiles between the EZ-FIX and the non-EZ-FIX groups. A: Total dose of propofol administered; B: Recovery time of the
patients.

therapeutic utility of ERCP for a variety of disorders,
including the management of biliary and pancreatic
neoplasms, and the postoperative management
of biliary perioperative complications, has been
[3-5]
demonstrated . However, ERCP is an uncomfortable
and high-risk therapeutic procedure that cannot be
performed without adequate sedation or general
anesthesia. Patients must be administered agents
to induce moderate-to-deep sedation to tolerate the
ERCP procedure. The use of propofol for endoscopic
sedation has increased markedly in recent years,
mainly due to its favorable pharmacokinetic profile
compared with “traditional” endoscopy sedation
[6-10]
drugs, such as benzodiazepines and opioids
. When
administered intravenously, propofol rapidly crosses
the blood-brain barrier and activates aminobutyric
acid to induce sedation, amnesia, and sleep. Sedative
effects occur within, on average, 30-60 s after Ⅳ
administration, and patients recover rapidly due to
[11]
the short 1.3-1.4-min half-life . However, propofol
has no reversal agent; moreover, negative cardiac
inotropy, including decreases in cardiac output,
systemic vascular resistance, arterial pressure, and
[12,13]
respiratory depression can occur
. Thus, it is
recommended that propofol should be administered
[14]
only by anesthesia specialists . Although a large
volume of data shows the safety of endoscopist[15-23]
directed propofol
, it is important to be aware of
sedation-related complications due to the increase in
the number of elderly patients with multiple underlying
comorbidities and its nature as an advanced
endoscopic technique that demands longer procedure
times and deeper sedation. In clinical practice, it is
common to combine propofol with additional drugs
(benzodiazepine/opioid/ketamine), so-called “balanced
propofol sedation” (BPS), which allows the propofol
dose to be reduced and seems to be associated with
less-frequent need for assisted ventilation, although
this has not been demonstrated in head-to-head
[23-27]
comparisons
. In an effort to reduce the incidence

Table 2 Efficacy in the EZ-FIX and non-EZ-FIX groups

Total dose of midazolam
Total dose of propofol
Induction time, min
Recovery time, min
Pt. satisfaction score
Dr. satisfaction score
Nr. satisfaction score

EZ-FIX
(n = 53)

Non-EZ-FIX
(n = 52)

P value

2.42 ± 1.88
89.43 ± 49.8
3.37 ± 0.94
11.23 ± 4.61
7.26 ± 2.25
8.11 ± 0.99
7.81 ± 1.03

2.41 ± 1.91
112.4 ± 53.8
3.72 ± 1.02
14.96 ± 5.12
7.29 ± 2.47
6.54 ± 1.40
6.02 ± 1.74

0.976
0.025
0.067
< 0.001
0.722
< 0.001
< 0.001

Table 3 Safety index and complications during and after
endoscopic retrograde cholangiopancreatography n (%)
EZ-FIX Non-EZ-FIX P value
(n = 53) (n = 52)
Below 90% in SaO2 for ≥ 30 s
↓ 20 mmHg in BP
↓ 20% in PR
Death
Procedure-related complications
Pancreatitis
Bleeding
Perforation

4 (3.8)
8 (7.6)
3 (2.9)
-

6 (5.7)
9 (8.6)
3 (2.9)
-

5
1
-

4
2
1

0.060
0.800
1
0.735

BP: Blood pressure; PR: Pulse rate.

Adverse events are shown in Table 3. There
were four cases of hypoxemia in the EZ-FIX group
and six cases in the non-EZ-FIX group (p = 0.06).
Severe hypotension was not observed in either group
and no patient required artificial ventilation such as
mask bagging and intubation. Procedure-related
complications were similar between the two groups (6
vs 7, p = 0.775).

DISCUSSION
Since its introduction in 1968, endoscopic retrograde
cholangiography (ERCP) has become a commonly
[1]
performed endoscopic procedure . The diagnostic and
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of sedation-related complications, we performed this
study to evaluate the efficacy and safety of a patientpositioning device.
Respiratory depression is more frequent in ERCP
because the procedure is performed in the prone
position. Several devices can be used, such as cushions
to maintain the airway by lifting the right shoulder,
but these are not commercial products. Recently, a
transformable patient-positioning device (EZ-FIX,
Arlico Medical, South Korea) was designed to make the
procedure more efficient. EZ-FIX contains polystyrene
balls in a soft and non-slip polyurethane cover,
which provides flexibility in the changing postures of
patients. Inflation with air and deflation with a vacuum
facilitate rapid changes in and fixation of the posture
of the patient. Patients are more comfortable in the
desired position and maintain a stable posture during
the procedure. In addition, EZ-FIX exerts a bodytemperature-protecting effect and assists in turning
the patient over.
Our study demonstrated that using EZ-FIX reduced
both the total dose of propofol and the recovery time.
The advantages of propofol sedation are the rapid
onset and short recovery time. However, it is difficult
to predict the timing when patients who have long
procedure times are released from sedation, and this
sometimes leads to a dangerous situation. Therefore,
propofol is frequently administered before a return to
minimal sedation, which can lead to over-sedation.
However, these intermittent propofol injections in
advance are not necessary with EZ-FIX, due to the
immobilization of patients. Thus, the propofol dose
can be reduced and the recovery time shortened. The
higher satisfaction of the endoscopist and nurses in the
EZ-FIX group was thought to be due to inhibition of
unpredictable movements of the patient. A significant
reduction in the amount of propofol required for
deep sedation could theoretically decrease the risk of
sedation-related complications. However, in this study,
the rate of neither hypotension nor hypoxemia differed
significantly between the groups. EZ-FIX may lead to
a lower incidence of sedative-related complications
in a larger-scale study. The rate of procedure-related
complications did not differ between the groups,
possibly due more to the type of procedure performed
and underlying diseases than sedation methods.
This study had several limitations in that the
sample size was small, and patients with ASA V, severe
sleep apnea, and pulmonary disease were excluded.
A double-blind design was not possible in that the
endoscopist and nurses could see the device, which
might have caused bias in the satisfaction scores.
Further studies in patients with various characteristics
are needed to further evaluate the efficacy and safety
of EZ-FIX.
In conclusion, the results of this study showed that
use of the EZ-FIX provided increased satisfaction for
the endoscopist and nurses, reduced the total dose
of propofol, and decreased recovery time. Thus, we
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suggest that the EZ-FIX may be valuable in advanced
endoscopic procedures, including ERCP.
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Abstract
AIM: To evaluate the association between patient
disease knowledge of inflammatory bowel disease (IBD)
and health related quality of life (HRQoL) and identify
patient and disease related predictors of patient
knowledge of IBD.
METHODS: We performed a cross-sectional study of
IBD patients with an established diagnosis of IBD longer
than 3 mo prior to enrollment. The Crohn’s and colitis
knowledge score (CCKNOW) and short inflammatory
bowel disease questionnaire (SIBDQ) were selfadministered to assess patient knowledge of IBD
and HRQoL, respectively. Demographic and disease
characteristics were abstracted from the electronic
medical record. The correlation between CCKNOW
and SIBDQ scores was assessed by a linear regression
model. Associations of patient knowledge and the
variables of interest were calculated using ANOVA.
RESULTS: A total of 101 patients were recruited.
Caucasian race, younger age at diagnosis, and having
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a college or post-graduate degree were significantly
associated with higher CCKNOW scores. Patients with
CD had higher CCKNOW scores compared to patients
with ulcerative colitis and inflammatory bowel disease
type unclassified, P < 0.01. There was no significant
correlation between overall CCKNOW and SIBDQ scores
2
(r = 0.34, P = 0.13). The knowledge sub-domain of
diet in CCKNOW was negatively correlated with HRQoL
2
(r = 0.69, P < 0.01).

a patient’s ability to be an active participant in his/
her own management. In one study, only 14% of
ulcerative colitis (UC) patients in a tertiary care hospital
were aware UC was associated with an increased risk
[7]
of colorectal cancer (CRC) . A working knowledge
of their disease and its management is essential
[8]
for patients with chronic disorders such as IBD .
Among patients with type 1 diabetes mellitus, higher
levels of patient knowledge were associated with
higher medication compliance and lower glycosylated
[9,10]
hemoglobin levels
.
Although a validated patient knowledge score
for IBD has been developed (the Crohn’s and colitis
knowledge score (CCKNOW), IBD patient knowledge
has not been assessed in the United States patient
population, nor has it been studied in relationship
to HRQoL. Prior studies in the United Kingdom have
demonstrated considerable gaps in patient knowledge
specifically in medication options and IBD related
[8]
complications . Demographic and disease-related
factors may potentially be used to identify patients at
risk for non-adherence, though published studies have
[11,12]
reported conflicting data
. Additionally, disease
related knowledge of IBD among patients may affect
adherence to medications or coping skills, and hence
affect HRQoL.
We hypothesized that IBD-specific knowledge
is associated HRQoL. The primary aim of this study
was to identify associated patient and disease related
factors associated with IBD knowledge. Secondary
aims of this study were to quantify disease related
knowledge among United States military veterans
with IBD receiving care from the veterans affairs (VA)
health system and to assess the association between
knowledge and HRQoL. Identification of deficits by
knowledge domain may provide opportunities for
focused interventional patient education, and provide a
baseline measurement against which future programs
can be measured.

CONCLUSION: IBD diagnosis at a younger age in
addition to Caucasian race and higher education were
significantly associated with higher knowledge about
IBD. However, patient knowledge of IBD was not
correlated with HRQoL. Further studies are required to
study the effect of patient knowledge of IBD on other
clinical outcomes.
Key words: Crohn’s disease; Ulcerative colitis; Crohn’s
and Colitis Knowledge Score; Short inflammatory bowel
disease questionnaire; Health related quality of life
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: No prior study on inflammatory bowel
disease (IBD) has attempted to determine if there is
a correlation between a patient’s knowledge about
his/her disease and their health related quality of life.
Furthermore, no such study attempting to quantify a
patient’s knowledge of their IBD has been performed
in the United States. While we found no statistically
significant association, we did find several predictors
of a patient’s knowledge about their disease as well
as disparities in knowledge. Through this study, we
hope to bring to light these predictors and disparities
in hopes of providing targeted opportunities for patient
directed education tools.
Hou JK, Turkeltaub JA, McCarty III TR, El-Serag HB.
Assessment of disease specific knowledge and health-related
quality of life among United States military veterans with
inflammatory bowel disease. World J Gastroenterol 2015;
21(19): 6001-6007 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i19/6001.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.6001

MATERIALS AND METHODS
Study population

Patients were recruited from the IBD clinic at the
Michael E. DeBakey VA Medical Center in Houston, TX.
Inclusion criteria: (1) diagnosis of IBD ascertained by
a gastroenterologist based on clinical, endoscopic, and
[13]
radiographic data ; (2) a diagnosis of IBD greater
than 3 mo from enrollment; and (3) at least one prior
outpatient clinic visit with a gastroenterologist. Patients
who declined consent were excluded. Patients were
recruited in a consecutive fashion and were asked to
complete two self-assessed questionnaires at the time
of their clinic visit.

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic
inflammatory condition of the gastrointestinal tract
resulting in a marked decrease in health related
[1-4]
quality of life (HRQoL)
. Despite advances in
pharmacologic and surgical treatment strategies,
patient understanding and knowledge of their disease
[5]
varies widely . It would appear that these advances
have yet to translate into a meaningful improvement
[6]
in patients’ understanding of their disease . Poor
knowledge and understanding about IBD may impair
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Data collection

The CCKNOW and short inflammatory bowel
disease questionnaire (SIBDQ) were prospectively
completed at the time of clinic encounter. Another

6002

May 21, 2015|Volume 21|Issue 19|

Hou JK et al . IBD knowledge and quality of life
surgery included fistulotomy, abscess drainage, and
seton placement. Extraintestinal manifestations (EIM)
were defined as involvement of skin (pyoderma
gangrenous or erythema nodosum), eye (uveitis, iritis,
or episcleritis), or joint (inflammatory arthritis) and
primary sclerosing cholangitis (PSC). Physician global
assessment (PGA) was specifically noted in progress
notes as quiescent, mild, moderate or severe.

Table 1 Demographic features and their association with
patient knowledge (Crohn’s and Colitis knowledge score)
CCKNOW score, mean ± SD P value
Total
Gender
Female
Male
Race
Caucasian
Non-caucasian
Age at diagnosis (yr)
< 17
17-40
> 40
Level of education
No college
College/
post-graduate

101%

11.5 ± 5.2

9%
91%

14.8 ± 3.2
11.2 ± 5.2

33.70%
66.30%

12.5 ± 5.2
9.6 ± 4.7

0.06

0.02

Statistical analysis

< 0.01
1%
56.4%
42.6%

14 ± 0.0
13.1 ± 4.8
9.2 ± 7.8

65%
35%

10.7 ± 4.1
13.5 ± 5.4

The correlation between CCKNOW and SIBDQ scores
was assessed by a linear regression model, and
expressed as the Pearson correlation coefficient.
Categorical variables were defined as age of diagnosis
(< 17 years old, 17-40 years old, > 40 years old);
current age (< 65 years old, ≥ 65 years old);
education (college degree vs no college degree); race
(Caucasian vs non-Caucasian); previous number
of surgeries (0 or ≥ 1); disease duration (< 5, ≥
5 years); and disease activity (remission vs active
disease by PGA). The association of patient knowledge
and the variables of interest were calculated ANOVA.
Statistical analysis was performed using Stata version
11 software.

0.07

CCKNOW: Crohn’s and Colitis knowledge score.

published IBD questionnaire, the Jones Knowledge
Questionnaire, has limited evidence to support
its use whereas the CCNOW has been embraced
[14]
internationally . Therefore the Jones Knowledge
Questionnaire was not administered. The CCKNOW is
a 30-item questionnaire that quantifies the diseaserelated knowledge of patients with IBD based on
four domains: general knowledge, medication, diet,
and complications of IBD. CCKNOW has been shown
[8]
to be readable and reliable . Permission to use the
SIBDQ was obtained from McMaster University. The
SIBDQ uses 10 questions derived from the original 32
item full Inflammatory Bowel Disease Questionnaire
to subjectively assess the HRQoL in patients with
[15,16]
IBD
. The SIBDQ examines four domains: bowel
symptoms, systemic symptoms, emotional function,
and social function. Each question is scored from 0 to
7 with a total score ranging from 10 (worst health) to
70 (best health). The total score is then divided by 10.
Medical chart review was performed by two of
the investigators (JT and TM) using a standardized
data collection form. Data were collected for care
documented in the VA clinical encounter when
the patient was enrolled. IBD diagnosis was
confirmed based on endoscopic, histologic or
radiologic findings consistent with standard clinical
[13]
criteria . Demographic data (race and ethnicity,
gender, education), disease characteristics (age at
diagnosis, IBD type, disease location, extra-intestinal
manifestations), surgical history, and IBD related
hospitalizations were abstracted. Education was
classified as no high school, high school graduate,
college degree, and post-graduate degree. Ethnicity
was based on self-reported classification as Caucasian,
Hispanic, African-American, Asian, other, and unknown.
IBD age of diagnosis, location, and behavior were
[17]
described according to the Montreal classification .
Bowel resection was defined as any small bowel or
colonic resection, excluding perianal surgery. Perianal
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RESULTS
A total of 101 IBD patients were recruited consisting
of 49 patients with UC (48.5%), 43 patients with
Crohn’s disease (CD) (42.6%), and 9 patients with
inflammatory bowel disease type unclassified (IBDU)
(8.9%) (Table 1). The patients were 91% male, 66%
Caucasian, and 34% non-Caucasian (27% AfricanAmerican, 5% Hispanic, and 2% Asian). The mean
age at time of IBD diagnosis was 39.6 years [standard
deviation (SD) 14.6], and the mean age at time of
enrollment was 51.5 years (SD 13.3) (Table 2). The
average duration of disease of these patients was 11.8
years (SD 11.5). Of the 52 patients who provided
their level of education, 35% had a college or postgraduate degree. The average CCKNOW score was
11.5 (SD 5.2), representing correct answers to 38% of
questions.

Association of patient knowledge and HRQoL

There was no significant correlation between overall
2
CCKNOW and SIBDQ scores (r = 0.34, P = 0.13)
(Figure 1). On analysis of CCKNOW sub-domains,
higher diet knowledge scores were moderately
2
associated with lower HRQoL (r = 0.69, P < 0.01).
There were no associations between the general
knowledge, treatment, and complication sub-domains
2
2
with SIBDQ scores (r = 0.49, P = 0.25; r = 0.41, P =
2
0.67; r = 0.44, P = 0.59, respectively).

Patient factors associated with patient knowledge

Caucasian patients had higher CCKNOW overall scores
as well as general knowledge sub-domain CCKNOW
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Table 2 Inflammatory bowel disease characteristics and their
association with patient knowledge (Crohn’s and Colitis
knowledge score)

5

CCKNOW Score, mean ± SD P value

Characteristics

0.02
37.6%
62.4%

SIBDQ

Disease duration (yr)
<5
≥5
Type of IBD
UC
CD
IBDU
UC location
Proctitis
Left colon
Pancolitis
NA
CD location
Proximal
Ileal
Ileocolonic
Colonic
Family history of IBD
Yes
No
Unknown/adopted
Tobacco
Never
Current
Quit
IBD-related
Hospitalizations
0
≥1
Previous IBD-related
surgeries
0
≥1

6

9.9 ± 5.2
12.5 ± 4.9

4
3

< 0.01
48.5%
42.6%
8.9%

10.2 ± 4.7
13.6 ± 5.0
8.8 ± 5.9

2
1

0.53
18.4%
22.4%
53.1%
6.1%

9.5 ± 2.9
9.8 ± 5.5
11.1 ± 4.9
7 ± 2.7

0
21%
58%
21%

13.1 ± 2.6
13.9 ± 5.2
13.4 ± 6.6

14.9%
80.1%
5%

12.6 ± 5.9
11.3 ± 5.1
10.7 ± 5.8

39.6%
18.8%
41.6%

12.6 ± 4.9
12.1 ± 5.8
10.2 ± 4.9

0

15
20
Total CCKNOW score

25

30

0.69

duration was also associated with higher CCKNOW
scores (9.91 vs 12.54, for < 5 and ≥ 5 years,
respectively, P = 0.02). Neither family history nor
tobacco use was associated with CCKNOW scores.

IBD factors associated with patient knowledge

CD patients had higher CCKNOW scores (13.58; SD
4.95) compared to patients with UC (10.24 ± 4.65)
and IBDU (8.75 ± 5.90), P < 0.01. Patients with a
history of IBD related surgeries also had a higher
CCKNOW (13.33 ± 5.09) compared to those without
surgery (10.51 ± 4.98), P = 0.02. However, prior
hospitalization, disease location, and disease activity
were not associated with CCKNOW score.
Patients with joint EIMs had significantly higher
CCKNOW scores (13.50 ± 5.54) compared to patients
without joint manifestations (10.81 ± 4.89), P = 0.03.
Other EIMs were not associated with CCKNOW score.

11 ± 5.2
12.4 ± 5.1
0.02
10.5 ± 5.0
13.3 ± 5.1

CCKNOW: Crohn’s and Colitis knowledge score; SD: Standard deviation;
IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s
disease; IBDU: Inflammatory bowel disease unclassified.

scores (7.75 ± 3.20) compared to non-Caucasians
(6.00 ± 2.98), P = 0.03 (Table 1). While Caucasian
patients had numerically higher CCKNOW scores in
diet, treatment, and complication domains compared
to non-Caucasians, these were not statistically
significant (Table 3).
Higher levels of education were numerically but not
statistically significantly associated with overall higher
CCKNOW scores, P = 0.22. Patients with a college or
post-graduate degree had a higher diet subdomain
CCKNOW scores (1.16 ± 0.38) compared to patients
with no college degree (0.82 ± 0.39) P < 0.01. While
patients with a college or post-graduate degree
had higher numerical CCKNOW scores in general
knowledge, treatment, and complications domains,
these were not statistically significant.
Younger age of diagnosis was associated with
higher CCKNOW scores. This association was seen
across all knowledge sub-domains [general knowledge
(P < 0.01), treatment (P = 0.02) and complications (P
= 0.03)], except for diet (P = 0.12). Longer disease
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10

Figure 1 Correlation of quantified patient knowledge (Crohn’s and Colitis
knowledge score) and health related quality of life (short inflammatory
bowel disease questionnaire).

0.23

65.3%
34.7%

5

0.92

0.14

62.4%
37.6%

0

DISCUSSION
Caucasian race, younger age at time of diagnosis,
and having a college or post-graduate degree were
statistically significantly associated with higher
CCKNOW scores. The patient populations of greatest
IBD-specific knowledge deficiencies were in patients
who were non-Caucasian, did not have a college
or post-graduate degree, and at an older age at
IBD diagnosis. However, we observed no significant
correlation between overall patient knowledge of IBD
and HRQoL, although higher diet related knowledge
was associated with lower HRQoL.
We observed similar IBD-specific patient
knowledge scores to prior studies in non- United
States populations, ranging from a median CCKNOW
score of 4 in Iran, to 7-10 in the United Kingdom, to
[18-20]
13 in Canada
. Caucasian race was associated
with higher disease related knowledge in our study.
In our study, all patients were native English speakers
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Table 3 Inflammatory bowel disease characteristics and Crohn’s and Colitis knowledge score sub-domains
Characteristics
Gender
Male
Female
Race
Caucasian
Non-caucasian
Education
No college
College/post-graduate
IBD type
UC
CD
IBDU

General
knowledge

SD

43%
55.47%

20.39
10.47

47.34%
37.5%

20.00
18.64

39.54%
48.75%

15.52
21.16

39.49%
51.92%
31.25%

17.67
19.88
20.59

P value

Diet

SD

45.15%
61.11%

23.51
33.33

48.51%
42.65%

24.57
25.02

41.18%
58.33%

19.35
19.17

45.92%
45.35%
55.56%

22.45
28.48
16.67

0.09

P value

Treatment

SD

25.47%
29.63%

20.43
20.03

27.44%
22.73%

21.13
18.55

26.26%
30.56%

20.85
20.00

20.92%
30.49%
20.37%

19.64
20.38
21.70

0.06

0.03

19.25
12.40

33.33%
26.04%

20.81
14.63

31.25%
40%

15.70
25.04

28.03%
35%
25%

18.89
19.17
23.57

0.08

0.48

0.52

P value
0.04

29.56%
43.75%
0.28

< 0.01

< 0.01

SD

0.56

0.26

0.10

P value Complications

0.15

0.15

0.17

CCKNOW: Crohn’s and Colitis Knowledge score; SD: Standard deviation; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s disease;
IBDU: Inflammatory bowel disease type unclassified.

and therefore we do not believe the racial disparity
observed can be attributed to a language barrier.
Our observation of racial disparity in IBD knowledge
is in contrast to a prior study from Australia using
CCKNOW among 258 IBD patients recruited from
ambulatory clinics and outpatient offices which
showed no difference in knowledge based on race
[21]
comparing Caucasians and non-Caucasians .
However, our observation is in line with those observed
[22]
in other disease states. A study by Abubakari et al
evaluating disease knowledge among patients with
type 2 diabetes found that white-British patients
had a higher disease-specific knowledge compared
to black-African and black-Caribbean counterparts.
Additionally, the study found that the latter two
populations had high levels of misconceptions
regarding their disease compared to the whiteBritish patients. Racial disparities in disease specific
knowledge have been attributed to level of education
[18,19]
as well as health literacy
. Racial disparities in IBDspecific knowledge, as identified in our study, highlight
potential areas of educational intervention, specifically
targeting non-Caucasian populations.
We observed that a younger age at time of IBD
diagnosis was associated with greater disease-specific
knowledge. This was independent from duration of
disease, which was not significantly associated with
IBD-specific knowledge. Younger patients may be
more likely to seek information on their own or have
easier access to information outside of the medical
setting. Presumably, younger patients may possess
an increased access to online research enabling
them to ascertain more validated or accurate disease
information. However, patient access to potentially
[23-25]
inaccurate internet information may be damaging
.
Our observations suggest educational programs and
materials may need to be tailored to reach older
patients with IBD.
Although we did not observe a correlation between
patient knowledge and HRQoL, areas of knowledge
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deficiency may still have a significant clinical impact
and role in patient activation and self-care. One
possible reason for our finding is that patients lack
self-efficacy - even if aware of their disease state, they
may lack the means to change their health and be
active members in medical decisions making. It is also
possible that increased knowledge about one’s disease
may result in depression, anxiety, or fear about the
disease. Larsson and colleagues demonstrated that
patients with high levels of anxiety did not exhibit
improved angst after participating in educational
[26]
programs about their disease . Despite this, nonadherence has not been shown to be associated with
anxiety and depression or disease-related patient
[27]
knowledge .
Patients have been shown to rely on clinicians
[28]
for their information needs . A study assessing the
effective measure of patient education to improve IBDspecific reproductive knowledge, found a single groupdelivered session increased patient understanding
and knowledge regarding the implications of disease
[29]
for fertility and pregnancy . This study used another
precise questionnaire developed by Selinger entitled
the Crohn’s and Colitis Pregnancy Knowledge Score
[30]
(CCPKnow) . Of the CCKNOW sub-domains, higher
diet knowledge scores were significantly correlated with
lower HRQoL. This finding may in part reflect the diet
specific questions on the CCKNOW that refer to enteral
nutrition and lactose intolerance, which may bias
towards patients with a history of more severe disease.
Our study has several limitations. Level of
education was missing in 49% of patients who declined
to answer that question on the survey. However,
we were still able to detect differences in level of
education associated with disease-specific knowledge.
The surveys were self-administered and health literacy
may impact the assessment of disease-specific
knowledge and decrease the scores of CCKNOW.
It is also important to note that half of patients felt
CCNOW questions were too difficult as documented
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[31]

in a previous study by Elkjaer et al . Lastly, the
patient population in this study was predominantly
male, which is typically expected in the VA patient
population. Therefore, conclusions regarding gender
may not be generalizable. However, CCKNOW scores
observed in this study parallel those of studies in other
patient populations. Despite these limitations, our
study has several strengths. This is the first study to
use both the CCKNOW and SIBDQ questionnaires to
evaluate patient knowledge and HRQoL in patients
with IBD in the United States and also within the
Veteran population. The Veteran patient population
also represents a relatively diverse IBD population,
both in race and age, relative to other frequently
studied IBD populations. SIBDQ and CCKNOW were
obtained prospectively from a non-tertiary practice and
may therefore more closely represent IBD patients
in the general population compared to complicated
patients referred to tertiary IBD referral centers.
In conclusion, a cohort of United States military
veterans with IBD, disease-specific knowledge of IBD
was not correlated with HRQoL. Variations in diseasespecific knowledge of IBD were observed based on
age at IBD diagnosis, level of education, and race.
These disparities may provide targeted opportunities
for patient directed education tools. Further studies are
required to study the effect of patient knowledge of
IBD on other clinical outcomes.
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Abstract
AIM: To investigate middle hepatic vein (MHV)
management in adult living donor liver transplantation
and safer remnant volumes (RV).
METHODS: There were 59 grafts with and 12
grafts without MHV (including 4 with MHV-5/8 recon
structions). All donors underwent our five-step protocol
evaluation containing a preoperative protocol liver
biopsy Congestive vs non-congestive RV, remnantvolume-body-weight ratios (RVBWR) and postoperative
outcomes were evaluated in 71 right graft living
donors. Dominant vs non-dominant MHV anatomy in
total liver volume (d-MHV/TLV vs nd-MHV/TLV) was
constellated with large/small congestion volumes (CVindex). Small for size (SFS) and non-SFS remnant
considerations were based on standard cut-off- RVBWR
and RV/TLV. Non-congestive RVBWR was based on
non-congestive RV.
RESULTS: MHV and non-MHV remnants showed no
significant differences in RV, RV/TLV, RVBWR, total
bilirubin, or INR. SFS-remnants with RV/TLV < 30%
and non-SFS-remnants with RV/TLV ≥ 30% showed
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no significant differences either. RV and RVBWR for
non-MHV (n = 59) and MHV-containing (n = 12)
remnants were 550 ± 95 ml and 0.79 ± 0.1 ml vs
568 ± 97 ml and 0.79 ± 0.13, respectively (P = 0.423
and P = 0.919. Mean left RV/TLV was 35.8% ± 3.9%.
Non-MHV (n = 59) and MHV-containing (n = 12)
remnants (34.1% ± 3% vs 36% ± 4% respectively,
P = 0.148. Eight SFS-remnants with RVBWR < 0.65
had a significantly smaller RV/TLV than 63 non-SFSremnants with RVBWR ≥ 0.65 [SFS: RV/TLV 32.4%
(range: 28%-35.7%) vs non-SFS: RV/TLV 36.2%
(range: 26.1%-45.5%), P < 0.009. Six SFS-remnants
with RV/TLV < 30% had significantly smaller RVBWR
than 65 non-SFS-remnants with RV/TLV ≥ 30% (0.65
(range: 0.6-0.7) vs 0.8 (range: 0.6-1.27), P < 0.01.
Two (2.8%) donors developed reversible liver failure.
RVBWR and RV/TLV were concordant in 25%-33%
of SFS and in 92%-94% of non-SFS remnants. MHV
management options including complete MHV vs MHV4A selective retention were necessary in n = 12 vs n =
2 remnants based on particularly risky congestive and
non-congestive volume constellations.

INTRODUCTION
The precise determination of graft and remnant
volumes constitutes the most important parameter to
prevent postoperative donor and recipient liver failure
[1-3]
in adult live donor liver transplantation (ALDLT) .
Middle hepatic vein (MHV)-containing grafts are
associated with small remnants whose function may
be further impaired by early postoperative venous
congestion of their medial sector (segment 4A/
[1,4,5]
B)
. The occurrence of small-for-size syndrome
(SFSS) in donors as a result of inadequate functional
remnant volume is a constant reminder of the
controversy surrounding venous congestion and MHV
management. The commonly accepted definitions for
small-for-size-(SFS)-remnants do not even consider
[4,6-11]
remnant volume values
. To date, there are no
published reports correlating the extent of functional
impairment and parenchymal congestion in non-MHV
containing remnants, and remnant volume limits
for safe MHV inclusion with the right graft are still
undefined.
In the present series, we evaluated our experience
with liver failure in right graft donors. Our goal was to
analyse the impact of MHV-containing right grafts on
remnant volume (RV) and function. We considered the
ratios remnant-volume-body-weight-ratio (RVBWR)
and remnant volume percentage of total liver volume
(RV/TLV) as a way to discriminate between SFS- and
non-SFS remnants based on commonly accepted cut
[4,8]
off values . The following queries were addressed:
(1) How concordant are these ratios in assessing SFSremnants and determining their volume limits? (2)
Is MHV procurement with right grafts associated with
substantial loss of remnant volume? (3) Does inclusion
of the MHV in right grafts impact remnant liver function
and donor morbidity as a result of venous congestion?
and (4) Does MHV anatomy affect venous outflow
(= congestive volume) and thereby influence MHV
management?
We finally considered “reasonable” criteria for
procurement of right grafts with/without complete
MHV vs selective MHV-4A preservation in remnants
based both on our own experience with donors
without evidence of steatosis as well as on that of
[4,6-8,11-16]
others
.

CONCLUSION: MHV procurement should consider
individual remnant congestive- and non-congestive
volume components and anatomy characteristics,
RVBWR-RV/TLV constellation enables the identification
of marginally small remnants.
Key words: Living donor liver transplantation; Liver
volume; Remnant volume; Small-for-size; Small-forsize syndrome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Prevention of liver failure in middle hepatic
vein (MHV) inclusive right graft donors involves
consideration of both congestive and non-congestive
remnant volumes. MHV management should be
individually based on MHV anatomy characteristics.
Non-congestive volumes represent an important
safety parameter in MHV management, especially in
the setting of small for size remnants. The remnantvolume-body-weight ratios - remnant volumes/total
liver volume constellation seems to have a synergistic
(complementary) capacity for the identification of
marginally small remnants with the highest risk
potential of postoperative liver failure.

MATERIALS AND METHODS
Radtke A, Sgourakis G, Molmenti EP, Beckebaum S, Cicinnati
VR, Schmidt H, Peitgen HO, Broelsch CE, Malagó M, Schroeder
T. Risk of venous congestion in live donors of extended right
liver graft. World J Gastroenterol 2015; 21(19): 6008-6017
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i19/6008.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i19.6008
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Study population

From January 2003 to October 2007, 71 consecutive
live donors (36 females and 35 males, mean age 37 ±
10.1 years) underwent right graft hepatectomy at the
University Hospital Essen, Germany. There were 59
grafts with and 12 grafts without MHV (including 4 with
MHV-5/8 reconstructions). All donors underwent our
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Non-congestive volume: volume safely drained by
the left hepatic vein (LHV) tributaries.

Table 1 Etiology of liver disease among right graft recipients
(n = 71)
Parameter

Congestive volume-index: percentage of volume
with venous congestion.

Number

Total
Male
Female
Autoimmune hepatitis
Hepatitis B
Hepatitis B associated with hepatocellular carcinoma (HCC)
Hepatitis C
Hepatitis C associated with HCC
Alcoholic
Alcoholic + associated with HCC
Morbus Wilson
Primary biliary sclerosis (PBC)
Primary sclerosing cholangitis (PSC)
HCC
Cryptogenic
Others1

71
43
28
5
4
7
8
10
7
6
2
2
7
4
6
3

Donor RV/TLV: remnant volume percentage of total
liver volume considering the remnant volume with
intact bi-sectorial venous outflow via the middle (MHV)and LHV tributaries.
Donor RVBWR: (safely drained by MHV and LHV) vs
non-congestive RVBWR (safely drained by LHV) were
[9]
calculated according to the Heinemann formula .

3-D virtual liver partition

The “carving” transection plane followed the course of
the MHV, exposing it on the resection surface of either
graft (MHV-procurement) or remnant (MHV-retention)
[21]
livers . The MHV trunk served as a reproducible
surgical landmark for the exact extrapolation (by
means of color doppler scanning, IOUS) of the 3-D
liver model onto the operative field.

1

Neuroendocrine lever metastases (n = 2), liver metastases from
insulinoma.

five-step protocol evaluation containing a preoperative
[14,17]
protocol liver biopsy as previously described
.
Biopsy results in all resected donors showed less than
10% steatosis and no evidence of hepatopathologic
changes.

SFS vs non-SFS remnants

We evaluated the correlation between RVBWR and
RV/TLV as a way to distinguish between SFS- and
non-SFS remnant status based on the following cut
off values: SFS-remnant: RVBWR < 0.65 vs non-SFS[8]
remnant RVBWR ≥ 0.65 . SFS-remnant: RV/TLV<
[4]
30% vs non-SFS-remnant RV/TLV ≥ 30% .

Recipient indications for liver transplantation

Sixty eight out of 71 right graft recipients (28 females
and 43 males, mean age 50 ± 11.0 years) suffered
from liver cirrhosis classified for Child-A score; n = 22,
Child-B score; n = 33, Child-C score; n = 13, while
in the remaining n = 3 cases with no cirrhosis the
indication for liver transplantation were neuroendocrine
liver metastases (n = 2) as well as liver metastases
from insulinoma (n = 1, Table 1). The overall “Model of
End-Stage Liver Diesease”-score (MELD) was of mean
of 14 ± 8 (range: 11-40).

SFSS definition

computed tomography (CT) imaging was performed
using a 16-row-Multidetector-CT-Scanner (Sensa
®
tion16 , Siemens, Erlangen, Germany) as originally
[18]
published by our group .

SFSS was defined as either poor initial remnant
function or prolonged remnant dysfunction as a result
of inadequate functional liver mass in the absence
of other causative factors. This definition was based
on criteria for both LDLT donors and recipients
[22,23]
likewise tumor hepatectomy patients
. SFSS was
characterised by the presence of at least two of the
following symptoms within the first four post-operative
weeks: encephalopathy (stage ≥ 2), progressive
intrahepatic cholestasis [Bilirubin > 5.0 (reference
value: 0.2-1.2)], prolonged severe coagulopathy (INR
> 2.2), excessive intractable ascites (> 3 L/d).

3D-CT-imaging analysis and -volumetry

Hepatic vein dominance in total liver

Liver volume definitions

Statistical analysis

All-in-one protocol of multiphasic computed tomography
scan

Hepatic vein with the largest percentage of total liver
[20]
volume (TLV) as originally classified by our group .

CT images were analyzed with the software assistant
®
[19,20]
HepaVision (MeVis institute, Bremen, Germany)
.

The non-parametric Sign test was used for two
variables lacking normal distribution. The nonparametric Wilcoxon matched pairs test was applied to
test the hypothesis that two variables (lacking normal
distribution) were drawn from the same distribution.

RV: congestive and non-congestive volumes.
Congestive volume: venous congestion volume
resulting from the detachment of left sided MHV-(4A/B)
tributaries draining the left medial sector.
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A

Remnant status defined by Rvbwr
SFS
RVBWR < 0.65
n =8
RV/TLV < 30%
Concordant
2/8
25%
RV/TLV ≥ 30%
Non-concordant
6/8
75%

Remnant status defined by Rv/tlv

Non SFS
SFS
RVBWR ≥ 0.65 RV/TLV < 30%
n = 63
n =6
RV/TLV < 30% RVBWR < 0.65
Non-concordant
Concordant
4/63
2/61
6%
33%
RV/TLV ≥ 30% RVBWR ≥ 0.65
Concordant
Non-concordant
59/63
4/6
94%
67%

1

RV/TLV (%)

Table 2 Concordant vs non-concordant interrelation between
remnant volume (donor) body weight ratio and remnant
volume percentage of total liver volume in discriminating
small-for-size from non-small-for-size remnants according to
two different cut-off values

Non SFS
RV/TLV ≥ 30%
n = 65
RVBWR < 0.65
Non-concordant
5/652
8%
RVBWR ≥ 0.65
Concordant
60/65
92%

Median
25%-75%
Min-Max

RVBWR ≥ 0.65 RVBWR < 0.65
Group

B

1.3
1.2

2

incl. 2 remnants with RVBWR = 0.60; incl. 1 remnant with RVBWR = 0.60.
SFS: Small-for-size; RV/TLV: Remnant volume percentage of total liver
volume; RVBWR: Remnant volume (donor) body weight ratio.

1.1

RVBWR

1.0

The Mann-Whitney U Test was used to test the
significance of the difference between two independent
samples of an ordinal variable as well as differences
in the shape of the distributions (not just the location
of the ranks) of the two groups. Significance was
considered at a level < 0.05. Statistical release 7
(Statsoft) was used for statistical analysis.

0.9
0.8
0.7
0.6
0.5

RV/TLV ≥ 30% RV/TLV < 30%

Figure 1 Correlation between remnant-volume-(donor) body-weight ratio
(< 0.65 vs ≥ 0.65) and remnant volume percentage of total liver volume
in left remnants of 71 right graft donors (A) and correlation between
remnant volume percentage of total liver volume (< 30% vs ≥ 30%) and
remnant-volume-(donor) body-weight ratio in the left remnants of 71 right
graft donors (B). RV/TLV: Remnant volume percentage of total liver volume;
RVBWR: Remnant-volume-(donor) body-weight ratio.

RESULTS
RV and RVBWR

Mean overall RV and RVBWR were 565 ± 97 ml and
0.79 ± 0.12, respectively. RV and RVBWR for non-MHV
(n = 59) and MHV-containing (n = 12) remnants were
550 ± 95 ml and 0.79 ± 0.1 ml vs 568 ± 97 ml and
0.79 ± 0.13, respectively (p = 0.423 and p = 0.919,
Mann Whitney U test).

Thirty-three percent (n = 2/6) of SFS-remnants
had RV/TLV < 30% with RVBWR < 0.65. 92% (n =
60/65) of non-SFS-remnants had RV/TLV ≥ 30% and
RVBWR ≥ 0.65. Six SFS-remnants with RV/TLV <
30% had significantly smaller RVBWR than 65 nonSFS-remnants with RV/TLV ≥ 30% [0.65 (range:
0.6-0.7) vs 0.8 (range: 0.6-1.27), p < 0.01, Mann
Whitney U test] Figure 1B.

RV/TLV

Mean left RV/TLV was 35.8% ± 3.9%. Non-MHV (n =
59) and MHV-containing (n = 12) remnants (34.1%
± 3% vs 36% ± 4% respectively, p = 0.148 Mann
Whitney U test) showed no significant differences.

Congestive volume-index and non-congestive RVBWR

Correlation between donor RVBWR vs RV/TLV in
defining SFS-remnants

Mean overall congestive volume (CV) was 209.2 ±
77.6 ml (range: 40-459 ml) with a CV-index of 36.9
± 11.6 %RV (range: 6.1-70.2 %RV). Mean noncongestive [safely drained by the left hepatic vein
(LHV)] donor RVBWR (0.48 ± 0.12, range: 0.2-0.79)
was significantly smaller than the corresponding donor
RVBWR (safely drained by both MHV and LHV) (0.79 ±
0.12, range: 0.6-1.27, p < 0.0001, Wilcoxon’s signed
ranks test).

We assessed the concordance between RVBWR < 0.65
and RV/TLV < 30% in all 71 right graft donors (Table 2).
Twenty-five percent (n = 2/8) of SFS-remnants had
RVBWR < 0.65 with RV/TLV < 30%. 94% (n = 59/63)
of non-SFS-remnants had RVBWR ≥ 0.65 and RV/TLV
≥ 30%. Eight SFS-remnants with RVBWR < 0.65
had a significantly smaller RV/TLV than 63 non-SFSremnants with RVBWR ≥ 0.65 [SFS: RV/TLV 32.4%
(range: 28%-35.7%) vs non-SFS: RV/TLV 36.2%
(range: 26.1%-45.5%), p < 0.009, Mann Whitney U
test] Figure 1A.
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48
46
44
42
40
38
36
34
32
30
28
26
24

Liver function laboratory markers

Non-MHV containing remnants had a higher (although
P values were very close) peak total bilirubin and INR
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ml = RV/TLV 31%). RV safely drained by LHV of 344
ml (CV-index = 40.2%), with safely (LHV)-drainedRVBWR of 0.39. Postoperatively developed grade 2°
encephalopathy, with peak bilirubin of 19.8 mg/dl and
INR of 2.5. Recovered spontaneously after a hospital
stay of 26 d.

Table 3 Comparison of early postoperative biochemical liver
function markers among right graft donors (n = 71)
Remnants
Peak
(mean ±
SD)

MHV

n = 12

Remnants

Remnants

Remnants

Non-MHV RV/TLV ≥ 30% RV/TLV < 30%

n = 59

Bilirubin 4.26 ± 2.86 5.54 ± 7.89
P = 0.544
(0.2-1.2)
INR (1.0) 1.99 ± 0.52 2.15 ± 0.83
P = 0.9

n = 65

n =6

4.39 ± 3.92

5.1 ± 2.9

MHV management in remnants with liver failure vs without liver failure

P = 0.27
1.87 ± 0.44
2.02 ± 0.57
P = 0.587

Our stepwise 3D-CT volumetry combined estimated
left remnant congestive- and non-congestive volumes
following virtual liver partition (Figure 2). Based on
[12,13]
the experience of the Kyoto and Nagoya groups
,
the extremely low (25%-33%) concordance between
donor RVBWR and RV/TLV, and the two reversible
remnant liver failures in our series, we differentiated
between right grafts inclusive of complete MHV and
left remnants with selective MHV-4A retention by
[16]
considering individual MHV anatomy patterns .
In 12 donors, the MHV was completely retained
with the left remnants, providing an intact twosectorial venous (MHV + LHV) drainage. In 10 cases, a
risky dominant (d)-MHV type was preserved because
of its particularly large congestive volume when
compared to the non-dominant (nd)-MHV (d-MHV
mean CV-index 41.2 ± 6.6 %RV vs nd-MHV mean CVindex 36.1 ± 12.2 %RV, p = 0.07, Mann-Whitney U
test). In 2 donors with nd-MHV, the decision to retain
the MHV with the left remnant was based on their
small donor RVBWR-RV/TLV constellation (0.6/28.2%
and 0.63/35%, Table 4).
The left sided MHV-4A drainage territory was
preserved in 4 of 59 donors who underwent
procurement of MHV-containing grafts as originally
[15]
described by our group . This decision was based on
an extremely small non-congestive-RVGWR (0.2-0.27)
(safely drained by LHV) in 2 cases (Table 4) and on
the anatomical characteristics of the MHV-4A/MHV-8
confluence into the MHV trunk in the other 2 instances.
Two (20%) of ten donors with estimated very
small RVBWR ≤ 0.65 (inclusive of two with RV/TLV <
30%) developed reversible liver failure. The MHV was
retained in two remnants (one with liver failure). Eight
remnants (one with liver failure) had no MHV. In three
non-liver failure remnants with extremely low noncongestive-RVBWR < 0.3 (safely drained by LHV), the
MHV was completely retained or the MHV-4A drainage
was preserved in the remnant liver (Table 4).

RV/TLV: Remnant volume percentage of total liver volume; MHV: Middle
hepatic vein; INR: International normalized ratio; Bili: Total bilirubin
(reference value 0.2-1.2).

than MHV-containing remnants (potentially suggesting
a “negative effect” of venous congestion in the early
postoperative liver function) (Table 3).

Postoperative donor morbidity

There were no donor deaths. Overall postoperative
donor morbidity was 15.5% (n = 11), including 6
[23]
(8.4%) grade Ⅲ-Ⅳ Dindo-Clavien complications .
There was no significant difference among remnants
with (n = 3, 25%) or without (n = 8, 13.6%) MHV
under their diverse volume conditions (p = 0.4077,
chi-square). Five medical complications included: 2
pleural effusions (1 in an MHV- and 1 in a non-MHV
remnant) requiring drainage (D-Ⅱ ), 1 pneumonia
in a non-MHV remnant (D-Ⅱ), and 2 reversible liver
failures (D-ⅣA). Six surgical morbidities included 2
bile leaks (1 in a non-MHV- and 1 in an MHV remnant)
associated with bilomas and treated with percutaneous
drainage (D-ⅢA), 1 ⅣC thrombosis treated surgically
in a non-MHV remnant (D-ⅢB), 1 subphrenic abscess
drained operatively in a non MHV remnant (D-ⅢB),
and 2 superficial wound infections (D-ⅠA).

Association of MHV management and remnant liver
failure in donors

Two (2.8%) donors developed reversible liver failure
(see SFSS definition). Neither of them had a history of
liver disease, experienced any adverse intraoperative
events, or developed surgical/medical complications.
Postoperative color doppler ultrasonography confirmed
intact porto-arterial inflow and hepatic venous outflow.
Case-1: 40 year old female, BMI 26, liver biopsy
< 10% steatosis, normal preoperative LFTs. MHVcontaining remnant with safely (MHV + LHV)drained-RVBWR of 0.63 (RV = 434 ml, RV/TLV
= 35%). Postoperatively developed grade 2°
encephalopathy, with peak Bilirubin of 26.5mg/dl and
INR of 3.7. Recovered completely after two courses of
plasmapheresis.
Case 2: 44-year-old male, BMI 27, liver biopsy <
10% steatosis, normal preoperative LFTs. Non-MHVcontaining remnant with RVBWR of 0.65 (RV = 584
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DISCUSSION
Although a RV/TLV of at least 30%-35% is usually
[1,4,8]
required to avoid small-for-size syndrome (SFSS)
,
successful outcomes with RV/TLV < 30% have been
[6,7,11,24]
reported in the setting of optimal liver quality
.
Inclusion of the MHV with right grafts, which has
[1,4,7,25]
been reported to optimize graft function
but to
[1,26-28]
potentially impair remnant recovery
, has both
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3D CT volumetry and virtual liver partition

STEP Ⅰ

Remnant volume

TLV

RVBWR

RV/TLV

STEP Ⅱ

MHV anatomy
Dominant (d)
in TLV

Non-dominant (nd)
in TLV

CV-index vs non-congestive RVBWR

Figure 2 Stepwise 3D-computed tomography volumetry and virtual liver partition assessing congestive- and non-congestive (remnant) volumes. CVindex: Congestive volume percentage of remnant liver volume; 3-D: Three-dimensional; d: Dominant; MHV: Middle hepatic vein; nd: Non-dominant; RV/TLV: Remnant
volume percentage of total liver volume; RVBWR: Remnant-volume-(donor) body-weight ratio; non-congestive-RVBWR: Safely LHV drained remnant-volume-bodyweight ratio; TLV: Total liver volume.

Table 4 Middle hepatic vein management in small-for-size -remnants with remnant-volume (donor) body-weight-ratio ≤ 0.65
Donor

Remnant

Remnant

Remnant

Remnant

Remnant

n = 71

Total MHV
preserved
Yes
No
No
No
No
No
No
No
No
Yes

MHV-4A
preserved
Yes
No
No
No
Yes
No
Yes
No
No
Yes

volume

RV/TLV

RVBWR

434 mL
584 mL
512 mL
500 mL
429 mL
506 mL
536 mL
505 mL
389 mL
464 mL

35%
31%
32.9%
31.7%
35.1%
38%
35.6%
32%
28%
28.2%

1
2
3
4
5
6
7
8
9
10

0.63
0.65
0.62
0.64
0.60
0.65
0.62
0.63
0.60
0.60

Remnant CV-index

Remnant nc-RVBWR

SFSS

(LHV)
37.9%
40.2%
40.0%
37.2%
67.9%
14.8%
43.4%
39.4%
24.4%
55.4%

0.38
0.39
0.40
0.38
0.20
0.57
0.27
0.49
0.41
0.20

Yes
Yes
No
No
No
No
No
No
No
No

SFS: Small-for-size; SFSS: Small-for-size syndrome; LDLT: Live donor liver transplantation; MHV: Middle hepatic vein; MHV-4A: Branch of MHV draining
left medial sector; LHV: Left hepatic vein; RVBWR: Remnant-volume (donor) body-weight-ratio; Non-congestive-(nc)-RVBWR: Volume safely drained by
LHV; RV/TLV: Remnant volume percentage of total (donor) liver volume; CV-index: Potential congestion volume percentage of remnant liver volume.

[2,7,8,27,29-34]

supporters and detractors
. Currently, many
centres encourage a selective MHV management policy
[4,7,12]
based on individual graft/remnant characteristics
.
Our series allowed us to conclude that procurement
of right grafts including complete MHV itself did not
cause a significant volume loss in remnants. Indeed,
there were no significant RV, RV/TLV and RVBWR
differences between remnants with and without
MHV. We attributed this result to our “carving” liver
partitioning technique, in which the transection plane
exposed the MHV trunk on the resection surface of
either graft (MHV-harvest) or remnant (MHV-retention)
livers. There was no difference in donor morbidity
attributable to SFS-remnant-status or MHV inclusion
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(even with RVBWR and RV/TLV below the respective
marginal limits of < 0.6 and < 30%).
Our overall donor morbidity of 15.5% including
8.4% of Dindo-Clavien Ⅲ - Ⅳ type complications
were comparable with the data reported in the
[5,7,12]
literature
.
In the Kyoto series overall 10% of donors suffered
morbidity with similar incidence of complications who
required treatment between (-) MHV (13%) vs (+)
[12]
MHV (9%) remnants . Comparable, in our donors
the incidence of postoperative interventions did not
considerably differ between the non-MHV (5.1%)
and the MHV-contained (8.3%) remnants. In line
with the cited reports, all our donors returned to

6013

May 21, 2015|Volume 21|Issue 19|

Radtke A et al . Liver failure in live donors of right grafts
their pre-donation lifestyles. The subgroup analysis
[7]
of the Istambul series revealed a much higher
overall complication rate in non-MHV (22.4%) vs
MHV-contained remnants (7.8%) mirroring our own
experience with the tendency for (-) MHV remnants
to have more complications than (+) MHV ones (25%
vs14%).
Furthermore, our experience as well as that of
others did not reveal any late complications attributable
[7,35]
to remnant size or MHV-status
. Our virtual data
however, showed that the “sacrifice” of the left sided
MHV-4A/B drainage in remnants due to MHV inclusion
with the graft was associated with large congestive
volumes (CV-index of 36.9 ± 11.6 %RV) that resulted
in a significant reduction of non-congestive volumes
(non-congestive-RVBWR) safely drained by LHV. We
also observed a potentially (not statistically significant)
detrimental effect of venous congestion in non-MHV
remnants as illustrated by their elevated liver function
markers (INR, total bilirubin) in the early postoperative
period. These observations strongly correlate with
previous published reports.
[5]
In the study of the Clischy group segment Ⅳ
congestion was never seen on the postoperative
CT in donors who underwent a standard MHVexclusive right graft harvest, while in the setting of the
extended right graft inclusive of MHV procurements
84% remnants revealed venous congestion with the
[11]
morbidity rate of 37%. Yaprak et al
had observed
that RV/TLV ≤ 30% impacted donor outcome
(especially postoperative hyperbilirubinemia and major
complications) irrespective of donor RVBWR (< 0.6 or
> 0.6). In their experience, RVBWR < 0.6 significantly
affected liver function but not donor morbidity. In a
[7]
prospective study by Dayangac et al , procurement of
right grafts inclusive of MHV was not associated with
any additional donor risk except in SFS-remnants with
RV/TLV < 30% (57% complication rate and prolonged
postoperative hyperbilirubinemia). Others showed an
association between small remnant volume and donor
[1,11,36,37]
morbidity
. In our series the slightly higher
bilirubin and INR levels in SFS-remnants probably
resulted from a small RV.
The impact of remnant volume and remnant MHVstatus on remnant regeneration has been extensively
[1]
investigated. Belghiti et al observed that a small RV
accelerated early tissue regeneration, decreasing the
proportion of functional liver tissue and increasing
[7]
the risk of liver failure. Dayangac et al showed
that small non-MHV remnants had a significantly
higher volume increase after the first postoperative
week when compared to MHV remnants (76% and
50%, respectively). Similarly to our data, studies
from several other groups showed that the volume
regeneration rate of the total remnant liver (TLV) did
not significantly differ among extended and regular
[7,38,39]
right graft hepatectomies
. However, the observed
compensatory lateral hyper-growth effect attributable
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to transient venous congestion in the MHV drainage
area seems to reflect a competition between sectors,
with the lateral one dominating regardless of remnant
[40]
MHV status . The development of a procoagulant
state induced by the intense remnant regeneration as
described by the Paris group might help explain the Ⅳ
[1]
C thrombosis in one of our donors .
Our study revealed a very poor concordance
between donor RVBWR and RV/TLV cut offs in SFS
remnants (25%-33% in our series). Preoperative
volume assessment based solely on RV/TLV can be
misleading, particularly when compared to RVBWR of
[41]
remnant volume and donor BMI . RVBWR was also
found to be more specific than RV/TLV as a predictor
of postoperative outcomes in hepatic resections with
[6]
[42]
SFS remnants . Yigitler et al
observed a poor
correlation between RV/TLV ≤ 30% and RVBWR < 0.6
for SFS remnants after major hepatic resections. In
[11]
a retrospective analysis by Yaprak et al , remnants
with marginal RVBWR < 0.6 and RV/TLV ≤ 30%
constellation had the highest (52.2%) donor morbidity.
However, their observation was not reproduced in our
marginally small remnants.
Reversible liver failure occurred in MHV-inclusive as
well as in non-MHV remnants with remnant volumes
much above the commonly accepted limits (RVBWR
0.63-0.65 and RV/TLV 31%-35%). A retrospective
analysis of virtual and clinical data confirming a nonsteatosis in all donors on preoperative liver biopsy
suggested that extensive venous congestion (CVindex of 40.2% RV) likely accounted for liver failure in
case-2 [a non-MHV remnant with a tightly calculated
functional reserve (non-congestive-RVBWR) of 0.39].
On the contrary, in case-1 (liver failure in an MHVinclusive-remnant with intact bi-sectorial venous
drainage via MHV + LHV, no plausible explanation
could be found. A small-for-size syndrome (SFSS)
is a multifactorial process primarily associated with
insufficient functional liver mass that constitutes a life[22]
threatening condition for both donors and recipients .
Although, a “safe” donor RVBWR-RV/TLV constellation
seems to be the most effective parameter in donor
selection and remnant MHV management, “liver
quality” and “remnant volumes” are by no means
[11,43]
dogmatic parameters
. The “venous congestion”
and vice versa “non-congestive volume” association is
[44]
potentially a strong additional factor .
The main goal of our study was to evaluate
MHV management safety parameters to prevent
life-threatening liver failure in MHV inclusive-right
graft donors. As venous congestion in the drainage
territories of MHV-4A/B branches can occur after
procurement of right grafts containing MHV, congestive
and non-congestive volume characteristics for each
remnant should be carefully considered when making
a decision on safe MHV management in donors.
Our study also showed that 10 of 12 retained MHV
remnants had risky dominant d-MHV anatomy, with
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considerably large CV-index when compared to ndMHV, that required complete preservation of the MHV
in the left remnants. Based on our learning curve
[14]
experience (including two lethal SFSS grafts
and
two reversible SFSS remnants) and the experiences of
[12,13]
other groups
, we followed an “exclusion” scheme
aimed at identifying high risk donors unsuitable for
MHV-inclusive grafts. The main finding distinguishing
our series from previous ones is that MHV inclusion
with right grafts is not (by itself) associated with
prohibitively small remnant volumes. We individualized
MHV management by determining MHV-4A/B drained
congestive and safely LHV drained non-congestive
volume components.
All donors with (extremely small) non-congestiveRVBWR < 0.3 underwent successfully either complete
MHV- or MHV-4A remnant-preserving right graft
procurements. The two donors with reversible liver
failure in our series portray an enormous risk potential.
Further validation of our findings with a systematic
prospective clinical study will be required.
Our final conclusions include: (1) prevention of
liver failure in MHV inclusive right graft donors involves
consideration of both congestive and non-congestive
remnant volumes; (2) MHV management should be
individually based on MHV anatomy characteristics;
(3) non-congestive volumes represent an important
safety parameter in MHV management, especially in
the setting of SFS remnants; and (4) the RVBWRRV/TLV constellation seems to have a synergistic
(complementary) capacity for the identification of
marginally small remnants with the highest risk
potential of postoperative liver failure.

this is a good paper, which investigates the outcome of RL-LDLT donors with
remnant liver with or without the MHV trunk. It also analyzes the consistency
between RVBWR and remnant volumes/total liver volume.
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Abstract
AIM: To evaluate vascular endothelial growth factor
(VEGF) and tryptase in hepatocellular cancer (HCC)
before and after trans-arterial chemoembolization
(TACE).
METHODS: VEGF and tryptase serum concentrations
were assessed from 71 unresectable HCC patients
before and after hepatic TACE performed by binding
®
DC-Beads to doxorubicin. VEGF levels were examined
for each serum sample using the Quantikine Human
VEGF-enzyme-linked immuno-absorbent assay (ELISA),
whereas tryptase serum concentrations were assessed
for each serum sample by means of fluoro-enzyme
immunoassay (FEIA) using the Uni-CAP100 tool.
Differences between serum VEGF and tryptase values
before and after TACE were evaluated using Student t
test. Person's correlation was used to assess the degree
of association between the two variables.
RESULTS: VEGF levels and serum tryptase in HCC

6018

May 21, 2015|Volume 21|Issue 19|

Ranieri G et al . Pro-angiogenic factors in HCC after TACE

patients before TACE had a mean value and standard
deviation (SD) of 114.31 ± 79.58 pg/mL and 8.13
± 3.61 μg/L, respectively. The mean levels and SD
of VEGF levels and serum tryptase in HCC patients
after TACE were 238.14 ± 109.41 pg/mL and 4.02 ±
3.03 μg/L. The changes between the mean values of
concentration of VEGF and tryptase before treatment
and after treatment was statistically significant (P <
0.000231 and P < 0.00124, by Wilcoxon-Mann-Whitney
respectively). A significant correlation between VEGF
levels before and after TACE and between tryptase
levels before and after TACE was demonstrated (r =
0.68, P = 0.003; r = 0.84, P = 0.000 respectively).

aggressiveness of malignancies and provide prognostic
[2-9]
information .
For what concern VEGF it is a powerful angiogenic
cytokine that induces proliferation of both endothelial
[10]
cells and tumoural cells . The soluble isoform of VEGF
is a dimeric glycoprotein of 36-46 kDa, mainly induced
by hypoxia in tumoural and stromal cells that in turn
release VEGF. VEGF binds to two specific tyrosinekinase receptors so called: VEGF-1 (flt-1) and VEGF-2
[11]
(KDR/flk1) respectively . From a therapeutic point of
view, the axis VEGF/VEGF-receptors is an important
anti-angiogenic target for the treatment of HCC
[12]
patients . Several published studies suggest that the
assessment of VEGF in the serum of HCC patients may
predict the biological aggressiveness of tumours and
indicate response to therapy. However, no conclusive
[13-17]
data are available
.
With special regard to tryptase, it is a neutral
serine protease stored in the cytoplasmic granules
of mast cells (MCs). To date, four different forms of
[18]
tryptase have been identified: -γ, -β, -α and -δ . Of
these, α- and β-tryptase are the two best circulating
[19]
isoforms described and they are released from MCs .
Interesting experimental studies show tryptase
is as a potent angiogenic factor able to stimulate
the neovascularization in both in vitro and in vivo
[20-28]
laboratory experiments
. In particular, it induces
vascular tube formation by either directly acting
[29-38]
through mitogen action on endothelial cells
.
Tryptase acts as an agonist of a receptor activated by
an endogenous protease, PAR-2, which is expressed on
[39,40]
endothelial cells and involved in their proliferation
.
Interestingly, in several pet and human malignancies
a correlation has also been demonstrated between
[41-46]
angiogenesis and MCs positive to tryptase
. With
particular reference to HCC cells, recently a possible
role of tryptase positive MCs in the development of the
[47]
disease has been suggested .
This prospective study aimed to assess levels of
both VEGF and tryptase in HCC serum before and
after hepatic trans-arterial chemoembolization (TACE)
treatment to see if the above pro-angiogenic factors
levels change in response to TACE. In addition the
correlation between VEGF and tryptase each to other
and important clinico-pathological features has been
also analysed.

CONCLUSION: Our pilot results suggest that the
higher serum VEGF levels and the lower tryptase levels
following TACE may be potential biomarkers changing
in response to therapy.
Key words: Serum levels; Tryptase; Vascular endothelial
growth factor; Hepatocellular cancer; Chemoembolization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Experimental data suggest that vascular
endothelial growth factor (VEGF) and tryptase play a
role in tumour angiogenesis. This study aims to assess
VEGF and tryptase serum concentrations from 71
hepatocellular cancer patients before and after hepatic
trans-arterial chemoembolization (TACE) by mean of
enzyme-linked immuno-absorbent assay and fluoroenzyme immunoassay methods respectively. Here, we
demonstrated higher serum VEGF levels and lower
tryptase levels following TACE as compared to pre-TACE
levels. We suggest that changes of VEGF and tryptase
levels may be biomarkers of response to therapy. In
this context tryptase and VEGF receptor axis inhibitors
may be evaluated as adjuvant therapies.
Ranieri G, Ammendola M, Marech I, Laterza A, Abbate I,
Oakley C, Vacca A, Sacco R, Gadaleta CD. Vascular endothelial
growth factor and tryptase changes after chemoembolization
in hepatocarcinoma patients. World J Gastroenterol 2015;
21(19): 6018-6025 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i19/6018.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.6018

MATERIALS AND METHODS
Study population and treatment procedure

INTRODUCTION

Between April 2008 and March 2012, 71 patients 22
females, 49 males, median age 74 years (range: 47-86
years) with intermediate grade [stage B according
to the Barcelona Clinic Liver Cancer (BCLC) staging
classification] unresectable HCC underwent TACE of
the liver at the Interventional Radiology Unit with
Integrated Section of Translational Medical Oncology of
National Cancer Research Centre "Giovanni Paolo Ⅱ",
Bari, Italy. All patients were enrolled in this prospective

Hepatocellular carcinoma (HCC) is a well-estab
lished hypervascular tumour with a high rate of
[1]
angiogenesis . Interestingly, published data suggest
that the expression levels of classical surrogate
angiogenic factors such as vascular endothelial growth
factor (VEGF) or non-classical pro-angiogenic factors,
such as tryptase, in primary tumour tissue or in
circulating blood fractions could express the biological
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of patients was 79 ng/mL. Forty-eight (67%) patients
had normal levels (< 20 ng/mL) of AFP, while the other
twenty-three (33%) had higher levels.
TACE was performed under general anesthesia
®
by binding DC-Beads (Biocompatibles, Farnham,
GB) to a total dose of doxorubicin of 100 mg/50 mL
and injecting through the percutaneous insertion of
a microcatheter into the femoral artery of the patient
under fluoroscopic guidance (X-ray), corresponding to
the artery of the liver. When possible, the artery that
feeds the tumor was cannulated in a superselective
approach.

Table 1 Eligibility criteria for treatment with trans-arterial
chemoembolization
HCC
Cytohistologically confirmed
Unresectable (technical reasons, comorbidities, refusal of treatment)
Adequate liver function level
Child-Pugh class (A) or (B)
Bilirubin ≤ 2.4 mg/dL
Absence of ascites
BCLC intermediate stage (B)
N1 tumor nodule → diameter > 3.0 cm
Max N3 tumor nodules → diameter ≤ 3.0 cm
ECOG performance status of 0 to 2

Preparation of samples and biomarker assessment

TACE: Trans-arterial chemoembolization; HCC: Hepatocellular carcinoma;
BCLC: Barcelona Clinic Liver Cancer; ECOG: European Cooperative
Oncology Group.

All subjects avoided aspirin or non-steroidal antiinflammatory drug ingestion for 4 wk before blood
collection. The peripheral blood samples were taken
between 7:00 am and 9:00 am after overnight fasting
the day before and one day after TACE treatment.
They were immediately dispensed in test tubes with
serum separator tubes without additives (Becton
Dickinson Vacutainer Systems Hemogard, Plymouth,
United Kingdom) and left for at least 30 min at room
temperature to allow for a complete clotting process.
The samples were then centrifuged at 1500 × g for
15 min at room temperature and the supernatant
recovered. Patient sera thus obtained were collected,
aliquoted and frozen at -80  ℃ until the analysis phase.
VEGF levels were examined for each serum sample
using the Quantikine Human VEGF-enzyme-linked
immuno-absorbent assay (ELISA) (R&D Systems Inc.,
Minneapolis, MN, United States), which recognises
[3,4]
VEGF-165
According to the manufacturer, the
minimum detectable dose of VEGF is typically less than
9.0 pg/mL. Values below 9.0 pg/mL were considered
as zero. Tryptase concentrations were assessed for
each serum sample by means of fluoro-enzyme
immunoassay (FEIA) using the Uni-CAP100 tool
(Pharmacia Diagnostics AB, Uppsala, Sweden).

Table 2 Base clinical characteristics of 71 patients with
hepatocellular carcinoma
Age (yr)1
Sex (M/F)
Etiology (HCV/HBV/alcoholic/NASH)
Child-Pugh grade (A/B)
Serum AFP (ng/mL)1
Serum bilirubin (mg/dL)1
Serum AST (IU/L)1
Serum ALT (IU/L)1

74 (47-87)
42/29
52/8/7/4
45/26
79 (2-5967)
1.7 (0.2-2.5)
53 (18-201)
36.4 (8-187)

1

Data are expressed as median values (range). HCV: Hepatitis C virus;
HBV: Hepatitis B virus; NASH: Nonalcoholic steatohepatitis; AFP:
Alpha-fetoprotein; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; IU: International unit.

study and underwent measurement of serum VEGF
and tryptase before and after TACE. All participants
signed a written informed consent. The pre-treatment
evaluation included: biochemical liver function,
complete blood count, coagulation profile, dose serum
alpha-fetoprotein (AFP), chest X-ray, liver ultrasound
with contrast medium (CEUS), and computed
tomography (CT) scan of the abdomen. The diagnosis
of HCC was histologically confirmed by echo-guided
needle aspiration or, alternatively, on classic imaging
findings for HCC associated with pathological increase
of AFP levels higher than the cut-off 200 ng/mL.
The selection criteria for TACE at our institute
includes: (1) absence of extrahepatic metastases; (2)
patency of the portal vein; and (3) adequate functional
reserve of the liver (stage A or B according to ChildPugh classification, serum bilirubin ≤ 2.4 mg/dL,
absence of ascites and hepatic encephalopathy) as
shown in Table 1.
The baseline clinical data of 71 patients studied are
listed in Table 2. Fifty-two (73%) patients were positive
for the hepatitis C antibody, eight (11%) patients were
positive for the hepatitis B surface antigen (HBsAg),
seven (10%) patients were affected by alcoholic liver
disease and four (6%) were affected by nonalcoholic
steatohepatitis (NASH). The serum AFP median level
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Statistical analysis

Statistical analysis was performed using SPSS software
(version 17.0). Descriptive statistics of serum VEGF
and tryptase levels were used to calculate means and
ranges of distribution (range and standard deviation).
Differences between serum VEGF and tryptase values
before and after TACE were evaluated using WilcoxonMann-Whitney test. Person’s correlation was used
to assess the degree of association between the
two variables. A P value of < 0.05 was considered
significant.

RESULTS
The levels of VEGF and serum tryptase in patients
studied at the time of pre-treatment (24 h before
TACE) had a mean value and standard deviation
(SD) of 114.31 ± 79.58 pg/mL and 8.13 ± 3.61 μg/L
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Figure 1 The levels of serum tryptase (A) and vascular endothelial growth factor (B) in patients. A: Shows changes between serum tryptase levels before
trans-arterial chemoembolization (TACE) (blue line) and serum tryptase levels after TACE (red line). A clear decreased concentration is showed for each patient after
TACE; B: Shows changes between serum vascular endothelial growth factor (VEGF) levels before TACE (blue line) and serum VEGF levels after TACE (red line). A
clear increased concentration is showed for each patient after vascular endothelial growth factor.

treatment was statistically significant significant (P
< 0.000231 and P < 0.00124, by Wilcoxon-MannWhitney test respectively (Figure 1A and B; Table 3).
A significant correlation between VEGF levels before
and after TACE and between tryptase levels before and
after TACE was demonstrated (r = 0.68, P = 0.003; r
= 0.84, P = 0.000 respectively) (Figure 2A and B).

Table 3 Serum vascular endothelial growth factor and
tryptase levels in 71 patients with hepatocellular cancer
measured 1 d prior and subsequent to treatment with transarterial chemoembolization
Sample collection
time

n

24 h before TACE
24 h after TACE
P value

71
71

Mean concentrations Mean concentrations of
of serum VEGF ± SD serum tryptase ± SD
(pg/mL)
(μg/L)
114.31 ± 79.58
238.14 ± 109.41
< 0.000231

8.13 ± 3.61
4.02 ± 3.03
< 0.00124

DISCUSSION
HCC is the fifth leading cause of cancer mortality in
the world. The identification of serum biomarkers
of easy execution and surrogate of the presence or
persistence of disease may improve clinical outcome.
To this end we analyzed VEGF and tryptase serum
levels in HCC before and after TACE. Our data
indicated the lack of correlation between serum
tryptase and VEGF levels before TACE and between
serum tryptase and VEGF levels after TACE suggesting
an independent role of tryptase and VEGF in the
angiogenic process. Interestingly, this data may be
important from a therapeutic point of view suggesting
that angiogenesis involved in HCC may be inhibited
at two different molecular levels. Here, we also

VEGF: Vascular endothelial growth factor; HCC: Hepatocellular car
cinoma; TACE: Trans-arterial chemoembolization; SD: Standard deviation.

respectively. No significant correlation between serum
levels of VEGF and tryptase each to other was shown.
Again no significant correlation between serum levels
of VEGF and tryptase and the main clinico-pathological
features was shown. The mean levels and SD of VEGF
and tryptase in serum determined at the time of the
post-treatment (+ 24 h after TACE) were 238.14 ±
109.41 pg/mL and 4.02 ± 3.03 μg/L. The changes
between the mean values of concentration of VEGF
and tryptase before treatment and after locoregional
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sorafenib that inhibits the VEGF/VEGF-receptor axis.
With particular reference to tryptase, experimental
data indicate that it plays an important role in tumour
[37-43,50-54]
angiogenesis
. Our results show high basal
levels of serum tryptase as compared to serum
tryptase levels after TACE. It is therefore likely that the
levels of serum tryptase may be a surrogate indicator
of the magnitude of the angiogenic process and of
the presence of HCC tumor tissue. Substantiating
this assumption, our results showed that following
TACE and subsequent tumor tissue necrosis serum
tryptase levels decrease (Figure 1B), as if due to the
destruction of MC content in the tumor nodule the
source production of tryptase itself ceases. Hence,
these serin-proteases may play a role as a predictive
factor of response to locoregional treatment in HCC
patients. In the present study, we measured tryptase
level 24 h before treatment as a circulating biomarker
surrogate for the presence of neoplastic disease, and
again 24 h after treatment to evaluate the reduction
of the concentration of the same. The rationale for
assessing levels of tryptase after 24 h lies in the short
life of tryptase, which is about 4 hours. Therefore, if
the primary source of tryptase production no longer
exists, after 24 h you would expect a significant
reduction in serum concentration. This assumption was
reflected in the data we obtained, as the difference
between men pre-and post-treatment concentrations,
expressed in g/L that was statistically significant.
Should tryptase levels not fall during post-treatment
in some patients, this could be indicative of residual
disease and therefore patients should undergo further
diagnostic studies and therapies. For these patients
tryptase inhibitors, such as Nafamostat mesilate or
Gabexate, may be evaluated in future awaited clinical
trials. Although preliminary, and therefore worthy of
further investigation, the results of this pilot study
suggest a role of both VEGF and tryptase as possible
biomarkers in HCC patients underwent to TACE able
to select patients in which an adjuvant anti-angiogenic
therapy may be recommended.
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Figure 2 Serum tryptase (A) and trans-arterial chemoembolization (B)
levels before TACE. A: Shows a strong correlation between serum tryptase
levels before trans-arterial chemoembolization (TACE) and serum tryptase
levels after TACE, in that a decreased tryptase levels is always present for each
patient; B: Shows a good correlation between serum VEGF levels before TACE
and serum VEGF levels after TACE, in that an increased VEGF levels is always
present for each patient.

demonstrated that VEGF significantly increased after
TACE (Figure 1A). Our data agree with results from
[15]
[17]
Shim et al
and Sergio et al . The first Author’
s group found that VEGF levels were significantly
higher 1-2 d after TACE performed with Doxorubicin
plus lipiodol than at baseline. In this study, overexpression of VEGF was associated with extrahepatic
metastases. The second Author’s group also found
that when TACE is not totally effective, it may induce
a significant neoangiogenic reaction, as suggested
by an increase in VEGF following treatment; this
[17]
affected patient survival . Differently to the above
studies we detected VEGF after TACE performed with
doxorubicin loaded with microspheres called DC-Bead.
Although TACE represents the a main treatment for
stage B HCC patients (BCLC classification), TACE also
induces hypoxia and stimulates angiogenesis via VEGF
expression that in turns may help residual cancer cells
[12,14,48,49]
to survival
. Due to this VEGF serum rebound
patients with higher serum VEGF levels post treatment
may be select to receive an adjuvant therapy with

WJG|www.wjgnet.com

ACKNOWLEDGMENTS
We would like to thank Caroline Oakley for assistance
with the English language.

COMMENTS
COMMENTS
Background

Hepatocellular carcinoma (HCC) is a hypervascular tumour in which
angiogenesis has a crucial role in progression, as already demonstrated in
other tumours. Pro-angiogenic factors, such as vascular endothelial growth
factor (VEGF) and tryptase, inducing proliferation of both endothelial and
tumoural cells, may predict the biological aggressiveness of tumours and
represent important anti-angiogenic targets in HCC. However, there are no
conclusive data available about the assessment of VEGF serum levels of HCC
patients.

Research frontiers

To establish the role of tryptase and VEGF in HCC progression angiogenesis-
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mediated, by mean the assessment of their serum levels in HCC patients. To
identificate serum biomarkers of easy execution and surrogate of the presence
or persistence of disease that may improve clinical outcome. To determine
if these pro-angiogenic factors may be considerable as possible biomarkers
able to select patients in which an adjuvant anti-angiogenic therapy may be
recommended after TACE in HCC patients.

7

Innovations and breakthroughs

8

Several published studies suggest that the assessment of VEGF in the serum
of HCC patients may predict the biological aggressiveness of tumour, however,
no conclusive data are available. This is the unique study, in which both serum
levels of VEGF and tryptase were assessment after hepatic chemoembolization
with DC-Beads® (DEB-TACE) in HCC patients and that they could be indicative
of residual disease.

9

Applications

In this patients setting tryptase inhibitors (Nafamostat mesilate or Gabexate)
or anti-VEGF/VEGFR therapy could slow HCC progression, even if these
therapeutic approaches may be evaluated in future awaited clinical trials in
HCC patients underwent to DEB-TACE.

10

Terminology

VEGF is an angiogenic cytokine (induced by hypoxia in tumoral microen
vironment) that binding VEGF receptors-1/2 promotes proliferation of both
endothelial and tumoural cells; Tryptase is an angiogenic serine protease
(stored in mast cells) that binding a receptor activated by an endogenous
protease stimulates proliferation of endothelial cells; TACE means trans-arterial
chemoembolization (hepatic locoregional treatment used in stage B of HCC
patients according to Barcelona Clinic Liver Cancer staging classification in
which the blood supply to the tumor is blocked from chemotherapeutic agent
(doxorubicin, mitomycin) plus lipiodol; DEB-TACE is TACE with drug-eluting
beads (DC-Beads®) that combines the drug with the embolization device by
using microsphere.

11

12

Peer-review

This pilot study could be interesting for the reader because provides good
explanation of the potential benefits of pro-angiogenic factors with possible
clinical impact in HCC patients undergone to DEB-TACE.

13
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META-ANALYSIS

Association of type 2 diabetes mellitus and the risk of
colorectal cancer: A meta-analysis and systematic review
Salman Yousuf Guraya
st

ISI Web of knowledge databases till 31 January 2014.
This meta-analysis included the cohort studies that
illustrated relative risk (RR) or odds ratio estimates
with 95%CI for the predictive risk of CRC by T2DM.
Summary relative risks with 95%CI were analyzed by
using an effects summary ratio model. Heterogeneity
2
among studies was assessed by the Cochran’s Q and I
statistics.
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RESULTS: The meta analysis of 8 finally selected
studies showed a positive correlation of T2DM with
the risk of CRC as depicted by effects summary RR
of 1.21 (95%CI: 1.02-1.42). Diabetic women showed
greater risk of developing CRC as their effect summary
RR of 1.22 (95%CI: 1.01-49) with significant overall
Z test at 5% level of significance was higher than the
effect summary RR of 1.17 (95%CI: 1.00-1.37) of men
showing insignificant Z test. The effect summary RR
of 1.19 with 95%CI of 1.07-1.33 indicate a positive
relationship between DM and increased risk of CRC
2
with significant heterogeneity (I = 92% and P -value <
0.05).
CONCLUSION: Results from this systematic review
and meta-analysis report that diabetic people have an
increased risk of CRC as compared to non-diabetics.
Key words: Colorectal cancer; Type 2 diabetes mellitus;
Risk ratio; Gastrointestinal cancers; Cancer statistics
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prevalence of diabetes for all age groups
worldwide is estimated to be 2.8% in 2000 and 4.4%
in 2030. Type 2 diabetes mellitus (T2DM) is associated
with increased insulin resistance and insulin has been
reported to exhibit procarcinogenic effects in a number
of human systems including colon and rectum. This
meta-analysis of 8 relevant cohort studies showed an
increased risk for colorectal carcinoma by T2DM, and

Abstract
AIM: To provide a quantitative assessment of the
association between type 2 diabetes mellitus (T2DM)
and the risk of colorectal cancer (CRC).
METHODS: Systematic review was conducted
thorough MEDLINE, EMBASE, Cochrane Library, and
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this association was more evident in diabetic women
than men.

After analysis of abstracts and titles 520 studies were
excluded as irrelevant because these studies did not
meet the inclusion criteria. During full text analysis
of the remaining 55 relevant studies, 32 case-control
and 15 theoretical and review articles were furtherer
excluded. Only 8 relevant cohort studies were selected
for further analysis. In this study, meta-analysis was
done by using Forest plot which graphically presents
the consistency and reliability of the results of selected
studies. Forest plot was developed through Review
[13]
Manager 5.3 software by Cochrane Library . In
this plot, effect size of each study is computed as
an outcome and pooled effect size is also calculated
to observe the heterogeneity among studies. Q test
was used as a tool for verifying the heterogeneity in
selected studies and its null hypothesis was that “all
2
studies are identical”. The I statistic is an excellent
method to ensure the quantity of heterogeneity in
percentage terms and consistency of results of the
[14]
selected studies . After carefully analyzing the
heterogeneity, next step is to apply appropriate effect
summary model fixed effects or random effects model.
If heterogeneity is low then it’s better to apply fixed
effects model while random effects is most commonly
used model when heterogeneity is higher. The level of
significance in this study is 5% (P < 0.05).

Guraya SY. Association of type 2 diabetes mellitus and the risk of
colorectal cancer: A meta-analysis and systematic review. World
J Gastroenterol 2015; 21(19): 6026-6031 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i19/6026.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i19.6026

INTRODUCTION
Type 2 diabetes mellitus (T2DM) has been reported
to increase the risks of a wide spectrum of cancers
[1]
[2]
[3]
including kidney , non-small-cell lung , pancreas ,
[4]
[5]
[6]
early gastric , ovarian , prostate , and colorectal
[7]
cancer (CRC) . The hallmark of T2DM is its
associated insulin resistance, and in the majority,
with compensatory hyperinsulinemia. As of 2010,
more than 250 million people are suffering from
T2DM worldwide; and this number is expected to
[8]
reach 380 million in 20 years (Chowdhury, 2010
#887). CRC is the second leading cause of cancer[9]
related deaths world-wide and is the third most
commonly diagnosed cancer in the United States for
[10]
both men and women . Because of the magnitude
of the prevalence of T2DM and CRC and reports of
published data suggesting a causal role of T2DM in the
[11,12]
development of CRC
, the frequency of relationship
of these two illnesses needs to be investigated. Thus,
exploring the association between T2DM and the risk
of CRC is of clear significance.
Published data has shown inconsistent findings
about the association of T2DM with the risk of CRC.
There are also inconclusive results about the gender
predominance and subsite in the colorectum harboring
cancerous growths. This meta-analysis quantitatively
assesses the results from published cohort studies to
provide a more precise estimate of the association
between T2DM as a possible predictor of the risk of
CRC.

RESULTS
Association of T2DM and the risk of CRC; research
outcome

The Forest plot in Figure 2 portrays a series of
estimates and their confidence intervals (CI) at 95%
level. Each individual study’s effect size (outcome)
is shown by a square and their CIs are represented
through horizontal lines. The Forest plot shows that
the selected studies have wider confidence interval
and inconsistent response rates which indicates
the heterogeneity. In order to check heterogeneity
2
statistically, the Q test and I statistics were applied.
2
The results of χ test in Figure 2 showed a 5% level
of significance, thus rejecting the null hypothesis “all
2
studies are identical”. The value of I is 96%, again
verifying the presence of considerable heterogeneity
amongst the studies. On the basis of considerable
heterogeneity, random effects model was most
appropriate for this study.
The effect summary which represents through
diamond has RR of 1.21 (95%CI: 1.02-1.42) indicating
positive relationship between DM and increased risk of
CRC. There is great heterogeneity among all studies as
[15]
only two studies have RR ratio below; Bella et al has
[16]
RR 0.97 and Jarvandi et al
has RR 0.93, while the
remaining studies lie on the right side of one difference
line showing positive association between DM and
increased risk of CRC. The Z test is also significant at
5% level of significance and depicts significantly higher
risk of CRC in diabetics by random-effects model. In

MATERIALS AND METHODS
Systematic review was conducted to explore the
association of T2DM with the risk of CRC thorough
MEDLINE, EMBASE, Cochrane Library, and ISI Web
st
of knowledge databases till 31 January 2014. Only
English language original studies conducted on human
subjects were considered with the following eligibility
criteria: (1) Cohort studies which explored the risk of
CRC by DM; and (2) Empirical studies with appropriate
data for investigating RR with relation to CRC and DM.
Data was retrieved by connecting MeSH terms
(“colorectal cancer” and “diabetes” and “risk” or
“colon cancer” or “rectal cancer”) in Endnote X5
which retrieved 575 citations as shown in Figure 1.
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Retrieved articles from selected databases
n = 575
Excluded studies after reviewing abstracts and titles

n = 520
Literature on colorectal cancer (165)
General cancer and diabetes (125)
Studies on diabetes and non-diabetes (95)
Studies relating to colon or rectal cancer (70)
Miscellaneous studies survival of cancer (65)

Screened 55 relevant studies on risk of
colorectal cancer with diabetes mellitus

Further 55 studies excluded that did not fulfill the
inclusion criteria:
Case-control studies (32)
Theoretical studies and reviews (15)

Finally 8 studies were selected for further
this meta analysis

Figure 1 Flow diagram of the literature search mechanism used in the meta analysis.
Diabetes
Study or subgroup

Events

Control

Total

Events

Total

Risk ratio

Risk ratio

Weight M-H, Random, 95%CI

Noh et al , 2010

26

67

202

590

9.3%

1.13 [0.82, 1.56]

Flood et al , 2010

42

2438

447

43078

9.5%

1.66 [1.21, 2.27]

He et al , 2010

694

31331

2855

167812

13.7%

1.30 [1.20, 1.41]

Dehal et al , 2012

245

393

1150

1885

13.7%

1.02 [0.94, 1.11]

Van et al , 2012

304

820

2135

6154

13.5%

1.07 [0.97, 1.18]

Bella et al , 2013

209

373

383

666

13.3%

0.97 [0.87, 1.09]

Jarvandi et al , 2013

3395

41445

38916

442575

14.1%

0.93 [0.90, 0.96]

Wang et al , 2013

314

37001

614

148004

13.0%

2.05 [1.79, 2.34]

810764 100.0%

1.21 [1.02, 1.42]

Total (95%CI)

113868

Total events

5229
2

M-H, Random, 95%CI

46702
2

2

Heterogeneity: Tau = 0.05; χ = 174.64, df = 7 (P < 0.00001); I = 96%
0.1

Test for overall effect: Z = 2.19 (P = 0.03)

0.2

0.5

Lower risk of CRC with DM
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Figure 2 Forest plot showing the association between type 2 diabetes mellitus and colorectal cancer risk.
2

Figure 3, Forest plot of gender sub groups shows the
consistent results as majority of the studies favors
the right side and has greater than 1 RRs. The effect
summary RR of 1.19 with (95%CI: 1.07-1.33) favor
a positive relationship between DM and increased risk
2
of CRC with significant heterogeneity (I = 92% and
P-value < 0.05). The Z test is significant at 5% level
of significance for both sub groups showing significant
risk of CRC with DM by random-effects model.
Among both gender groups, women showed greater
risk as their effect summary RR of 1.22 (95%CI:
1.01-49) with significant overall Z test at 5% level
of significance was higher than the effect summary
RR of 1.17 (95%CI: 1.00-1.37) of men showing
insignificant Z test. However, both gender subgroups

WJG|www.wjgnet.com

had considerable heterogeneity due to I of 92% and
93% for men and women, respectively (Figure 3).

DISCUSSION
Literature review and analysis of the results of metaanalysis

The meta analysis showed a positive association of
T2DM with the risk of CRC as shown by effect summary
RR of 1.21 (95%CI: 1.02-1.42). Other studies have
also demonstrated that CRC is more common in
[7,17,18]
diabetics than in those without diabetes
and
diabetic patients also have lower overall survival rates
after CRC compared to non-diabetes, with 5-year
[19,20]
survival of 35% and 48%, respectively
.
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Diabetes
Study or subgroup

Control
Total

Risk ratio

Events

Total

Events

Bella et al , 2013

111

198

227

395

7.2%

Dehal et al , 2012

159

259

593

1018

7.7%

1.05 [0.94, 1.18]

He et al , 2010

371

15060

1550

74418

7.6%

1.18 [1.06, 1.32]

Jarvandi et al , 2013

0.95 [0.91, 0.99]

Risk ratio

Weight M-H, Random, 95%CI

M-H, Random, 95%CI

3.1.1 Men
0.98 [0.84, 1.13]

2208

27944

21636

260680

8.2%

Noh et al , 2010

16

42

113

332

3.8%

1.12 [0.74, 1.69]

Van et al , 2012

158

598

1153

5205

7.3%

1.19 [1.03, 1.38]

Wang et al , 2013

155

18247

303

72988

6.6%

2.05 [1.69, 2.48]

415036 48.3%

1.17 [1.00, 1.37]

Subtotal (95%CI)

62348

Total events

3178
2

25575
2

2

Heterogeneity: Tau = 0.04; χ = 72.71, df = 6 (P < 0.00001); I = 92%
Test for overall effect: Z = 1.94 (P = 0.05)
3.1.2 Women
Bella et al , 2013

98

175

156

271

7.0%

0.97 [0.82, 1.15]

Dehal et al , 2012

85

134

557

867

7.3%

0.99 [0.86, 1.13]

Flood et al , 2010

42

2438

447

43078

5.0%

1.66 [1.21, 2.27]

He et al , 2010

323

16271

1305

93394

7.5%

1.42 [1.26, 1.60]

Jarvandi et al , 2013

1188

13501

17280

181895

8.1%

0.93 [0.88, 0.98]

Noh et al , 2010

10

25

89

258

3.0%

1.16 [0.70, 1.93]

Van et al , 2012

146

606

982

4433

7.2%

1.09 [0.93, 1.27]

Wang et al , 2013

159

18754

311

75016

6.6%

2.05 [1.69, 2.47]

399212 51.7%

1.22 [1.01, 1.49]

Subtotal (95%CI)

51904

Total events

2051
2

21127
2

2

Heterogeneity: Tau = 0.07; χ = 100.51, df = 7 (P < 0.00001); I = 93%
Test for overall effect: Z = 2.02 (P = 0.04)
Total (95%CI)

114252

Total events

5229
2

814248 100.0%

1.19 [1.07, 1.33]

46702
2

2

Heterogeneity: Tau = 0.04; χ = 174.25, df = 14 (P < 0.00001); I = 92%
Test for overall effect: Z = 3.13 (P = 0.002)
2

0.1

2

Test for subgroup differences: χ = 0.12, df = 1 (P = 0.72), I = 0%
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Figure 3 Forest plot illustrating the association between type 2 diabetes mellitus and colorectal cancer risk by gender.

A number of observational studies have described
[21-23]
the association of T2DM with the risk of CRC
. A
review of 97 prospective studies reported 123205
[24]
deaths among 820900 human subjects . DM was
associated with an increased risk of CRC (RR = 1.40;
95%CI: 1.20-1.63). Compared to people with fasting
glucose levels < 5.6 mmol/L, the people with fasting
glucose levels of 5.6-6.9 mmol/L had a 1.13-fold risk
of death from any cancer. Participants with fasting
glucose levels ≥ 7.0 mmol/L showed a 1.39-fold
risk of death from any cancer. European populationbased or occupational cohorts involved in the DECODE
(Diabetes Epidemiology: Collaborative Analysis
of Diagnostic Criteria in Europe) study showed a
significant increase in deaths from CRC in men with
[25]
DM and prediabetes . A meta-analysis of 15 studies
including more than 2.5 million patients found about
30% increased relative risk of developing CRC in
[26]
diabetic compared to nondiabetic people . A study
exploring the histopathological differences in CRC

WJG|www.wjgnet.com

between populations with and without diabetes showed
that diabetics had deeper tumor invasion, more
lymphovascular invasion, and greater TNM staging [OR
(95%CI): 2.06 (1.37-3.10), 2.52 (1.74-3.63), and 2.45
[27]
(1.70-3.52), respectively; P < 0.001] . This finding
underpins the aggressive nature of CRC growths in the
diabetic patients and demands appropriate measures
for better control of DM.
New onset of DM is invariably considered as a
marker of occult cancer, or of progression of a known
disease (reverse causality: diabetes is a consequence of
[28]
cancer) . The pathogenesis of DM in the development
of CRC has been elucidated in the literature. Low
[29]
Vitamin D level , obesity, sedentary lifestyle, and
a high fat diet are reported to be associated with an
[30]
increased risk of CRC . Since abdominal obesity and
physical inactivity are strong independent determinants
of insulin resistance and hyperinsulinemia, and
high levels of insulin may stimulate the growth of
colorectal tumors, hyperinsulinemia was considered
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to mediate the effect of sedentary lifestyle on CRC
risk. Hyperinsulinemia leads to CRC through a dosedependent direct stimulation of cell growth and DNA
synthesis in normal intestinal epithelial and CRC
[31]
cells . The intestinal endocrine L cells produce an
incretin hormone, namely glucagon-like peptide-1,
which stimulates insulin secretion in blood glucose
dependent manner, pancreatic β cell proliferation
[32]
and neogenesis . Chronic hyperglycemia has been
reported to induce an increasing production of reactive
[33]
oxygen species, chronic oxidative stress , and marked
[34]
activation of inflammatory pathways . Inflammation
is suggested to be one of the contributing mechanisms
[35]
to the increased risk of cancerous growths .
The current meta-analysis showed that diabetic
women had greater risk of CRC as their effect
summary RR of 1.22 (95%CI: 1.01-49) with
significant overall Z test at 5% level of significance was
higher than the effect summary RR of 1.17 (95%CI:
1.00-1.37) of men. However, in their meta-analysis
[7]
of 29 studies, Krämer et al reported that overall
estimates of RR were very similar amongst men (RR
= 1.29; 95%CI: 1.19-1.140) and women (RR = 1.34;
95%CI: 1.22-1.47). Estimates of relative risk were
[36]
very similar amongst men and women. Onitilo et al
examined the temporal relationship between CRC risk
and DM using an electronic algorithm, clinical and lab
data up to the onset of DM. The authors concluded
that there was an increased risk of CRC in pre-diabetic
men than women, and DM did not influence CRC
risk in both genders after the clinical establishment
of disease. In pre-diabetic men, CRC risk increased
as time to DM onset decreased, indicating that the
cumulative impacts of the pre-diabetes phase on colon
cancer risk in men.
This meta-analysis has a limitation that the selected
cohort studies might be prone to detection bias as the
patients with diabetes are under continuous medical
care, thus leading to high chances of CRC detection
and early diagnosis.
In conclusion, this meta-analysis suggests that
T2DM is associated with an increased risk of CRC.
It is warranted to further investigate the underlying
biological links between DM and CRC.

This meta-analysis quantitatively assesses the results from published cohort
studies to provide a more precise estimate of the association between T2DM as
a possible predictor of the risk of colorectal cancer (CRC).

Innovations and breakthroughs

The effect summary RR of 1.19 with 95%CI of 1.07-1.33 indicate a positive
relationship between DM and increased risk of CRC with significant
heterogeneity (I2 = 92% and P-value < 0.05).
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well; language very good. Topic of the review is important and innovative.
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METHODS: A systematic literature review was con
ducted using the core databases. Complete resection,
curative resection, en bloc resection, recurrence and
adverse event rate were extracted and analyzed. A
random effect model was applied. The methodological
quality of the enrolled studies was assessed using the
Newcastle-Ottawa Scale. Publication bias was evaluated
using a funnel plot, the trim and fill method, Egger’s test,
and a rank correlation test.
RESULTS: Fourteen retrospective studies between
2009 and 2014 were identified (972 EGC lesions
with undifferentiated-type histology). The total en
bloc and complete resection rates were estimated as
92.1% (95%CI: 87.4%-95.2%) and 77.5% (95%CI:
69.3%-84%), respectively. The total curative resection
rate was 61.4% (95%CI: 44.5%-75.9%). The overall
recurrence rate was 7.6% (95%CI: 3.4%-16%).
Limited to histologically diagnosed expanded-criteria
lesions, the en bloc and complete resection rates were
91.2% and 85.6%, respectively. The curative resection
rate was 79.8%.
CONCLUSION: In this analysis, ESD is a technically
feasible treatment modality for EGC with undifferentiatedtype histology. Long-term studies are needed to confirm
these therapeutic outcomes.
Key words: Carcinoma; Endoscopic submucosal dissection;
Endoscopy; Gastric cancer; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: Controversies regarding proposed expansions of
the indication for endoscopic submucosal dissection (ESD)

AIM: To evaluate the efficacy and safety of endoscopic
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[3,5,9,10]

for early gastric cancer (EGC) with undifferentiatedtype histology still remain. In this meta-analysis, ESD
is a technically feasible treatment modality for EGC
with undifferentiated-type histology. However, cautious
interpretation is needed because of heterogeneity
among studies. Inconsistent implementation of
indication, insufficient follow-up duration, and different
outcome criteria are causes of heterogeneity. Further
studies using common primary outcomes or large-scale,
long-term studies will elucidate the feasibility of ESD for
EGC with undifferentiated-type histology.

guidelines based on clinical observations
.
However, the results of clinical studies, including
studies on EGC with undifferentiated-type histology,
are conflicting. Thus, a meta-analysis was conducted
to assess the feasibility of ESD for EGC patients with
undifferentiated-type histology based on the expanded
criteria.

MATERIALS AND METHODS
Literature search

MEDLINE (through PubMed), EMBASE, and the Cochrane
Central Register of Controlled Trials (CENTRAL) in
the Cochrane Library were searched using common
keywords related to ESD for EGC with undifferentiatedtype histology (from inception to April 2014). Medical
Subject Headings (MeSH) terminology was used
because all 3 databases permit searching using MeSH
terminology. The keywords used included “gastric
cancer”, “endoscopic submucosal dissection”, “ESD”,
“poorly differentiated”, “signet ring cell carcinoma”
or “undifferentiated” using Boolean operators. Only
publications on human subjects were searched,
and the bibliographies of relevant articles were also
reviewed to identify additional studies. The language
of publication was not restricted.

Bang CS, Baik GH, Shin IS, Kim JB, Suk KT, Yoon JH, Kim
YS, Kim DJ, Shin WG, Kim KH, Kim HY, Lim H, Kang
HS, Kim JH, Kim JB, Jung SW, Kae SH, Jang HJ, Choi MH.
Endoscopic submucosal dissection for early gastric cancer
with undifferentiated-type histology: A meta-analysis. World J
Gastroenterol 2015; 21(19): 6032-6043 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i19/6032.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i19.6032

INTRODUCTION
Gastric cancer is a prevalent malignancy in East Asian
[1]
countries . With the widespread implementation of
endoscopic screening programs in these countries,
the proportion of patients with early gastric cancer
(EGC) at the time of diagnosis has been increasing.
Currently, endoscopic submucosal dissection (ESD) is
the widely accepted treatment modality for a specific
[2,3]
subset of EGC patients in South Korea and Japan .
However, the absolute indications for ESD for EGC
have been criticized, because very strict criteria result
[4]
in unnecessary operations .
Based on previous research, which stratified the
risk of lymph node metastasis in patients with EGC,
[5-7]
an expanded set of indications was proposed . The
proposed expanded criteria include the following: (1)
differentiated-type mucosal adenocarcinoma without
ulceration and lymphovascular invasion, irrespective of
size; (2) differentiated-type mucosal adenocarcinoma
30 mm or smaller with ulceration and without
lymphovascular invasion; (3) undifferentiated-type
mucosal adenocarcinoma 20 mm or smaller without
ulceration and lymphovascular invasion; and (4)
differentiated-type adenocarcinoma 30 mm or smaller
with minute submucosal invasion (SM1), but without
[3]
lymphovascular invasion . However, the results of
clinical observations based on these expanded criteria
have been conflicting, and endoscopic resection based
on these indications is regarded as an investigational
[3]
treatment .
EGC with undifferentiated-type histology generally
refers to a poorly differentiated adenocarcinoma or
signet ring cell carcinoma, although there are no such
[8]
criteria in the WHO classification . This group of cancers
is included in the expanded indications in the Japanese

WJG|www.wjgnet.com

Selection criteria

Due to a lack of randomized-controlled studies relevant
to this topic, we included non-randomized studies
meeting both of the following criteria: (1) designed
to evaluate ESD for EGC with undifferentiated-type
histology in the target or control group; and (2)
included at least one outcome (complete resection
rate, curative resection rate, en bloc resection rate,
recurrence rate or procedure-related adverse event
rate) that enabled an evaluation of feasibility of ESD
for EGC with undifferentiated-type histology. The
exclusion criteria were as follows: (1) incomplete
data; (2) review article; or (3) abstract only (study not
published as full-text article).

Selection of relevant studies

Two of the authors (Bang CS and Baik GH) indepen
dently evaluated the eligibility of all studies retrieved
from the databases based on the predetermined
selection criteria. The abstracts of all identified studies
were reviewed to exclude irrelevant articles. Fulltext reviews were performed to determine whether
the inclusion criteria were satisfied by the remaining
studies. Disagreements between the two evaluators
were resolved by discussion or consultation with a
third author (Kim JH).

Assessment of methodological quality

The methodological quality of the enrolled studies
was assessed using the Newcastle-Ottawa Scale. This
tool comprises three parameters: the selection of the
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study population, the comparability of the groups,
and the ascertainment of the exposure or outcome.
Each parameter consists of subcategorized questions:
selection (n = 4), comparability (n = 1), and exposure
[11,12]
or outcome (n = 3)
. The stars awarded for
each item allow for a rapid visual assessment of the
methodological quality of the studies. A study can
be awarded a maximum of nine stars, indicating the
highest quality. Two of the authors (Bang CS and
Baik GH) independently evaluated the methodological
quality of all the studies, and disagreements between
the two evaluators were resolved by discussion or
consultation with a third author (Kim DJ).

and df is the degrees of freedom. Negative values for
2
2
I were set to zero, and an I value over 50% was
considered to indicate substantial heterogeneity (range:
[14]
0%-100%) . Pooled effect sizes with 95%CIs were
calculated using a random effects model and the
DerSimonian and Laird method due to methodological
[15]
heterogeneity . These results were confirmed again
2
by the I test. A fixed effects model using the inverse
variance-weighted (Woolf’s) method was used in the
sensitivity analyses, including the cumulative and onestudy-removed analyses, based on the assumption
of a common effect size shared by the subgrouped
[16,17]
studies
. Significance was set at P = 0.05 in both
models. Publication bias was evaluated using Begg’
s funnel plot, Egger’s test of the intercept, Duval and
Tweedie’s trim and fill, and Begg and Mazumdar’s rank
[18-22]
correlation test
.

Main and modifier-based analyses

Two of the authors (Bang CS and Baik GH) indepen
dently extracted the outcomes of all the studies,
and disagreements between the two evaluators
were resolved by discussion or consultation with a
third author (Kim JH). The primary outcomes were
as follows: (1) en bloc resection rate: the proportion
of cancers removed as a single piece without
fragmentation: (2) complete resection rate: the
proportion of cancer with no neoplastic components
at the lateral or vertical margins on microscopic
analysis, and without lymphovascular invasion; (3)
curative resection rate: the proportion of cancers
with 20 mm or less of intramucosal cancer without
ulceration, without neoplastic components at the
lateral or vertical margins, and without lymphovascular
invasion; (4) recurrence rate: the proportion of
cancers that reappeared at the site of the lesion (local
recurrence) or synchronous, metachronous, or distant
metastatic lesions, and (5) ESD adverse event rate:
the proportion of cancers whose treatment resulted in
procedure-related gastric hemorrhage or perforation.
We also performed sensitivity analyses based on the
indications for ESD (expanded vs beyond-expanded
indication) and follow-up duration (long-term vs shortterm follow-up). Both a cumulative analysis and a onestudy-removed analysis were also performed.

RESULTS
Identification of relevant studies

Figure 1 shows a flow diagram of how relevant studies
were identified. A total of 170 articles were identified
by a search of 3 core databases and a manual search
of relevant bibliographies. In all, 28 duplicate studies
and an additional 99 studies were excluded during
the initial screening through a review of the titles and
abstracts. The full texts of the remaining 43 studies
were thoroughly reviewed. Among these studies, 29
were excluded from the final analysis. The reasons for
study exclusion during the final review were as follows:
review articles (n = 3), incomplete data (n = 3), or
abstract only articles (n = 23). The remaining 14 nonrandomized studies were included in the final analysis.

Characteristics of studies included in the final analysis
[23-36]

Among the 14 studies
, we identified a total of 972
patients with EGC with undifferentiated-type histology.
The clinical characteristics of the enrolled studies are
shown in Tables 1-2 and table 3. The enrolled studies
were published between 2009 and 2014. All of the
studies were conducted in Asia (10 studies in South
Korea and 4 studies in Japan). Two studies were
[28,33]
conducted in a multicenter setting
, whereas the
remaining studies were conducted in a single center
setting. Twelve English and 2 Korean studies were
selected. The duration of follow-up ranged from a
median of 13.5 mo in one study to a mean of 101.9
mo in another. Ten studies reported en bloc resection
rates, and 9 studies reported complete resection rates.
Curative resection and recurrence rates were reported
in 6 studies. The procedure-related adverse events
included hemorrhage in 10 studies and perforation in 9
studies (Table 1).
In the evaluation of ESD based on the expanded
criteria, we identified a total of 619 EGC patients
with undifferentiated-type histology (11 studies).
The clinical characteristics of the included studies are

Statistical analysis

Comprehensive Meta-Analysis (CMA) software (version
2.2.064, Borenstein M, Hedges L, Higgins J and
Rothstein H. Englewood, NJ: Biostat; United States)
was used for this meta-analysis. We calculated the
pooled en bloc resection, complete resection, curative
resection, recurrence and adverse event rates divided
by gastric hemorrhage and perforation. To compare
the efficacy of ESD according to treatment criteria
(expanded vs beyond-expanded criteria), we calculated
odds ratios (ORs) with 95% confidence intervals
(CIs) using 2 × 2 tables from the original articles.
2
Heterogeneity was tested using the I test, which
measures the percentage of total variation across
[13]
2
2
studies . I was calculated as follows: I (%) = 100 ×
(Q-df)/Q, where Q is Cochrane’s heterogeneity statistic

WJG|www.wjgnet.com

6034

May 21, 2015|Volume 21|Issue 19|

Bang CS et al . Early gastric cancer with undifferentiated-type histology
Records identified through
database searching (n = 169)
PubMed (n = 57)
Cochrane library (n = 2)
EMBASE (n = 110)

Additional records identified
through hand searching
(n = 1)

Records after duplicates removed (n = 142)

Records screened (n = 142)
Records excluded (n = 99)
Full-text articles assessed for eligibility (n = 43)

Studies included in qualitative synthesis (n = 14)

Full-text articles excluded, with reasons (n = 29)
Review article (n = 3)
Incomplete data (n = 3)
Abstract only article (n = 23)

Studies included in quantitative synthesis
(meta-analysis) (n = 14)

Figure 1 Flow diagram for identification of relevant studies.

Table 1 Clinical data of included studies
Ref.
Kim et al[23], 2009
Kang et al[24], 2010
Lee et al[25], 2010
Yamamoto et al[26],
2010
Goh et al[27], 2011
Park et al[28], 2012

Kamada et al[29],
2012
Okada et al[30],
2012
Park et al[31], 2013

Choi et al[32], 2013
Kim et al[33], 2013

Abe et al[34], 2013

Chung et al[35],
2014
Oka et al[36], 2014

Location, language

Mean 17.1 ± 9.1 mo
Mean 16 mo

South Korea (English)
South Korea (English)

Median 13.5 mo

South Korea (English)

22/581

48/58

Japan (English)

46/58

57/58

Mean 19.39 ± 11.2 mo
Mean 41 mo

Mean 3.8 yr

South Korea (English)
South Korea,
multicenter (2)
(English)
Japan (English)

Median 36 mo

Japan (English)

Median 24.1 mo (absolute
South Korea (English)
indication group), 30 mo
(expanded indication group)
Mean 37.4 mo
South Korea (Korean)
Median 34 mo
South Korea,
multicenter (6)
(English)
Median 76.4 mo
Japan (English)

Complete Curative
resection resection

En bloc

Duration of follow up

33/60

resection

Total
recurrence

Adverse events

Total
patients

60/60

1/32
0/60

Bleeding 6/32
Bleeding 1/60
perforation 1/60

32
60

10/18

0/16 (3 yr)
0/2 (5 yr)

58
Bleeding 5/58
perforation 2/58

3/14

18
55

23/55

37/46

42/46
85/103

91/116

1/462

102/103
106/116

66/82
54/74

23/74

72/82
67/74

3/823
4/74

88/97

62/97

96/97

2/794

64/76

9/64

Mean 41.7 ± 22.6 mo

South Korea (Korean)

58/76

Mean 101.9 ± 38.9 mo

Japan (English)

86/97

60/97

58

Bleeding 2/46
perforation 2/46
Bleeding 9/101
perforation 1/101
Bleeding 7/116
perforation 6/116

Bleeding 1/74
perforation 3/74
Bleeding 4/97
perforation
3/97 delayed
perforation 1/97
Bleeding 4/76
perforation 0/76
Bleeding 6/97
perforation 1/97

46
103
116

82
74

97

76
97

1

curative resection was defined as RM (-), LVI (-), and lesions not deeper than SM 500 um; 2Seven patients who underwent operation after ESD were
included; 3Patients who underwent operation or APC ablation were included; 4Nineteen patients who underwent operation after ESD were included. ESD:
endoscopic submucosal dissection.

shown in Table 2.
For a comparison of ESD based on the expanded vs
beyond expanded criteria, we identified a total of 458
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EGC patients (263 patients satisfying the expanded
criteria vs 195 patients satisfying the beyond
expanded criteria) with undifferentiated-type histology
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Table 2 Clinical data of included studies (expanded indication)
Ref.

Complete resection Curative resection

Kang et al[24], 2010
Lee et al[25], 2010
Yamamoto et al[26],
2010
Park et al[28], 2012
Kamada et al[29], 2012
Okada et al[30], 2012
Park et al[31], 2013

17/18
11/17
46/471

Choi et al[32], 2013
Kim et al[33], 2013

66/82
23/29

Chung et al[35], 2014

50/58

Oka et al[36], 2014

57/60

46/47

En bloc resection

Total recurrence

Total patients

47/47

18
17
47

102/103
106/116

55
34
103
116

72/82
25/29

82
29

51/58

58

23/55
32/34
85/103
91/116

23/29

Adverse events

Bleeding 5/47 perforation
2/47

Bleeding 7/116 perforation
6/116
Bleeding 0/29 perforation
2/29
Bleeding 4/76 perforation
0/76

60

1

Complete en bloc resection.

Table 3 Clinical data of included studies (expanded indication vs beyond expanded indication)
Ref.

Location, language
[24]

Kang et al , 2010
Lee et al[25], 2010
Yamamoto et al[26]
2010
Kamada et al[29],
2012
Kim et al[33], 2013

Chung et al[35], 2014
Oka et al[36], 2014

En bloc resection

Complete resection
EI effective EI total Beyond EI effective

Recurrence

Beyond EI total

EI

Beyond EI

EI

Beyond EI

18/18

42/42

0/18

0/42

47/47

10/11

South Korea
(English)
South Korea
(English)
Japan (English)

17

18

16

42

11

17

11

30

46

47

6

11

Japan (English)

32

34

7

12

0/34

1/12

South Korea,
multicenter (6)
(English)
South Korea
(Korean)
Japan (English)

223

29

31

45

0/29

4/45

50

58

8

18

57

60

29

37

(7 studies). The clinical characteristics of the included
studies are shown in table 3.
In terms of the methodological quality, the mean
value of the awarded star was 7.6 [6 stars (1 study),
7 stars (5 studies), 8 stars (7 studies), and 9 stars (1
study) (Table 4)]. The majority of studies were classified
as high quality, thus sensitivity analysis based on the
methodological quality was not performed.

13/18

recurrence rate was 7.6% (95%CI: 3.4%-16%, P <
0.001) (Figure 2D).
The overall safety of ESD for EGC with undifferen
tiated-type histology was evaluated according to
procedure-related adverse events divided by gastric
hemorrhage and perforation. The total procedurerelated gastric hemorrhage and perforation rates
were estimated as 6.5% (95%CI: 4.5%-9.4%, P <
0.001) and 3.3% (95%CI: 2.1%-5.0%, P < 0.001),
respectively.

Overall efficacy and safety of ESD for EGC with
undifferentiated-type histology

Overall efficacy and safety of ESD for EGC with
undifferentiated-type histology based on expanded
criteria

The overall efficacy of ESD for EGC with undifferentiatedtype histology was evaluated using the en bloc
resection, complete resection, curative resection,
and recurrence rates. The total en bloc resection and
complete resection rates were estimated as 92.1%
(95%CI: 87.4%-95.2%, P < 0.001) and 77.5%
(95%CI: 69.3%-84%, P < 0.001), respectively (Figure
2A, B).
The total curative resection rate was 61.4% (95%CI:
44.5%-75.9%, P = 0.183) (Figure 2C), and the overall

WJG|www.wjgnet.com

51/58

In the histologically diagnosed expanded-criteria
lesions, the overall efficacy of ESD for EGC with
undifferentiated-type histology was evaluated using
the en bloc resection, complete resection, and curative
resection rates. The total en bloc resection and
complete resection rates were estimated as 91.2%
(95%CI: 85.3%-94.8%, P < 0.001) and 85.6%
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increasing trend in the recurrence rate after ESD.
In the histologically diagnosed expanded-criteria
lesions, the cumulative meta-analysis of the enrolled
studies in the order of year published showed a constant
but slightly decreasing trend in the en bloc resection
rate. As for complete resection, the cumulative meta[24,25]
[24]
analysis showed 2 outlier effect sizes
. Kang et al
showed the biggest effect size (complete resection
[25]
rate: 17/18), and Lee et al
showed the smallest
effect size (complete resection rate: 11/17). These 2
studies included the smallest numbers of patients of
histologically diagnosed expanded-criteria lesions in
the analysis (Table 2), whereas the other remaining
studies showed relatively consistent effect sizes. The
curative resection rate showed a decreasing trend in the
cumulative meta-analysis of the enrolled studies.
The one-study-removed meta-analysis of the
enrolled studies in the order of year published showed
consistent results and no specific outlier for the en
bloc resection rate. As for complete resection, the onestudy-removed meta-analysis also showed consistent
results. For the analysis of curative resection, the
one-study-removed meta-analysis highlighted
[28,33]
2 influential studies
. These studies reported
relatively lower curative resection rates; however, the
methodological quality of these studies was not low
(Table 4). Moreover, these 2 studies were performed in
a multicenter setting. In the evaluation of recurrence,
the one-study-removed analysis identified 3 influential
[27,33,35]
[27,35]
studies
. Two studies
reported relatively
[33]
higher recurrence rates, and 1 study
reported a
relatively lower recurrence rate (Table 1). The follow[27]
up duration was relatively short in the Goh et al ’
s study (mean 19.39 ± 11.2 mo), and this study had
the lowest methodological quality among the included
studies (Tables 1 and 4). However, the follow-up
[35]
durations in the studies by Chung et al
and Kim et
[33]
al
were not in the short-term category (mean: 41.7
± 22.6 mo), and the methodological quality was not
low (Tables 1 and 4).
In the histologically diagnosed expanded-criteria
lesions, the one-study-removed meta-analysis of
the enrolled studies in the order of year published
showed consistent results and no specific outlier for
the en bloc resection rate. As for complete resection,
the cumulative meta-analysis showed consistent
results. For the analysis of curative resection, the onestudy-removed meta-analysis identified 2 influential
[28,30]
studies
. As in the total population analysis, Park et
[28]
al reported a relatively lower curative resection rate,
[30]
whereas Okada et al
reported a relatively higher
curative resection rate. The methodological quality of
these studies was not low (Table 4).
To determine the total recurrence rate, a sensitivity
analysis was performed by dividing the studies into a
shorter follow-up duration group and a longer followup duration group. The distribution of the follow-up
duration was as follows: mean 13.5, 16, 17.1, 19.39
mo, median 34 mo, and mean 41.7 mo. The studies

Table 4 Methodological quality of included studies measured
by Newcastle-Ottawa scale
Ref.

Selection Comparability Exposure or
outcome

Kim et al[23], 2009
Kang et al[24], 2010
Lee et al[25], 2010
Yamamoto et al[26], 2010
Goh et al[27], 2011
Park et al[28], 2012
Kamada et al[29], 2012
Okada et al[30], 2012
Park et al[31], 2013
Choi et al[32], 2013
Kim et al[33], 2013
Abe et al[34], 2013
Chung et al[35], 2014
Oka et al[36], 2014

4
4
4
4
3
3
4
4
4
4
4
4
3
3

1
1
2
1
1
1
1
2
2
1
1
2
1

2
2
2
3
2
3
3
3
2
3
3
3
3
3

Total
7
7
8
8
6
7
8
7
8
9
8
8
8
7

(95%CI: 78.5%-90.7%, P < 0.001), respectively.
The total curative resection rate was 79.8% (95%CI:
51.4%-93.6%, P = 0.041).
The overall safety of ESD for EGC with undifferen
tiated-type histology based on expanded criteria was
evaluated according to procedure-related adverse events
divided by gastric hemorrhage and perforation. The total
procedure-related gastric hemorrhage and perforation
rates were estimated as 6.7% (95%CI: 4.1%-10.8%, P
< 0.001) and 4.8% (95%CI: 2.6%-8.6%, P < 0.001),
respectively.

Comparison of the efficacy of ESD for EGC with
undifferentiated-type histology between expanded and
beyond expanded criteria

To compare the efficacy of ESD between the expanded
and beyond expanded criteria, ORs with 95%CIs for
en bloc resection, complete resection, and recurrence
were calculated. ESD based on the expanded criteria
showed an OR of 3.475 (95%CI: 1.039-11.622, P =
0.043) for en bloc resection compared to ESD based
on the beyond expanded criteria. ESD based on the
expanded criteria showed an OR of 7.461 (95%CI:
3.027-18.394, P < 0.001) for complete resection
compared to ESD based on the beyond expanded
criteria. ESD based on the expanded criteria showed
an OR of 0.134 (95%CI: 0.015-1.203, P = 0.073) for
recurrence compared to ESD based on the beyond
expanded criteria.

Sensitivity meta-analysis

The cumulative meta-analysis of the enrolled studies
in the order of year published showed a constant but
slightly increasing trend in en bloc resection rate.
With regard to complete resection, the cumulative
meta-analysis of the enrolled studies showed an
increasing trend in complete resection rate. However,
the curative resection rate showed a decreasing trend
in the cumulative meta-analysis. In the evaluation of
recurrence, the cumulative meta-analysis showed an
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A

Study name

Statistics for each study

Event rate and 95%CI

Z value

P value

0.953

7.137

0.000

0.999

3.377

0.001

0.742

0.908

5.321

0.000

0.828

0.708

0.905

4.513

0.000

K. Okada (2012)

0.990

0.934

0.999

4.602

0.000

Kazuhiro Kamada (2012)

0.913

0.790

0.967

4.494

0.000

Yorimasa Yamamoto (2010)

0.983

0.888

0.998

4.008

0.000

Moon Han Choi (2013)

0.878

0.788

0.933

5.850

0.000

Yi Young Kim (2013)

0.905

0.815

0.954

5.686

0.000

Seiichiro Abe (2013)

0.990

0.930

0.999

4.541

0.000

0.921

0.874

0.952

9.268

0.000

Event rate

Lower limit

Upper limit

Chan Hyuk Park (2013)

0.914

0.847

Hae Yeon Kang (2010)

0.992

0.882

Min Woo Chung (2014)

0.842

Tae Hee Lee (2010)

2

Heterogeneity: χ = 24.816, df = 9 (P = 0.003); I = 63.733%
2

-1.00

Test for overall effect: Z = 9.268 (P < 0.001)

B

Study name

Statistics for each study
Event rate

Upper limit

Z value

P value

Chan Hy uk Park (2013)

0.784

0.700

0.850

5.722

0.000

Hae Yeon Kang (2010)

0.550

0.424

0.670

0.773

0.439

Min Woo Chung (2014)

0.763

0.655

0.845

4.337

0.000

Kazuhiro Kamada (2012)

0.804

0.665

0.895

3.804

0.000

Pyung Ghon Goh (2011)

0.556

0.330

0.760

0.470

0.638

Moon Han Choi (2013)

0.805

0.705

0.877

5.085

0.000

Yi Young Kim (2013)

0.730

0.618

0.819

3.795

0.000

Seiichiro Abe (2013)

0.907

0.831

0.951

6.515

0.000

Shiro Oka (2014)

0.887

0.807

0.936

6.422

0.000

0.775

0.693

0.840

5.727

0.000

2

2

-1.00

Test for overall effect: Z = 5.727 (P < 0.001)
Study name

-0.50

Statistics for each study

0.50

1.00

0.00

0.50

1.00

Event rate and 95%CI

Event rate

Lower limit

Upper limit

Z value

P value

Jong Ha Park (2012)

0.418

0.296

0.551

-1.208

0.227

K. Okada (2012)

0.825

0.740

0.887

5.983

0.000

Yorimasa Yamamoto (2010)

0.793

0.670

0.879

4.145

0.000

Yi Young Kim (2013)

0.311

0.216

0.425

-3.170

0.002

Seiichiro Abe (2013)

0.639

0.539

0.728

2.704

0.007

Shiro Oka (2014)

0.619

0.518

0.710

2.313

0.021

0.614

0.445

0.759

1.332

0.183

2

Heterogeneity: χ = 58.743, df = 5 (P < 0.001); I = 91.488%
2

0.00

Event rate and 95%CI

Lower limit

Heterogeneity: χ = 37.485, df = 8 (P < 0.001); I = 78.658%

C

-0.50

-1.00

-0.50

0.00

0.50

1.00

Test for overall effect: Z = 1.332 (P = 0.183)

D

Study name

Statistics for each study

Event rate and 95%CI

Event rate

Lower limit

Upper limit

Z value

P value

Hae Yeon Kang (2010)

0.008

0.001

0.118

-3.377

0.001

Min Woo Chung (2014)

0.141

0.075

0.249

-5.034

0.000

Tae Hee Lee (2010)

0.029

0.002

0.336

-2.436

0.015

Jie Hyun Kim (2009)

0.031

0.004

0.191

-3.380

0.001

Pyung Ghon Goh (2011)

0.214

0.071

0.494

-1.995

0.046

Yi Young Kim (2013)

0.054

0.020

0.135

-5.568

0.000

0.076

0.034

0.160

-5.812

0.000

2

Heterogeneity: χ = 10.365, df = 5 (P = 0.066); I = 51.761%
2

-0.25

Test for overall effect: Z = -5.812 (P < 0.001)

-0.13

0.00

0.13

0.25

Figure 2 enrolled studies. A: Total en bloc resection rate; B: Total complete resection rate; C: Total curative resection rate; D: Total recurrence rate. The size of each
square is proportional to the study’s weight. Diamond is the summary estimate from the pooled studies (random effect model).
[23-25,27]

with the former 4 follow-up duration times
were
categorized into the shorter duration group, and the
[33,35]
studies with the latter 2 follow-up duration times
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were sorted into the longer duration group. An
analysis of the studies in the shorter follow-up duration
group showed a recurrence rate of 8.1% (95%CI:
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0.033-0.185, P < 0.001). However, an analysis of the
studies in the longer follow-up duration group showed
a recurrence rate of 10.4% (95%CI: 0.061-0.171, P <
0.001).

trimmed. The rank correlation test showed a Kendall’
s tau of 0.417 with a continuity correction [P = 0.059
(1-tailed) and P = 0.118 (2-tailed)].
For the studies of curative resection rate for EGC
with expanded criteria, the funnel plot is asymmetrical.
Egger’s regression test showed that the intercept was
3.814 [95%CI: -15.749-23.376, t-value: 0.839, df = 4,
P = 0.245 (1-tailed) and P = 0.490 (2-tailed)]. A trim
and fill analysis showed that 1 study was missed or
trimmed. The rank correlation test showed a Kendall’
s tau of 0.000 with a continuity correction [P = 0.500
(1-tailed) and P > 0.999 (2-tailed)].
For the studies of complete resection rate by
expanded criteria (vs beyond-expanded criteria),
the funnel plot is asymmetrical. Egger’s regression
test showed that the intercept was 4.188 [95%CI:
0.779-7.598, t-value: 3.411, df = 4, P = 0.014 (1-tailed)
and P = 0.027 (2-tailed)]. A trim and fill analysis
showed that 3 studies were missed or trimmed. The
rank correlation test showed a Kendall’s tau of 0.800
with a continuity correction [P = 0.012 (1-tailed) and P
= 0.024 (2-tailed)].
Overall, publication bias was detected in the
analysis of en bloc resection rate for total EGC lesions.
However, there was no evidence of publication
bias in the analysis of total lesions, except for en
bloc resection rate. In the histologically diagnosed
expanded-criteria lesions, publication bias was
detected in all of the analyses (en bloc, complete, and
curative resection rates). The comparison of complete
resection rate divided by expanded and beyond
expanded criteria showed publication bias.

Analysis of publication bias

A funnel plot for the enrolled studies is presented.
For the studies of en bloc resection rate, the funnel
plot is asymmetrical. Egger’s regression test showed
that the intercept was 3.334 [95%CI: 2.066-4.602,
t-value: 6.064, df = 8, P < 0.001 (1-tailed) and P <
0.001 (2-tailed)]. A trim and fill analysis showed that 3
studies were missed or trimmed. The rank correlation
test showed a Kendall’s tau of 0.444 with a continuity
correction [P = 0.037 (1-tailed) and P = 0.074
(2-tailed)].
For the studies of complete resection rate, the
funnel plot is symmetrical. Egger’s regression test
showed that the intercept was 1.452 [95%CI:
-7.706-10.611, t-value: 0.375, df = 7, P = 0.359
(1-tailed) and P = 0.719 (2-tailed)]. A trim and fill
analysis showed that no study was missed or trimmed.
The rank correlation test showed a Kendall’s tau of
0.250 with a continuity correction [P = 0.174 (1-tailed)
and P = 0.348 (2-tailed)].
For the studies of curative resection rate, the funnel
plot is symmetrical. Egger’s regression test showed
that the intercept was 2.878 [95%CI: -26.503-32.259,
t-value: 0.272, df = 4, P = 0.400 (1-tailed) and P =
0.799 (2-tailed)]. A trim and fill analysis showed that
1 study was missed or trimmed. The rank correlation
test showed a Kendall’s tau of 0.133 with a continuity
correction (P = 0.354 (1-tailed) and P = 0.707
(2-tailed)).
For the studies of recurrence rate, the funnel plot
is symmetrical. Egger’s regression test showed that
the intercept was -1.964 [95%CI: -4.832-0.905,
t-value: 1.901, df = 4, P = 0.065 (1-tailed) and P =
0.130 (2-tailed)]. A trim and fill analysis showed that
no study was missed or trimmed. The rank correlation
test showed a Kendall’s tau of -0.267 with a continuity
correction [P = 0.226 (1-tailed) and P = 0.452
(2-tailed)].
For the studies of en bloc resection rate for EGC
with expanded criteria, the funnel plot is asymmetrical.
Egger’s regression test showed that the intercept was
2.437 [95%CI: -0.299-5.173, t-value: 2.473, df = 4,
P = 0.034 (1-tailed) and P = 0.069 (2-tailed)]. A trim
and fill analysis showed that 1 study was missed or
trimmed. The rank correlation test showed a Kendall’
s tau of 0.267 with a continuity correction [P = 0.226
(1-tailed) and P = 0.452 (2-tailed)].
For the studies of complete resection rate for EGC
with expanded criteria, the funnel plot is asymmetrical.
Egger’s regression test showed that the intercept was
2.340 [95%CI: 0.164-4.515, t-value: 2.543, df = 7,
P = 0.019 (1-tailed) and P = 0.039 (2-tailed)]. A trim
and fill analysis showed that 3 studies were missed or

WJG|www.wjgnet.com

DISCUSSION
In this meta-analysis, ESD is a technically feasible
treatment modality for the treatment of EGC with
undifferentiated-type histology. The overall en bloc
resection rate was 92.1%, and the overall complete
resection rate was 77.5%. If limited to histologically
diagnosed expanded criteria lesions, the overall
complete resection rate increased (85.6%). In
terms of the procedure-related adverse events, the
reported gastric hemorrhage or perforation rate for the
treatment of EGC with undifferentiated-type histology
was not different from the rates reported in previous
[37]
studies including intestinal type EGC . This finding
was confirmed again in the sensitivity analyses. The
cumulative meta-analysis of the total en bloc and
complete resection rates showed a recent increasing
trend. The advancement of ESD instruments and
technique seem to be the cause of technical feasibility
for EGC with undifferentiated-type histology.
However, the therapeutic outcomes are not totally
satisfactory. The overall curative resection rate was
61.4%, although it increased to 79.8% if limited to
histologically diagnosed expanded-criteria lesions. This
finding was confirmed again in the sensitivity analyses.
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The one-study-removed meta-analysis showed that
[28,33]
multicenter studies
reported relatively lower
curative resection rates. Additionally, the overall
recurrence rate was 7.6%, which is slightly higher than
[35,38-40]
that of previous studies
. Some studies concluded
that ESD for EGC with undifferentiated-type histology
is a feasible treatment modality despite relatively
lower complete or curative resection rates and a higher
recurrence rate compared to other studies. However,
there is no acceptable complete or curative resection
rate standard for determining the feasibility of ESD.
Moreover, all of the enrolled studies were performed
retrospectively. Thus, selection bias could influence the
therapeutic outcomes of ESD.
To obtain higher complete and curative resection
rates based on this meta-analysis, performing ESD
according to the expanded criteria rather than the
beyond expanded criteria seems to be the appropriate
approach for the treatment of undifferentiated-type
EGC. However, the expanded criteria were developed
based on retrospective studies of surgically treated
[3,5,7]
EGC patients
. Discrepancies between pre- and
post-ESD indication or pre- and post-ESD histology
[24,25,41]
have been also reported
. ESD performed based
on the expanded criteria could be found to have been
based on the beyond expanded criteria after the
procedure. A more serious problem is the difficulty
in determining tumor extent and depth of invasion of
EGC with undifferentiated-type histology. EGC with
undifferentiated-type histology is known to extend
laterally along the proliferative zone in the intermediate
layer of mucosa and the development pattern from the
intermediate layer type to the superficial type makes
[42]
non-exposure to the surface mucosa . The accuracy
of EUS in the assessment of depth of invasion for
EGC with undifferentiated-type histology is known
[43]
to be declining compared to intestinal type EGC .
Accurately defining tumor extent and depth of invasion
could be difficult for EGC with undifferentiated-type
histology.
Another issue is the histologic heterogeneity (mixture
of undifferentiated components with differentiated
EGC). Neither the characteristics nor feasibility of
[44-46]
ESD for this type of EGC have been settled
. As
previously mentioned, the discrepancy between preand post-ESD histology could be a problem in the
assessment of surgery indications or the risk of lymph
node metastasis.
The majority of studies on EGC with undifferentiatedtype histology do not report outcomes according to
whether the tumors are signet ring cell carcinoma or
poorly differentiated adenocarcinoma. Only 2 studies
among the included articles performed separate
[23,32]
analyses
. These studies commonly reported
slightly better therapeutic outcomes (complete
resection or en bloc resection rates) in signet ring cell
carcinoma than in poorly differentiated adenocarcinoma
or poorly differentiated adenocarcinoma with signet
ring cell features, although the differences were
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statistically insignificant. However, more studies are
needed to confirm these findings.
In addition to the results of this study, there
is a fundamental criticism about the expanded
criteria for ESD. As previously mentioned, there is a
discrepancy in the term “EGC with undifferentiatedtype histology” between the WHO classifications and
[3,8]
the Japanese literature . There is no such term in
the WHO classification system. However, the term
“undifferentiated-type EGC” is frequently used, and
studies using this terminology are being published.
Moreover, in terms of the therapeutic outcomes,
curative resection was generally accepted as being
complete resection satisfying the expanded criteria
proposed by Japanese groups in the literature.
However, analyzing results based on this definition
could lead to misinterpretations. Curative resection
implies neither a cure nor a low risk of recurrence.
Furthermore, the expanded indication was developed
based on a retrospective analysis of surgically resected
EGCs. Regarding EGC tumor size in the expanded
indication, some data on lymph node metastasis that
are not completely consistent with Japanese studies
[47-49]
have been reported
. Despite the criticism of the
expanded indication for ESD to treat EGC, nearly
all of the studies are being performed based on the
definition proposed by Japanese groups. To solve these
fundamental problems related to the indication for
ESD, randomized or well-organized large-scale studies
separately focused on size, depth of invasion, histologic
type, and lymph node metastasis are needed.
This study is the first meta-analysis of the therapeutic
outcomes of ESD for EGC with undifferentiated-type
histology. A strength of this study is the rigorous
search of the literature, which was not limited by
language, although data from Western studies were
lacking. Potential modifiers were detected when
possible, and sensitivity analyses were performed to
confirm the robustness of the results.
Despite these strengths, there are several limitations
of the present study. First, there are no data on
lymph node metastasis. Lymph node metastasis
is one of the most important prognostic factors for
EGC patients. The rate of lymph node metastasis is
known to be approximately 2% in mucosal cancers
and approximately 20% in submucosal invasive
[5,50]
cancers
. The risk of lymph node metastasis is
known to be higher in EGC with undifferentiatedtype histology compared to intestinal type EGC due
to lymphovascular invasion, which was estimated to
[51]
be 14% in a study of post-gastrectomy patients .
Moreover, micrometastasis which is associated with
worse disease-free survival was reported as 13.3%
[52]
in the EGC with undifferentiated-type histology .
However, there is no definitive method to detect lymph
node metastasis accurately before surgery. Second,
there was substantial methodological heterogeneity
between the included studies, which potentially
affected the effect size estimates. The most noticeable
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resection rate was 61.4% (95%CI: 44.5%-75.9%). The overall recurrence rate
was 7.6% (95%CI: 3.4%-16%). Limited to histologically diagnosed expandedcriteria lesions, the en bloc and complete resection rates were 91.2% and
85.6%, respectively. The curative resection rate was 79.8%.

modifier was the heterogeneity in the reported
outcomes and the inconsistent implementation of
the indication. The reported outcomes for the en bloc
resection, complete resection (R0 resection), curative
resection, en bloc complete resection, and recurrence,
rates were various and not consistent between the
enrolled studies. Moreover, the outcomes were not
defined in detail. For example, the recurrence rate was
not divided according to local recurrence, synchronous
or metachronous recurrence. The indication was
also inconsistently implemented; thus, the beyondexpanded criteria were used for a substantial portion
of the patients, despite the discrepancies between the
pre- and post-ESD indications. The follow-up duration
was another significant modifier. The sensitivity
analysis of longer follow-up duration studies showed
that the recurrence rate was higher than in shorter
follow-up duration studies. These limitations are
sources of heterogeneity and contributed to publication
bias. Due to the lack of prospective or randomized
studies on this topic, large-scale, well-organized, longterm follow-up studies are needed to elucidate the
feasibility of ESD on EGC with undifferentiated-type
histology. Prospective clinical trial by Japan Clinical
Oncology Group completed recruiting patients with
EGC with undifferentiated-type histology and outcomes
[53]
are anticipated .
Based on this analysis, ESD is a technically feasible
treatment modality for EGC with undifferentiated-type
histology. However, cautious interpretation is needed
because of heterogeneity among studies. Inconsistent
implementation of the indication, insufficient followup duration, and differences in outcome measures
are causes of heterogeneity. Further studies using
common primary outcomes or large-scale, long-term
studies will determine the feasibility of ESD for EGC
with undifferentiated-type histology.

Applications

In this analysis, ESD is a technically feasible treatment modality for EGC with
undifferentiated-type histology. However, cautious interpretation is needed
because of heterogeneity among studies. Inconsistent implementation of
indication, insufficient follow-up duration, and different outcome criteria are
causes of heterogeneity. Further studies using common primary outcomes or
large-scale, long-term studies will elucidate the feasibility of ESD for EGC with
undifferentiated-type histology.

Terminology

EGC: EGC is defined as gastric cancer that invades no more deeply than
the submucosa, irrespective of lymph node metastasis. ESD: ESD has been
developed for en bloc removal of large (usually more than 2 cm), flat GI
tract lesions using specialized endoscopic knife to dissect lesions from the
submucosa. It offers the potential to remove mucosal and submucosal tumors
en bloc.

Peer-review

Authors used appropriate methods of analysis and elaborated this interesting
meta-analysis on endoscopic submucosal dissection in the treatment of EGC
with undifferentiated-type histology.
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Infliximab is superior to other biological agents for
treatment of active ulcerative colitis: A meta-analysis
Wei-Qun Mei, Hui-Zhen Hu, Ying Liu, Zhi-Chen Li, Wei-Guo Wang
treatment comparison meta-analysis within a Bayesian
framework was performed using WinBUGS14 software.
The proportions of patients reaching clinical response,
clinical remission and mucosal healing in induction
and maintenance phases were analyzed as efficacy
indicators. Serious adverse events in maintenance
phase were analyzed as safety indicators.
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RESULTS: The meta-analysis results showed that
biological agents achieved better clinical response,
clinical remission and mucosal healing than placebo.
Indirect comparison indicated that in induction phase,
infliximab was more effective than adalimumab
in inducing clinical response (OR = 0.41, 95%CI:
0.29-0.57), clinical remission (OR = 0.33, 95%CI:
0.19-0.56) and mucosal healing (OR = 0.33, 95%CI:
0.19-0.56), and golimumab in inducing clinical
response (OR = 0.66, 95%CI: 0.39-2.33) and mucosal
healing (OR = 2.15, 95%CI: 1.18-4.22). No significant
difference was found between placebo and biological
agents regarding their safety.
CONCLUSION: All biological agents were superior
to placebo for UC treatment in both induction and
maintenance phases with a similar safety profile, and
infliximab had a better clinical effect than the other
biological agents.
Key words: Biological agents; Drug safety; Efficacy;
Meta-analysis; Ulcerative colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: Currently the selection of biological agents in
ulcerative colitis (UC) therapy is still controversial. We
performed this meta-analysis to compare the efficacy
and safety of biological agents for the treatment of
active UC, and finally found that all biological agents
were superior to placebo for UC treatment in both
induction and maintenance phases with a similar safety

AIM: To compare the efficacy and safety of biological
agents for the treatment of active ulcerative colitis (UC).
METHODS: PubMed, MEDLINE, EMBASE and the
Cochrane library were searched to screen relevant
articles from January 1996 to August 2014. The mixed
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profile, and infliximab had a better clinical effect than
the other biological agents.

Therefore, we used a mixed treatment comparison
(MTC) to compare the efficacy of biological agents, as
MTC was available for indirect comparisons between
[10,11]
drugs with different comparators
.

Mei WQ, Hu HZ, Liu Y, Li ZC, Wang WG. Infliximab is superior
to other biological agents for treatment of active ulcerative colitis:
A meta-analysis. World J Gastroenterol 2015; 21(19): 6044-6051
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i19/6044.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i19.6044

MATERIALS AND METHODS
Search strategy and inclusion criteria

Four databases (PubMed, EMBASE, MEDLINE and the
Cochrane library) were screened to obtain articles
from January 1996 to August 2014 for inclusion
in this study. The key words “ulcerative colitis”and
(“infliximab” or “adalimumab” or “golimumab” or
“vedolizumab”) were used to search relevant articles.
We included those studies meeting the following
two criteria: (1) the study evaluated the efficacy of
biological treatments using a random case-control
design; and (2) trials had to be placebo controlled.

INTRODUCTION
Ulcerative colitis (UC) is a form of chronic inflammatory
bowel disease (IBD) characterized by recurrent
rectal bleeding, increased stool frequency and
urgency, abdominal cramps and pain, and systemic
[1,2]
symptoms (such as fever, anemia and weight loss) .
It is reported that the incidence of UC is 1.2-20.3
per 100000 person-years and its prevalence is
[3]
7.6-246.0 per 100000 persons . Current options of
treatment include aminosalicylates, corticosteroids,
immunosuppressive medications such as azathioprine
and 6-mercaptopurine, and biological agents including
tumor necrosis factor-α (TNF-α) antibodies and
integrin antagonists.
5-aminosalicylic acid (5-ASA) is the first-line
medication used to induce and maintain remission in
[4]
patients with mild-to-moderate active UC . Patients
who do not have an adequate response to 5-ASA are
[5]
recommended to receive corticosteroid treatments .
Moreover, traditional immunosuppressive azathioprine
(AZA) and 6-mercaptopurine are suggested to
treat patients with moderate active UC who are
[6]
not responsive to oral corticosteroids . However,
conventional treatments often lead to a series of
adverse events and have a limited effect in long-term
disease control.
Anti-TNF-α agents including infliximab, adalimumab
and golimumab have been approved by United States
Food and Drug Administration for the treatment of
moderate-to-severe UC. All the 3 anti-TNF-α agents
are demonstrated to be effective for the induction and
maintenance of remission in moderate or severe UC. In
addition, these agents can also induce mucosal healing
[7]
and reduce glucocorticoid dependence . Vedolizumab
is a humanized immunoglobulin G1 monoclonal
[8]
antibody to α4β7 integrin . A phase 3 study investi
gating the efficacy and safety of vedolizumab in
patients with moderate to severe active UC indicated
that vedolizumab was significantly more effective in
terms of clinical response and remission compared to
[9]
placebo in both induction and maintenance phases .
Currently, the selection of biological agents in
UC therapy is still controversial. Traditional methods
cannot be applied for the comparison for lack of headto-head studies comparing different biological agents.

WJG|www.wjgnet.com

Data extraction and quality assessment

The following information was extracted from each
study: the first author’s name; the year of publication;
the number of patients; the number of patients
achieving clinical response; the number of patients
achieving clinical remission; the number of patients
achieving mucosal healing; the outcome of serious
adverse events; endpoints; and study duration. The
Jadad score was used to assess the quality of the
included studies. Different doses of the same biological
agent were regarded as separate interventions. Odds
ratios (ORs) were used to measure the outcome
of clinical response, clinical remission, mucosal
healing and serious adverse events in induction and
[12,13]
maintenance phases. Sandborn et al
and Feagan
[14]
et al
presented induction phase results at week 6,
and their studies were analyzed with trials presenting
[9]
[12,13]
results at week 8 . Sandborn et al
presented
maintenance phase results at week 54, and this study
was analyzed with trials presenting results at week 52.

Statistical analysis

To evaluate the relative effectiveness of each biological
agent, an MTC meta-analysis within a Bayesian
framework was performed. For all Bayesian analyses,
[15]
Markov-chain-Monte-Carlo methods were used . A
random effect model was used to estimate the ORs
as the measurement of relative treatment effect.
We carried out 60000 iterations. The first 10000
iterations were discarded after the burn-in period
and estimates were based on the subsequent 50000
ones. Heterogeneity between studies was assessed
2
by Cochrane Q statistics and I test. A significant level
2
of no less than 50% for I test was considered as
evidence of heterogeneity. A fixed effects model was
used when there was no evidence of heterogeneity,
otherwise a random effects model was chosen. Data
analysis was performed using WinBUGS version 1.4.3
(MRC Biostatistics Unit, Cambridge, United Kingdom)
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Table 1 Baseline characteristics of the included studies
Study

Age (yr)

Drug and dose

Case

Severity

Treatment

Duration (wk)

ACT 1
(Rutgeerts et al[16],
Feagan et al[17],
Sandborn et al[18])
ACT 2
(Rutgeerts et al[16],
Feagan et al[17],
Sandborn et al[18])
Suzuki et al[19]

41.4 ± 13.7
42.4 ± 14.3
41.8 ± 14.9

Placebo
Infliximab 5 mg/kg
Infliximab 10 mg/kg

121
121
122

Moderate tosevere active UC

Intravenous infusions at weeks 0, 2 and 6 and
then every eight weeks or matching placebo

54

39.3 ± 13.5
40.5 ± 13.1
40.3 ± 13.3

Placebo
Infliximab 5 mg/kg
Infliximab 10 mg/kg

123
121
120

Moderate-tosevere active UC

Intravenous infusions at weeks 0, 2 and 6 and
then every eight weeks or matching placebo

30

41.3 ± 13.6
44.4 ± 15.0
42.5 ± 14.6

Placebo
Adalimumab 80/40 mg
Adalimumab 160/80 mg

96
87
90

Moderate-tosevere active UC

Subcutaneous injections 160/80 mg at week 0,
80/40 mg at week 2 and then 40 mg beginning
at week 4 every other week or matching placebo

52

ULTRA 2
(Sandborn et al[20])

41.3 ± 13.2
39.6 ± 12.5

Placebo
Adalimumab

246
248

52
8

Reinisch et al[21]

37.0 ± 9.0
40.0 ± 9.5
36.5 ± 9.5
39.0 ± 13.0
40.0 ± 13.5
40.7 ± 13.7
40.2 ± 14.1
41.4 ± 13.8
39.1 ± 13.1
41.2 ± 12.5
40.1 ± 13.2

Placebo
Adalimumab 80/40 mg
Adalimumab 160/80 mg
Placebo
Golimumab 200/100 mg
Golimumab 400/200 mg
Placebo
Golimumab 50 mg
Golimumab 100 mg
Placebo
Vedolizumab 300 mg

130
130
130
331
331
331
156
154
154
149
746

Moderate-toSubcutaneous injections 160 mg at week 0, 80
severe active UC mg at week 2 and then 40 mg beginning at week
4 every other week or matching placebo
Moderate-toSubcutaneous injections 160/80 mg at week 0,
severe active UC 80/40 mg at week 2 and then 40 mg beginning
at week 4 every other week or matching placebo
Moderate-toSubcutaneous injections 400/200 mg at week 0
severe active UC
and 200/100 at week 2 or matching placebo

PURSUIT-SC
(Sandborn et al[12])
PURSUIT-M
(Sandborn et al[13])
GEMINI 1
(Feagan et al[14], [9])

54
Moderate-tosevere active UC

Subcutaneous injections 100/50 mg every 4 wk
or matching placebo
52

Moderate-toIntravenous infusions every 4 wk or every 8 wk
severe active UC
or matching placebo

searches; ten met the inclusion criteria for this study
(Figure 1). A total of 4237 patients with moderateto-severe active UC were involved. Among the UC
patients, 484 were treated with infliximab; 685
with adalimumab; 970 with golimumab; 746 with
vedolizumab; and 1352 with placebo. The information
of these articles is summarized in Table 1.

209 citations collected
65 duplicate publications
were excluded
145 articles underwent
abstract review
110 non-randomized
controlled trials

Heterogeneity analysis

Before performing MTC meta-analysis, we analyzed
the effect of single biological agent on response,
remission, mucosal healing and serious adverse events
compared to placebo. No heterogeneity was found
between studies (Table 2).

35 articles underwent
full-text review
25 citations excluded
11 not placebo controlled
8 repetitive studies
3 genetic studies
2 pharmacokinetics studies
1 review

Clinical response

Clinical response was defined as a decrease from
baseline in the total Mayo score of at least 3 points
and by at least 30%, with an accompanying decrease
in the subscore for rectal bleeding of at least 1 point
or an absolute subscore for rectal bleeding of 0 or 1.
All biological agents were superior to placebo in both
induction and maintenance phases (Figure 2). The
results of MTC meta-analysis showed that in induction
phase infliximab was more effective than adalimumab
(OR = 0.41, 95%CI: 0.29-0.57) and golimumab (OR
= 0.66, 95%CI: 0.44-0.97), while golimumab had a
better effect than adalimumab (OR = 1.62, 95%CI:
1.13-2.33). In maintenance phase, vedolizumab was
more effective than adalimumab (OR = 1.94, 95%CI:
1.11-3.44) and golimumab (OR = 1.85, 95%CI:
1.08-3.2). Forest plots are summarized in Figure 3.

10 studies were included

Figure 1 Flow diagram of the study selection.

and STATA12 (Stata Corp, College Station, Texas,
United States). The statistical methods of this study
were reviewed by Shanghai 2med Biotechnology Co.,
Ltd (Shanghai, China).

RESULTS
Search results and characteristics

A total of 209 articles were obtained via database

WJG|www.wjgnet.com
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Table 2 Heterogeneity analysis of the biological agents compared to placebo (%)
Response

Mucosal healing

Serious adverse events

Maintenance

Induction

Maintenance

Induction

Maintenance

Maintenance

0
0
0
-

0
0
0
0

47.4
0
0
-

0
0
0
0

0
0
0
-

0
0
0
0

0
0
0
-

Infliximab
Adalimumab
Golimumab
Vedolizumab

Placebo

OR = 3.33
(95%CI: 1.96-5.66)

OR = 1.98
(95%CI: 1.22-3.23)

OR = 2.08
(95%CI: 1.30-3.3)

OR = 3.83
(95%CI: 2.34-6.52)

OR = 3.96
(95%CI: 2.85-5.52)

Infliximab

OR = 0.59
(95%CI: 0.29-1.22)

OR = 0.62
(95%CI: 0.31-1.25)

OR = 1.15
(95%CI: 0.56-2.39)

OR = 1.61
(95%CI: 1.22-2.07)

OR = 0.41
(95%CI: 0.26-0.62)

Adalimumab

OR = 1.05
(95%CI: 0.52-2.04)

OR = 1.94
(95%CI: 0.97-3.93)

OR = 2.59
(95%CI: 1.83-3.73)

OR = 0.66
(95%CI: 0.4-1.05)

OR = 1.62
(95%CI: 1.05-2.55)

Golimumab

OR = 1.85
(95%CI: 0.94-3.71)

OR = 2.64
(95%CI: 1.49-4.57)

OR = 0.66
(95%CI: 0.34-1.25)

OR = 1.64
(95%CI: 0.89-3.07)

OR = 1.01
(95%CI: 0.52-1.96)

Vedolizumab

Maintenance

Induction

Remission

Induction

Figure 2 Comparison of biological agents for induction of clinical response in moderate to severe active ulcerative colitis.

Response
Induction
Placebo

Infliximab

vs

vs

Adalimumab

vs

Golimumab

vs

Infliximab

3.96 (2.85, 5.52)

Adalimumab

1.61 (1.22, 2.07)

Golimumab

2.59 (1.83, 3.73)

Vedolizumab

2.64 (1.49, 4.57)

Adalimumab

0.41 (0.26, 0.62)

Golimumab

0.66 (0.40, 1.05)

Vedolizumab

0.66 (0.34, 1.25)

Golimumab

1.62 (1.05, 2.55)

Vedolizumab

1.64 (0.89, 3.07)

Vedolizumab

1.01 (0.52, 1.96)

Maintenance
Placebo

Infliximab

Adalimumab
Golimumab

vs

vs

vs
vs

Infliximab

3.33 (1.96, 5.66)

Adalimumab

1.98 (1.22, 3.23)

Golimumab

2.08 (1.30, 3.30)

Vedolizumab

3.83 (2.34, 6.52)

Adalimumab

0.59 (0.29, 1.22)

Golimumab

0.62 (0.31, 1.25)

Vedolizumab

1.15 (0.56, 2.39)

Golimumab

1.05 (0.52, 2.04)

Vedolizumab

1.94 (0.97, 3.93)

Vedolizumab

1.85 (0.94, 3.71)
0.5

1.0

10

Figure 3 Forest plots of biological agents for induction of clinical response in moderate to severe active ulcerative colitis.

Clinical remission

2.49, 95%CI: 0.99-6.64). However, there was no
significant difference between the biological agents in
maintenance phase. Forest plots are summarized in
Figure 5.

Clinical remission was defined as a total Mayo score
of 2 points or lower, with no individual subscore
exceeding 1 point. All biological agents were better
than placebo for clinical remission in induction and
maintenance phases (Figure 4). In induction phase,
adalimumab was less effective than infliximab (OR
= 0.33, 95%CI: 0.19-0.56), golimumab (OR =
2.15, 95%CI: 1.18-4.22) and vedolizumab (OR =

WJG|www.wjgnet.com

Mucosal healing

Mucosal healing was defined as an absolute subscore
for endoscopy of 0 or 1. Biological agents were better
than placebo for mucosal healing in induction and
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OR = 2.85
(95%CI: 0.93-9.47)

OR = 1.87
(95%CI: 0.59-5.79)

OR = 2.31
(95%CI: 0.71-7.04)

OR = 4.48
(95%CI: 2.85-7.54)

Infliximab

OR = 1.05
(95%CI: 0.22-5.68)

OR = 0.69
(95%CI: 0.14-3.44)

OR = 0.85
(95%CI: 0.16-4.25)

OR = 1.50
(95%CI: 0.93-2.37)

OR = 0.33
(95%CI: 0.16-0.62)

Adalimumab

OR = 0.66
(95%CI: 0.12-3.15)

OR = 0.81
(95%CI: 0.15-3.89)

OR = 3.24
(95%CI: 1.72-6.28)

OR = 0.72
(95%CI: 0.32-1.60)

OR = 2.15
(95%CI: 1.02-5.03)

Golimumab

OR = 1.24
(95%CI: 0.24-5.99)

OR = 3.72
(95%CI: 1.31-11.19)

OR = 0.83
(95%CI: 0.26-2.70)

OR = 2.49
(95%CI: 0.82-8.30)

OR = 1.15
(95%CI: 0.33-4.09)

Vedolizumab

Induction

OR = 2.70
(95%CI: 0.86-8.43)

Maintenance

Placebo

Figure 4 Comparison of biological agents for induction of clinical remission in moderate to severe active ulcerative colitis.
Remission
Induction

vs

Placebo

vs

Infliximab

Adalimumab

vs

Golimumab

vs

Infliximab

4.48 (2.85, 7.54)

Adalimumab

1.50 (0.93, 2.37)

Golimumab

3.24 (1.72, 6.28)

Vedolizumab

3.72 (1.31, 11.19)

Adalimumab

0.33 (0.16, 0.62)

Golimumab

0.72 (0.32, 1.60)

Vedolizumab

0.83 (0.26, 2.70)

Golimumab

2.15 (1.02, 5.03)

Vedolizumab

2.49 (0.82, 8.30)

Vedolizumab

1.15 (0.33, 4.09)

Maintenance

vs

Placebo

vs

Infliximab

Adalimumab

vs

Golimumab

vs

Infliximab

2.70 (0.86, 8.43)

Adalimumab

2.85 (0.93, 9.47)

Golimumab

1.87 (0.59, 5.79)

Vedolizumab

2.31 (0.71, 7.04)

Adalimumab

1.05 (0.22, 5.68)

Golimumab

0.69 (0.14, 3.44)

Vedolizumab

0.85 (0.16, 4.25)

Golimumab

0.66 (0.12, 3.15)

Vedolizumab

0.81 (0.15, 3.89)

Vedolizumab

1.24 (0.24, 5.99)
0.5

1.0

10

Placebo

OR = 3.90
(95%CI: 1.29-12.17)

OR = 3.42
(95%CI: 1.18-11.03)

OR = 2.01
(95%CI: 0.67-5.96)

OR = 4.78
(95%CI: 1.56-14.47)

OR = 3.24
(95%CI: 2.39-4.44)

Infliximab

OR = 0.88
(95%CI: 0.19-4.53)

OR = 0.51
(95%CI: 0.10-2.49)

OR = 1.22
(95%CI: 0.25-5.91)

OR = 1.33
(95%CI: 1.02-1.74)

OR = 0.41
(95%CI: 0.27-0.62)

Adalimumab

OR = 0.59
(95%CI: 0.12-2.62)

OR = 1.40
(95%CI: 0.26-6.58)

OR = 1.94
(95%CI: 1.37-2.77)

OR = 0.60
(95%CI: 0.37-0.95)

OR = 1.45
(95%CI: 0.94-2.26)

Golimumab

OR = 2.37
(95%CI: 0.49-11.38)

OR = 2.10
(95%CI: 1.21-3.71)

OR = 0.65
(95%CI: 0.34-1.24)

OR = 1.58
(95%CI: 0.85-3.00)

OR = 1.09
(95%CI: 0.57-2.08)

Vedolizumab

Maintenance

Induction

Figure 5 Forest plots of biological agents for induction of clinical remission in moderate to severe active ulcerative colitis.

Figure 6 Comparison of biological agents for induction of mucosal healing in moderate to severe active ulcerative colitis.

maintenance phases (Figure 6). In induction phase,
infliximab was more effective than adalimumab (OR
= 0.41, 95%CI: 0.29-0.57) and golimumab (OR =
0.6, 95%CI: 0.41-0.87), while golimumab had a
better effect than adalimumab (OR = 1.45, 95%CI:
1.02-2.09). However, no significant difference was

WJG|www.wjgnet.com

found between the biological agents in maintenance
phase. Forest plots are summarized in Figure 7.

Safety

This analysis used random trial data on serious
adverse events from maintenance phase. The MTC
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Mucosal healing
Induction

vs

Placebo

vs

Infliximab

Adalimumab
Golimumab

Infliximab

3.24 (2.39, 4.44)

Adalimumab

1.33 (1.02, 1.74)

Golimumab

1.94 (1.37, 2.77)

Vedolizumab

2.10 (1.21, 3.71)

Adalimumab

0.41 (0.27, 0.62)

Golimumab

0.60 (0.37, 0.95)

Vedolizumab

0.65 (0.34, 1.24)

vs
vs

Golimumab

1.45 (0.94, 2.26)

Vedolizumab

1.58 (0.85, 3.00)

Vedolizumab

1.09 (0.57, 2.08)

Maintenance

vs

Placebo

vs

Infliximab

Adalimumab
Golimumab

Infliximab

3.42 (1.18, 11.03)

Golimumab

2.01 (0.67, 5.96)

Vedolizumab

4.78 (1.56, 14.47)

Adalimumab

0.88 (0.19, 4.53)

Golimumab

0.51 (0.10, 2.49)

Vedolizumab

1.22 (0.25, 5.91)

Golimumab

0.59 (0.12, 2.62)

Vedolizumab

1.40 (0.26, 6.58)

Vedolizumab

2.37 (0.49, 11.38)

vs
vs

3.90 (1.29, 12.17)

Adalimumab

0.5

1.0

10

Figure 7 Forest plots of biological agents for induction of mucosal healing in moderate to severe active ulcerative colitis.

OR = 0.84
(95%CI: 0.47-1.54)

Infliximab

OR = 1.12
(95%CI: 0.63-2.07)

OR = 1.33
(95%CI: 0.58-3.15)

Adalimumab

OR = 1.53
(95%CI: 0.79-2.98)

OR = 1.80
(95%CI: 0.76-4.43)

OR = 1.37
(95%CI: 0.56-3.28)

Golimumab

OR = 1.14
(95%CI: 0.50-2.60)

OR = 1.36
(95%CI: 0.49-3.66)

OR = 1.01
(95%CI: 0.37-2.75)

OR = 0.74
(95%CI: 0.26-2.13)

Maintenance

Induction

Placebo

Vedolizumab

Figure 8 Comparison of serious adverse events of biological agents in moderate to severe active ulcerative colitis.

meta-analysis results showed that biological agents
had a similar safety profile to placebo (Figure 8).
Forest plots are summarized in Figure 9.

compare the different treatment options for long-term
efficacy and safety.
This meta-analysis assessing biological agents
for the treatment of moderate to severe active UC
included 9 RCTs, all of which were placebo controlled
trials. No heterogeneity was found when assessing the
effect of single biological agent. Meta-analysis results
showed that all biological agents were effective for
UC treatment in induction and maintenance phases.
Indirect comparisons of induction studies indicated
that infliximab had a more favorable clinical outcome
than golimumab, vedolizumab and adalimumab,
while adalimumab was less effective than the others.
However, in maintenance phase, all biological agents
had a similar effect without statistical difference. The
incidence of serious adverse events was not different
between the biological agents and placebo.
However, it should be noted that there were some
limitations in our study. First, a potential weakness

DISCUSSION
The appearance of biological agents dramatically
changed the treatment landscape for UC. Biological
agents have been used for the treatment of
moderate to severe UC patients failing conventional
treatment. Previous randomized controlled trials
(RCTs) proved that biological agents were effective
and safe for the treatment of UC in both induction and
[3]
maintenance phases. Danese et al compared the
biological agents by performing a multiple-treatment
meta-analysis. They illustrated that infliximab is more
effective to induce clinical response and mucosal
[3]
healing than adalimumab in induction phase .
However, there was still lack of head-to-head RCTs to

WJG|www.wjgnet.com
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Serious adverse reaction

vs

Placebo

vs

Infliximab

Adalimumab

vs

Golimumab

vs

Infliximab

0.84 (0.37, 1.90)

Adalimumab

1.22 (0.51, 2.54)

Golimumab

1.53 (0.65, 3.67)

Vedolizumab

1.14 (0.37, 3.51)

Adalimumab

1.33 (0.43, 4.24)

Golimumab

1.80 (0.56, 6.00)

Vedolizumab

1.36 (0.33, 5.40)

Golimumab

1.37 (0.41, 4.43)

Vedolizumab

1.01 (0.25, 3.94)

Vedolizumab

0.74 (0.18, 3.08)
0.5

1.0

10

Figure 9 Forest plots of serious adverse events of biological agents in moderate to severe active ulcerative colitis.
immunoglobulin G1 monoclonal antibody to α4β7 integrin. A phase 3 study
investigating the efficacy and safety of vedolizumab in patients with moderate to
severe active UC indicated that vedolizumab was significantly more effective in
terms of clinical response and remission compared to placebo in both induction
and maintenance phases.

of this meta-analysis was caused by the fact that the
included trials were likely different in study design.
[12,13]
For example, the studies by Sandborn et al
and
[14]
Feagan et al
reported efficacy and safety results
[9]
at week 6 while the others at week 8 . Patient
characteristics such as previous treatments also varied
slightly across studies. Second, the small sample
size and lack of head-to-head trials may increase
the uncertainty of the results. Finally, we could not
assess the publication bias. Despite these limitations,
we believe that our analysis could contribute to the
evaluation of biological agents that might support
clinical decision making.
In conclusion, the results of our meta-analysis
suggested that all biological agents were superior to
placebo in terms of clinical effects in both induction
and maintenance phases. It was also showed that
infliximab had a better clinical effect than the other
biological agents. By analyzing the incidence of serious
adverse events, it was found that biological agents
had a similar safety profile to placebo. However, headto-head comparisons, continuous data collection and
benefit-risk assessment are needed to confirm our
findings.

Innovations and breakthroughs

Previous studies have shown that biological agents were effective in treatment
of UC. However, the selection of biological agents in UC therapy was still
controversial. Traditional methods cannot be applied for the comparison for
lack of head-to-head studies comparing different biological agents. Therefore
the authors used a mixed treatment comparison (MTC) to compare the efficacy
of biological agents, as MTC was available for indirect comparisons between
drugs with different comparators.

Applications

The study results suggest that all biological agents were superior to placebo
for UC treatment in both induction and maintenance phases with a similar
safety profile, and infliximab had a better clinical effect than the other biological
agents.

Terminology

UC is a form of chronic IBD characterized by recurrent rectal bleeding,
increased stool frequency and urgency, abdominal cramps and pain, and
systemic symptoms. Anti-TNF-α agents including infliximab, adalimumab and
golimumab are monoclonal antibodies that bind to TNF-α with high affinity
and specificity. Vedolizumab, a representative for integrin antagonists, is a
humanized immunoglobulin G1 monoclonal antibody to α4β7 integrin.
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AIM: To evaluate the relationships between CD24
gene polymorphisms and the risk of inflammatory
bowel disease (IBD), including ulcerative colitis (UC)
and Crohn’s disease (CD).
METHODS: T h e P u b M e d , We b o f S c i e n c e a n d
Cochrane Library databases were searched (up to May
30, 2014). The search terms “CD24”, “inflammatory
bowel disease”, “Crohn’s disease”, “Ulcerative colitis”,
“IBD”, “CD” or “UC”; and “polymorphism”, “mutation”
or “variant” were used. Association studies were limited
to the English language, but no limitations in terms
of race, ethnicity or geographic area were employed.
Stata SE12 software was used to calculate the pooled
odds ratios (ORs) with 95% confidence intervals (CIs).
P < 0.05 was considered statistically significant. The
information was independently extracted from each
eligible study by two investigators. Two common
polymorphisms, C170T (rs8734) and TG1527del
(rs3838646), in the CD24 gene were assessed.
RESULTS: A total of three case-control studies
including 2342 IBD patients and 1965 healthy controls
were involved in this meta-analysis. The patients
and controls were from Caucasian cohorts. The three
articles included in this meta-analysis all conformed
to Hardy-Weinberg equilibrium. This meta-analysis
revealed that there were no significant associations
between the two CD24 polymorphisms and the risk
for IBD (all P > 0.05). However, in a disease subgroup
analysis, we found that the CD24 C170T polymorphism
was associated with an increased risk of UC in a
dominant model (OR = 1.79, 95%CI: 1.15-2.77, P =
0.009) and an additive model (OR = 1.87, 95%CI:
1.19-2.93, P = 0.007), but this relationship was not
present for CD. The CD24 TG1570del polymorphism
was significantly associated with CD in the additive
model (OR = 1.24, 95%CI: 1.01-1.52, P = 0.037).
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CONCLUSION: Our findings provide evidence that
the CD24 C170T polymorphism might contribute to
the susceptibility to UC, and the CD24 TG1527del
polymorphism might be associated with the risk of CD.

and immune regulation. Some single nucleotide
polymorphisms (SNPs) in the CD24 gene have been
shown to be associated with the susceptibilities
to several chronic inflammatory and autoimmune
[21,22]
diseases, such as multiple sclerosis (MS)
, systemic
[23,24]
lupus erythematous (SLE)
, and others. There are
some studies of the correlations between CD24 SNPs
[25-27]
and risk factors for IBD pathogenesis
. C170T
(rs8734) and TG1527del (rs3838646) are two common
CD24 genetic polymorphisms that are potentially
related to IBD; however, the findings related to these
polymorphisms are contradictory. To shed some light
on the contradictory findings and provide a more
precise estimate of the potential associations, we
performed this meta-analysis to investigate whether
the two CD24 polymorphisms (C170T and TG1527del)
contribute to the susceptibility to IBD.

Key words: CD24; Polymorphism; Inflammatory bowel
disease; rs8734; rs3838646; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: CD24 is a significant immune regulatory
mediator of inflammatory bowel disease (IBD). Some
recent studies have demonstrated that CD24 gene
polymorphisms are associated with the susceptibility to
IBD, but the findings of other studies are contradictory.
The present study sought to provide a more precise
estimate of this potential association. A meta-analysis
of Caucasian cohorts found that the CD24 C170T
polymorphism was associated with the susceptibility to
UC and that the CD24 TG1527del polymorphism was
associated with CD.

MATERIALS AND METHODS
Literature search

We conducted a literature search for relevant studies on
the relationships between polymorphisms of CD24 and
IBD risk in the PubMed, Web of Science, and Cochrane
Library databases (up to May 30, 2014). The following
search terms were used: “CD24”; and “inflammatory
bowel disease”, “Crohn’s disease”, “Ulcerative colitis”,
“IBD”, “CD”, or “UC”; and “polymorphism”, “mutation”,
or “variant”. The searched studies were limited to the
English language.

Huang XL, Xu DH, Wang GP, Zhang S, Yu CG. Associations
between CD24 gene Polymorphisms and inflammatory
bowel disease: A meta-analysis. World J Gastroenterol 2015;
21(19): 6052-6059 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i19/6052.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.6052

Inclusion and exclusion criteria

INTRODUCTION

Eligible studies were required to meet the following
inclusion criteria: (1) case-control studies evaluating at
least one polymorphism of the CD24 gene; (2) studies
containing original data; (3) studies with genotype or
allelic distributions; (4) studies containing sufficient
data to calculate odds ratios (ORs); and (5) studies
in which the genotype distribution of the control
population was in Hardy-Weinberg equilibrium (HWE).
No limitations related to race, ethnicity or geographic
area were utilized.
The exclusion criteria were as follows: (1) irrelevant
and review articles; (2) studies containing overlapping
data; (3) articles that did not provide detailed
genotype data; (4) investigations of the associations
of other genes with IBD or the relationships between
CD24 gene polymorphisms and other diseases; and (5)
studies in which family members were studied because
the analyses were based on linkage considerations.

Inflammatory bowel disease (IBD) is a relapsing
and chronic inflammatory disorder that is composed
of two types of diseases, Crohn’s disease (CD)
and ulcerative colitis (UC). The incidence of IBD is
increasing worldwide. IBD places a heavy burden on
patients because it reduces life quality and the ability
[1]
to work and increases disability . The etiology of IBD
is complicated and obscure but is primarily related
to genetic, environmental, immune and infectious
factors and interactions between these factors.
Based on assessments of familial clustering and the
high concordance in monozygotic twins, it is well
established that a genetic component is implicated
[2-4]
in the pathogenesis of IBD . Recent studies have
revealed that many gene variations are associated
[5with the susceptibility to IBD, such as NOD2
7]
[8,9]
[10,11]
[12]
,ATG16L1 , DLG5
and IL23R .
CD24 is a glycophosphatidylinositol (GPI)anchored mucin-like cell surface glycoprotein that is
expressed in a wide variety of cell types, including
[13]
[14]
[15]
activated T cells , B cells , macrophages , and
[16]
dendritic cells . Human CD24 is encoded by a
gene located on chromosome 6 and plays important
[13,17-19]
roles in lymphocyte maturation
, neuronal
[20]
development , intercellular signal transmission

WJG|www.wjgnet.com

Data extraction and synthesis

The following information was extracted from each
eligible study independently by two investigators:
first author’s surname, year of publication, ethnicity
of the study population, and the number of cases
and controls for the CD24 genotype. The allele and
genotype frequencies of the CD24 polymorphisms

6053

May 21, 2015|Volume 21|Issue 19|

Huang XL et al . CD24 polymorphisms and IBD
Table 1 Characteristics of the studies included in the meta-analysis
First author

Year

Diaz-Gallo LM
Van Limbergen
Lisiansky V

Country

2011
2013
2014

Ethnicity

Spain
Scottish
Israel

Caucasian
Caucasian
Caucasian

Sample size

Polymorphisms

UC

CD

Control

632
342
174

737
395
62

1257
498
210

Genotype
method

P170 P1527
P1527
P170 P1527

PCR
PCR
PCR-RFLP

UC: Ulcerative colitis; CD: Crohn’s disease; RFLP: Restricted fragment length polymorphisms; PCR: Polymerase chain reaction.

Table 2 Distributions of two CD24 genotypes and alleles among the inflammatory bowel disease patients and controls
Study

Arms

C170T
A

Diaz-Gallo et al[26], 2011

Lisiansky et al[25], 2014

Van Limbergen et al[27], 2013

CD (n = 366)
UC (n = 322)
Control (n = 628)
CD (n = 31)
UC (n = 87)
Control (n = 105)
CD (n = 395)
UC (n = 310)
Control (n = 498)

V

534 198 200 134
448 196 161 126
904 352 317 270
42 20 12 18
108 66 29 50
163 47 63 37
-

TG1570del

Arms

AA AV VV HWE
32
35
41
1
8
5
-

0.100

0.884

CD (n = 371)
UC (n = 310)
Control (n = 629)
CD (n = 31)
UC (n = 87)
Control (n = 105)

TG

del

662
580
1170
57
165
198
719
623
905

80
40
88
5
9
12
71
61
91

TGTG TGdel
301
270
547
26
78
93
326
283
411

60
40
76
5
9
12
67
57
83

deldel
10
0
6
0
0
0
2
2
4

HWE

0.448

0.534

0.932

UC: Ulcerative colitis; CD: Crohn’s disease; HWE: Hardy–Weinberg equilibrium.

were calculated from each article by the allele counting
method. Disagreements were resolved by discussion.

1194) and 1965 controls were included in our paper.
These articles were conducted with Spanish, Scottish
and Israeli Caucasians. The characteristics of the 3
studies are summarized in Table 1. The distributions
of the CD24 genotypes and alleles among the IBD
patients and controls are listed in Table 2.

Statistical analyses

Stata SE12 software was used to calculate the pooled
ORs with 95% confidence intervals (CIs) based on
the available data from each article. P < 0.05 was
considered statistically significant. The allelic model (A
vs V or TEL vs del), recessive model (AA vs AV + VV
or TGTG vs TGdel + deldel), dominant model (AA + AV
vs VV or TGTG + TGdel vs deldel), and additive model
(AA vs VV or TGTG vs deldel) were estimated for
genotype comparisons. Cochran’s Q-statistic and the
2
I test were used to test the heterogeneity among the
2
included studies, and P < 0.1 and I > 50% suggested
significant differences in study heterogeneity. When
significant heterogeneity was observed across studies,
the pooled results were based on random effects
2
models. The χ test was applied to assess whether
the genotype distributions of the control populations
conformed to HWE, and P < 0.05 was considered
statistically significant. Begg’s funnel plot and Egger’s
[28]
test were used to detect publication bias .

Association of the CD24 C170T polymorphism with IBD
susceptibility

Two studies including 806 IBD patients (CD = 397, UC
= 409) and 733 controls were selected in this metaanalysis. A statistical test suggested that heterogeneity
2
was present (for the allele: I = 87.7%, P = 0.004; for
2
the recessive model: I = 92.8%, P < 0.001; for the
2
additive model: I = 73.9%, P = 0.051); therefore,
the random effects model was used in these model
analyses. No significant associations between the CD24
C170T polymorphism and the IBD risk were revealed (V
vs A: OR = 1.39, 95%CI: 0.73-2.64, P = 0.314; VV vs
AA: OR=1.32, 95%CI: 0.40-4.39, P = 0.654; VV + VA
vs AA: OR = 0.64, 95%CI: 0.21-1.90, P = 0.420; VV
vs AA + VA: OR=0.94, 95%CI: 0.62-1.43, P = 0.777).
Subgroup analyses indicated no modifying effects of
the CD24 C170T polymorphism on the risk of CD (V vs
A: OR = 1.16, 95%CI: 0.69-1.93, P = 0.583; VV vs
AA: OR = 1.23, 95%CI: 0.76-1.99, P = 0.405; VV +
VA vs AA: OR = 0.76, 95%CI: 0.28-2.07, P = 0.594;
VV vs AA +VA: OR = 1.32, 95%CI: 0.83-2.11, P =
0.245). However, we observed a significant association
between the CD24 C170T polymorphism and UC risk
for the dominant model (OR = 1.79, 95%CI: 1.15-2.77,
P = 0.009) and the additive model (OR = 1.87,
95%CI: 1.19-2.93, P = 0.007) (Figure 1, Table 3).

RESULTS
Literature search for eligible studies

Based on the research criteria, a total of 49 articles
were identified, and 29 of these articles were excluded
because they were not relevant to CD24 SNPs and
the risk for IBD. Eight repetitive studies and 9 reviews
were also excluded. Ultimately 3 case-control studies
consisting of 2342 IBD patients (UC = 1148, CD =

WJG|www.wjgnet.com

6054

May 21, 2015|Volume 21|Issue 19|

Huang XL et al . CD24 polymorphisms and IBD
Sduty ID

OR (95%CI)

% Weight

Diaz-Gallo LM (2011)

0.95 (0.78, 1.17)

21.08

Lisiansky V (2014)

1.65 (0.89, 3.08)

8.91

1.16 (0.69, 1.93)

30.00

Diaz-Gallo LM (2011)

1.12 (0.91, 1.38)

20.95

Lisiansky V (2014)

2.12 (1.36, 3.31)

13.02

1.49 (0.81, 2.77)

33.98

Diaz-Gallo LM (2011)

1.03 (0.87, 1.22)

22.21

Lisiansky V (2014)

1.99 (1.31, 3.02)

13.81

1.39 (0.73, 2.64)

36.03

1.29 (1.03, 1.63)

100.00

CD

2

Subtotal (I = 63.0%, P = 0.100)

UC

2

Subtotal (I = 84.3%, P = 0.012)

IBD

2

Subtotal (I = 87.7%, P = 0.004)

2

Overall (I = 74.8%, P = 0.001)

Note: weights are from random effects analysis

0.302

1

3.31

Figure 1 Pooled analysis of the variant allele CD24-C170T in the IBD, UC, and Crohn’s disease subgroups. ORs and 95%CIs of the individual studies and
pooled analyses of the associations between the CD24 C170T C allele and the disease risks for Crohn’s disease (CD) (OR = 1.16, 95%CI: 0.69-1.93), ulcerative
colitis (UC) (OR = 1.49, 95%CI: 0.81-2.77), and inflammatory bowel disease (IBD) (OR = 1.39, 95%CI = 0.73-2.64). OR: Odds ratio.

Table 3 Meta-analysis of the associations between two promoter polymorphisms of CD24 and inflammatory bowel disease
Polymorphism
P170V vs A

VV + AV vs AA
(recessive)
VV vs AA + AV
(dominant)
VV vs AA
(additive)
P1527del vs TG

deldel + TGdel vs TGTG
(recessive)
deldel vs TGTG + TGdel
(dominant)
deldel vs TGTG
(additive)

Disease
CD
UC
IBD
CD
UC
IBD
CD
UC
IBD
CD
UC
IBD
CD
UC
IBD
CD
UC
IBD
CD
UC
IBD
CD
UC
IBD

Test of association

Test of heterogeneity

OR

95%CI

P value

Model

P value

I 2 (%)

1.16
1.49
1.39
0.76
0.59
0.64
1.32
1.79
0.94
1.23
1.87
1.32
1.24
0.95
1.18
0.80
1.02
0.82
1.87
0.40
1.23
1.93
0.40
1.27

0.69-1.93
0.81-2.77
0.73-2.64
0.28-2.07
0.21-1.70
0.21-1.90
0.83-2.11
1.15-2.77
0.62-1.43
0.76-1.99
1.19-2.93
0.40-4.39
1.01-1.52
0.76-1.19
0.99-1.41
0.63-1.02
0.79-1.33
0.67-1.01
0.81-4.32
0.10-1.63
0.54-2.76
0.84-4.47
0.10-1.64
0.56-2.86

0.583
0.203
0.314
0.594
0.330
0.420
0.245
0.009
0.777
0.405
0.007
0.654
0.037
0.649
0.063
0.068
0.870
0.061
0.143
0.201
0.625
0.123
0.203
0.572

R
R
R
R
R
R
F
F
F
F
F
R
F
F
F
F
F
F
F
F
F
F
F
F

0.100
0.012
0.004
0.019
0.001
< 0.001
0.527
0.816
0.287
0.888
0.272
0.051
0.101
0.967
0.803
0.207
0.980
0.870
0.133
0.345
0.436
0.121
0.348
0.439

63.0
84.3
87.7
81.9
90.5
92.8
0.0
0.0
11.8
0.0
17.1
73.9
56.5
0.0
0.0
36.5
0.0
0.0
55.7
0.0
0.0
58.4
0.0
0.0

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

RR (95%CI)

% Weight

Diaz-Gallo LM (2011)

1.54 (1.15, 2.06)

13.04

Lisiansky V (2014)

1.41 (0.52, 3.85)

1.09

Van-Limbergen (2013)

0.98 (0.73, 1.32)

16.08

2

1.24 (1.01, 1.52)

30.21

Diaz-Gallo LM (2011)

0.92 (0.64, 1.32)

11.60

Lisiansky V (2014)

0.91 (0.39, 2.10)

2.17

Van-Limbergen (2013)

0.98 (0.72, 1.33)

14.80

2

0.95 (0.76, 1.19)

28.58

Diaz-Gallo LM (2011)

1.26 (0.97, 1.64)

18.27

Lisiansky V (2014)

1.04 (0.49, 2.19)

2.54

Van-Limbergen (2013)

1.13 (0.88, 1.46)

20.40

2

1.18 (0.99, 1.41)

41.21

1.13 (1.01, 1.27)

100.00

CD

Subtotal (I = 56.5%, P = 0.101)

UC

Subtotal (I = 0.0%, P = 0.967)

IBD

Subtotal (I = 0.0%, P = 0.803)

2

Overall (I = 5.9%, P = 0.386)

0.26

1

3.85

Figure 2 Pooled analyses of the variant allele CD24 TG1527del in the IBD, UC and Crohn’s disease subgroups. ORs and 95% CIs of the individual studies and
the pooled analyses of the associations between the CD24 TG1527del allele and the disease risks for Crohn’s disease (CD) (OR = 1.24, 95%CI: 1.01-1.52), ulcerative
colitis (UC) (OR = 0.95, 95%CI: 0.76-1.19) and inflammatory bowel disease (IBD) (OR = 1.18, 95%CI: 0.99-1.41). OR: Odds ratio.
2

= 0.436; for the additive model: I = 0%, P = 0.439);
hence, the fixed effect model was used. The results
did not indicate any significant association of the allele
in the overall sample or the subgroup analyses with
the exception that the del allele was related to CD
susceptibility (OR=1.24, 95%CI: 1.01-1.52, P = 0.037)
(Figure 2, Table 3).

Table 4 Egger’s tests for C170 T and TG1527del of CD24
and the inflammatory bowel disease risk in all of the included
studies
Contrast models
C170T
V vs A
VV +AV vs AA
VV vs AA + AV
VV vs AA
TG1527del
del vs TG
deldel + TGdel vs
TGTG
deldel vs TGTG +
TGdel
deldel vs TGTG

Coefficient

95%CI

SE

t

P value

3.902
-4.527
0.200
1.399

0.912 to 6.891
-5.832 to 3.075
-7.276 to -1.779
-2.040 to 4.838

1.077
1.969
0.990
1.239

3.62
-0.70
-4.57
1.13

0.022
0.501
0.010
0.322

-0.435
0.444

-2.669 to 1.799
-1.833 to 2.721

0.945
0.963

-0.46
0.64

0.659
0.659

-2.977

-4.820 to -1.134 0.664

-4.48

0.011

-2.598

-4.249 to -0.947 0.595

-4.37

0.012

Sensitivity analysis and publication bias

A sensitivity analysis conducted via the omission of
individual studies did not materially alter the pooled
results (data not shown). Begg’s funnel plots did not
reveal obvious asymmetries for any of the comparison
models. However, Egger’s tests revealed that there
were some publication biases for both of the genetic
allele analyses (V vs A, PEgger = 0.022; VV vs AA + AV,
PEgger = 0.010; deldel vs TGTG + TGdel, PEgger = 0.011;
deldel vs TGTG, PEgger = 0.012) (Table 4).

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

Association of the TG1527del polymorphism with IBD
susceptibility

DISCUSSION
The etiology of IBD has not been completely
elucidated, but the contributions of immunological
and genetic factors have been demonstrated. IBD is
believed to arise partly due to multiple genetic factors.
Many reports have used the genome-wide association
study (GWAS) approach to identify novel candidate

Three studies consisting of 1625 IBD patients (UC =
759, CD = 866) and 1232 controls were included in
this meta-analysis. A statistical test revealed that there
was no heterogeneity between the studies (for the
2
2
allele: I = 0%, P = 0.803; for the recessive model: I
2
= 0%, P = 0.870; for the dominant model: I = 0%, P

WJG|www.wjgnet.com

6056

May 21, 2015|Volume 21|Issue 19|

Huang XL et al . CD24 polymorphisms and IBD
[12,29,30]

single nucleotide polymorphisms (SNPs) for IBD
.
To date, 99 variants have been identified as associated
with CD and/or UC. Among these, only 28 variants
have been shown to overlap in their contributions to
[31]
the susceptibilities to both diseases . Some risk loci
for CD have no reported effect on UC. Similarly, some
risk loci for UC have been shown to have little effect
on UC. Different mutations of the same gene might
be associated with different IBD diseases. IBD is an
autoimmune disease that is related to the innate and
[32,33]
adaptive immune systems
. Evidence from animal
models indicates that the failure to suppress immunity
to the abundant intestinal foreign antigen load can
[34]
cause inflammation . Certain genetic variations and
changes in the immune system might contribute to
the development of IBD, such as those related to
[35,36]
macrophage migration inhibitory factor (MIF)
and
[37]
interleukin-10 (IL-10) .
CD24 has been reported to play an important
role in the immune system and to be associated with
autoimmune diseases, including IBD. CD24 has been
shown to be a ligand for P-selectin and to play an
important role in recruiting leukocytes to inflamed
tissue. CD24 has also been implicated in the activation
[38]
and differentiation of B lymphocytes , and it has
been identified as an important mediator in a CD28independent co-stimulatory pathway related to the
[39]
activation of both CD4 and CD8 T cells . Ahmed et
[40]
al
found that CD24 is upregulated by Wnt signaling
in regenerating tissue in IBD and can confer enhanced
colony forming abilities and enhanced cell motilities,
which play an important roles in tissue healing. The
association between CD24 polymorphisms and the
[25,26]
risk of IBD has been reported in recent studies
.
The CD24 gene contains multiple SNPs, such as the
C170T (rs8734), TG1527del (rs3838646), A1626G
(rs1058881) and A1056G (rs1058818) polymorphisms.
Among these SNPs, C170T and TG1527del have
received much attention. However, the existing data
[27]
are contradictory. Van Limbergen et al
reported
that the CD24 TG1527del gene polymorphism is not
an important determinant of genetic susceptibility to
[26]
IBD. However, Diaz-Gallo et al
demonstrated that
a TG1527del SNP is associated with an increased
risk of CD but not UC. To better understand of the
associations between these two polymorphisms
and IBD, a meta-analysis with a larger sample and
subgroup analyses is necessary.
The present study is the first meta-analysis that
has attempted to determine the potential roles of
CD24 polymorphisms in IBD. Our results revealed
a significant association between the CD24 C170T
polymorphism and UC risk in the dominant (OR = 1.79,
95%CI: 1.15-2.77, P = 0.009) and additive models
(OR = 1.87, 95%CI: 1.19-2.93, P = 0.007), but the
CD24 C170T polymorphism was not related to the
risk for CD. Moreover, our results indicated the CD24
TG1570del polymorphism was significantly associated
with CD in the additive model (OR = 1.27, 95%CI:
1.01-1.58, P = 0.037). These results support the
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hypothesis that CD and UC are related but different in
[41]
terms of some immunologic mechanisms . Similar
results have been reported for other autoimmune
[42]
diseases. Zhou et al
reported that the expression
of CD24 on the peripheral blood T cells of CD24V/V
MS patients is higher than that of CD24 A/A genotype
[24]
patients. Sánchez et al
demonstrated that the
frequency of the CD24V/V genotype in SLE patients
was higher than that in the controls in a Spanish
cohort. The TG1527del genetic variant has been
reported to reduce the constitutive levels of CD24
mRNA by more than two-fold and to reduce the risks
[43]
[26]
for MS and SLE . Diaz-Gallo
also observed that
the TG1527del genetic variant is a risk factor for CD,
specifically for CD with an age of diagnosis between
[27]
17 and 40 years. Van Limbergen et al
did not have
any association between the CD24 TG1527del SNP
and CD susceptibility, possibly due to a low number of
subjects.
However, our study has some limitations that
should be considered. First, heterogeneities among the
studies involving CD24 C170T were present and might
have partially influenced the results of this study.
Therefore, additional details are needed to analyze
the source of the heterogeneity. Second, the numbers
of included studies and patients were limited. We are
looking forward to the availability of additional relevant
studies to help us to understand this problem. Third,
only studies published in English were selected for
this meta-analysis, and these studies do not include
unpublished documents. Thus, a selection bias might
have been present. Finally, some publication bias was
present because the population of included studies
was not uniform. Therefore, additional studies with the
same patient inclusion criteria or studies that perform
analyses stratified by age, gender and race will help to
decrease the publication bias.
In conclusion, this study suggests that the CD24
C170T polymorphism is associated with an increased
risk of UC and that the CD24 TG1527del polymorphism
has some influence on CD risk. A large number of
cases and controls are required to enable us to make
a more precise risk estimate and minimize the bias in
this meta-analysis.
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CASE REPORT

Fulminant ulcerative colitis in a healthy pregnant woman
Rossana Orabona, Adriana Valcamonico, Marianna Salemme, Stefania Manenti, Guido AM Tiberio, Tiziana Frusca
6-7 bloody stools/d, abdominal pain, tachycardia,
and weight loss occurring during the third trimester
of pregnancy. Severe ulcerative colitis complicated by
toxic megacolon and gravidic sepsis was diagnosed
by clinical evaluation, colonoscopy, and rectal biopsy
that were performed safely without risk for the mother
or baby. The patient underwent a cesarean section at
28+6 wk gestation. The baby was transferred to the
neonatal intensive care unit of our hospital and survived
without complications. Fulminant colitis was managed
conservatively by combined colonoscopic decompression
and medical treatment. Although current European
guidelines describe toxic megacolon as an indication for
emergency surgery for both pregnant and non-pregnant
women, thanks to careful monitoring, endoscopic
decompression, and intensive medical therapy with
nutritional support, we prevented the woman from
having to undergo emergency pancolectomy. Our report
seems to suggest that conservative management may
be a helpful tool in preventing pancolectomy if the
patient’s condition improves quickly. Otherwise, surgery
is mandatory.
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Core tip: Severe ulcerative colitis complicated by toxic
megacolon is widely considered to be an indication for
emergency surgery. We reported a case of acute colitis
in a healthy pregnant woman conservatively treated by
intensive monitoring combined with medical therapy
and endoscopic decompression in order to prevent the
mother from having to undergo pancolectomy and the
neonate from suffering an adverse perinatal outcome.
Orabona R, Valcamonico A, Salemme M, Manenti S, Tiberio
GAM, Frusca T. Fulminant ulcerative colitis in a healthy
pregnant woman. World J Gastroenterol 2015; 21(19): 6060-6064

Abstract
This case report concerns a 25-year-old patient with
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deteriorate. On 9 October, the patient’s bowels became
closed to stool and gases. Computed tomography
(Figure 1) revealed the presence of transverse colonic
dilatation (9 cm), suggesting a diagnosis of toxic
[8]
megacolon . Hemocultures for aerobic and anaerobic
th
bacteria were negative. Thereafter (10 October),
the patient was transferred to the Intensive Care
Unit with a diagnosis of severe sepsis (CRP 163 mg/
L, procalcitonin 81.4 ng/mL). Serum albumin had
fallen to 1.76 g/dL and albumin infusion was started.
Endoscopic procedures were accurately planned in
the surgery room and managed in conjunction with
obstetricians and colorectal surgeons in order to
eventually perform an emergency cesarean section
(CS) and/or colectomy, if necessary. Presence of fetal
heart activity was confirmed before sedation and after
endoscopy. Colonoscopy showed complete substitution
of the colorectal mucosa by a fibrinous layer (Figure
2). Ulcerative colitis was confirmed by histopathology
(Figure 3). According to Truelove-Witts’ criteria,
a diagnosis of a severe form of the disease was
[9]
formulated . The patient’s hemoglobin fell to 6.3 g/
th
dL, and so she was given a blood transfusion. On 11
October (28 + 6 wk gestation), she underwent a CS.
A male neonate was delivered weighing 1295 grams.
He did not show any congenital anomalies. He was
immediately intubated, transferred to the Neonatal
Intensive Care Unit (NICU) and survived without
complications. Immediately after delivery, a colorectal
surgeon performed a bowel evaluation and definitively
th
excluded colectomy. On 14 October, intravenous
methyl-prednisolone 60 mg/24 h (then oral prednisone
50 mg once a day) and oral mesalazine 500 mg
three times a day (then 1600 mg three times a day)
were started. Another colonoscopic decompression
was performed and then the patient was transferred
th
to the Gastroenterology Unit (16 October), where
she underwent her third endoscopic decompression.
Oral azathioprine was undertaken. Gastroscopy and
magnetic resonance enterography excluded a form of
overlap between Crohn’s disease and UC. Parenteral
nd
nutrition was stopped on 22 November. The patient
was discharged after 54 d of hospitalization, with
follow-up being performed by the IBD Center of the
Gastroenterology Unit. The baby was discharged five
weeks later in good clinical condition.

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD) which affects mainly young people in
their reproductive period. A first disease attack of
UC during pregnancy is uncommon, and is usually
[1]
associated with an adverse outcome . Antenatal
disease progression correlates with activity at the
onset of pregnancy: if UC is in remission at the time
of conception, it will remain quiescent throughout
pregnancy, while if it is active, it will progressively
worsen, leading to an increased incidence of stillbirth,
preterm delivery, or postpartum complications for
[2-6]
both mother and neonate . The management of UC
during pregnancy is quite different from that in nonpregnant women because medical therapy, radiology,
endoscopy, and surgery imply potential risks for the
[2,7]
fetus . This article describes an unusual case of
UC which developed early in the third trimester of
pregnancy and was managed by a multidisciplinary
team.

CASE REPORT
st

In October 2013 (1 October), a 25-year-old woman
gravida 1/para 0 at 27 + 3 wk gestation without
previous known diseases, presented to a periphery
hospital with 6 episodes of bloody diarrhea per day for
6 d. Over the subsequent 3 d, she failed to improve
and was transferred to the Obstetrics Department
of the University Hospital of Brescia, Italy after a
rd
diagnosis of preterm labor (3 October). At admission
she had no fever and was tachycardic (105 bpm).
Initial laboratory investigations included hemoglobin
concentration (8.8 g/dL), C-reactive protein (CRP,
178 mg/L), and erythrocyte sedimentation rate (ESR,
45 mm/h). Obstetric ultrasound showed fetal cardiac
activity appropriate for gestational age biometry
and normal amniotic fluid index. Corticosteroids
for the induction of fetal lung maturation were
administered, together with tocolysis with atosiban
th
th
and antibiotic therapy (clindamycin from 4 to 8
October, then imipenem). Microbiological testing for
infectious diarrhea including Clostridium difficile toxin,
Salmonella spp., Shigella spp., Campylobacter spp.,
Listeria monocytogenes, and Brucella melitensis was
performed, were all negative. Meanwhile, because of
the appearance of fever and a rise of inflammation
indexes with worsening diarrhea (7-8 episodes
of bloody stool per day), antibiotic therapy was
switched to amikacin, vancomycin, metronidazole,
and meropenem. The patient was non-responsive
to antibiotics and her clinical condition continued to
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DISCUSSION
On the basis of old reports and experiences, the course
of UC during pregnancy correlates with the level of the
disease activity at the time of conception. If conception
occurs during a period of clinical remission, the disease
will probably continue to be inactive throughout
[3,4]
pregnancy ; while an active UC at conception will
progressively worsen during pregnancy.
However, in our case report the patient presented
with a first diagnosis of UC in the third trimester of
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Figure 1 Abdominal computed tomography scan showing toxic megacolon during pregnancy. Ascending colon diameter was 7.6 cm, transverse colon 9.2 cm,
and descending colon 5.7 cm, which was consistent with toxic megacolon. Bowel wall thickness is normal without signs of ischemic sufferance. No abdominal free gas
or effusion.

A

B

C

Figure 2 Colonoscopy in toxic megacolon at different times of pregnancy and therapy. A: Emergency colonoscopy performed during pregnancy before starting
treatment: spontaneous bleeding and denudation of the mucosal surface, which is substituted by a fibrinous layer (descending colon); B: Colonoscopy after 9 d of
treatment: mucosal hyperemia and erosions, fibrinous spots (cecum); C: Colonoscopy after one-month treatment: regenerative pseudopolyps of 2-4 mm (descending
colon).
[14]

pregnancy. The onset of IBD in a pregnant woman
is uncommon and is usually associated with a poor
[1,10]
prognosis
because of an increased overall risk of
an adverse neonatal outcome; the most frequently
described are preterm delivery and low birth
[5,11-13]
weight
.
An accurate patient history is crucial, as are
clinical and pertinent investigations to assess colitis
activity. Endoscopic evaluation and rectal biopsy
play an essential role in the diagnosis, management,
prognosis, and surveillance of antenatal IBD, and can
be performed safely without a significant increase in

WJG|www.wjgnet.com

complications for the mother or fetus .
Concerning the method of delivery, most studies
have also shown a significantly increased incidence
of CS, but it is not consistently clear whether this is
[5,12,13]
predominantly due to elective or emergency CS
.
Our decision to perform a CS was taken not only due
to the extreme early gestational age, but also in order
to evaluate with colorectal surgeons a balanced view
of the bowel and possible surgical interventions.
UC management in pregnant women implies
special considerations concerning risks for the fetus.
For example, most drugs necessary in such cases
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A

B

C

D

Figure 3 Histopathology of active ulcerative colitis. Colonic mucosa characterized by atrophic glands with architectural distortion, mucin depletion, intense
inflammatory cell infiltrate of the lamina propria rich in eosinophils, basal plasma cells, crypt abscess, and surface ulceration (A, B: Hematoxylin-eosin staining,
magnification × 4; C: Hematoxylin-eosin staining, magnification × 10; D: Hematoxylin-eosin staining, magnification × 20).

(e.g., aminosalicylates agents and corticosteroids) are
[2,14]
considered safe both for the mother and baby
, but
[2]
methotrexate and thalidomide are contraindicated .
[15,16]
Although there are limited data
on the safety of
colonoscopy during pregnancy, it appears relatively
safe, but requires several precautions concerning
sedation and the left-sided position of the mother
during the procedure, particularly in the third trimester.
Obviously, it should be performed only when strongly
indicated by an expert endoscopist after obstetric
[17]
consultation . In our case, the colonoscopy was
performed not only for the diagnosis of UC complicated
by toxic megacolon, but also to perform a colonoscopic
decompression. Abdominal surgery, particularly when
performed in the third trimester, is reported to increase
the incidence of preterm labor and, consequently,
[18]
implies a higher risk of adverse perinatal outcome .
According to guidelines, the indications for emergency
surgery are the same for pregnant and non-pregnant
[19]
women, including failed medical treatment
and
[2]
complications such as toxic megacolon . The principal
advantages of a conservative management of toxic
megacolon in pregnant women is to let the baby
reach an appropriate gestational age to survive and,
secondly, prevent the mother from having to undergo
an emergency colectomy during gravidic sepsis.
Although current guidelines describe toxic megacolon
[18]
as an indication of emergency surgery , endoscopic
decompression together with medical treatment
and intensive monitoring should be a potentially

WJG|www.wjgnet.com

successful management of severe UC complicated
by toxic megacolon during pregnancy. Conversely,
the presence of signs of acute abdomen, including
perforation, abscess, ischemia, thrombosis (which
were not present in our patient), and/or the lack of
early response to conservative therapy, are indicators
for surgery. Our report confirms the hypothesis that
decisions regarding timing and indications for surgery
are often challenging.

COMMENTS
COMMENTS
Case characteristics

A 25-year-old woman gravida 1/para 0 with 6-7 bloody stools/d, abdominal
pain, tachycardia, and weight loss occurring during the third trimester of
pregnancy.

Clinical diagnosis

Bloody diarrhea, abdominal pain, hyporexia, apyrexy, and tachycardia.

Differential diagnosis

Infectious colitis (Clostridium difficile, Cytomegalovirus, Salmonella spp.,
Shigella spp., Campylobacter spp., Listeria monocytogenes, and Brucella
melitensis) and inflammatory bowel disease.

Laboratory diagnosis

8.8 g/dL hemoglobin concentration, 178 mg/L C-reactive protein, 45 mm/h
erythrocyte sedimentation rate, and 81.4 ng/mL procalcitonin.

Imaging diagnosis

CT scan showed an ascending colon diameter of 7.6 cm, a transverse colon
of 9.2 cm, and a descending colon of 5.7 cm, which was consistent with
toxic megacolon. Bowel wall thickness was normal without signs of ischemic
sufferance. No abdominal free gas or effusion was detected.

Pathological diagnosis

Colonoscopy and biopsy revealed severe ulcerative colitis in the active phase.
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Treatment

The patient was treated with intravenous and oral corticosteroids, oral
mesalazine, azathioprine, nutritional support, antibiotics, blood transfusion,
potassium parenteral correction, and albumin infusion.

8

New onset of ulcerative colitis during pregnancy is uncommon and associated
with a poor prognosis.

9

Related reports

Experiences and lessons

10

Although current guidelines describe toxic megacolon as an indication
for emergency surgery, endoscopic decompression together with medical
treatment and intensive monitoring should be lead to the potentially successful
management of severe ulcerative colitis complicated by toxic megacolon during
pregnancy.

11

Peer-review

This case report describes the onset of ulcerative colitis complicated by
toxic megacolon in a 25-year-old pregnant patient. A cesarean section was
performed and the colitis was managed conservatively.
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Abstract
In this case report, we examined the levels of cytokines
expressed before and during fecal stream diversion
and after intestinal continuity was restored in a patient
with collagenous colitis. We report the case of a
46-year-old woman with chronic, active collagenous
colitis who either failed to achieve clinical remission or
experienced adverse effects with the following drugs:
loperamide, cholestyramine, budesonide, methotrexate
and adalimumab. Due to the intractable nature of the
disease and because the patient was having up to 15
watery bowel movements per day, she underwent a
temporary ileostomy. Colonic biopsies were analyzed for
mucosal cytokine protein levels before and during fecal
stream diversion and after intestinal continuity was
restored. Mucosal protein levels of interleukin (IL)-1β,
IL-2, IL-6, IL-12, IL-17 A, IL-23, TNF, IFN-γ, IL-4, IL-5,
IL-10 and IL-13 were all higher during active disease
and decreased to non-detectable or considerably lower
levels during fecal stream diversion. One month after
the restoration of bowel continuity, when the patient
experienced a relapse of symptoms, IL-2, IL-23 and
IL-21 levels were again increased. Our results indicate
that fecal stream diversion in this patient suppressed
the levels of all cytokines analyzed in colonic
biopsies. With the recurrence of clinical symptoms
and histological changes after bowel reconstruction,
the levels of primarily proinflammatory cytokines
increased. Our findings support the hypothesis that a
luminal factor triggers the inflammation observed in
collagenous colitis.
Key words: Microscopic colitis; Collagenous colitis;
Luminex; Mucosal cytokines; Fecal stream diversion
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fecal stream diversion offers an opportunity to study
the immunological processes in inflammatory bowel
diseases such as CC. In this case report, we describe
the dynamics of cytokine production before and during
fecal stream diversion and after bowel reconstruction
in a patient with CC.

Core tip: The pathophysiology of collagenous colitis
remains poorly understood. We describe a patient with
chronic, active collagenous colitis who either failed
to achieve clinical remission or experienced adverse
effects with all medications given; therefore the patient
was treated with a temporary loop ileostomy. We
analyzed cytokine protein production with Luminex
assays in colonic biopsy tissues obtained before and
during fecal stream diversion (FSD) and after intestinal
continuity was restored. Because FSD leads to clinical
and histological remission, this study protocol provided
a unique opportunity to study cytokine dynamics
during different stages of disease. We were thus able
to demonstrate that FSD was followed by a decrease
in the levels of nearly all cytokines and that the
restoration of bowel continuity increased the levels of
the proinflammatory cytokines interleukin IL-2, IL-21
and IL-23.

CASE REPORT
Our case report involves a 46-year-old woman with a
history of diarrhoea that began in 2006 after one week
of antibiotic treatment with amoxicillin. Stool cultures
were negative, and the patient received the diagnosis
irritable bowel syndrome (IBS) without endoscopic
evaluation. Her previous medical history included
asthma and Raynaud’s syndrome, for which she had
been treated with verapamil on a continuous basis.
In 2010, she was admitted to the gastroenterology
clinic at the Linköping University Hospital because
she was passing 10 watery stools per day and was
consequently experiencing social disability as well. A
colonoscopy was performed, and a diagnosis of CC
was confirmed histologically.
She had already been given loperamide and
cholestyramine for her IBS, with no symptomatic
improvement. An induction treatment with 9 mg/d
budesonide was initiated, which initially resulted
in clinical improvement, but the patient’s condition
stopped responding to treatment after one month.
Repeated stool samples ruled out infectious causes, a
SeHCAT test ruled out bile salt malabsorption, and a
gastroscopy with duodenal biopsies revealed no sign
of celiac disease. Human immunodeficiency virus with
secondary chronic diarrhoea and hyperthyroidism were
also ruled out.
A new colonoscopy was performed, and biopsy
tissue was collected; subsequent analysis of the biopsy
tissue revealed no sign of lymphoma, although the
tissue was positive for Congo red staining, confirming
the presence of amyloidosis. Primary amyloidosis
was ruled out, and the increased amyloid deposition
observed in the colonic biopsy tissue was considered to
be secondary to prolonged mucosal inflammation.
Therapy with subcutaneous injections of metho
trexate was initiated while the patient was still receiving
6 mg of budesonide daily as maintenance therapy.
After 6 wk on 15 mg/wk methotrexate and a further
6 wk on 25 mg/wk methotrexate, no symptomatic
improvement was observed, and all medication was
discontinued. As third-line therapy, adalimumab was
administered at an initial dose of 160 mg/wk, followed
by 80 mg/wk after 2 wk and finally 40 mg/wk after 2
more weeks. After induction therapy with adalimumab,
the patient’s symptoms improved significantly; the
patient’s mean stool frequency fell from an initial >
10 watery stools per day to 2.8 soft stools per day.
Clinical remission was maintained for 2 mo after
discontinuation of adalimumab before the patient

Daferera N, Kumawat AK, Hultgren-Hörnquist E, Ignatova S,
Ström M, Münch A. Fecal stream diversion and mucosal cytokine
levels in collagenous colitis: A case report. World J Gastroenterol
2015; 21(19): 6065-6071 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/6065.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.6065

INTRODUCTION
Collagenous colitis (CC) was first described in
[1]
1976 by Lindström et al in rectal biopsies of a
woman with chronic diarrhoea. In recent years, the
incidence of CC has increased, and it is currently
[2]
approximately 6 per 100000 inhabitants in Sweden .
The pathogenesis of the disease remains unknown,
but it is considered to be multifactorial and to involve
luminal agents that trigger a mucosal inflammatory
[3]
reaction . Furthermore, a mucosal barrier defect
appears to be present in CC, resulting in an increased
[4]
uptake of antigens and bacteria . Little is known
about the immunological mechanisms that drive the
inflammation observed in CC, but recent studies have
[5]
reported that a Th1 immunological reaction or a
mixed Th1/Th17 and Tc1/Tc17 reaction is present in
[6]
microscopic colitis (MC) . Medical treatment of CC
is effective in the majority of patients, but in rare
cases, if treatment fails, a temporary or permanent
ileostomy (fecal stream diversion) may be necessary.
Fecal stream diversion has been shown to lead to
[7]
clinical and histological remission in patients with CC ;
this phenomenon was first observed in patients with
[8]
Crohn’s disease . It was also reported that mucosal
barrier dysfunction and altered mucosal permeability
normalized during fecal stream diversion in one patient
[9]
with CC but reappeared with bowel continuity . Thus,
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relapsed again. During relapse, she experienced fever,
muscle and joint pain, and vomiting. Extensive blood
analysis revealed elevated transaminase levels. Blood
samples were tested for evidence of infection with
CMV, EBV, HSV 1, HSV 2, rotavirus and parasites;
the patient was positive for CMV-specific serum
IgM, but CMV DNA was not detected in blood. An
additional colonoscopy was performed, and biopsies
were analyzed for the presence of CMV; all analyses
were normal. At the same time, a consultation with
a rheumatologist ruled out serum sickness and
other potential underlying causes of her symptoms.
No explanation of her symptoms was found, but it
seemed unlikely that adalimumab had a causative
role. Nevertheless, the decision was made not to
continue with biological treatment. Because the patient
continued to suffer from persisting, excessive joint
pain, 30 mg of prednisolone daily was prescribed;
her pain symptoms improved gradually, but her
diarrhoea remained unchanged. Because all treatment
regimens so far had failed and because the patient
had developed severe anal skin ulcerations, a loop
ileostomy was performed. Prednisolone treatment was
tapered and stopped one month after surgery. Initially,
there was a high flow of watery stool in the ileostomy,
but normal ileac mucosa was found in biopsy tissue
collected during an ileoscopy. After treatment with
loperamide and a proton pump inhibitor, a normal flow
was achieved. One year after the ileostomy, the patient
experienced a herniation of the stoma, which caused
stool leakage and consequent social and hygiene
problems; thus, she requested bowel reconstruction.
After bowel continuity was restored, her diarrhea
reappeared immediately.

Table 1 Histological changes before, during and after fecal
stream diversion
Ileostomy

Before
During
After

Collagen
layer
thickness

58/100 enterocytes
48/100 enterocytes
108/100 enterocytes

10 µm
3 µm
25 µm

Epithelial
Lamina
propria degeneration
infiltration
1
1
1

2
2
2

Values indicating the severity of changes were assigned subjectively. 1:
Slight; 2: Moderate; 3: Severe.

Molecular Biochemicals, Mannheim, Germany). The
homogenization mixture was centrifuged for 5 min
at 10000 rpm, and the supernatant was divided into
aliquots and stored at -80  ℃ until further analysis.
Tissue levels of IL-1β, IL-2, IL-4, IL-5, IL-6, IL-10,
IL-12p70, IL-13, IL-17A, IL-21, IL-23, IFN-γ and TNF
proteins were analyzed using the xMAP technology
®
developed by Luminex (Austin, TX, United States).
The concentrations were determined using the
®
Milliplex Map Kit (cat. no- #HCYTOMAG-60K and
#HCYP2MAG-62K, Millipore, MA, United States)
according to the manufacturer’s instructions.
The assays were performed in duplicates. The
levels of cytokines in samples were expressed as
pg/mg tissue, based on a standard curve constructed
using known amounts of each analyte (Millipore).

Histology

All biopsies were analyzed by one pathologist with
experience with microscopic colitis.
As shown in the Table 1 above, the first histological
analysis performed before the ileostomy showed a
picture of CC, but the classical signs of CC were not
very apparent, most likely because the patient was
taking 20 mg of prednisolone daily. The collagen
layer thickness normalized during fecal diversion
but increased to a clearly pathological level after
intestinal reconstruction. The numbers of intraepithelial
lymphocytes followed a similar pattern, with a
considerable increase in their numbers observed after
intestinal continuity was restored. However, the degree
of lamina propria infiltration and epithelial degeneration
remained unchanged throughout the study.

Methods

The patient gave written consent, and the regional
ethical committee of Linkoping, Sweden consented
to our obtaining extra mucosal biopsies for research
purposes (Dnr 2012/216-31). A sigmoidoscopy with
biopsies of the sigmoid colon was performed a week
before and 4 mo after the ileostomy operation and
1 mo after bowel continuity was restored. The week
before the operation, the patient was on 20 mg
prednisolone per day (she had initially been receiving
30 mg prednisone, which was tapered down over
a period of 2 mo before the first sigmoidoscopy);
4 mo after ileostomy and one month after bowel
restoration, she was receiving no corticosteroid or
other immunomodulating drug.

Cytokine concentrations before and during diversion
and after restoration of bowel continuity

The mean ± SE weight of biopsy specimens used for
cytokine quantification was 10 ± 0.98 mg. The levels
of different cytokines in samples were expressed as
pg/mg tissue.
Most tissue cytokine levels decreased substantially
after fecal stream diversion (Figure 1). These decreases
resulted in non-detectable concentrations for some
cytokines, including IL-4, IL-10, and IL-1β. The levels
of other cytokines, including IL-13, 1L-17 and TNF,
decreased by 22%-40%, while the levels of IL-6, IL-

Protein extraction and cytokine analysis

Biopsy tissues were immediately placed in Allprotect
and stored at -80  ℃ until use. The biopsy tissues
were homogenized using a TissueLyser Ⅱ (Qiagen,
Hilden, Germany) at 25 Hz for 5 × 1 min in
radioimmunoprecipitation (RIPA) buffer containing
1 mmol/L Mini Protease Inhibitor cocktail (Roche
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Figure 1 Cytokine levels before and during fecal stream diversion. Cytokine values are given in pg/mg tissue. IL: Interleukin; TNF: Tumor necrosis factor; IFN:
Interferon.
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Figure 2 Cytokine levels before and during fecal stream diversion and after bowel reconstruction. Cytokine values are given in pg/mg tissue. IL: Interleukin.

12p70 and IFN-γ decreased by 75%-80%. IL-5 protein
was not detectable at any time.
In comparison with all other measured cytokines
(Figure 1), IL-21 was the only cytokine whose levels
were unchanged during diversion (Figure 2). One
month after intestinal continuity was restored; most
cytokines remained at approximately the same
low levels that were measured during fecal stream
diversion (data not shown). However, IL-2, IL-21 and
IL-23 exhibited a different trend; the levels of these
cytokines increased after the fecal stream was reestablished, as demonstrated in Figure 2.

offered an opportunity to investigate the levels of
cytokines involved in immunological processes in the
disease and the molecular basis of the effects of fecal
stream diversion. We showed that diversion of the
fecal stream led to a clear reduction in the protein
levels of almost all analyzed cytokines and that the
reoccurrence of symptoms and classical histological
findings following the restoration of bowel continuity is
accompanied by increases in mucosal IL-2, IL-21 and
IL-23 levels. These results further demonstrate the
importance of luminal agents as triggers of intestinal
inflammation.
The role of fecal material in patients with Crohn’
[8]
s disease has been studied by Rutgeerts et al .
These investigators reported that inflammation in the
neoterminal ileum in patients with Crohn’s disease who
underwent ileocecal resection was dependent on the
fecal stream because inflammation did not appear in
patients who were treated with a temporary proximal
[11]
ileostomy. Harper et al
went a step further by
either introducing either intestinal effluent or a sterile
ultrafiltrate into the defunctioned colon of Crohn’s
disease patients who had undergone a split ileostomy.
These investigators concluded that particles greater
than 0.22 μm were the luminal triggers responsible for
disease because the effluent caused a clinical response

DISCUSSION
Fecal stream diversion is known to cause clinical and
[10]
histological remission in patients with CC . Moreover,
fecal stream diversion also appears to normalize
[4]
mucosal barrier dysfunction in CC , but active disease
unfortunately reoccurs after intestinal continuity is
restored.
To our knowledge, this is the first case report to
examine the dynamics of mucosal cytokine levels in
a patient with collagenous colitis before and during
fecal stream diversion and after bowel continuity was
re-established. Fecal stream diversion in this patient
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as well as changes in laboratory values in comparison
with the ultrafiltrate.
Few studies have analyzed cytokine profiles in MC,
and those that do exist have focused primarily on
mRNA and not protein levels. In the one study that
[6]
analyzed both, Kumawat et al found a Th1/Tc1 and
Th17/Tc17 mRNA mucosal cytokine profile in both
CC and LC, although the protein concentrations of
[6]
these cytokines were not always increased . Protein
levels depend not only on mRNA levels but also on
regulatory processes after mRNA is produced, e.g., the
protein degradation rate; these differences can explain
[12]
the discrepancies found in vivo . The relationship
between mRNA and protein levels is complex, but
protein levels may reflect biological activity and the
cytokine milieu more accurately than mRNA levels.
[5]
Tagkalidis et al also described a Th1 reaction based
on mucosal mRNA cytokine values; Th2 cytokines
were difficult to detect, with the exception of IL-10,
whose levels tended to be increased in MC patients
[13]
compared with controls. Dey et al
described
increased expression of TNF, IFN-γ and IL-8 mRNA in
patients with lymphocytic colitis (LC), while IL-1β, IL-4,
IL-10, IL-12 and IL-23 mRNA levels were not found to
be significantly different in patients with LC compared
with controls. These studies focused on patients with
active MC and not on patients in remission. Only
[5]
Tagkalidis et al followed 6 of 18 patients and noted a
decrease in IFN-γ mRNA levels over time; however, the
dynamics of IL-10, TNF and IL-15 mRNA levels were
not reported.
Although the patient in this study received 20 mg
of prednisolone initially, all protein levels of cytokines
were elevated during active disease compared to the
period of fecal stream diversion. Surprisingly, little is
known about the effect of prednisolone on cytokine
levels in the intestinal mucosa in vivo, but in the
bronchoalveolar lavage fluid of allergic patients, Liu
[14]
et al
showed that treatment with prednisolone
reduced mRNA and protein levels of IL-4, IL-5 and
IL-2. Because we analyzed protein levels of cytokines,
it is hard to compare our results with those of other
studies; also, because we analyzed only one patient,
our primary focus was to describe the dynamics of
cytokine levels at different stages of treatment and
disease. Most striking were the obvious increases in
mucosal IL-2, IL-21 and IL-23 levels after intestinal
continuity was restored, which paralleled a prompt
relapse of symptoms and the reestablishment of the
classical histological signs of CC.
The most pronounced changes were observed in
the levels of IL-23 during the course of the study;
IL-23 levels exhibited the largest increase among all
cytokine levels one month after intestinal restoration.
Studies in murine models have shown the importance
of IL-23 in inducing and enhancing chronic intestinal
[15]
inflammatory disease . Furthermore, inhibition of

WJG|www.wjgnet.com

the IL-23 p19 subunit has been shown to be effective
both in preventing and treating active colitis in
[16]
murine models . This cytokine is thought to mediate
communication between the innate and adaptive
immune systems and is produced by activated
dendritic cells and macrophages within hours after
[17]
encountering a pathogen . IL-23 also plays a role
+
by inducing CD4 T cells to produce IL-17, and IL-17
levels are increased in another inflammatory bowel
[18]
[6]
disease, Crohn’s disease . Kumawat et al previously
found colonic levels of both IL-17 and IL-23 mRNA to
be increased in both CC and LC, while protein levels
were not found to be markedly different from those in
[6]
healthy controls . These findings, together with our
present results, indicate that IL-23 is involved in the
inflammatory process.
The dynamics of IL-2 levels after bowel recon
struction resembled those of IL-23 but not to the
same extent. IL-2 is a cytokine that has been studied
extensively in the past 25 years. IL-2 levels have
been found to be altered in autoimmune diseases;
positive correlations between serum levels of IL-2
[19]
and both skin progression in scleroderma
and
joint destruction in rheumatoid disease have been
[20]
observed . In gastrointestinal disorders, enhanced
serum IL-2 is associated with advanced gastric
[21]
[22]
cancer . Using IL-2R-/- mice, Malek et al
showed
that IL-2 and/or IL-2R act via stimulating the production
of Tregs.
Finally, IL-21 is a cytokine known to be involved
in a variety of tissues in many inflammatory
[23,24]
diseases
. Although IL-21 is found in mucosal
biopsies from healthy individuals, the expression
of this cytokine is enhanced in the colonic mucosa
[25]
of Crohn’s patients . It is thought to be produced
[26]
[27]
by activated Th17 cells
and activated NKT cells .
In a murine experimental model of colitis, wildtype mice develop colitis when treated with dextran
sulphate sodium and trinitrobenzene sulfonic acid,
[28]
whereas IL-21-deficient mice do not . A proposed
mechanism of action of IL-21 in IBD is that colonic
fibroblasts, when stimulated with IL-21, produce
[29]
matrix metalloproteinases , which are involved in
[30]
the epithelial damage that causes IBD .
In conclusion, our observations demonstrate that
fecal stream diversion affects inflammation both
histologically and on a molecular level by reducing
the levels of cytokines involved in the inflammatory
process in CC. Our results show that the levels of all
cytokines, except IL-21, decreased during diversion
and remained at lower levels after bowel reconstruction,
with the exception of IL-2, IL-21 and IL-23, whose
levels increased. These three cytokines are all known
to be proinflammatory. Fecal stream diversion and
bowel reconstruction provides a unique opportunity
to investigate immunological processes involved in
inflammatory bowel disorders.
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COMMENTS
COMMENTS

8

Case characteristics

The patient experienced diarrhea with 10 watery stools per day, which
eventually caused anal skin ulceration and a decreased quality of life.

9

Clinical diagnosis

Collagenous colitis, a subtype of microscopic colitis.

Differential diagnosis

Repeated stool samples ruled out infectious causes. A SeHCAT investigation
ruled out bile salt malabsorption, and gastroscopy with duodenal biopsies
revealed no sign of celiac disease. Human immunodeficiency virus with
secondary chronic diarrhea and hyperthyroidism were also ruled out by blood
analyses. Finally, primary amyloidosis was ruled out with a biopsy of adipose
tissue.

10
11

Laboratory diagnosis

12

Luminex assays were used to analyze cytokine levels, and while almost all
cytokines levels decreased during ileostomy; only the levels of interleukin
(IL)-21, IL-23 and IL-2 increased after intestinal continuity was restored.

Pathological diagnosis

13

Histological examination revealed classical findings of collagenous colitis.

Treatment

The patient was initially treated with budesonide, but the patient’s symptoms
stopped responding to treatment. Methotrexate had no effect on symptoms,
and adalimumab did not have a long-lasting effect. Finally, a loop ileostomy was
performed.

14

Related reports

Fecal stream diversion is known to induce remission in patients with
collagenous colitis, but in this study, cytokine levels were measured throughout
this process for the first time.

15

Term explanation

Collagenous colitis is an inflammatory intestinal disease that presents with
non-bloody, watery diarrhea. Fecal stream diversion refers to the creation of a
terminal ileostomy that excludes the colon from intestinal transit.

Experience and lessons

16

Peer-review

17

Collagenous colitis can be refractory to treatment, leading to severely
impaired quality of life. IL-2, IL-21 and IL-23 appear to be involved in disease
pathogenesis, and disease processes should be analyzed further in patients
with this disease.
It is well written, comprehensively reviewed and potentially helpful in the
understanding of basic mechanisms in inflammation of the bowel.

18
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CASE REPORT

Epstein Barr virus-positive mucocutaneous ulcer of the
colon associated Hodgkin lymphoma in Crohn’s disease
Neil R Moran, Bradley Webster, Kenneth M Lee, Judith Trotman, Yiu-Lam Kwan, John Napoli, Rupert W Leong
(EBVMCU) form part of a spectrum of EBV-associated
lymphoproliferative disease. They have been reported
in the setting of immunosenescence and iatrogenic
immunosuppression, affecting the oropharyngeal mucosa,
skin and gastrointestinal tract (GIT). Case reports and
series to date suggest a benign natural history responding
to conservative management, particularly in the GIT. We
report an unusual case of EBVMCU in the colon, arising
in the setting of immunosuppression in the treatment of
Crohn’s disease, with progression to Hodgkin lymphoma
18 mo after cessation of infliximab. The patient presented
with multiple areas of segmental colonic ulceration,
histologically showing a polymorphous infiltrate with
EBV positive Reed-Sternberg-like cells. A diagnosis
of EBVMCU was made. The ulcers failed to regress
upon cessation of infliximab and methotrexate for 18
mo. Following commencement of prednisolone for her
Crohn’s disease, the patient developed widespread
Hodgkin lymphoma which ultimately presented as a
life-threatening lower GIT bleed requiring emergency
colectomy. This is the first report of progression of
EBVMCU to Hodgkin lymphoma, in the setting of ongoing
iatrogenic immunosuppression and inflammatory bowel
disease.

Neil R Moran, Rupert gW Leong, Gastroenterology and Liver
Services, Concord Repatriation General Hospital, Sydney, NSW
2137, Australia
Bradley Webster, Kenneth M Lee, Department of Pathology,
Concord Repatriation General Hospital, Sydney, NSW 2137,
Australia
Judith Trotman, Yiu-Lam Kwan, Department of Haematology,
Concord Repatriation General Hospital, Sydney, NSW 2137,
Australia
John Napoli, Pennant Hills Endoscopy, Pennant Hills, Sydney,
NSW 2120, Australia
Author contributions: Moran NR contributed to data acquisition,
analysis and interpretation of data, drafted the manuscript; Webster
B drafted the manuscript; Lee KM analyzed and interpretation
of data, drafted the manuscript; Leong RW contributed to study
concept and design; Webster B, Lee KM, Kwan YL, Trotman
J, Napoli J, Leong RW contributed to critical revision of the
manuscript for important intellectual content.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Neil R Moran, MB, BCh, BAO, Gastro
enterology and Liver Services, Concord Repatriation General
Hospital, Hospital Road, Concord, Sydney, NSW 2137,
Australia. neilmoran@gmail.com
Telephone: +61-2-97676111
Fax: +61-2-97676767
Received: September 19, 2014
Peer-review started: September 21, 2014
First decision: November 14, 2014
Revised: December 11, 2014
Accepted: January 8, 2015
Article in press: January 8, 2015
Published online: May 21, 2015

Key words: Epstein Barr virus; Mucocutaneous ulcer;
Hodgkin lymphoma; Inflammatory bowel disease;
Crohn’s disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first reported case of Epstein
Bar virus mucocutaneous ulcer (EBVMCU) affecting
the gastrointestinal tract progressing to widespread
Hodgkin lymphoma in the context of iatrogenic
immunosuppression in the treatment of Crohns disease.
EBVMCU is a newly recognised clinico-pathological
condition that was previously thought to have a benign
natural history. This case highlights the malignant
potential of this disease entity even after withdrawal of
immunosuppression.

Abstract
Epstein Barr virus (EBV) positive mucocutaneous ulcers
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cessation or further intervention. This is the first case
report of an IBD-associated EBVMCU with progression
to cHL.
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CASE REPORT
We present an unusual case of primary colorectal
Hodgkin Lymphoma in a 53-year-old woman with a
six year history of histologically confirmed Crohn’s
disease (CD). She had glandular fever in her teenage
years and no other significant past medical history.
There was no personal or family history of primary
immunodeficiency. Initial CD treatment was with
aminosalicylates and corticosteroids but escalated to
immunomodulators for recurrent need for steroids.
Due to azathioprine intolerance, methotrexate was
substituted. She had primary non-response to induction
and six months maintenance of adalimumab, and
induction and maintenance infliximab 5 mg/kg every 8
wk was commenced together with methotrexate. One
year later surveillance colonoscopy revealed ulceration
at the splenic flexure, sigmoid colon and rectum.
Colonoscopic biopsies showed a polymorphous infiltrate
in the lamina propria containing large atypical HRSlike cells in a background of lymphocytes, histiocytes,
plasma cells, neutrophils and eosinophils (Figure 1).
The polyclonal atypical cells showed a classic Hodgkin
lymphoma like immunophenotype with positivity
for CD30, weak positivity for PAX5, strong positivity
for MUM-1 and variable positivity for CD20, CD15,
and OCT2. The atypical cells were positive for EBVencoded small RNAs (EBER) by in situ hybridisation
(ISH) (Figure 2). The morphological appearance,
immunohistochemical profile and clinical context were
consistent with EBVMCU without clonal proliferation.
Methotrexate and infliximab were discontinued and
repeat colonoscopy at 2, 6, 12 and 18 mo after
cessation showed persistence of the colorectal ulcers
(Figure 3). Subsequent colonoscopic biopsies with
reduced immunosuppression still showed persistence
of the ulcers with similar histological findings. Surgical
resection was strongly considered if it were not for the
benign course of the condition in small case series, the
patient’s refusal for ileostomy and the distal location of
one EBVMCU which was unable to be easily resectable
with primary intestinal anastomosis.
The patient was completely off immunosuppression
for 18 mo and was only taking 5-aminosalicylates. CD
control was sub-optimal requiring recommencement of
prednisolone. The ulcers showed some improvement
following treatment with prednisolone 40 mg daily.
Extensive multi-disciplinary discussion reaffirmed the
diagnosis of an EBVMCU given the superficial localised
nature of the ulceration and the presence of atypical
EBV-positive lymphoid infiltrate and absence of
clonal expansion. Within two months of commencing
prednisolone, the patient had presented with fever
and nausea. A computed tomography scan revealed
multiple circumscribed liver lesions. Biopsies of the

INTRODUCTION
Epstein Barr virus (EBV) infection is a ubiquitous
herpes virus. After primary infection at an early age,
EBV establishes latent infection in B-cells. A higher
EBV prevalence rate is found in immunosuppressed
[1]
compared to healthy individuals . EBV is able to elicit
B-cell transformation and proliferation which is kept
[2,3]
in check by T-cell immune surveillance . Iatrogenic
immunosuppression for autoimmune disorders and
in the post-transplant setting as well as age-related
immunosenescence can lead to the emergence of EBVpositive B-cell lymphoproliferative disorders (LPDs).
In the setting of inflammatory bowel disease (IBD),
the gastrointestinal mucosa has been identified as
[2]
a site of EBV replication and reactivation of EBV is
[4]
more frequent among patients with IBD . EBV has
been linked with the development of lymphoma in the
[5]
gastrointestinal tract (GIT) .
EBV positive mucocutaneous ulcers (EBVMCU)
were first identified as a distinct clinico-pathological
[6]
entity in 2010. Dojcinov et al reported a study of 26
cases of ulcerative lesions arising in the skin, oropharynx
and GIT in the context of immunosuppression, including
age-related immunosenescence and iatrogenic im
munosuppression for autoimmune diseases. These
lesions displayed an indolent self-limited course, often
regressing spontaneously or with reduction of imm
unosuppression, and with no reports of progression to
disseminated disease. The entity shows an infiltrate of
+
EBV atypical large Hodgkin/Reed-Sternberg (HRS)-like
cells with a polymorphous inflammatory background,
mimicking classical Hodgkin lymphoma (cHL). Hence, a
diagnosis of EBVMCU requires a combination of clinical,
morphologic and immunophenotypic parameters. Since
that classification, EBVMCU have been increasingly
reported in the literature particularly relating to
[7,8]
iatrogenic immunosuppression, with methotrexate
[6,9,10]
[6]
azathioprine
and ciclosporin therapy.
Reports of EBVMCU affecting the GIT have been
limited. Case reports to date suggest an indolent
course with regression following withdrawal of
[7,9]
[6]
immunosuppression . Dojcinov et al described
four cases involving the gastrointestinal tract, all of
which achieved complete remission with either no
intervention, or with reduction of immunosuppression.
In one case no intervention was required, whereas
in the other cases a reduction of immunosuppression
induced regression of the EBVMCU. There was no
malignant progression and no need for treatment
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cHL.
Soon after, the patient presented with lifethreatening rectal haemorrhage requiring an emergency
colectomy with end ileostomy. Macroscopically,
multiple large transmural colonic ulcers were present
in the colon, measuring up to 15 cm in size and
extending through the muscularis propria. Mesenteric
lymphadenopathy was present. Microscopically, there
was a transmural involvement of the bowel wall and
local lymph nodes by an identical process to that in the
liver, features consistent with a diagnosis of Hodgkin
lymphoma (HL), mixed cellularity. Urgent chemotherapy
with adriamycin, bleomycin, vinblastine and dacarbazine
was commenced. PET negative status was achieved
after two months of chemotherapy and the patient
remained in complete remission after six cycles.

Figure 1 Hematoxylin and eosin staining of the colectomy specimen
(magnification × 40). Scattered Hodgkin/Reed-Sternberg-like cells are present
in a polymorphous background of lymphocytes, histiocytes and eosinophils.
Muscularis propria is seen in the upper left of the field.

DISCUSSION
EBVMCU has been described as indolent in its clinical
behaviour, in most cases responding to withdrawal of
immunosuppression. This is the first reported case of
gastrointestinal tract EBVMCU progressing to classical
Hodgkin Lymphoma despite cessation of infliximab and
methotrexate some 18 mo previously.
The GIT is a common extranodal primary site of
lymphoma especially B-cell non-Hodgkin lymphomas.
Primary GIT cHL is rare, representing only a minority
[11,12]
of primary GIT lymphomas and < 0.5% of all cHL
.
There are few reports of EBVMCU involving the
GIT and specifically the colon. However, due to the
need for clinicopathological correlation to diagnose
EBVMCU, there is the possibility that cases in the
literature diagnosed as cHL or other LPDs represent
genuine cases of EBVMCU. In this case report, the
finding of EBVMCU which failed to progress with
cessation of immunosuppression and subsequent
development of cHL when prednisolone was reinstated
is suggestive of EBVMCU as a precursor of cHL.
Although the histomorphologic and immunophenotypic
characteristics of the HRS-like cells from the colonic
ulcers were indistinguishable from cHL, EBVMCU were
initially diagnosed instead of cHL because she remained
haematologically well throughout the persistence
of the ulcers. It was only upon reinstatement of the
immunosuppression and evidence of progression in the
form of liver, transmural colonic and nodal involvement
by the HRS-like cells that cHL was diagnosed. In our
opinion, this highlights the point that EBVMCU should
be a clinico-pathological diagnosis. It is known that
molecular studies for immunoglobulin heavy chain
(IgH) gene rearrangement on microdissected HRS cells
were performed on a case consistent with EBVMCU
[13]
and a case of systemic disease . Monoclonal IgH
rearrangement was found in the case of systemic
disease whilst the localised disease was polyclonal.
This is suggestive that EBVMCU represents an early
polyclonal EBV-driven LPD which may show molecular

Figure 2 Epstein Barr virus-encoded small RNAs in situ hybridisation of
the colectomy specimen (magnification × 40). The Hodgkin/Reed-Sternberglike cells show strong nuclear staining, indicating Epstein-Barr virus positivity.

Figure 3 Persistence of ulceration in the sigmoid colon 18 mo post
methotrexate and infliximab cessation.

splenic flexure and sigmoid colon ulceration remained
consistent with EBVMCU. Ultrasound-guided cores
biopsies of the liver lesions showed a polymorphous
inflammatory infiltrate with HRS cells which were
CD30, CD15, MUM1 and weakly PAX5 positive;
negative for CD45, OCT2 and BOB1; and EBER ISH
positive; an immunophenotype indistinguishable from
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Related reports

progression to cHL, analogous to post-transplant LPDs,
in which polymorphic B-cell proliferations may regress
upon removal of immunosuppression, or progress to
[14]
lymphoma .
There is significant concern regarding the risk
of developing lymphoma associated with immuno
suppressive therapy in IBD. Population based studies
have demonstrated an increased risk of lymphoma in
[15]
patients treated with thiopurines , and more recently
a meta-analysis confirmed a higher lymphoma risk
in patients treated with thiopurines which reduces
[16]
with discontinuation of therapy . The refurbish
study demonstrated an increased incidence of nonHodgkin lymphoma with combination tumor necrosis
factor (TNF)-α and thiopurine use but not in TNF-α
[17]
monotherapy . Cases of EBV-associated colonic B-cell
lymphoma following treatment with infliximab for IBD
[5]
have however been reported , as well as regression of
colonic lymphoma following infliximab and thiopurine
[18]
withdrawal .
Our patient only had azathioprine temporarily
and infliximab for 12 mo prior to its cessation.
Failure of the EBV MCU to regress despite cessation
of immunosuppression may also be secondary to
the inherent immunodysregulation present in some
[19,20]
patients with IBD
. This constitutional failure of
immune-surveillance may predispose patients with
IBD to the emergence of EBV driven LPDs.
The natural history of EBVMCU in the setting of
immunosuppression in IBD is poorly understood. What
is apparent, however, is that EBVMCU can fail to regress
despite cessation of immunosuppressive therapy and in
fact progress towards cHL. Failure of EBVMCU to regress
after cessation of immunosuppression for over 12 mo
may an indication for localised intestinal resection, if
amenable.

There are limited reports of EBVMCU in the gastrointestinal tract. Previously
reported cases have demonstrated a benign natural history, with regression
following cessation of immunosuppressive therapy.

Experiences and lessons

This case reports the important finding of potential malignant progression
in Epstein Barr virus mucocutaneous ulcers in the setting of iatrogenic
immunosuppression.

Peer-review

The rectal circumferential ulcer was too distal to allow sufficient margin for
an end-to-end anastomosis of low anterior resection. It was visualised by the
author and on further discussion with the patient she was not prepared for the
quality-of-life consequence of an AP resection. The authors had considered
surgery and even tattooed the lesions with India Ink endoscopically in
preparation for guiding surgical resection. However, the patient did not provide
consent in light of cases of EBVMCU demonstrating a benign outcome.
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Surgical repair of intractable chylous ascites following
laparoscopic anterior resection
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in patients with chylous ascites after surgery. However,
we describe a patient with intractable chylous ascites
after laparoscopic anterior resection for sigmoid colon
cancer who failed initial conservative treatment. This
patient was successfully managed by surgery.
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Core tip: Chylous ascites is unusual following surgical
treatment of colorectal cancer. Postoperative chylous
ascites is always difficult to manage, due to the
consequences of the primary surgery and the constant
loss of lymph. Although conservative management
is usually sufficient in patients with chylous ascites
after surgery, we describe a patient who experienced
intractable chylous ascites after laparoscopic anterior
resection for sigmoid colon cancer. This patient was
successfully managed by surgery.
Ha GW, Lee MR. Surgical repair of intractable chylous ascites
following laparoscopic anterior resection. World J Gastroenterol
2015; 21(19): 6077-6081 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/6077.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.6077

INTRODUCTION
Chylous ascites is the accumulation of a milk-like
peritoneal fluid rich in triglycerides, due to the presence
of lymph in the abdominal cavity. Chylous ascites
develops in patients with disruption of the lymphatic
system due to traumatic injury or obstruction, which
may result from malignancy, liver cirrhosis, infectious
etiologies, congenital disorders, and inflammatory
[1]
diseases .

Abstract
Chylous ascites is the accumulation of a milk-like
peritoneal fluid rich in triglycerides and it is an unusual
complication following surgical treatment of colorectal
cancer. Conservative management is usually sufficient
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Figure 1 Abdominal computed tomography images showed a large volume of ascites.

Chylous ascites is unusual following surgical
treatment of colorectal cancer. Postoperative chylous
ascites is always difficult to manage, due to the
consequences of the primary surgery and the constant
loss of lymph. Management of chylous ascites
may include repeat palliative paracentesis, dietary
measures, total parenteral nutrition (TPN) therapy and
[2]
surgical repair of the fistula .
We describe a patient who experienced intractable
chylous ascites after laparoscopic anterior resection
for sigmoid colon cancer. This patient did not show
improvements following primary conservative treatment,
including TPN, administration of somatostatin and
dietary modification, but was subsequently successfully
managed surgically.

cultures were negative. All other laboratory tests
were nonspecific with a serum albumin level of 2.6
g/dL. The patient was put on a low fat diet and
medium chain triglyceride supplementation. After
one week, the volume of chylous ascites still drained
over 1500 mL per day. At that time, oral feeding was
discontinued, and the patient was started on TPN and
subcutaneous somatostatin injections, which were
continued for four weeks. The volume of drainage had
decreased to 300 mL per day, and oral feeding was
restarted. This increased the volume of drainage to
1500-3300 mL per day of chylous ascites. Moreover,
the poor nutritional status of the patient, with a weight
loss of approximately 10 kg, and his desire for a
definitive solution led to a plan for surgical treatment.
Preoperative lymphoscintigraphy was performed but
no specific site of extravasation was identified (Figure
2).
Explorative laparotomy was elected. The patient
ingested a high fat food four hours before the
operation to facilitate visualization of the lymphatic
fistula. A streak of clear chyle was immediately visible.
The fistula, considered a branch of left lumbar trunk,
was found to stem from a 1 mm hole in one of the
lymphatic channels on the left side of the ligated
inferior mesenteric artery (Figure 3). The tract was
sutured and no additional sites of leakage were found
in the abdomen. Ten days after the surgery, the
patient was discharged. After three months, there has
been no evidence of ascites (Figure 4).

CASE REPORT
In April 2014, a 65-year-old man underwent laparoscopic
anterior resection with lymph node dissection up to the
level of the inferior mesenteric artery for sigmoid colon
adenocarcinoma. The procedure was uneventful. The
histopathologic stage was T3N1a. Of the 17 lymph
nodes obtained, one was positive for malignancy. The
initial postoperative period was unremarkable, except
for small amounts of milky, odorless fluid. The volume
of drainage decreased and the drain was removed on
the fifth postoperative day. The patient was discharged
on the seventh postoperative day without any
complications.
Two weeks later, he complained of increased
abdominal girth after discharge from the hospital. On
physical examination, he had a moderately distended
abdomen with dullness to percussion. Abdominal
computed tomography with intravenous (IV) contrast
showed a large volume of ascites (Figure 1). The
patient was rehospitalized and underwent abdominal
percutaneous drainage, which resulted in the removal
of 2500 mL of milky white, odorless fluid. Laboratory
analysis of the fluid revealed a triglyceride level of 457
mg/dL, albumin 2.3 g/dL, lactic dehydrogenase 112
IU/L, and protein 3.2 g/dL, consistent with chylous
ascites. Cytology was negative for malignancy and
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DISCUSSION
Postoperative chylous ascites is an infrequent condition
usually resulting from operative trauma caused by the
[2]
unrecognized interruption of lymphatic channels .
Chylous ascites cannot always be avoided due to the
inconsistent anatomy of lymphatic structures. However,
meticulous ligation and clipping, or coagulation of
lymphatic tissue near the vessel origins, can minimize
its occurrence.
The incidence of chylous ascites after laparoscopic
anterior resection is not clear. Only two studies have
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Figure 2 Preoperative lymphoscintigraphy showed no evidence of lymphatic leakage in abdominal cavity.

reported cases of this complication, with all patients
[3,4]
treated conservatively . Conservative management
of chylous ascites can include dietary modifications, use
of TPN, administration of somatostatin or octreotide,
[5]
and use of diuretics to reduce lymph formation .
Dietary modifications include a high protein, low fat,
medium chain triglyceride diet, or interruption of
oral feeding. Conservative management is usually
successful, making initial, conservative management
reasonable in patients with this complication.
Surgical repair may be effective in patients who fail
conservative management. However, surgical repair
may not be successful and may even cause additional
trauma. The timing of surgical repair remains unclear.

WJG|www.wjgnet.com

Surgical and traumatic causes of chylous ascites
may be explored early. Congenital and malignant
causes may be given longer trials of conservative
management. The decision for surgical repair
should be tailored to the particular situation of the
patient. Patients should be managed conservatively
for approximately 6-8 wk before conservative
[2,5]
management is judged to have failed .
If surgical repair of chylous ascites is elected, it
is important to have knowledge about the anatomy
of lymphatic drainage. For example, in the left colon,
lymph from the descending, iliac, and pelvic parts of
the colon passes to the intermediate groups of inferior
mesenteric glands, with most subsequently passing
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Figure 3 Fistula was found to stem from a 1 mm hole on the left side of
the ligated inferior mesenteric artery, and the tract was sutured (white
arrows).

Figure 4 Postoperative abdominal computed tomography images showed
no evidence of ascites.

Differential diagnosis

to the lumbar glands. The main glands of the inferior
mesenteric group receive lymph from the intermediate
left colic glands and transmit it to the lumbar glands.
Lymph then passes through the lumbar lymph trunks
to the cisterna chyli. Based on anatomic knowledge,
we were easily able to locate the fistula tract in our
patient, finding it on the left side of the ligated inferior
mesenteric artery. It was considered a branch of the
left lumbar lymphatic trunk.
In conclusion, we have described a patient with a
lymphatic fistula that appeared through an abdominal
drainage after laparoscopic anterior resection.
Meticulous ligation and clipping or coagulation of
lymphatic tissue near the major vessel origins is
important in preventing this complication. Although
most patients with chylous ascites may be successfully
treated conservatively, those who fail conservative
management can undergo surgical repair and it may
be performed effectively.

Intraabdominal abscess caused by delayed anastomotic microperforation.

Laboratory diagnosis

Laboratory analysis of the ascitic fluid revealed a triglyceride level of 457 mg/
dL, albumin 2.3 g/dL, and protein 3.2 g/dL, and all other laboratory tests were
nonspecific with a serum albumin level of 2.6 g/dL.

Imaging diagnosis

Abdominal computed tomography showed a large volume of ascites.

Treatment

This patient was successfully managed by surgical repair of the lymphatic
fistula.

Related reports

Surgical repair of intractable chylous ascites after surgery has been reported
rarely.

Experiences and lessons

A patient with intractable chylous ascites following surgery can undergo surgical
repair and it may be performed effectively.

Peer-review

The authors have described intractable chylous ascites after laparoscopic
anterior resection who failed initial conservative treatment. This patient was
successfully managed by surgical repair.
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Infliximab (IFX) is an anti-tumor necrosis factor
chimeric antibody that is effective for treatment of
autoimmune disorders such as Crohn’s disease and
ulcerative colitis (UC). IFX is well tolerated with a
low incidence of adverse effects such as infections,
skin reactions, autoimmunity, and malignancy.
Dermatological manifestations can appear as infusion
reaction, vasculitis, cutaneous infections, psoriasis,
eczema, and skin cancer. Here, we present an
unusual case of extensive and sporadic subcutaneous
ecchymosis in a 69-year-old woman with severe UC,
partial colectomy and cecostomy, following her initial
dose of IFX. The reaction occurred during infliximab
infusion, and withdrawal of IFX led to gradual alleviation
of her symptoms. We concluded that Henoch-Schönlein
purpura, a kind of leukocytoclastic vasculitis, might
have contributed to the development of the bruising.
Although the precise mechanisms of the vasculitis are
still controversial, such a case highlights the importance
of subcutaneous adverse effects in the management of
UC with IFX.
Key words: Henoch-Schönlein purpura; Infliximab;
Vasculitis; Subcutaneous ecchymosis; Ulcerative colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Infliximab (IFX) is effective in the management
of ulcerative colitis (UC). Henoch-Schönlein purpura
(HSP) appears as a dermatological adverse effect of
IFX. However, extensive ecchymosis in old UC patients
is rare. This report describes a case of HSP reaction,
which resolved upon IFX withdrawal.
Song Y, Shi YH, He C, Liu CQ, Wang JS, Zhao YJ, Guo YM,
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with partial colectomy and cecostomy, was admitted
to the Department of Gastroenterology of Shanghai
th
10 People’s Hospital, China, complaining of lower
abdominal pain and hematochezia for 8 mo.
In September 2008, she was admitted to a local
hospital for the first time with frequent hematochezia
and abdominal pain. Colonoscopy at that time showed
multiple ulcers in the ascending colon. A specimen
biopsy of inflammatory regions revealed mucosal
congestion, infiltration of massive lymphocytes,
plasmocytes and neutrophils in the hepatic and splenic
flexure of the transverse colon. Polypoid hyperplasia
was also seen in part of the colon. Thus, she was
diagnosed with UC and received mesalamine (Salofalk;
Dr. Falk Pharma GmbH, Germany) at a dose of 1.0
g three times daily for 4 years until now, but her
symptoms of hematochezia and abdominal pain were
not alleviated completely.
In August 2012, the patient did not respond well to
previous medication and still had persistent abdominal
pain and hematochezia. Therefore, she received
partial colectomy at the local hospital, including
surgical removal of the transverse colon, and partial
removal of the ascending and descending colon.
Cecostomy was also performed. Five months later,
ileostomy was performed with surgical removal of the
terminal ileum. Eight months later, she complained
of abdominal pain and frequent hematochezia about
twice daily. Colonoscopy revealed mucosal congestion
and edema, as well as multiple ulcerations. Thus,
she received enemas of mesalamine (4.0 g qd;
Salofalk), diosmectite (6.0 g qd; Smecta; BeaufourIpsen Pharmaceutical Co. Ltd., Tianjin, China) and
ethamsylate (0.5 g qd; Tianjin Jinyao Amino Acid Co.
Ltd., Tianjin, China) but hematochezia persisted.
The patient was admitted to the Department of
th
Gastroenterology in Shanghai 10 People’s Hospital
on July 30, 2013 for further treatment. She still
had hematochezia, about twice daily. Her medical
history included partial colectomy and cecostomy as
described previously. She denied a history of bleeding
or coagulation disorders, high blood pressure, or
diabetes. Family history revealed nothing for both her
parents and children. Allergic history was negative for
any specific medication or food. She was married and
gave birth to a daughter and a son at the age of 23
and 25 years, respectively. Routine blood tests showed
9
a leukocyte count of 6.10 × 10 /L (normal range: 3.5
9
9
× 10 -9.5 × 10 /L), with 72.5% neutrophils (normal
range: 40%-75%), 18.5% lymphocytes (normal
range: 20%-50%) and 7.5% monocytes (normal
range: 3%-10%). Hemocytological analysis showed
a hemoglobin level of 99 g/L (normal range: 130-175
12
g/L), erythrocyte count of 3.25 × 10 /L (normal
12
12
range: 4.3 × 10 -5.8 × 10 /L), platelet count of 291
9
9
9
× 10 /L (normal range: 100 × 10 -300 × 10 /L), and
erythrocyte sedimentation rate (ESR) of 45 mm/h
(normal range: 0-15 mm/h). The level of C-reactive

INTRODUCTION
Ulcerative colitis (UC) is a chronic autoimmune
disorder of the colonic mucosa, which generally
affects the rectum and may extend proximally to
other parts of the colon, with continuous alternating
relapse and remission. The crude annual incidence
of UC per 100000 is up to 2.22 and has increased
[1]
rapidly in recent years . Traditional therapies
include aminosalicylates, corticosteroids, and
immunosuppressive medications such as azathioprine
and 6-mercaptopurine. Approximately 9.8% of
patients required colectomy under conventional
[2]
medication . Infliximab (IFX), a monoclonal antibody
against tumor necrosis factor (TNF), is effective in
[3-5]
UC patients
. Clinical remission of refractory UC
patients under IFX treatment was 53% and 47% at
[6]
6 and 12 mo, respectively . For long-term efficacy,
46% of patients achieved sustained clinical response
[7]
at median follow-up of 41.5 mo . The cumulative
incidence of colectomy was 10% for IFX, while 17% of
patients under placebo treatment needed colectomy
[8]
after 54 wk . Therefore, IFX is an effective medication
to avoid colectomy and sustain long-term remission
from refractory UC. However, significant, but rare,
sometimes fatal drug-induced adverse effects have
been reported in association with IFX, including
infections, skin reactions, immunogenicity, malignancy,
neurological complications, hepatotoxicity, congestive
[9]
heart failure and hematological side effects .
Cutaneous complications can appear as infusion
and injection site reactions, papulopustular eruptions,
vasculitis, cutaneous infections and malignant
[10-12]
neoplasms, and autoimmune skin disorders
.
Henoch-Schönlein purpura (HSP), an acute vasculitic
syndrome, is a rare side effect of anti-TNF medication
and it is a complication associated with several antiTNF agents, such as etanercept for psoriasis and
[13,14]
rheumatoid arthritis
, adalimumab for Crohn’
[15,16]
s disease
, and IFX for herpes zoster infection
[17]
in UC . HSP is more prevalent in children, while
no study has described the development of severe
HSP in elderly patients, which is rare in clinical
situations. Here, we present an unusual case of IFXinduced subcutaneous ecchymosis during intravenous
treatment in a 69-year-old woman with severe UC,
partial colectomy and cecostomy.

CASE REPORT
A 69-year-old woman, previously diagnosed with UC,
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A

A

B

B

Figure 1 Colonoscopy and histological finding in a ulcerative colitis
patient. A: Colonoscopy demonstrated severe mucosal congestion and edema,
multiple hemorrhage and ulcerations in the descending colon; B: Histological
section revealed extensive infiltration of immune cells, cryptitis and glandular
distortion in the inflamed colon.

Figure 2 Subcutaneous ecchymosis on the left upper and lower
extremities. A: Extensive bruising on the left lower extremity; B: Sporadic
purpura on the left upper extremity.

distortion in the intestine (Figure 1B). Thus, diagnosis
of UC was confirmed.
She received mesalamine enema (4.0 g qd)
and started intravenous IFX (200 mg; Cilag AG,
Schaffhausen, Switzerland) for improvement of her
symptoms. During IFX infusion, the patient had
extensive subcutaneous ecchymosis on her left
lower extremity, with diameters of 4 cm (Figure 2A).
Sporadic bruising was also present on her upper
extremities, with diameters of 1 cm (Figure 2B). All
ecchymoses were painless and faded under pressure.
Physical examination showed a small amount of
purulent fluids around the fistula and drainage was
unobstructed. There was slight tenderness in the
abdomen, with no rebound pain. IFX was discontinued
on the suspicion that it might have been responsible
for the bruising. Emergency laboratory analyses
9
revealed a leukocyte count of 4.06 × 10 /L (normal
9
9
range: 3.5 × 10 -9.5 × 10 /L), with 80.5% neutrophils
(normal range: 40%-75%), 11.1% lymphocytes
(normal range: 20%-50%) and 7.8% monocytes
(normal range: 3%-10%). Hemocytological analysis
9
demonstrated a platelet count of 249 × 10 /L (normal
9
9
range: 100 × 10 -300 × 10 /L), and hemoglobin of
99 g/L (normal range: 130-175 g/L). CRP was 20.3
mg/L (normal range: 0-8.2 mg/L), and D-dimer was
3.11 mg/L (normal range: 0-0.55 mg/L). Electrolytes
results indicated 2.9 mmol/L potassium (normal
range: 3.5-5.1 mmol/L), 135 mmol/L sodium (normal
range: 136-145 mmol/L), 2.04 mmol/L sodium

protein (CRP) was 3.3 mg/L (normal range: 0-8.2 mg/
L). Coagulation parameters were within normal ranges.
All autoimmune antibodies, including antinuclear
antibody, anti-smooth muscle antibody, anti-SSA
antibody, anti-SSB antibody, perinuclear antineutrophil
cytoplasmic antibody, anti-Scl-70 antibody, anti-Jo-1
antibody, anti-PM-Scl antibody, anti-double-stranded
DNA antibody, anti-nucleosome antibody, anti-histone
antibody, and anti-mitochondrial M2 antibody, were
negative at the time of examination. Renal and liver
function tests were unremarkable. Stool microbial
cultures including bacteria [Clostridium difﬁcile (C.
difficile), Salmonella, Staphylococcus aureus (S.
aureus) and Escherichia coli (E. coli)] and viruses
(cytomegalovirus and human immunodeficiency
virus) were also negative. Bacterial toxins from C.
difficile, E. coli O157, Salmonella and S. aureus,
as well as lipopolysaccharide and peptidoglycan
in serum were undetectable. T-SPOT.TB test for
Mycobacterium tuberculosis infection was negative.
Computed tomography enterography indicated
inhomogeneous colonic mural thickening enhancement
and stratification. Colonoscopy demonstrated severe
inflammation in the intestinal lumen 50 cm from the
anus, mucosal congestion and edema, and multiple
hemorrhage and ulceration, with purulent adhesions
(Figure 1A). Histological biopsy revealed extensive
infiltration of immune cells, cryptitis, and glandular
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[9,15]

(normal range: 2.10-2.55 mmol/L), and 0.66 mmol/L
magnesium (normal range: 0.7-1.0 mmol/L). Urinalysis
showed proteinuria and microscopic hematuria.
Coagulation index demonstrated prothrombin time
of 11 s (normal range: 9.5-14.5 s), activated partial
thromboplastin time of 28.4 s (normal range: 23-36 s),
international normalized ratio of 0.92 (normal range:
1.1-1.6), thrombin time of 20.6 s (normal range:
12-18 s), and fibrinogen of 3.10 g/L (normal range:
1.8-3.5 g/L). Liver function tests and serum amylase
were unremarkable. She had not taken other drugs,
over-the-counter medications, or herbal products. She
was just undergoing UC diet therapy and denied a
history of recent trauma. Upon a suggestion from the
hematologist and dermatologist, she was prescribed
with vitamin C tablets (0.1 g qd; Beijing DoubleCrane Pharmaceutical Co. Ltd.), carbazochrome
tablets (2.5 mg tid; Yabang Pharmaceutical Co. Ltd.,
Jiangsu, China), compound glycyrrhizin tablets (0.5
g tid; Minophagen Pharmaceutical Co. Ltd., Japan)
and calamine lotion (twice daily; Shanghai Winguide
Huangpu Pharmaceutical Co. Ltd. China) for treatment
of the bruising. Such bruising did not vanish until 7 d
later after discontinuation of IFX.
On August 23, 2013, the patient was admitted
again for hematochezia and planned to continue a
second round of IFX administration. About 40 min
after infusion of 200 mg IFX, the patient complained of
pruritus all over her body and sporadic erythema could
be seen, especially distributed on her extremities.
Dyspnea, abdominal pain, nausea or other remarkable
symptoms were not observed. Physical examination
showed blood pressure (106/70 mmHg), heart rates
(70 beats/min), respiratory rate (14/min) were within
the normal ranges. Emergency laboratory results,
including liver and renal function tests, bleeding
time and blood-clotting tests, and electrolytes were
all normal. ESR was 37 mm/h (normal range: 0-15
mm/h). Urinalysis showed proteinuria and microscopic
hematuria. IFX infusion was immediately discontinued
temporarily. She was prescribed with promethazine
(25 mg; Phenergan; Shanghai Harvest Pharmaceutical
Co. Ltd., China) intramuscularly and 10% calcium
gluconate (10 mL; Tianjin Jinyao Amino Acid Co.
Ltd.) intravenously for further treatment of her skin
reactions. Her symptoms alleviated partially and
spontaneously 7 d later.

thus making it harder to treat UC
. Thus, adverse
effects of anti-TNF agents can’t be neglected in clinical
situations.
One of the dermatological manifestations is
HSP, which is an acute leukocytoclastic vasculitis
characterized by IgA immune complexes in
small vessels, with extensive or sporadic purpura
especially on the lower extremities and buttocks as
a characteristic clinical manifestation. The incidence
of vasculitis during administration of TNF antagonists
[18,19]
ranges from 0.02% to 3.9%
. It is reported
more frequently in children than adults. HSP has
been described as a significant adverse effect with
commonly used anti-TNF medications, including
[13,14]
[15,16]
[17]
etanercept
, adalimumab
, and IFX . Aside
from skin features, renal dysfunction such as crescentic
[20]
glomerulonephritis can be involved . In some serious
cases, gastrointestinal impairment, such as intestinal
bleeding and perforation, as well as peripheral
[21,22]
nervous system injury has been reported
.
Usually, serum anti-neutrophil cytoplasmic antibodies
are undetectable before the initiation of anti-TNF
medication, but are positive in some patients during
vasculitis. The prognosis is more severe in adults with
more complications than children.
[23]
Michel et al
identified six diagnostic criteria
for HSP, including palpable purpura not related to
thrombocytopenia, bowel angina, gastrointestinal
bleeding, hematuria, age < 20 years, and no history
of medication at the onset of disease. A patient is
diagnosed with HSP if ≥ 3 criteria are met. The
possible explanation for our case is the development of
HSP. In our study, the patient was an old woman with
a medical history of UC for 5 years. She was diagnosed
with UC in 2008 and underwent partial colectomy
and cecostomy in 2012, but her symptoms recurred
8 mo later. In July 2013, the patient was admitted
to our department and started IFX administration,
during which she developed extensive and sporadic
ecchymosis. Urinalysis revealed hematochezia and
microscopic hematuria. Although hematochezia could
be a clinical characterization of UC, and it is doubtful
whether hematochezia is caused by UC or IFXinduced HSP, mesalamine had been used before IFX to
control her symptoms of UC. Besides, hematochezia
deteriorated after IFX administration, further indicating
that IFX might have contributed to the exacerbation.
She complained of slight abdominal tenderness.
No abnormalities were found in her platelet counts,
bleeding time or coagulation function tests. All clinical
hallmarks coincided with HSP. A specimen biopsy of
bruising skin lesions was warranted for confirmation
of the diagnosis. HSP is more prevalent in pediatric
patients, and is rare in elderly patients, with complex
medical histories and weak general condition, such
as the present case. In previous studies, bruising was
sporadically distributed on the extremities. In our
case, ecchymosis was extensive which was rare in
clinical situations. Such extensive ecchymosis indicated

DISCUSSION
Anti-TNF agents have revolutionized the therapy
of several immune-mediated diseases, including
corticosteroid-dependent fistulizing Crohn’s disease
and refractory UC. However, adverse effects may occur
during IFX management. They include infections,
dermatological reactions, immunogenicity, neurological
complications, malignancy, hepatotoxicity, congestive
heart failure and hematological side effects. In some
cases, these reactions may cause drug discontinuation,
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vasculitis could be more severe.
Although the precise mechanisms of purpural
vasculitis are still controversial, current hypotheses
focus on a type Ⅲ hypersensitivity reaction triggered
by release of anti-IFX autoimmune antibodies from
capillaries, possible cytokine imbalance due to
blockage of TNF and its regulation of CD23 on T-cellactivated B cells, and a shift from T helper (Th)1 to
[24-26]
Th2 response
.
In conclusion, in agreement with previous
[15,27,28]
studies
, our study highlights the importance
of subcutaneous adverse manifestations during
IFX management, especially those whose clinical
symptoms are not typical enough to make an accurate
diagnosis. Thus, prior to biological therapies with antiTNF agents, certain risk analyses should be assessed
and patients need to be carefully selected for optimal
anti-TNF agents.

2

3

4

COMMENTS
COMMENTS
Case characteristics

A 69-year-old female patient with ulcerative colitis (UC) developed severe
Henoch-Schönlein purpura (HSP) during infliximab (IFX) administration.

Clinical diagnosis

5

Subcutaneous purpura on her extremities, severe hematochezia and slight
tenderness in the abdomen were observed.

Differential diagnosis

Cutaneous infections, psoriasis, eczema, and other dermatological disorders.

Laboratory diagnosis

All laboratory results coincided with the diagnosis of UC and no abnormalities
were found in her platelet counts, bleeding-time and coagulation function tests.

6

Imaging diagnosis

Computed tomography enterography indicated inhomogeneous colonic mural
thickening enhancement and stratification.

Pathological diagnosis

7

Histological biopsy revealed extensive infiltration of immune cells, cryptitis,
and glandular distortion in the intestine, while pathological examination of the
ecchymosis was not performed.

Treatment

She was prescribed vitamin C tablets, carbazochrome tablets, compound
glycyrrhizin tablets, and calamine lotion for treatment of the bruising.

Related reports

8

HSP has been described as a significant adverse effect with commonly used
anti-tumor necrosis factor (TNF) agents, including etanercept, adalimumab, and
IFX in young patients.

Term explanation

HSP is a type of vasculitis characterized by IgA immune complexes in the blood
vessels and is regarded as a cutaneous side effect of anti-TNF agents such as
IFX.

9

Experiences and lessons

10

The authors should take this adverse effect HSP into consideration during IFX
administration for refractory UC.

Peer-review

This case report focused on HSP, which is a cutaneous complication during
IFX treatment. In our case, a 69-years-old patient developed severe HSP,
which is rare in clinical situations. Clinical points of diagnosis and treatment are
addressed. A specimen biopsy of bruising skin lesions was warranted.
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Abstract
Primary hepatic angiosarcoma (PHA) is a rare
malignancy that carries a poor prognosis. Of 1500
patients who underwent hepatectomy for primary
hepatic tumors between 1994 and 2013 at our center,
two patients were pathologically diagnosed with
PHA. Clinical characteristics, treatment modalities,
and outcomes of the two patients were collected
and analyzed. Both patients underwent hepatectomy
and had a postoperative survival time of 8 and 16
mo, respectively. A search of PubMed yielded eight
references reporting 35 cases of PHA published
between 2004 and 2013. On the basis of the presented
cases and review of the literature, we endorse complete
surgical resection as the mainstay definitive treatment
of PHA, with adjuvant postoperative chemotherapy
potentially improving survival. Palliative chemotherapy
is an option in advanced hepatic angiosarcoma.
Key words: Diagnosis; Hemangiosarcoma; Therapy;
Surgery; Liver
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Primary hepatic angiosarcoma (PHA) is
a rare malignancy with poor prognosis. Two cases
of PHA undergoing surgical resection at our center
are presented in this paper. A literature review
including 35 cases of PHA is discussed. Preliminary
experience suggests that complete surgical resection
is the definitive treatment for PHA and adjuvant
chemotherapy after surgery might improve survival.
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Serum tumor markers, including α-fetoprotein (AFP),
carcinoembryonic antigen (CEA), and carbohydrate
125 (CA125), were within normal ranges, apart
from carbohydrate antigen 19-9 (CA19-9), which
was slightly elevated at 58.74 IU/mL. Serology for
hepatitis A, B and C tested negative. Abdominal T1weighted magnetic resonance imaging (MRI) revealed
a heterogeneous low-intensity mass about 4.3 cm ×
6.2 cm, and high signal intensity was evident on T2weighted imaging. The focal areas of higher signal
intensity on both images indicated hemorrhage
(Figure 1). To obtain a definitive diagnosis, computed
tomography (CT)-guided fine-needle aspiration
(FNA) biopsy was performed, and suggested a
diagnosis of spindle cell tumor. The patient underwent
hepatectomy of the right posterior lobe (segments Ⅵ
and Ⅶ), had an uneventful postoperative course, and
was discharged 16 d after surgery. Specimen crosssectioning revealed a clearly demarcated yellowishwhite lesion measuring 6.3 cm × 4.5 cm (Figure 2).
Histology revealed spindle-shaped neoplastic cells
exhibiting marked nuclear pleomorphism arranged in
a whorled pattern, and present in fascicular clusters
(Figure 3A). In addition to these solid areas, necrotic
and hemorrhagic regions were also noted (Figure
3B). Immunohistochemical examination revealed
staining positive for CD31 (Figure 3C) and Ki-67
(positive rate of 40%-50%), characteristic of tumor
cells. Staining for CD34 and S-100 were negative. The
histopathological diagnosis was consistent with PHA.
At follow-up 1 mo after surgery, the patient
was in good condition. To suppress possible local
recurrence or tumor metastasis, transcatheter arterial
chemoembolization (TACE) was performed 1 mo
after hepatectomy and the patient was initiated on
a regimen of cisplatin (50 mg), mitomycin (10 mg),
and pirarubicin (50 mg). No significant tumor staining
foci were seen at that time. However, the patient was
readmitted to our hospital due to fever and right upper
abdominal pain 3 mo after surgery. Contrast-enhanced
CT revealed emerging lesions in the right liver close to
the incisal margin and enlarged retroperitoneal lymph
nodes; both of which suggested tumor recurrence
(Figure 4). The patient refused further treatment, and
was reported to survive for 8 mo after hepatectomy by
telephone follow-up.

Zhu YP, Chen YM, Matro E, Chen RB, Jiang ZN, Mou YP, Hu
HJ, Huang CJ, Wang GY. Primary hepatic angiosarcoma: A
report of two cases and literature review. World J Gastroenterol
2015; 21(19): 6088-6096 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i19/6088.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i19.6088

INTRODUCTION
Primary hepatic angiosarcoma (PHA) is a rare liver
tumor, comprising only 0.1%-2% of all primary liver
[1,2]
[3]
malignancies . PHA was first reported by Block in
1974. Since then, there has been a relative paucity of
data published regarding the diagnosis, management,
and prognosis of this tumor. Although it is known that
PHA is a highly malignant and rapidly progressing
tumor of endothelial origin, many physicians remain
unfamiliar with the clinical features of this disease. Of
1500 patients who underwent hepatectomy for primary
hepatic tumors from 1994 to 2013 at our center, only
two cases were pathologically diagnosed as PHA. This
paper reports the characteristics, treatment modalities,
and outcomes of these two patients with PHA. We
also conducted a literature review of PHA using the
PubMed database, with hepatic angiosarcoma, hepatic
hemangiosarcoma, liver angiosarcoma, and liver
hemangiosarcoma as search terms. We evaluated 35
cases of PHA from eight studies published between
2004 and 2013 (Table 1).

CASE REPORT
Case 1

A 58-year-old man was referred to our hospital from
a local clinic on December 25, 2013, complaining of
abdominal pain with radiation to the right shoulder
and back for 2 wk. During that period, he also had
intermittent fever with chills. His past medical history
included cholangiolithiasis and cholecystolithiasis
over 30 years ago, and his surgical history included
cholecystectomy and hepatectomy of the left lateral
lobe 30 years ago. He reported possible occupational
exposure to vinyl chloride because he worked with
paint-related chemicals for 10 years. The patient
denied any history of hepatitis, diabetes mellitus,
or cancer. Physical examination revealed slight
tenderness of the right upper abdominal quadrant.
Percussion elicited pain over the liver area. Laboratory
examinations on admission revealed: white blood
9
cell (WBC) count 9.6 × 10 /L, hemoglobin 12.9 g/dL,
9
platelet count 248 × 10 /L, alanine aminotransferase
(ALT) 64 U/L, aspartate transaminase (AST) 59 U/L,
alkaline phosphatase (ALP) 460 U/L, γ-glutamyl
transpeptidase (GGT) 329 U/L, albumin 30.5 g/L,
total bilirubin (TBIL) 14.6 μmol/L, direct bilirubin
(DBIL) 7.1 μmol/L, prothrombin time (PT) 15.4
s, and international normalized ratio (INR) 1.23.

WJG|www.wjgnet.com

Case 2

A 58-year-old woman was admitted to our hospital on
November 5, 2007 due to recurrent upper abdominal
pain for the past 4 years, along with fatigue and
weight loss. Her past history was unremarkable except
for hypertension. She denied any carcinogen exposure.
Physical examination revealed a tender abdominal
mass in the right upper abdomen. Complete blood
9
count revealed: WBC count 4.8 × 10 /L, hemoglobin
9
8.7 g/dL, and platelet count 237 × 10 /L. Liver
function test showed moderate elevation of ALP (129
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Table 1 Summary of patients with primary hepatic angiosarcoma
Ref.

n

Age (yr)
Sex
Clinical
Tumor
(median) (M/F) manifestations characteristics
(n )

Kim et al[10]

5

41-69 (45)

5/0

Yin et al[11]

7

34-71 (52)

6/1

López et al[36]

2

20, 31

2/0

Egea Valenzuela et al[15]

2

65, 73

2/0

Matthaei et al[13]

5

20-80 (56)

3/2

Yang et al[37]

1

70

1/0

Asymptomatic

Park et al[12]

6 29-80 (59.5)

5/1

Bruegel et al[14]

7

4/3

Abdominal
pain, fever,
abdominal
distension,
hematuria,
anemia
Abdominal
pain, weight
loss, fatigue,
jaundice

51-78 (65)

Right upper
Multiple
abdominal pain, nodules (5)
leg edema,
hemoptysis,
ascites, chest
discomfort,
DOE
Abdominal
NS
pain, jaundice,
ascites, anemia,
chest pain,
edema, weight
loss
Acute liver
Diffuse
failure
micronodules
(1), multiple
nodules (1)
Jaundice,
Multiple
abdominal
nodules (2)
distension,
bleeding
tendency
NS
Dominant
mass (5)

Multiple
nodules
Dominant
mass and/or
intrahepatic
nodules(6)

Dominant
mass (1),
multiple
nodules (6)

Extrahepatic
metastasis

Tumor
rupture

Treatment

Surgical
margin

Survival time

Spleen (2), lung
(1), pericardium
(1), bone (1)

1

Palliative
chemotherapy (4)

/

86 d (m)1

Spleen (1), lung
(2), bone (1)

None

Hepatectomy +
chemotherapy (3),
chemotherapy (2)

NS

89.9 d (m)1
(13-238 d), of
hepatectomy +
chemotherapy:
94 d (m)1

NS

None

/

2 mo, 17 d

None

None

Transplantation
+ chemotherapy
(1), Conservative
therapy (1)
Conservative
therapy

/

36 h, several
days

Lung (3),
peritoneum (1)

None

Hepatectomy

R0 (4),
R (1)

None

None

/

Spleen (1)

3

Conservative
therapy
TACE (4), TAE (2)

30 mo (m)1,
1 alive with
recurrence (R0),
1 no evidence
of recurrence
(R0)
6 mo

/

3.5 mo (m)1

Spleen (1), bone
(3), lung (2),
cerebellum (1)
retroperitoneum
(2)

1

Hepatectomy +
chemotherapy(1),
hepatectomy (1),
chemotherapy(4)

NS

16 mo (m)1

1

Represents median survival time. DOE: Dyspnea on exertion; NS: Not specified; R0: No residual tumor; R1: Microscopic residual tumor; M: Male; F: Female.

U/L) and GGT (67 U/L), while ALT, AST, ALB, TBIL and
DBIL were within normal ranges. AFP, CEA, CA125 and
CA19-9 were also within normal ranges. Serology for
hepatitis A, B and C was negative. Contrast-enhanced
CT revealed a mass in the right hepatic lobe measuring
about 13 cm × 9 cm. The mass was heterogeneously
hypoattenuated with non-homogeneous enhancement
in both arterial and venous phases. Vascular imaging
with contrast suggested a possible diagnosis of PHA
(Figure 5). Right hemihepatectomy was performed
and the surgical procedure was unremarkable. The
patient recovered uneventfully and was discharged 11
d after surgery. Although the margins of the specimen
were clear-cut, cross-sectional histology demonstrated
a red-gray lesion measuring 13 cm × 9.5 cm, with
large necrotic areas. Vascular channels were formed
by atypical cells, which exhibited marked nuclear

WJG|www.wjgnet.com

pleomorphism, and were filled with erythrocytes
(Figure 6A). Neoplastic cells infiltrated the adjacent
liver parenchyma (Figure 6B). Immunohistochemically,
the specimen was positive for vascular endothelial
markers (CD31 and CD34) (Figure 6C), and negative
for cytokeratin, CD68 and S100. A diagnosis of PHA
was established based upon the aforementioned
pathological findings. The patient was available
for follow-up and she survived for 16 mo after the
operation.

DISCUSSION
PHA, arising from endothelial and fibroblastic tissues,
accounts for only 0.1%-2% of primary hepatic
[1,2]
tumors , and is rarely seen in practice. It usually
develops during the sixth and seventh decades of
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A

B

C

D

E

F

Figure 1 Magnetic resonance imaging. A: Markedly heterogeneous low signal intensity mass (white arrow) in the right lobe of the liver on T1-weighted imaging,
with focal areas of high signal intensity that indicate fresh hemorrhage; B: Heterogeneous high signal intensity mass (white arrow) in the right lobe of the liver on T2weighted imaging, with focal areas of higher signal intensity that indicate necrosis or hemorrhage; C: Mass (white arrow) shows high signal intensity on diffusionweighted imaging that reveals restricted diffusion; D: Mass (white arrow) has a ring-like enhancement in the arterial phase; E: Progressive enhancement of the ring
(white arrow) in the portal phase, revealing nodular enhanced foci within the ring; F: Progressive enhancement of the ring (white arrow) and nodular enhanced foci
within the ring in the delayed phase.

life and shows an obvious male predominance with
[4]
a male to female ratio of 3:1 . According to an
epidemiological study in the United States, vinyl
chloride monomer exposure, use of thorotrast in
angiography, exposure to inorganic arsenic, and
treatment with androgenic anabolic steroids are
associated with development of PHA in 25% of all
cases. The remaining studied cases were of uncertain
[5]
etiology .
Symptoms of PHA are variable and mimic chronic
liver disease. They include abdominal pain, anorexia,
fatigue, weight loss, fever, and low back pain, and
[2,6,7]
may even be asymptomatic
. As symptoms tend
to be nonspecific, most patients are diagnosed at
an advanced stage. Reported physical findings of

Figure 2 Cross-section of the specimen showing a yellow-white lesion 6.3
cm × 4.5 cm.
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A

B

C

Figure 3 Histological examination. A: Spindle-shaped neoplastic cells exhibiting marked nuclear pleomorphism with whorled shape and fascicular clusters (HE
stain; magnification × 400); B: Necrotic areas seen between the clusters of neoplastic cells (HE stain; magnification × 40); C: Immunohistochemical examination
reveals positive staining of CD31 (magnification × 200). HE: Hematoxylin and eosin.

moderate elevation of liver enzymes, such as ALT, AST,
and most commonly, ALP, which suggests a cholestatic
[2,15]
manifestation
. Thrombocytopenia and anemia
are relatively common hematological findings. The
former, along with the vascular nature of tumor, may
contribute to hepatic rupture. Tumor markers such
as AFP, CEA, CA19-9, and CA125 are always within
[4,16]
normal ranges or only mildly elevated
.
The absence of specific clinical manifestations and
laboratory findings in PHA reasonably emphasizes
the diagnostic value of imaging studies. From a
morphological perspective, PHA appears as multiple
nodules, a dominant mass, or a mixed pattern of
a dominant mass and multiple nodules, and rarely,
[17,18]
manifests as an infiltrative, micronodular subtype
.
Conventional ultrasound examination has been
reported as a nonspecific imaging modality and small
lesions often appear isoechoic and clearly demarcated,
while large lesions appear hypoechoic and poorly
demarcated. However, specific characteristics are
revealed under contrast-enhanced ultrasound (CEUS),
with a central unenhanced area and peripheral
irregular enhancement in the arterial and portal
[19]
phases, and complete late-phase wash-out . PHA
presents differently on CT imaging according to
its various morphological patterns. Necrosis and
hemorrhage, which occur frequently in the solid portion
of PHA, both contribute to the complexity of imaging.
PHA lesions are generally hypoattenuating, sometimes
with hyperattenuating foci on unenhanced CT. On

Figure 4 Computed tomography imaging. Emerging lesions in the right
liver (white arrow) and enlarged retroperitoneal lymph nodes (black arrow)
suggested postoperative tumor recurrence.

PHA include jaundice, ascites, hepatomegaly, and
[2,4,8]
splenomegaly
. About 15%-27% of PHA patients
present with hemoperitoneum, due to spontaneous
[2,9]
tumor rupture; a potentially fatal complication .
Acute hepatic failure, as a primary symptom in PHA
[7,8]
patients, has also been reported . In our literature
review, PHA was documented to metastasize to the
lungs (8 cases), spleen (5 cases), bone (5 cases),
[10-14]
peritoneum (3 case) and cerebellum (1 case)
.
Sometimes, patients presented with symptoms due to
a metastatic lesion, such as chest pain in a case with
lung metastasis.
Laboratory tests of PHA patients often show

WJG|www.wjgnet.com
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A

B

C

Figure 5 Computed tomography scan. A: Plain computed tomography scan reveals an oval shaped heterogeneous hypoattenuating mass with hyperattenuating
foci (arrow) which suggests hemorrhage; B: Dominant mass lesion shows heterogenous enhancement with hyperattenuating enhanced foci (arrow), which indicate
vasculature, in arterial phase; C: Dominant mass shows progressive enhancement and hyperattenuating enhanced foci enlarged in portal phase (arrows).

A

B

C

Figure 6 Histological examination. A: Neoplastic cells exhibiting marked nuclear pleomorphism, and vascular channels filled with erythrocytes (HE stain;
magnification × 400); B: Clusters of neoplastic cells infiltrating liver parenchyma (HE stain; magnification × 100); C: Immunohistochemical examination reveals positive
staining of CD34 (magnification × 200). HE: Hematoxylin and eosin.
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[26]

contrast-enhanced CT, most nodular lesions appear
hypoattenuating and with enhanced foci, and some
nodular lesions show irregularity or ring enhancement.
Dominant mass lesions show heterogeneous enhan
cement, suggesting central necrosis and fibrotic
changes. A delayed progressive enhancement pattern
[20,21]
in all enhanced lesions has been observed
.
MRI reflects the hemorrhagic, heterogeneous, and
hypervascular nature of PHA lesions. On T1-weighted
MR images, dominant mass lesions often contain
irregular areas of high signal intensity, suggesting
hemorrhage. On T2-weighted MR images, mass
lesions of PHA reveal a markedly heterogeneous
architecture, with focal areas of high intensity along
with septum-like or rounded areas of low intensity.
Areas of high intensity on T2-weighted images suggest
hemorrhage or necrosis, while areas of low signal
intensity indicate hemosiderin deposition, fibrous
solid portions, or occasionally fresh hemorrhage. On
dynamic contrast-enhanced MRI, each lesion reveals
heterogeneous enhancement on arterial- and portalphase images. On delayed imaging, however, there is
progressive enhancement of the lesion compared with
[14,20]
that of early-phase images
. Pertinent angiographic
findings include multiple nodular or mass lesions
present with areas of fluffy staining and early pooling
of contrast medium that persists and increases over
time. Dominant mass lesions reveal poorly defined,
irregular tumor with a nonstaining area. The large
dominant masses also show early contrast medium
[12]
pooling and continuously increasing enhancement .
[22]
Rademaker et al have suggested that combined use
of common hepatic angiography and dual-phase helical
CT provides better identification of PHA.
Differentiating PHA from hepatic hemangioma,
hepatocellular carcinoma (HCC), cholangiocarcinoma,
and hepatic abscess is difficult. Elevation of AFP, past
history of hepatitis B virus infection, and liver cirrhosis
favor a diagnosis of HCC. Continuing enhancement on
the late-phase of MRI may be helpful in differentiating
[14]
PHA from HCC . Imaging findings of PHA and hepatic
hemangioma are sometimes similar. Rapid growth,
tumor rupture or increasing pain may, however,
[21]
suggest PHA rather than hemangioma . Arterioportal
shunting, which is often absent in hemangioma, also
[23]
favors a diagnosis of PHA . According to experienced
radiologists, PHA might be distinguished from hepatic
[21,22,24]
hemangioma via biphasic MRI
. It has also
been reported that F-18 fluorodeoxyglucose positron
emission tomography is helpful in differentiating PHA
[25]
from giant cavernous hepatic hemangioma .
A definitive diagnosis of PHA is always established
via pathological analysis. PHA has a vascular nature,
[15,26]
therefore, liver biopsy is liable to cause bleeding
.
Additionally, due to the high frequency of necrosis and
hemorrhage inside the tumor, samples taken from
[27]
these areas may produce false-negative results .
Therefore, nonsurgical liver biopsy is considered
to be a dangerous and unreliable method for PHA
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[20]

diagnosis . Nevertheless, Koyama et al
reported
promising results for percutaneous biopsies in their
series of PHA patients, with a success rate of 78%
and no substantial complications. In our first case,
preoperative diagnosis was also determined by CTguided liver biopsy, implying that while PHA is not an
absolute contraindication for liver biopsy, scrutinous
observation and surgical evaluation are important prior
to the procedure.
Histologically, PHA is composed of spindle-shaped
and polyhedral cells. This tumor is characterized by
a variety of patterns of vascular channels, ranging
from dilated sinusoidal or cavernous spaces to slitlike freely anastomosing vessels, formed by spindle[17,18]
[28]
shaped cells
. Wang et al
analyzed 20 cases
of PHA immunohistochemically and detected the
expression of specific immunohistochemical markers.
All cases expressed at least one of the following three
markers: CD31, CD34 and FVIIIRag. Ten cases had
low expression of PTEN. The Ki-67 proliferative index
was > 10% in all cases. Recently, ERG, a transcription
factor, was indicated to be a specific and more
sensitive diagnostic marker for PHA in comparison
[29]
to CD31, CD34 and FVIIIRag . Nevertheless, no
immunohistochemical marker has been found to be
[30]
associated with prolonged survival .
PHA is an aggressive malignancy that generally
carries a poor prognosis. Complete surgical resection
is the only definitive treatment that can improve
[31]
survival. Groeschl et al
reported 207 PHA patients
with a median overall survival time of only 1 mo.
Comparatively, those who had the tumor resected had
their survival time prolonged to 6 mo. In our literature
review, a total of 32 patients with survival data were
analyzed, with a median survival time of 4 mo after
initial diagnosis. Nine patients receiving surgical
resection with or without adjuvant therapy had longer
survival time (median: 10 mo) compared to those who
did not have their tumor resected (median: 2 mo).
Among them, five patients who underwent tumor
excision with negative margins had the best prognoses
with a median survival time of 10 mo. Two patients
receiving liver transplantation showed rapid recurrence
and a subsequent low survival time. Prognosis for
four patients presenting with hemoperitoneum due to
tumor rupture was dismal (median: 23 d). Curative
surgery was difficult to perform in > 80% of PHA
patients who were diagnosed at an advanced stage,
and presented with a dominant intrahepatic mass and/
[4]
or extrahepatic metastases . A definite diagnosis of
PHA was established only in some cases after surgery,
which regretfully did not meet oncological treatment
[9]
criteria and led to a high risk of tumor recurrence .
Spontaneous PHA rupture usually carries a dismal
prognosis, even if bleeding is stopped by emergency
[12]
transcatheter arterial embolization (TAE) or surgery .
Due to the high frequency of tumor recurrence (77%)
and dismal postoperative survival, PHA is considered
[32]
to be a contraindication to liver transplantation .
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angiographic thorotrast, inorganic arsenic and androgenic-anabolic steroid
exposure with PHA development in 25% of patients. There are limited studies
available and no clearly known etiology has been elucidated. Median survival
has been reported to be several months.

PHA is reported to be radioresistant, and radio
[2,33]
therapy is generally not initiated in PHA patients
.
Chemotherapy, including TACE, is considered to
be an effective palliative therapy for unresectable
[10,15]
PHA
. However, due to the rarity of PHA and
paucity of medical records, articles concerning
chemotherapy are few in number. To date, there is
no established chemotherapy regimen for advanced
PHA. Chemotherapeutic agents such as 5-fluorouracil,
carboplatin, doxorubicin and adriamycin have been
[10,34]
used in PHA
. The limited number of studies on
this subject have shown that addition of adjuvant
chemotherapy may improve survival after surgical
[35]
resection . Palliative chemotherapy, which is
potentially useful, can be an option in advanced hepatic
[10,34]
angiosarcoma
. TACE has shown effectiveness
in the treatment of PHA, particularly in patients with
dominant masses rather than those with multiple
[12]
nodules . Although our study reviews the present
state of PHA treatment modalities and covers cases
viewed in our hospital, a study with a larger sample
is required to draw definite conclusions regarding the
efficacy of TACE in this setting.
Literature regarding diagnostic methods and
treatment regimens for PHA is limited and we hope
that our report reminds clinicians of the difficulty
in accurately diagnosing this disease, and inspires
medical practitioners to study this rare malignancy.

Term explanation

PHA is a rare liver tumor, comprising only 0.1%-2% of all primary liver
malignancies, with a poor prognosis.

Experiences and lessons

Complete surgical resection remains the definitive treatment and prolongs
survival. Curative surgeries are exceedingly difficult to perform and recurrence
rates are very high.

Peer-review

Limited studies on PHA have been reported to date. Larger-sized studies are
required to draw definite conclusions regarding palliative or adjunctive TACE
regimens for PHA treatment. This study underscores the importance of careful
imaging study review for timely diagnosis of this aggressive disease.
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Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague
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Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim

III

Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
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Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest

VI

Qatar
Abdulbari Bener, Doha
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Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
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Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
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Surgical recurrence in Crohn’s disease: Are we getting
better?
Ivan Kristo, Anton Stift, Michael Bergmann, Stefan Riss
achieved with the increased use of immunosuppressive
medications in CD. Consequently, the question arises if
we are getting better as a result of novel medical and
surgical strategies.
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Core tip: Crohn’s disease still remains a challenging
chronic inflammatory disorder, both for colorectal sur
geons and gastroenterologists. There is still a consi
derable risk for recurrent surgery following intestinal
resection, although recent evidence suggests a declining
number of recurrence rates. Consequently, the question
arises if we are getting better as a result of novel
medical and surgical strategies.
Kristo I, Stift A, Bergmann M, Riss S. Surgical recurrence in
Crohn's disease: Are we getting better? World J Gastroenterol
2015; 21(20): 6097-6100 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i20/6097.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6097

INTRODUCTION

Abstract

Crohn’s disease (CD) is a chronic inflammatory bowel
disease, and patients have a lifetime risk of intestinal
[1]
resection of up to 80% . Although a population-based
study reported an early use of immunosuppressants
over an 18-year period was associated with a signi
ficant reduction in the cumulative probability of
[2]
surgery , other studies revealed that the number of
surgical procedures remained unchanged over the
[3,4]
time, despite the more frequent use of infliximab .
Unfortunately, surgery is not curative and clinical

Crohn’s disease (CD) still remains a challenging chronic
inflammatory disorder, both for colorectal surgeons
and gastroenterologists. The need for recurrent
surgery following primary intestinal resection is still
considerable, though recent evidence suggested a
declining rate of recurrence. Several conflicting surgical
parameters have been identified that might impact on
the postoperative outcome positively, such as access
to the abdomen, anastomotic configuration or type
of disease. Additionally, promising results have been
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Kristo I et al . Recurrence in Crohn’s disease
as well as endoscopic disease recurrence occurs
frequently soon after first surgical intervention. In
addition, the need to undergo a repeat operation for
CD can reach 50% during a follow up period of over 10
[5]
years . Notably, most of the available data concerning
re-operation rates was collected retrospectively, before
the era of biologicals, thus might not entirely reflect
the current situation.
In contrast to a number of previous published
[6]
studies, Riss et al recently reported a surgical
recurrence rate of 8.6% after a mean follow-up period
of over 8 years. So the question arises whether novel
treatment strategies alter the process of recurrence
and give hope to affected patients. To date, there is a
lack of data on predictors of recurrent surgery in CD.
Current predictors such as smoking, young age of
onset, family history, jejunal involvement and specific
types of fistula, which correlate with a higher rate
of surgical recurrence, might be complemented by
[7,8]
predictive markers related to therapy .

are known to reduce the systemic inflammatory
response syndrome (SIRS). It could be envisioned
that a reduced SIRS in the perioperative course could
reduce CD-associated pathological hyper-inflammation
affecting the healing process of the anastomoses.
The type of anastomotic configuration following
bowel resection in CD also seems to influence the
postoperative outcome. Although, a stapled side-toside anastomosis was previously widely considered as
an inappropriate technique in CD, due the inflamed
and thickened tissue and the potential higher risk
for leakage, its safe use and its feasibility was
[11]
demonstrated in large series . In addition, it was
discussed whether a wide anastomotic lumen with
less stool stasis and better blood supply, leads to
an improved postoperative course with a reduced
rate of anastomotic disease recurrence. Notably,
a case-controlled study comparing wide-lumen
stapled anastomosis with conventional sutured
end-to-end anastomosis found a significant lower
rate of symptomatic recurrences and reoperations
[18]
in the stapled group . Furthermore, Simillis et
[19]
al
conducted a meta-analysis comparing endto-end hand sewn anastomosis with other types of
anastomotic configuration after intestinal resection
for CD. Overall postoperative complications, including
anastomotic leaks and length of hospital stay, were
reduced in the side-to-side stapled group, although
there was no significant difference in terms of surgical
recurrences. Consequently, a wide-lumen stapled sideside anastomosis offers potential short-term benefits,
but its beneficial effect on disease recurrence in Crohn’s
patients is not sufficiently confirmed.

CHANGING SURGICAL STANDARDS
CD is a chronic disorder and can usually be managed
conservatively for a certain time period. However,
patients refractory to medical treatment will require
surgery to remove affected bowel segments or
strictureplasty to overcome a stenosis. Although these
surgical standards have not changed for years, several
studies revealed that the timing of surgery, the type
of access to the abdomen and the surgical technique
itself could have an impact on the postoperative
outcome and the course of disease.
In a series of 116 consecutive patients, who under
went primary ileocolic resection for CD, urgent indication
for surgery was significantly associated with the
[6,9]
necessity of repeated intestinal resection . Additionally,
[10]
Greenstein et al
showed that perforating CD
represented a more aggressive type of disease leading
to a higher number of reoperations and even shorter
time-periods between the procedures.
Laparoscopic surgery in CD can be challenging
but is being more commonly performed, especially
[11-13]
for ileocolic resections
. It has proven shortterm benefits such as decreased wound-infection
rates, shorter hospital stay and faster recovery of
[14]
bowel function even in complicated CD . However,
its long term effect on disease recurrence and late
[15]
bowel obstruction is still under debate . A metaanalysis comparing laparoscopic vs open surgery for
CD indicated a reduced rate of surgery for recurrence
[16]
in the laparoscopic group . Given that statistical
[17]
significance was driven by one study mainly , further
well-designed clinical trials are mandatory to define
the impact of laparoscopic surgery in CD on the need
to undergo repeat surgery for disease recurrence.
Both the elective as compared to the acute indi
cation and the laparoscopic vs the open procedure
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CHANGING MEDICAL PARADIGM
Personalized medical therapy represents a keystone
in the treatment of patients with CD. Currently,
postoperative medical prophylaxis should be chosen
individually for each single patient, according to a
specific risk profile, such as smoking, penetrating
disease or early endoscopic recurrence after routine
ileocolonoscopy 6 to 12 mo following surgery. No
clear guidelines recommending the routine application
of specific immunosuppressive medication currently
exist. This situation highlights the important role
of close follow-up examinations by specialized
gastroenterologists.
The introduction of immunosuppressants has led
[20]
to significant improvements in the treatment of CD .
It has been demonstrated that the postoperative
exposure to azathioprine/6-mercaptopurine for more
than 36 mo led to a significant reduction of reoperation
[6,21]
rates after intestinal resection
. This treatment
benefit was effective even in the high-risk group of
smokers. A recent meta-analysis reported Azathioprine
and 6-mercaptopurine to be more effective in the
prevention of postoperative clinical and endoscopical
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recurrence in CD compared to placebo. Unfortunately,
they were also associated with considerable adverse
[22]
events . Surgical recurrence was not addressed
[23]
in this investigation. In contrast, Ardizzone et al
conducted a randomized controlled trial and did not
observe any difference between azathioprine and
mesalamine in preventing recurrent surgery Further
studies will be required to compare the effectiveness
of azathioprine and 6-mercaptopurine with anti-tumor
necrosis factor-α (TNF-α) antibodies in preventing
disease relapse after intestinal resections.
Targeting TNF-α has become a major issue in
maintaining long-term remission and significantly
enriched therapeutic strategies in CD within the last
decade. Infliximab, a monoclonal chimeric anti-TNF-α
[24]
antibody, is effective in CD
and induces remission
even in patients not responding to conventional
[25]
treatment . There are promising data that targeted
therapy prevents postoperative endoscopic and clinical
recurrence, which would further imply that escalation
of disease could be limited at an early point, and
eventually decreasing surgical interventions to reset
[26]
disease activity. Regueiro et al
randomly assigned
24 patients either to postoperative infliximab or
placebo treatment. After 1 year, 9.1% had endoscopic
recurrence compared to 84.6% in the placebo
group. Furthermore, these encouraging results were
[27]
confirmed by Sorrentino et al , by performing a
prospective study in 12 consecutive patients that were
free of clinical and endoscopic disease recurrence at
24 mo under infliximab treatment. Once biological
therapy was stopped, 10 out of 12 patients developed
endoscopic recurrence, which could be limited by lowdose maintenance therapy.
Another milestone in biological therapy of CD was
achieved with the implementation of adalimumab,
a human, monoclonal anti-TNF-α antibody, which was
expected to be less immunogenic than infliximab.
Notably, adalimumab was more effective than azathio
prine and mesalamine at preventing postoperative
[28]
endoscopic recurrence of CD in a randomized trial .
Nevertheless, there is a considerable lack of
efficient data regarding the usefulness of biologicals
(infliximab/adalimumab) in postoperative CD. Most
published studies did not address the end-point
surgical recurrence and enrolled a low number of
patients only. Its routine prophylactic use after
surgery to prevent recurrence is debatable taking into
account missing large randomized controlled trials, its
high medical cost and the potential side effects. The
decision to use biologicals postoperatively should be
made individually, according to the clinical history and
risk stratification of each patient.

were designed retrospectively and do not provide high
quality data to justify absolute recommendations. Few
reports exist which indicate that a minimal invasive
approach does not only offer short-term benefits, but
might also delay repeat surgery for recurrence. A widelumen stapled side-to-side anastomotic configuration
could potentially reduce the postoperative complication
rate and the need for recurrent resection. Additionally,
it is important to avoid postoperative complications,
which represents another strong risk factor for surgical
recurrence.
In our study, we have intended to implement all
those strategies. We have used the technique of sideto-side anastomoses, endeavoring to perform elective
rather than emergency surgery and a high rate of
laparoscopic approaches. We now suggest that those
factors could contribute to the favorable outcome with
a low re-operation rate as this combination showed
some success. It must certainly be stated that careful
clinical observation after surgery and risk-stratified
individual medical prophylactic therapy guided by
experienced gastroenterologists is a keystone to
providing the best care for these complex patients.
In this line, the introduction of anti-TNF agents has
definitely changed the treatment strategies in CD
patients and improved the course of disease in a
number of patients. Further randomized controlled
trials will define the exact role of routine use of
postoperative immunosuppressive medications.
In the future, it will be of great importance to further
identify predictive factors for recurrence to allow us to
select the appropriate patients who may benefit most
from prophylactic medical treatment.
Finally, we are getting better in treating our patients,
both surgically and medically, but we are still looking for
a way to see a light in the end of the tunnel.
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25% of IBD cases present in childhood or teenage
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paediatric management should be widely appreciated.
Conversely, we argue that the organizational separation
of the paediatric and adult healthcare worlds has often
resulted in late adoption of new approaches particularly
in paediatric surgical practice.

Colin T Baillie, Jennifer A Smith, Department of Paediatric
Surgery, Royal Liverpool Childrens Hospital, NHS Trust,
Liverpool L12 2AP, United Kingdom
Author contributions: All authors contributed to the manuscript.
Conflict-of-interest: No potential conflicts of interest relevant to
this article were reported.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Colin T Baillie, Consultant Paediatric
Surgeon, Department of Paediatric Surgery, Royal Liverpool
Childrens Hospital, NHS Trust, Eaton Rd, Liverpool L12 2AP,
United Kingdom. colin.baillie@rlc.nhs.uk
Telephone: +49-231-9144880
Fax: +49-231-91448888
Received: February 10, 2015
Peer-review started: February 10, 2015
First decision: March 10, 2015
Revised: March 30, 2015
Accepted: April 9, 2015
Article in press: April 9, 2015
Published online: May 28, 2015

Key words: Inflammatory bowel disease; Ulcerative
colitis; Crohn's disease; Paediatric; Surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Approximately 25% of patients with inflam
matory bowel disease have onset of symptoms in
childhood or adolescence. The unique and often
severe features of childhood presentation make
treatment decisions challenging. The dogma of surgical
conservatism in Crohn's disease is challenged in the
specific instance of left sided colitis. Furthermore
we argue that the separation of adult and paediatric
inflammatory bowel disease practice may disadvantage
children, delaying adaption of innovative treatments
and timely transition.

Abstract

Baillie CT, Smith JA. Surgical strategies in paediatric
inflammatory bowel disease. World J Gastroenterol 2015;
21(20): 6101-6116 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i20/6101.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6101

Inflammatory bowel disease (IBD) comprises two
distinct but related chronic relapsing inflammatory
conditions affecting different parts of the gastrointestinal
tract. Crohn’s disease is characterised by a patchy
transmural inflammation affecting both small and
large bowel segments with several distinct phenotypic
presentations. Ulcerative colitis classically presents
as mucosal inflammation of the rectosigmoid (distal
colitis), variably extending in a contiguous manner
more proximally through the colon but not beyond
the caecum (pancolitis). This article highlights aspects
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INTRODUCTION
Inflammatory bowel disease (IBD) comprises two
distinct but related chronic relapsing inflammatory

6101

May 28, 2015|Volume 21|Issue 20|

Baillie CT et al . Surgical strategies in paediatric IBD
conditions affecting different parts of the gastrointestinal
tract. Crohn’s disease (CD) is characterised by a patchy
transmural inflammation affecting both small and
large bowel segments with several distinct phenotypic
presentations. Ulcerative colitis (UC) classically presents
as mucosal inflammation of the rectosigmoid (distal
colitis), variably extending in a contiguous manner
more proximally through the colon but not beyond
the caecum (pancolitis) except rarely when backwash
ileitis features. This article highlights aspects of the
presentation, diagnosis, and management of IBD that
have relevance for paediatric practice with particular
emphasis on surgical considerations. Since 25% of
IBD cases present in childhood or teenage years, the
unique considerations and challenges of paediatric
management should be widely appreciated. Conversely,
we argue that the organizational separation of the
paediatric and adult healthcare worlds has often
resulted in late adoption of new approaches particularly
in paediatric surgical practice.

of adaptive immunity. Even at the level of the indivi
dual candidate gene locus, these interactions are
complex. For example NOD2 is currently implicated
[7]
in autophagy, viral recognition and T cell activation .
The genes implicated in UC and CD overlap, as do
those implicated in childhood- and adult-onset IBD,
indicating both common mechanisms of pathogenesis
and genetic predisposition. Disease concordance rates
in monozygotic twin studies are 10%-15% in UC and
30%-35% in CD, suggesting that non-genetic factors
may have greater influence in the pathogenesis of
[8]
UC . The relationship between genotype and either
locational phenotype or behaviour of disease are
complex and have at times yielded conflicting results.
The NOD2/CARD15 gene association with CD has
been most extensively studied and has been linked
to defective Toll receptor-mediated macrophage
opsonisation of pathogenic bacteria. NOD2 vari
ants have been associated with the fibrostenosing
phenotype, more aggressive disease progression,
[9]
and ileocaecal presentation , although their relation
to surgical recurrence has produced contradictory
results. “Wild type” gene expression at this locus has
been correlated with more favourable response of
[10]
Crohn’s fistulae to antibiotics . In respect of perianal
disease phenotype, the influence of dysfunctional
gene expression for both the carnitine/organic cation
[11]
transporter OCTN , and immunity-related GTP-ase
[12,13]
family M protein (IRGM)
on chromosome 5q31
(IBD5) seem to be more specifically related to both
fistula and abscess incidence, possibly via defective
oxygen burst-mediated bactericidal function, and
defects in bacterial autophagy respectively. Although
IBD has a multigenic aetiology, each of modest
contribution to overall pathogenesis, it remains
possible that future advances in genotype studies will
identify behavioural subtypes which have significant
therapeutic consequence.
Basic science research has focussed on the gut/
environmental interface and the various mechanisms
maintaining its integrity, the inflammatory process
including cell signalling, cytokine responses, the
specific gut microbiome and cellular immune defences.
Various epidemiological studies have implicated diet,
ethnicity, socioeconomic status, smoking, migration
[14]
and vaccination status in the pathogenesis of CD .

INCIDENCE
A prospective United Kingdom survey of childhood
IBD showed that the incidence was 5.2 per 100000
children per year. In terms of disease distribution 60%
were diagnosed as CD and 28% as UC. The remaining
12% could not be classified, and were labelled as
[1]
indeterminate colitis (IC) . The mean age at diagnosis
was 12 years with 5% presenting at less than 5 years
[2]
of age . The United Kingdom data are similar to a
systematic review of North American paediatric cohorts
[3]
suggesting an incidence of 3-4 per 100000 . A recent
systematic review comparing time-trend analyses
across the age spectrum demonstrated that in 75%
of CD studies and 60% of UC studies, the incidence of
[4]
IBD had significantly increased .

PATHOGENESIS
A detailed analysis of progress in understanding the
aetiology of IBD is beyond the scope of this article.
Suggested mechanisms include the influence of a
variety of possible environmental factors triggering
an inflammatory response which then persists in
a genetically susceptible individual, according to
the Knudsen “two-hit” hypothesis. A number of
candidate IBD genes have been identified since the
CARD15/NOD2 gene was identified on chromosome
[5]
16 . By 2011, genome-wide association studies had
demonstrated 99 non-overlapping gene loci associa
ted with CD and UC, including 28 that are shared,
[6]
suggesting common mechanisms of pathogenesis .
These studies have provided “molecular pointers” to
the underlying pathophysiological processes which
might be implicated in IBD, including epithelial
barrier function, epithelial cell regeneration, microbial
defence, innate immune regulation, generation of
reactive oxygen species, autophagy, and regulation
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DIAGNOSIS AND MEDICAL
MANAGEMENT
The configuration of United Kingdom medical services
has resulted in the paediatric gastroenterologist
being the focal point of referral for children with
suspected IBD. Moreover, the specialist endoscopic
skills required for diagnosis are now less readily
[15]
available within paediatric surgical departments .
Thus the diagnosis of IBD in childhood is largely the
domain of the gastroenterologist. Despite this it is
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vitally important that any surgeon managing children
should be aware of the common presenting features
of inflammatory bowel disease, both to ensure that
the child is appropriately investigated and to avoid
premature ill-conceived surgical intervention. The most
common presentations to surgical services are for
investigation of rectal bleeding, anal pain, and acute
exacerbations of abdominal pain. It is very uncommon
for surgical intervention to be required before
appropriate diagnostic endoscopic and radiological
tests have established the type and extent of IBD,
allowing opportunity for appropriate targeted medical
management.
Any surgeon treating children with IBD should
have a working knowledge of the medical treatment
options, their efficacy, side effects and psychosocial
impact, to ensure that when a surgical option is under
consideration with its potential attendant morbidity,
the child and his parents are fully aware of the advan
tages and disadvantages of all management strategies.
Joint clinics staffed by a gastroenterologist, specialist
surgeon, dietician and nurse specialist constitute the
ideal venue for difficult discussions where clinical
decision making is often highly nuanced.

contrast meal and follow through for the radiological
evaluation of the small bowel. Capsule endoscopy is
showing promise as an adjunct in cases of diagnostic
difficulty, but carries the risk of obstruction if the
capsule becomes impacted at an occult area of
narrowing. Lack of sensitivity of technetium leukocyte
scintigraphy has largely consigned this test to being of
historical interest only.

CLASSIFICATION
The Montreal classification of IBD classifies CD by
virtue of age, location and behaviour (inflammatory,
[17]
structuring or fistulating) . It subdivides UC based
on the extent and severity of the colitis. More detailed
scoring systems have both prognostic and comparative
value for research purposes. The paediatric CD
activity index (PCDAI) is based on clinical parameters
from recent history, examination findings, laboratory
results, growth parameters and extra-intestinal
[18]
manifestations . The paediatric ulcerative colitis
activity index (PUCAI) incorporates 6 clinical items
[19]
and is therefore easy to use . Any classification for
CD can be particularly frustrating for the surgeon.
The issue for the surgeon is the difference between
macroscopic and microscopic disease. The danger
of the classification system is that equal weight is
given to asymptomatic microscopic disease, and
the macroscopic disease which is actually causing
the symptoms. Thus, for example, a patient may
be labelled as having pan-intestinal CD when he
is actually symptomatic from stricturing ileocaecal
disease and merely has asymptomatic microscopic
disease elsewhere. As with every classification system,
its intrinsic usefulness is dependent on its clinical
significance for decision making.

DIAGNOSIS
All children suspected of IBD require full history and
examination including assessment of growth velocity
and pubertal staging. A minority (25%) of children with
CD present with the classic triad of abdominal pain,
diarrhoea and weight loss. A high index of suspicion
should be maintained in children presenting with vague
complaints such as lethargy, anorexia and impaired
[2]
growth or delayed puberty . The development of
standardised diagnostic criteria (the Porto criteria)
by the IBD working group of the European Society of
Paediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) has done much to ensure uniformity in
[16]
diagnosis and management .
The gold standard in diagnosis is combined upper
and lower gastrointestinal endoscopy (including ileal
intubation), together with small bowel radiology.
Additional laboratory investigations are adjunctive, but
should always include inflammatory markers (ESR,
platelets and CRP), nutritional markers (albumin),
and liver function tests because of the association
of primary sclerosing cholangitis with UC. Stool
cultures are mandatory to exclude an infective colitis.
Absence of elevated faecal inflammatory surrogate
markers calprotectin and lactoferrin make active bowel
inflammation unlikely. In children younger than 2 years
and in those with atypical presentation immunological
tests are required to exclude chronic granulomatous
disease, common variable immune deficiency, WiskottAldrich syndrome and other immunodeficiency states.
Increasing experience with MR enterography, the lack
of exposure to radiation, and the utility of MRI in the
evaluation of perianal CD, all favour this study over
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MEDICAL MANAGEMENT
Ulcerative colitis

The medical approach to UC in childhood is dependent
on the extent and severity of the colitis. Presentation
with pan-colitis is twice as common (60%-80%) as
[20]
adults , and for this reason steroid therapy is most
often initiated. In less severe colitis, oral or rectal
therapy with aminosalicylic acid (5-ASA) derivatives
would represent both first line and maintenance
therapy after induction of remission. Oral ASA therapy
may be combined with topical treatment but often the
rectal route is unacceptable to the child. Steroids do
not have a role in maintaining remission, and therefore
thiopurines (azathioprine or mercaptopurine) are
used as immunomodulators either alone or alongside
5-ASA. Thiopurines may take up to 10-14 wk to
achieve therapeutic effect and are usually started
alongside steroids for this reason. Infliximab should
be considered in steroid-dependent UC, resistant to
5-ASA or thiopurines. Adalimumab may be substituted
in patients who have lost response to or are intolerant
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of infliximab. Less commonly, cyclosporin or tacrolimus
may be used in acute severe colitis as a bridging
therapy before thiopurine efficacy. There is currently
no evidence to support using methotrexate, antibiotics
or probiotics for the induction or maintenance of
remission in children. Similarly plasmapheresis
remains controversial as a therapeutic option for
[21]
severe childhood UC .

CD

Since CD has many phenotypic variants, medical
therapeutic strategies are, to a certain extent,
tailored both to disease location and to the severity of
symptoms. Perianal CD (PACD) is discussed separately
in this article since it is of particular interest to the
surgeon, and only the broad principles of medical
management of paediatric CD are discussed below.
Both steroids and exclusive enteral nutrition (EEN)
are considered equally effective in inducing remission.
There is no difference in efficacy of either elemental
or polymeric formula feeds which both avoid the
unpleasant side-effects of steroids and promote
nutrition. Prolonged courses of EEN are difficult to
sustain both due to taste and dietary boredom.
In common with UC, remission is maintained with
thiopurines which should be initiated at the onset
of either dietary of steroid therapy. Unlike UC,
methotrexate is effective in maintaining remission
in cases of thiopurine toxicity. 5-ASA treatment
cannot be recommended in the management of CD,
both because of lack of paediatric data, and lack of
efficacy in adults. Infliximab may be used as second
line induction and maintenance therapy in relapsing
CD where EEN or steroids are losing effect, or where
[22,23]
side effects of steroids are intolerable
. Infliximab
is controversial in the setting of the stricturing CD
phenotype, with some studies suggesting lack of
[24]
[25]
efficacy , and others favouring its use . It is entirely
possible that the distinction lies between fibrous and
inflammatory strictures with lack of efficacy in the
former group. It has been the author’s experience that
acute obstructive symptoms may rapidly respond to
steroid therapy suggesting a significant inflammatory
component in the aetiology of symptoms. Second line
biological therapy may be effective in case of either
loss of effect of infliximab or intolerance. The rates of
surgical treatment of IBD in the “biologic era” have
recently received attention in the literature, suggesting
that the overall incidence of surgery has declined
in those with mild disease, but that the incidence
of surgery is unchanged in patients with severe
[26]
disease .

Figure 1 Ileal pouch anal anastomosis being fashioned, stapling a small
bowel J-pouch, and its anastomosis to the anus and sphincter complex.

most common indication for colectomy is failure of
medical therapy whether due to frequent disease
activation with relative short periods of remission, or
unacceptability of the side-effects of medical therapy.
Inadequate disease control may also be reflected by
reduced growth velocity, delayed puberty, inadequate
nutrition, poor bone mineralisation and loss of time
from school. Although some extra-intestinal features
of UC are improved by surgery, primary sclerosing
[27]
cholangitis and sacroiliitis are not . Colonic cancer
per se does not feature in the indications for colectomy
in childhood since the quoted risk is 2% at 10 years,
[28]
8% at 20 years and 18% at 30 years . However, a
French study noted a 3-fold increased risk of neoplasia
(including colon cancer 2/698) in paediatric onset IBD
[29]
patients over a median follow up of 11.5 years , and
the Porto IBD group noted a number of treatment[30]
related malignancies (mainly lymphoma) . Body
image concerns are significant barriers to surgery for
many children and careful support form psychologists
and stoma therapists may be necessary for them to
accept even a temporary stoma. Colectomy rates at
[31]
five years from diagnosis range between 14% and
[32,33]
24%
in children.
Reconstructive (continent) surgery for UC was
transformed in 1978 by the development of the ileal
pouch anal anastomosis (IPAA) (see Figure 1) by
[34]
Parks and Nicholls which is now the gold standard .
Since paediatric surgeons were at that time already
familiar with straight ileoanal pull as an option for
[35]
treatment of total colonic Hirschsprung’s disease ,
and also because of low patient numbers requiring
colectomy for UC, they were generally late adopters of
the IPAA. The most conservative approach for elective
surgery is a 3-stage procedure performing total
colectomy with end ileostomy, delaying completion
proctectomy to the time of construction of IPAA, and
covering this with a temporary ileostomy. Two-stage
surgery either involves total colectomy and avoiding
a covering ileostomy at the time of pouch formation
(authors preference), or fashioning a primary pouch

SURGICAL MANAGEMENT OF
ULCERATIVE COLITIS
The objective in both elective and emergency surgical
interventions for UC is the removal of the colon. The
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at the time of panproctocolectomy and covering
this with an ileostomy. In the elective setting, total
colectomy and end ileostomy was the most widely
performed procedure in adult practice (guidelines
[36]
American Society of Colon and Rectal Surgeons) ,
although panproctocolectomy, and primary pouch
construction with covering ileostomy is rapidly
[37-39]
gaining acceptance
. Clearly single stage surgery
[40]
is feasible , but is associated with a higher risk of
major complications such as anastomotic dehiscence,
[37]
sepsis and late pouch failure . Since the median
number of pouch operations performed per year by
United Kingdom paediatric surgeons specializing in
[15]
IBD is 1 (range 0-4) , there is a natural tendency
to opt for the most conservative elective operation
and perform colectomy and end ileostomy. Children
are usually transformed by this procedure and rapidly
resume normal activity, including, most importantly,
school attendance. Since significant symptoms from
[41]
the retained rectum are infrequently encountered ,
the driver for restorative surgery is the child’s desire
to lose the end ileostomy, which is usually counterbalanced by individual educational pressures and the
child’s general sense of well-being.
The greater experience of IPAA within the adult
sector and the fact that most children undergoing
continent reconstruction will soon be transitioned
into adult care, have prompted many surgeons to
joint operate with adult colleagues at the time of
pouch formation. Such cooperation both facilitates
later transition and enables the sharing of technical
expertise. Advances such as the double-stapled
IPAA have been incorporated into paediatric practice
with considerable reduction in operating time when
compared with traditional hand-sewn IPAA. The
complication rate has been shown to be unchanged
and the functional performance of the reservoir
marginally improved in the shift from the hand-sewn
[42]
to the double-stapled anastomosis .
Large volume outcome data for IPAA within the
paediatric sector are sparse with studies tending
to compare the IPAA with straight pull through. A
paediatric meta-analysis suggested a higher failure
rate for straight (15%) over pouch (8%) pull through
procedures, associated with both higher daily stool
[39]
frequency and post-operative sepsis rates . A
multicentre analysis of 203 children undergoing
straight (SIAA 112) and J pouch (JPAA 91) ileoanal
anastomosis (mainly for UC) demonstrated significantly
reduced daily stool frequency in the JPAA, although
after 24 months the difference became less apparent
[43]
(SIAA 8.4 vs JPAA 6.2) . The mean daily defecation
frequency 24 months after IPAA in a Finnish study was
3.3 ± 0.5, demonstrating that excellent short term
[44]
functional results can be achieved in children .

Figure 2 Straight ileo-rectal anastomosis.

rate. The Mayo clinic experience of intraoperative
[45]
abandonment of IPAA (1789 cases) was 4.1% . One
large study including 151 children reported that one
fifth of patients will have at least one complication in
[46]
the first month after surgery . This study focussed
on pouchitis demonstrating a single episode in 48%,
chronic refractory pouchitis in 7%, and pouch failure
in 9%. The authors demonstrated that late diagnosed
Crohns disease (15%) was an important determinant
of poor outcome. In another paediatric series the
complication rate was as high as 21/37 (57%);
including stenosis of the IAA (2/37), pelvic abscess/
sepsis (4/37), late fistula (3/37), early intestinal
obstruction (7/37), late intestinal obstruction (11/37),
pouch prolapse (1/37), wound complications 6/37,
[47]
pouchitis (23/37), and recurrent pouchitis (13/37) .
Another paediatric study reported a high incidence
[48]
(19%) of intestinal obstruction . There is no reason
to assume that the complication rates of IPAA in
children should be different from those seen in adult
practice where anastomotic dehiscence is observed in
5%-10%, pouch-vaginal fistula in 3%-16%, pouchitis
[38]
in 24%-48%, and pouch failure at 5 years in 8.5% ,
as well as the risk of reduction in fertility in females,
discussed in the next section. Long term follow up
suggests overall cumulative pouch failure rates of
15% over 10-15 years. A proportion of these patients
with outlet obstruction and low pouch capacity will
[49]
be improved by abdominal salvage procedures .
There is very little experience in the paediatric surgical
literature of revision pouch surgery which is a further
strong argument for close links with high case load
[15]
adult specialist units .

Ileorectal anastomosis

The option of ileorectal anastomosis (IRA) (Figure
2) for UC is rarely considered in childhood. Potential
advantages include a reduced stool frequency with
[50]
improved faecal continence , improved fertility in
[51]
females , and a reduced likelihood of impaired sexual
functioning due to nerve injury during the pelvic

Morbidity

The IPAA is associated with a high surgical complication
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[57]

dissection. This has to be balanced with the need for
regular endoscopic surveillance and the potential for
failure of medical control of the residual disease in the
rectum.
The ultimate failure rate of IRA for UC is as high as
[52]
57% , but this does not argue against the procedure
in females if time is gained for pregnancy before
later restorative proctectomy. A meta-analysis has
demonstrated that the rate of female infertility (15%
[53]
in medically treated UC) rises to 48% after IPAA ,
although many of these “infertile” women could
potentially achieve medically-assisted conception.
Another systematic review demonstrated a more
modest effect on infertility, with a rate of 12%
before IPAA, and 26% thereafter (945 women in 7
studies). The same authors reported rates of sexual
dysfunction (dyspareunia) in 8% preoperatively,
compared with 25% after restorative surgery (419
[54]
women in 7 studies) . One study looked at the
effect of restorative proctectomy in childhood on later
sexual function in adulthood concluding that rates of
dysorgasmia and dyspareunia were not significantly
different between girls undergoing surgical or medical
management of UC. They authors also noted that
sexual satisfaction was inversely correlated with faecal
[55]
incontinence . A study evaluating quality of life (QOL)
after colectomy identified younger age at colectomy,
diagnosis and survey to be associated with better QOL
scores. The length of time post colectomy did not have
[56]
any correlation with QOL .

older children) . Absolute indicators for surgery in the
setting of unresponsive ASC include perforation and
significant haemorrhage. Otherwise the risks, benefits
and potential psychological morbidity of colectomy
should be considered alongside salvage medical
therapies.
The surgical procedure of choice is colectomy
[60,61]
and end ileostomy preserving the rectal stump
.
The options for managing the rectal stump include
formation of a mucous fistula, division at the sacral
promontory, or subcutaneous placement beneath the
laparotomy wound. The presence of a mucus fistula
is associated with mucoid discharge which may be
[41]
unacceptable . Although subcutaneous placement
increases wound infection rates, the rate of pelvic
sepsis is decreased when compared with division at
[62,63]
the rectosigmoid junction
.

LAPAROSCOPIC COLECTOMY AND
POUCH ANAL ANASTOMOSIS
The adult sector now has a large experience of the
application of laparoscopic approaches to surgery for
UC. A meta-analysis comparing open and laparoscopic
subtotal colectomy identified a conversion rate of 5%.
Significant benefit was shown for laparoscopic surgery
in terms of wound infection, intra-abdominal abscess,
[64]
and length of stay . Laparoscopic IPAA is increasingly
being performed in adult IBD centres. The application
of these techniques to paediatric practice has been
[65]
slower. Diamond et al
identified a 7% conversion
rate in 42 children undergoing subtotal colectomy.
[66]
Fraser et al
compared overall morbidity seen in 44
children undergoing different variations on a theme of
total colectomy (including 27 children with UC) noting
an overall major complication rate of 43% unaffected
[67]
by laparoscopic or open approaches. Linden et al
compared open (39) and laparoscopic-assisted (68)
IPAA, demonstrating a significantly reduced incidence
of small bowel obstruction at 1 year follow up in the
[68]
laparoscopic group. Sheth et al
compared open
(37) and laparoscopic (45) IPAA (including 56 children
with UC) demonstrating comparable outcomes and
[69]
surgical morbidity. Flores et al compared open and
laparoscopic colectomy in 32 consecutive patients
finding significantly shorter lengths of stay in the
[69]
laparoscopic group .

ACUTE SEVERE COLITIS
The management of children presenting with acute
severe colitis (ASC), identified by the requirement of
intravenous steroid therapy, has been subject to little
scrutiny in the literature. Cumulative colectomy rates in
99 children with ASC at discharge, 1 year, and 6 years,
[57]
were 42%, 58% and 61% respectively . Predictive
factors significantly associated with corticosteroid
failure include C-reactive protein, and the number of
nocturnal stools on days 3 and 5. The PUCAI, Travis
and Lindgren’s indices were strong predictors of failure
[57]
of response to steroids . In adult practice, the Travis
criteria assessed on day 3 of steroid treatment indicate
that a C-reactive protein > 45, and bowel action >
8 times per day, carry an 85% likelihood of subtotal
[58]
colectomy during that admission . The PUCAI has
been promoted as a marker for failure of response to
intravenous corticosteroids (day 3 > 45 points, and
day 5 > 65-70 points) with a predictive accuracy of
85%-95%, allowing rapid introduction of second line
[57-59]
medical therapies
. Early introduction of salvage
medical therapies (cyclosporine, tacrolimus and
infliximab) has reduced the emergency colectomy rate
in ASC from 30%-70% to the current 10%-20%, with
[60]
concomitant reduction in mortality . Upper limits of
normal colonic width in children with ASC should take
age into consideration (4 cm < 11 years, and 6 cm in
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SURGICAL MANAGEMENT OF CD
The life time risk of surgery for CD is approximately
[70]
80% . Indications for surgical management of
children with CD include failure of medical therapy,
growth failure despite full medical therapy, associated
extra-intestinal manifestations (especially eye and
joint pathology), and complications of the disease
(fistula, obstruction, perforation, abscess formation,
and bleeding). Timely surgical intervention has been
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Figure 3 Ileocaecal resection for terminal ileal Crohn’s disease.

demonstrated to improve height velocities in patients
[71,72]
refractory to medical therapy
. Location of disease
also has a significant bearing on the decision to
operate or to persevere with medical management,
since a local resection with primary anastomosis is
less psychologically debilitating than a major colonic
resection and possible permanent stoma.
Using the Paris classification (modification of the
[73]
Montreal classification) , applied to 582 children on
the EUROKIDS registry, 16% had isolated terminal
ileal disease (± limited caecal disease), 27% had
isolated colonic involvement, ileocolonic disease was
seen in 53%, and 4% had a disease distribution at
presentation localised to the upper gastrointestinal
[74]
tract . A radiological study suggested an increased
propensity for left sided colitis in children compared
[75]
with adults .
The author’s surgical perspective is of clear
phenotypic subtypes (relating to macroscopic disease
location), which greatly simplify decision making. Thus
ileocaecal distribution including contiguous disease to
the just beyond hepatic flexure (watershed of ileocolic
arterial blood supply), and left sided colitis, are distinct
and usually mutually exclusive phenotypes. Isolated
proximal small bowel disease is rare in paediatric
[76]
practice .

sided colitis in childhood has been shown to relapse
[81]
early following segmental resection , or develop
significant complications from anastomotic failure
[76]
after segmental resection . An adult meta-analysis
(448 patients) suggested that segmental resection
was not associated with increased overall recurrence
rates, complications, or need for a permanent
stoma, but that time to recurrence was longer by 4.4
[82]
years in the subtotal resection group . However,
segmental resection for left sided colitis continues to
be advocated by some surgeons, citing preservation
of anorectal function and decreased post-operative
[83]
symptoms . Another study advocated segmental
resection over subtotal colectomy and IRA, based on
favourable clinical recurrence rates, reoperation rates
and risk of permanent stoma requirement. Risk factors
for recurrence/reoperation included both perianal CD
and colocolic anastomosis, which implies that ileocolic
anastomoses were included in the evaluation and thus
that cases of right sided colitis were included in the
[84]
evaluation ! A possible explanation for the difference
between the paediatric and adult experience is that
subtotal colectomy with end ileostomy was favoured
in children compared to IRA in adults. Defunctioning
the rectum in Crohn’s colitis is potentially therapeutic
[85]
for associated CD within the retained rectum , but
might predispose to later disuse proctitis. Prospects for
restoration of continuity are limited, and the adolescent
needs to know that the stoma may be permanent
and that half of all patients will eventually come to
[86]
proctectomy .

Resectional surgery

Requirement for surgical resection ranges from
20%-29% at 3 years, and 34%-50% at 5 years from
[77-79]
diagnosis in paediatric practice
. The fundamental
surgical consideration is localization of the macroscopic
disease in accordance with one of the “five golden
[80]
rules” of Alexander-Williams and Haynes , which
may be paraphrased thus; “resect only symptomatic
macroscopic disease”. Children with ileocolic disease
(with colonic involvement proximal to the midtransverse colon) are readily managed by right
hemicolectomy and primary anastomosis with low
[76]
associated morbidity (Figure 3).
Debate continues regarding the management of
colonic disease distal to the transverse colon, and
whether this might break the golden rule of surgical
conservatism. The phenotype associated with left
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Disease recurrence

Recurrence following surgery in paediatric CD has
received little attention in the paediatric surgical
literature since transition to adult care has usually
taken place before repeat surgery is required. A small
paediatric series comprising 82 children undergoing
surgery for CD concluded that early recurrence
was associated with extensive colonic disease, long
duration of symptoms (> 1 year) before surgery, and
failure of medical therapy as underlying reason for
[72]
surgery . Another paediatric series found significantly
earlier recurrence in children with colonic rather than
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[99]

ileocaecal disease. The same report also showed that
high PCDAI scores were correlated with a shorter
[87]
remission periods . In a study of 1936 adult patients,
surgical re-intervention was required in 25%-35% of
[88]
all patients at 5 years and 40%-70% at 15 years .
The only patient-related factor consistently associated
[89]
with early recurrence is smoking . Studies analysing
the influence of disease location on recurrence have
shown no particular correlation, but the perforating/
fistulating phenotype increases both clinical and
[89]
surgical recurrence . Studies looking at the influence
of resection margins on disease recurrence have
provided conflicting results. Most surgeons would
advocate conservative resection to achieve margins
free of macroscopic disease, with support from
[90]
a randomized controlled trial . There remains
controversy surrounding the effect of anastomotic
configuration (side to side vs end to end) on disease
recurrence. The most recent meta-analysis suggested
that side to side anastomosis was associated with
[91]
reduced rate of recurrence , while an earlier metaanalysis and a randomized controlled trial failed to
[92,93]
demonstrate any difference
. Recommendations on
postoperative drug prophylaxis to prevent recurrence
[89]
are lacking , but given the efficacy of thiopurine
[94]
therapy in maintaining remission , there is a broad
consensus in favour of maintaining this treatment in
children after resectional surgery.

Anastomotic technique

risk factors , foreknowledge should prompt con
sideration of a temporary stoma rather than an
[100]
anastomosis
. These considerations have fuelled
the debate on preoperative optimization in patients
with CD. To date there is little strong evidence
supporting delaying surgery to allow for a period of
pre-operative hyperalimentation by either enteral or
[101]
parenteral routes
. However medical management
of sepsis and percutaneous drainage of intraabdominal abscesses may reduce post-operative septic
[101]
complications .

Strictureplasty

Repeated resectional surgery in CD is clearly
associated with a risk of short bowel syndrome in
adulthood. For this reason strictureplasty has become
an established surgical approach with proven efficacy
[102]
and safety in adult practice . A meta-analysis (1112
patients) identified septic complications in 4% and a
[103]
5 year recurrence rate of 28% . As has been seen
elsewhere paediatric surgeons have been slow to
adopt strictureplasty into their operative repertoire. A
comparative study of strictureplasty (19), resection
(13), and combined (8) procedures in children
demonstrated that strictureplasty was associated with
[104]
a significantly earlier recurrence rate
. However
another paediatric group have successfully used
strictureplasty in long segment stenosis without
[105]
complication and with good symptom control .

Balloon dilatation for Crohn’s strictures

[92]

The meta-analysis conducted by Simillis et al
concluded that side to side configuration was asso
ciated with fewer postoperative complications. The
Cochrane review of ileocolic anastomoses concluded
that stapled anastomosis were associated with fewer
anastomotic leaks than handsewn, although subgroup
analysis did not achieve significance in non-cancer
[95]
patients . Individual large volume cohort studies
comparing stapled and hand sewn anastomoses in the
treatment of CD have suggested a significant reduction
[96]
in both anastomotic leak rate , and requirement
[97]
for reoperation for anastomotic recurrence . Lack
of cross fertilization between adult and paediatric
practice has undoubtedly been a factor in late adoption
of stapling approaches to various anastomoses in
paediatric IBD practice. Appropriate mentoring is
essential in the adoption of any new technique, since
use of an unfamiliar technique is associated with a
higher incidence of complications including anastomotic
[98]
failure .

The evidence for balloon dilatation of strictures in
Crohn’s Disease is limited to the adult literature only.
One third of patients diagnosed with CD develop
[106]
strictures within 10 years of diagnosis
. Dilatation
is usually attempted to a diameter of 18-25 mm
[107]
in gradual increments
. Complications include
bleeding and perforation. Short term success rates
[107,108]
are 86%-94%
, which may be enhanced when
[109]
used in conjunction with oral corticosteroids
, or
[107]
intralesional steroid injection
. Intervention-free
success rates decline over time, with relapse rates
quoted as 46% after a mean of 32 months. However
one third of patients require no further treatment ten
[107]
years after their first dilatation .

SPECIAL SITES
PACD

The management of PACD continues to pose a
significant challenge to both gastroenterologist and
surgeon, despite significant advances in understanding
of the epidemiology and natural history, occurring
alongside the development of new treatment
modalities. As in other areas of paediatric IBD practice,
there is a distinct lack of good quality evidence on
which to base therapeutic strategy, and reliance is
therefore placed on extrapolation from the adult

Pre-operative optimisation

Risk factors associated with postoperative sepsis
include poor nutritional status (where albumin <
30 g/L is a useful proxy), presence of abscess or
[99,100]
fistula, preoperative steroids
, and recurrent
[100]
clinical exacerbations of CD
. Since the risk of a
septic complication is additive with each of these
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literature, and from expert consensus.
The incidence of symptomatic PACD at presentation
in a cohort of 145 children with CD in the Northwest of
England was 25 (17%). The majority (80%) required
some form of surgical intervention for their PACD.
Paediatric studies suggest a wide range of incidence
[110]
from 15% at initial presentation , to 62% over the
[111]
course of their disease
. This wide disparity may
reflect a degree of inattention (from either patient or
doctor) to mild PACD in the setting of more debilitating
disease at other sites, or reporting bias depending
on medical or surgical authorship. PACD represents a
spectrum of pathologies which can follow a relatively
benign course, through to a locally aggressive process
relentlessly progressing towards proctectomy. The
presence of PACD has been associated with young age
at presentation, ileal disease distribution and defective
expression of neutrophil cytosolic factor (NCF4), again
linking pathogenesis with defective invasive bacterial
[112]
defensive mechanisms .
The most commonly used descriptive assessment
of PACD is the Cardiff classification which reflects the
severity of three components of the disease spectrum;
ulceration, abscess/fistula and anal stricture. Additional
information is given concerning associated anal
disease (A), proximal intestinal CD location (P),
and inflammatory activity in the perianal disease
[113]
(D)
. The Parks classification can only be applied
to fistulating PACD and is a precise anatomical
description of the fistula track in relation to the
sphincter complex (superficial, intersphincteric,
transphincteric, suprasphincteric and extrasphincteric),
remembering that there may be multiple separate
[114]
fistulae to describe in this way
. More recently an
attempt has been made to simplify the classification
of fistulae into simple and complex disease based on
anatomy of the fistula, and the presence or absence
of abscesses, strictures, and of significant rectal
[115]
disease . The perianal CD activity index, abbreviated
PACDAI for the purposes of this article to distinguish it
from the paediatric CD activity index (PCDAI), enables
[116]
quantitative assessment of treatment efficacy
,
and has largely superseded the earlier classification
[117]
of Irvine
. The PACDAI has no quality of life
component, unlike Irvine’s score in which two of the
five categories reflect interference with social and
sexual activity. Both scoring systems were derived for
adult patients, but since the former has as its focus
the pathology of PACD, it can be applied to paediatric
practice. As with many medical scoring systems, the
PACDAI assigns a weighted numeric value to each
component of the clinical picture assuming that the
derived cumulative total has a value in quantifying
disease severity. The result is a cumbersome tool
whose value is less in the overall score and more in
the precise description of each component of PACD.
The authors consider the differentiation of PACD into
ulcerating, fistulating and stenosing disease (after
Cardiff) to have prognostic significance in terms of
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the likelihood of proctectomy. Our experience is that
ulcerating PACD is often difficult to control, and if
progressive can result in the need for proctectomy.
Others, like us, have also concluded that stenotic PACD
[118]
is associated with an unfavourable prognosis .
Effective management of PACD requires close
collaboration between gastroenterologist and surgeon
with appropriate use of imaging techniques. Three
essential principles guide management; the prompt
identification and drainage of any septic focus,
conservative surgery, and appropriate medical
therapy. The locally destructive effects of abscess
formation and often significant pain both mandate
early surgical drainage. The impaired wound healing
commonly seen in patients with CD, should make a
surgeon think twice about embarking on extensive
perianal surgery. Fistulotomy may be undertaken in
simple PACD with extra-sphincteric or short low intersphicteric fistula tracks in medically well-controlled
disease and in the absence of significant rectal
disease. However most surgeons favour the use of
non-cutting setons to control septic complications
from fistulae, especially in complex PACD. Setons are
extremely well tolerated and, after drainage of pus,
represent the principal adjunctive surgical contribution
to medical management. Antibiotics (metronidazole
and ciprofloxacillin) are effective in controlling
[119]
acute exacerbations of PACD
, and together with
maintenance immunosuppression using thiopurines
(azathioprine or mercaptopurine) comprise the first
line of medical management. Steroids have no place in
[120]
the treatment of PACD .
Since its introduction to the medical armamentarium
[121]
against CD in 1999
, the chimeric anti-TNF
monoclonal antibody infliximab has provided an
effective second line of medical management in
recalcitrant Crohn’s perianal fistulae. Paediatric studies
have confirmed its efficacy in the management of
[122,123]
PACD
. Before embarking upon such biological
therapy, the exclusion of occult sepsis should be
mandatory and pelvic MRI should be undertaken,
both for this purpose, and to document the extent
[124]
of PACD at the start of therapy
. Early optimism
associated with infliximab has persisted into more
recent paediatric reports of control of fistulating
[123]
[125]
disease in 76% at 1 year , and 56% at 2 years .
This experience has translated into some advocating
infliximab as first line therapy in children with
fistulating PACD rather than the “step up” approach
[126]
outlined above . Whilst expert opinion is tending to
favour combined use of setons and infliximab in the
[127]
treatment of complex Crohn’s perianal fistulae
,
there is no consensus regarding timing of removal
of the seton and subsequent duration of biological
therapy, although there is general agreement that
[94]
full therapy should continue for a year . Some
authors are reluctant to recommend discontinuation
of infliximab therapy because of the high relapse
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Upper GI CD

[128]

rate of fistulating PACD
. Similarly, others prefer
to emphasize tolerability and efficacy of a long-term
[129]
indwelling seton in control of complex PACD .
Appropriate evaluation of PACD should include
recent anatomical localization of active disease burden
by endoscopy and contrast-, or MR-enteroclysis.
Pelvic MRI should be undertaken prior to EUA and
rectosigmoidoscopy, for reasons identified above
and also as a guide to informed surgical consent.
Abscesses pointing to the perianal skin should be
drained externally. Pelvic abscesses can be effectively
drained using the trans-rectal route in the hope of
avoiding formation of an iatrogenic extra-sphincteric
fistula. Horse-shoe abscesses represent a particular
challenge and may be drained via a trans-anorectal
route. If control cannot be achieved by effective
internal drainage and intensive medical management
including antibiotics, thiopurine immunosuppressive
maintenance, and infliximab, then a defunctioning
stoma accompanied by laying open of the post anal
space together with seton insertion will be required
to achieve control of sepsis and hopefully avoid
proctectomy. More complex fistulating disease involving
the vagina or urinary tract is rarely seen in paediatric
practice, and will usually require a defunctioning
stoma in the first instance. In this circumstance fistula
eradication is only going to be successful if there is no
significant inflammatory involvement of the anorectum
apart from that associated with the fistula itself. In
the absence of significant proctitis, rectal mucosal
[130]
advancement flaps
, and interposition techniques
[131]
such as graciloplasty
have all been employed with
limited success.
A defunctioning stoma may provide significant
temporary relief in advanced ulcerating, fistulating
or stenotic PACD (usually seen in advanced Crohn’s
proctitis), but healing of perianal disease, if it occurs
to any meaningful extent, is usually reversed on
restoration of continuity. This approach often only
delays eventual proctectomy, which is required within
8 years in 50% of patients with locally aggressive
[132]
PACD .
Proctectomy is not the end of the surgical challenge
in this situation, since healing of the resultant perineal
wound is often the exception rather than the rule. The
use of topical negative pressure dressings to control
sepsis, and, where necessary, delayed application of
transposition muscle/myocutaneous flaps, can result in
an acceptable cosmetic result.
In recent years novel local treatments directed at
the fistula track in PACD have included the use of the
[133]
[134]
[135]
CO2 laser
, fibrin glues
, and fistula plugs
.
[136]
Local injection of infliximab into the fistula track
,
and the delivery of adipose tissue-derived stem cells
[137]
either by direct injection
or by incorporating them
into fistula plugs are current research developments
that are showing some promise.
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Upper GI endoscopy is mandatory in the investigation
of CD since inflammatory changes have been
[138]
demonstrated in up to 40% of children
. The
incidence of gastroduodenal CD was only 10% in a
group of 196 children in whom gastroduodenoscopy
was solely performed in children with suggestive
symptoms. Most cases with upper GI involvement
are therefore asymptomatic with respect to the
[139]
gastroduodenal inflammatory changes . Endoscopic
and histological findings are variable and often non[140]
specific
. Medical treatment is rarely directed at
the gastroduodenal disease alone since symptomatic
disease is usually present distally. If treatment is
deemed necessary then proton-pump inhibitors should
[140]
be included with standard first line treatment . There
is no body of literature describing surgical intervention
in childhood. The benign outlook in children is not
reflected in the adult literature which probably reflects
the fact that the huge adult caseload allows rare cases
of clinically significant macroscopic gastroduodenal
[141]
disease to come to the fore. Yamamoto et al
describe 54 patients with gastroduodenal disease in
whom 33 required surgery mainly for gastric outlet
obstruction (16 bypass, 10 strictureplasty and 4
gastrectomy). One third required re-operation for
recurrent obstruction or stomal ulceration.

NEW DEVELOPMENTS IN SURGERY IN
CHILDREN WITH IBD
The low case volume in paediatric IBD surgery has
led to this subspecialty service being late adapters of
technological and other advances coming out of adult
colorectal practice as has been argued frequently
in this article. The benefits of collaborative practice
may seem self-evident, but take considerable effort
to accrue, given the artificial separation of adult and
paediatric medicine. In concluding this review we
consider the potential benefits to paediatric practice
of accelerated recovery programmes which are now
commonplace in adult units, and mechanisms that
ensure continuity of care as adolescents with IBD
reach the interface between paediatric and adult
services.

ENHANCED RECOVERY AFTER SURGERY
The recent widespread adoption of fast-track protocols
in adult colorectal surgery has led to reduction in length
[142-145]
of hospital stay with concomitant cost-reduction
.
Enhanced recovery after surgery (ERAS) protocols
focus on drawing together preoperative, intraoperative
and postoperative considerations, which might
enhance recovery, into a cohesive care package
designed to effect significant gains by delivering
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multiple small increments of improved care. Studies
of ERAS application in major colonic resections
predominantly for inflammatory bowel disease have
[146]
demonstrated either comparable
, or reduced
[147]
morbidity
. These benefits remain to be confirmed
in children, but a comparative study of “conventional
management” of children undergoing resectional
surgery for inflammatory bowel disease, and of young
adults (less than 25 years old) undergoing matched
procedures according to an ERAS protocol, has
demonstrated a significant reduction in hospital stay
[148]
in the ERAS group without increase in morbidity
.
This matched cohort study lacks the power of a RCT,
but strongly suggests that the gains obtained from
accelerated recovery programmes can be translated
into paediatric IBD surgical practice.
Laparoscopy is considered to be an area in which
gains might be achieved in earlier recovery, reduced
pain and improved cosmesis, and is an integral part
of many ERAS protocols. Demonstrating significant
benefit for laparoscopy in any area other than
cosmesis is highly controversial. This however does
not detract from its potential value within a highly
structured care package.

treatment and visit the clinic at least once without
their parents. Endoscopic interventions in children with
IBD are performed under general anaesthesia and
are largely diagnostic. Adult endoscopy is performed
almost exclusively under sedation and is performed
more frequently given the increasing emphasis on
surveillance with duration of disease. Other details
of care which enhance the perception that paediatric
health care delivery is more child-friendly, include
the emphasis on nutrition, growth, puberty and
psychological well-being, including integrating health
care into the educational needs of the child. These
factors are therefore potential barriers to timely
transition, which need to be overcome to ensure that
each adolescent can access the full range of treatment
options.
There are no research studies with confirm the
suggested benefits of well-organized transition services
[150]
in IBD
. However it is likely that the perceived
benefits of structured transition programmes seen in
other chronic paediatric conditions will translate into
[151]
the setting of adolescent IBD .
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REVIEW

Contemporary concepts of the medical therapy of portal
hypertension under liver cirrhosis
Dmitry Victorovich Garbuzenko
rearrangement of vascular bed and angiogenesis.
As a result, strategic directions of the therapy of
portal hypertension under liver cirrhosis include
selectively decreasing hepatic vascular resistance
with preserving or increasing portal blood flow, and
correcting hyperdynamic circulation and pathological
angiogenesis, while striving to reduce the hepatic
venous pressure gradient to less than 12 mmHg or
20% of the baseline. Over the last years, substantial
progress in understanding the pathophysiological
mechanisms of hemodynamic disorders under liver
cirrhosis has resulted in the development of new drugs
for their correction. Although the majority of them have
so far been investigated only in animal experiments,
as well as at the molecular and cellular level, it might
be expected that the introduction of the new methods
in clinical practice will increase the efficacy of the
conservative approach to the prophylaxis and treatment
of portal hypertension complications. The purpose of
the review is to describe the known methods of portal
hypertension pharmacotherapy and discuss the drugs
that may affect the basic pathogenetic mechanisms of
its development.
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Core tip: The purpose of the review is to describe the
known methods of portal hypertension pharmacotherapy
and discuss the drugs that may affect the basic
pathogenetic mechanisms of its development.

Abstract
Severe complications of liver cirrhosis are mostly
related to portal hypertension. At the base of the
pathogenesis of portal hypertension is the increase in
hepatic vascular resistance to portal blood flow with
subsequent development of hyperdynamic circulation,
which, despite of the formation of collateral circulation,
promotes progression of portal hypertension. An
important role in its pathogenesis is played by the
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[4]

Møller et al , having studied the influence of
terlipressin on the hemodynamics in liver cirrhosis
patients with portal hypertension, showed that an
intravenous bolus of 2 mg of the drug leads to a fast
reduction in portal pressure and hepatic blood flow
(17% and 29%, respectively). It also increases blood
pressure and systemic vascular resistance (26% and
61%, respectively), and reduced cardiac output, heart
rate and elasticity of arteries (18%, 11% and 32%,
respectively).
The effect of terlipressin lasts for up to 4 h, which
allows administering it in periodic intravenous injection,
[5]
but, if necessary, continuous infusion is also possible .
In case of bleeding from esophageal varices in
adults weighing over 40 kg, terlipressin is injected
every 4 h, 2 mg in the first 1-2 d and 1 mg for
[6]
2-5 following days . Treatment of patients with
type Ⅰ hepatorenal syndrome starts with a 0.5-1
mg intravenous bolus every 4-6 h, or a continuous
intravenous infusion at 2 mg/d. If the creatinine level
is not reduced by more than 25% by the third day,
the amount of drug injected by intravenous injection
is increased to 2 mg every 4 h or to 12 mg/d with
[7]
continuous infusion .
The most frequent side effects associated with
the use of terlipressin are moderate abdominal pain,
arterial hypertension, hyponatremia; these generally
have reverse development after its cancellation.
Severe cardiovascular and ischemic disorders occur
in about 15% of patients. In this regard, terlipressin
is not recommended for patients with a history of
ischemic heart or cerebral disease, limb or gut vascular
disease, cardiomyopathy, bronchial asthma, chronic
obstructive pulmonary disease, or having cardiac
rhythm disturbance; caution should be used for elderly
[8]
and/or hypertensive subjects .

INTRODUCTION
Severe complications of liver cirrhosis are mostly
related to portal hypertension. At the base of the
pathogenesis of portal hypertension is the increase in
hepatic vascular resistance to portal blood flow. It is
now established that the reason for this, in addition
to gross structural changes in the liver due to diffuse
fibrosis and the formation of nodules of regenerating
hepatocytes, remodeling and capillarization of the
hepatic sinusoids, is endothelial dysfunction and the
disorder of paracrine interactions between damaged
hepatocytes, sinusoidal endothelial cells (SEC), Kupffer
cells and activated hepatic stellate cells (HSC) of the
[1]
liver . Further development of splanchnic hyperemia,
the formation of collateral circulation and established
hyperdynamic circulation, as a result of complex
processes of angiogenesis, vascular remodeling and
endothelial dysfunction, contributes to the progression
[2]
of portal hypertension . It is obvious that the aim
of pharmacotherapy should be to correct these
disturbances, while striving to reduce the hepatic
venous pressure gradient (HVPG) to less than 12
mmHg or 20% of the baseline. In addition, preventing
arterial hypotension, it is necessary to reduce the
inflow of splanchnic blood to the portal vein, while
maintaining portal circulation, which participates in
[3]
hepatic perfusion .
Dissatisfaction with the existing methods of pharma
cotherapy, as well as advances in understanding
the pathogenesis of portal hypertension under
liver cirrhosis, make finding effective drugs for the
prevention and treatment of its complications a crucial
task.
The purpose of the review is to describe the known
methods of portal hypertension pharmacotherapy
and discuss the drugs that may affect the basic
pathogenetic mechanisms of its development.

Somatostatin and long-acting somatostatin analogues

Somatostatin is a 14-amino-acid peptide secreted
by neural, endocrine, and enteroendocrine cells in
the hypothalamus and in the digestive system (in
the stomach, intestine, and pancreatic delta cells
of the pancreas). Somatostatin and its synthetic
analogues (octreotide, vapreotide and others) are
used in patients with liver cirrhosis for the treatment of
bleeding from esophageal varices. It affects both intraand extrahepatic mechanisms of portal hypertension.
Somatostatin reduces hepatic vascular resistance
by blocking G-protein coupled receptors ETA, which
prevents the contraction of HSC induced by endothelin-1
(ET)-1 and contributes to the expansion of sinusoids.
A similar effect of octreotide is associated with a
2+[9]
decrease in intracellular Ca
. With long-term use,
the latter also positively influences hepatic fibrogenesis
as a result of inhibiting the proliferative activity of HSC,
decreasing the expression of the transforming growth
factor β1 (TGF-β1), α-smooth muscle actin, intracellular

CURRENT PHARMACOTHERAPY OF
PORTAL HYPERTENSION
Most drugs used in clinical practice against portal
hypertension are splanchnic vasoconstrictors, whose
effect is based on reducing splanchnic blood flow and
hyperdynamic circulation.

Vasopressin derivatives

Terlipressin (N-triglycer-8-lysine-vasopressin) is
a synthetic analogue of vasopressin with a longer
biological activity and a better safety profile,
administered to liver cirrhosis patients with bleeding
from esophageal varices and type Ⅰ hepatorenal
syndrome. The drug affects specific V1 receptors of
smooth muscles of arteries. Its effects encompass a
marked vasoconstriction of the splanchnic circulation,
an increase in arterial blood pressure and systemic
vascular resistance, and a decrease in cardiac output.
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protein Smad4a and the suppression of transcription
[10]
factors, in particular C-Jun and SP1 .
The reduction of portal inflow caused by somatos
tatin is explained by the weakening of splanchnic hype
remia due to somatostatin’s antisecretory effect on
the secretion of glucagon and other gastrointestinal
vasodilating peptides. The positive effect of octreotide
on splanchnic blood flow is due to both the potentiation
of protein kinase of C-dependent vasoconstrictors
through subtype 2 somatostatin receptors and the
suppression of mesenteric angiogenesis at an early
[11]
stage of portal hypertension .
In patients with liver cirrhosis and portal hyper
tension an intravenous bolus of 250 μg of somatostatin
contributes to a 28.4% reduction of wedged hepatic
venous pressure and a 15%-71% reduction of the
pressure in the esophageal varices. Continuous
infusion of the drug reduces wedged hepatic venous
pressure by 17% and hepatic blood flow by 17.4%.
High doses of somatostatin (500 µg/h) have a more
pronounced effect on these indicators, also reducing
azygal blood flow by 45% in the case of bolus injection
and by 23% with continuous infusion. A positive effect
of the drugs in this group on the hemodynamics is
short, despite the much larger half-life of synthetic
analogues of somatostatin, compared with the natural
hormone; this is probably due to the desensitization or
[12]
tachyphylaxis .
With bleeding from esophageal varices, 250 µg of
somatostatin is initially injected as a bolus, and then
in the form of continuous infusions, 250-500 µg/h
for 2-5 d. The first dose of octreotide and vapreotide
is 50 µg followed by an infusion of 50 µg/h. Severe
complications in the course of this therapy are rare.
Approximately 21% of patients may have vomiting
and hyperglycemia, which, as a rule, can be easily
[13]
remedied .

It is established that it is able to decrease HVPG by
10%-31%, azygal blood flow by 29%-47%, cardiac
output by 10%-31%, mean arterial pressure by
[15]
0%-14% and hepatic blood flow by 0%-39% .
It is recommended to start the propranolol therapy
with a dose of 20 mg/d, which can be increased,
[16]
if necessary . However, one should be careful:
Because of the possible negative reaction of systemic
hemodynamics, there is a higher risk of severe
complications and even deaths not related to variceal
[17]
bleeding . In addition, it is still unclear whether
patients with decompensated liver cirrhosis should take
nonselective β-adrenergic blockers. In such patients,
despite the increased volume of circulating blood,
the effective arterial volume decreases, impairing
the perfusion of vital organs, causing azotemia and
[18]
creating a risk of hepatorenal syndrome .
Clinical efficacy of nonselective β-adrenergic
blockers against portal hypertension is variable. A
number of studies have reported HVPG not decreasing
by more than 20%, and the long term weakening of
the therapeutic effect was observed in 50%-70% of
[19]
patients . To improve the results of the treatment,
it is possible to combine nonselective β-adrenergic
blockers with drugs that reduce hepatic vascular
resistance. Some of them are exogenous NO donors,
nitrates; in particular, isosorbide-5-mononitrate,
even lower doses which (10 mg/d) are able to blunt
the postprandial increase in HVPG, not changing the
[20]
perfusion of the liver . Although monotherapy of
portal hypertension with nitrates in cirrhotic patients
resistant to nonselective β-adrenergic blockers has
been inconclusive, combining the medications proved
[21]
to be effective .
It was assumed that another combination could
be the simultaneous use of nonselective β-adrenergic
blockers and α1-adrenergic blocker prazosin; not only
can the latter reduce the HVPG, but also improve
the perfusion of the liver. Indeed, their combined
use has led to a greater reduction in portal pressure
than the combination of propranolol with isosorbide5-mononitrate. However, prazosin’s lack of selectivity
caused a significant decrease in arterial pressure and
systemic vascular resistance, and induced stimulation
of endogenous vasoactive systems led to increased
plasma volume, the retention of sodium and water.
Also, a potential drawback of long-term medication is
the development of true tolerance associated with a
decrease in the expression of α1-adrenergic receptors
[22]
in response to arterial hypotension .

Nonselective β -adrenergic blockers alone and combined
with vasodilators
Nonselective β-adrenergic blockers, which are drugs of
choice for the prevention of bleeding from esophageal
[14]
varices , affect several links of the pathogenesis of
portal hypertension in cirrhotic patients: (1) blocking
β2-adrenergic vascular receptors, allowing unopposed
α1-adrenergic activity that results in splanchnic
vasoconstriction and the reduction of portal inflow;
(2) blocking β1-adrenergic cardiac receptors reduces
cardiac output, which improves the hyperdynamic
circulation; (3) reduction of azygos blood flow and
variceal pressure; and (4) shortening the intestinal
transit time which has been related to decreased
bacterial overgrowth and thereby reduced risk of
bacterial translocation.
The first nonselective β-adrenergic blocker intro
duced into clinical practice for the treatment of portal
hypertension was propranolol. Currently, its impact
on portal and systemic hemodynamics is well studied.
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Carvedilol

In the past decade, there have been a number of
reports about the use of the nonselective β-adrenergic
blocker carvedilol to treat cirrhotic patients with
portal hypertension. This drug has weak anti-α1adrenergic activity, which makes its effect similar to the
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combination of propranolol and prazosin. It was found
that carvedilol (12.5 mg/d) reduces HVPG significantly
more than propranolol. Carvedilol is effective in 56%
of patients resistant to propranolol, and surpasses it
during primary prevention of bleeding from esophageal
[23]
varices . However, in a systematic review and
[24]
meta-analysis, Aguilar-Olivos et al
showed limited
evidence suggesting that carvedilol is more effective
than propranolol for improving the haemodynamic
response in cirrhotic patients with portal hypertension.
Moreover, it had no advantages over the combination
of nadolol and isosorbide-5-mononitrate used to
[25]
prevent recurrent bleeding . The most common
adverse reaction to carvedilol was arterial hypotension,
and in rare cases, due to the delay of sodium and
[26]
water, ascites and edema occurred . Thus, it is
believed that in the absence of contraindications
carvedilol may be used for the primary prevention of
bleeding from esophageal varices in cirrhotic patients
with portal hypertension tolerant to the action of
propranolol. Further studies are needed before it
enters routine clinical practice.

excessive amounts of extracellular matrix components.
Increased production of matrix metalloproteinases
in this pathological situation is blocked by the
hypersecretion of their tissue inhibitors. Leading
regulators of fibrogenesis are TGF-β1, platelet-derived
growth factor (PDGF), connective tissue and fibroblast
[30]
growth factors .
Diffuse fibrosis, the formation of nodules of rege
nerating hepatocytes, as well as the capillarization
of sinusoids impair the delivery of oxygen to the
cells of the liver. Hypoxia, developed as a result of
the stimulation of hypoxia-inducible factor (HIF) 1α,
contributes to the production of angiogenic factors
[placental growth factor (PIGF), vascular endothelial
growth factor (VEGF), NO, etc.] by activated HSC.
This leads to the formation of new blood vessels that
bypass sinusoids, leading to the progression of the
[31]
disease .

Etiological treatment

There are some publications about the positive im
pact on portal hypertension under liver cirrhosis of
[32]
antiviral drugs with antifibrotic properties. Pozzi et al
described a patient suffering from HBV-related liver
cirrhosis (Child-Pugh A), whose HVPG was reduced
by 17% as a result of three-month treatment with
entecavir.

Antibiotic prophylaxis

Endotoxemia due to the translocation of gramnegative bacteria from the intestine plays an important
role in the pathogenesis of complications of portal
hypertension under liver cirrhosis, in particular,
[27]
bleeding from esophageal varices . To prevent early
recurrences of such bleeding, all modern guidelines
and consensus decisions point to the need for including
antibiotic therapy in treatment. It is recommended
to introduce norfloxacin orally, 400 mg every 12
h for 7 d, or, in patients with decompensated liver
cirrhosis, introduce ceftriaxone intravenously, 1-2 g/d
[28]
for 7 d . In a recent systematic review and meta[29]
analysis, Chavez-Tapia et al
showed that the use of
antibiotics can significantly reduce overall mortality,
the frequency of recurrent bleeding and the duration of
hospitalization.

Correction of the increased hepatic vascular tone
[33]

Colmenero et al
reported that prolonged treatment
of patients with chronic hepatitis C with losartan, a
type Ⅰ specific antagonist of angiotensin Ⅱ (AT Ⅱ)
receptors (50 mg/d for 18 mo) reduces the activity
of NADPH-oxidase, the enzyme that generates
oxidative stress. It also reduces gene expression of
the main glycoprotein of the extracellular matrix of
collagen Ⅰ, with a positive effect on fibrogenesis. In a
[34]
systematic review and meta-analysis, Tandon et al
noted that reducing hepatic vascular resistance with
the antagonists of the renin-angiotensin-aldosterone
system (type Ⅰ blockers of AT Ⅱ receptors or inhibitors
of the angiotensin-converting enzyme) in patients with
compensated liver cirrhosis (Child-Pugh A), leads to a
slightly smaller reduction of the HVPG than in the case
of treatment with non-selective β-adrenergic blocker
(17% and 21%, respectively), without significant
side effects. However, in decompensated patients,
the activation of the systemic renin-angiotensinaldosterone system caused arterial hypotension,
which aggravated hemodynamic impairment and led
to the development of renal failure. Similar results
were obtained in a randomized controlled clinical
trial involving thirty patients with Child-Pugh B liver
cirrhosis with large varices. Losartan, like propranolol,
improved portal hypertension, but also adversely
affected arterial blood pressure with no statistical
[35]
difference between the two groups .
One of the main causes of endothelial dysfunction

DRUGS POSITIVELY AFFECTING PORTAL
HYPERTENSION, WHOSE CLINICAL
EFFECTIVENESS IS NOT FULLY PROVEN
Antifibrotic therapy

The object of current research is the search for drugs
that affect the basic mechanisms of development of
portal hypertension under liver cirrhosis, and, above
all, that are able to suppress hepatic fibrogenesis at its
early stages. This universal pathophysiological process
is a response to damage of various etiologies, resulting
in necrosis and apoptosis of hepatocytes, oxidative
stress, induction of the inflammatory response by
chemokines and cytokines, and recruitment of immune
cells. Activated HSC proliferate and migrate into
diseased areas of the parenchyma, producing there
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in liver sinusoidal endothelial cells under liver cirrhosis
is the deterioration of the bioavailability of the key
relaxing factor NO in the hepatic microcirculation.
The mechanisms of this phenomenon are diverse.
Asymmetrical dimethylarginine, inhibiting the acti
vity of endothelial NO synthase (eNOS), generates
peroxynitrite, while reduced expression of tetra
hydrobiopterin leads to eNOS producing oxygen
instead of NO. The cyclooxygenase (COX) involved
in the synthesis of thromboxane A2 (TXA2) as well
as excessive stimulation of Rho-kinase, inhibit Akt
phosphorylation in endothelial cells and significantly
inhibit Akt-eNOS signaling. Also, impaired bioavailability
of NO may be caused by the weakening of the activity
of the superoxide dismutase and increased serum
levels of homocysteine due to reduced expression of
the enzymes cystathionine-γ-lyase and cystathionine-β[36]
synthase .
Statins, inhibitors of 3-hydroxy-3-methylglutarylcoenzyme A reductase, in addition to the hypolipidemic
properties can improve the endothelial dysfunction
[37]
of sinusoids . This is due to the blockade of RhoA/
Rho-kinase and the activation of the Akt-eNOS
signaling, which increases the bioavailability of NO in
cirrhotic livers, leads to a decrease in hepatic vascular
resistance and reduction of portal pressure without
[38]
an adverse effect on systemic hemodynamics . In
addition, it is possible that the positive effect of statins
on portal hypertension is at least partially caused by
decreased portal-systemic collateral vascular resistance
through NO-mediated vascular hyporesponsiveness to
[39]
ET-1 .
In the prospective, randomized, multicenter trial by
[40]
Abraldes et al , simvastatin treatment (20-40 mg/d
for 1 mo) of cirrhotic patients resulted in an effective
reduction of portal pressure, was safe, and improved
perfusion and liver function. This suggests the possi
bility of clinical use of statins for the treatment of portal
hypertension in patients with liver cirrhosis, especially
in combination with non-selective β-blockers.
Experiments on rats with a model of biliary cirrhosis
showed that inhibitors of phosphodiesterase-5, as a
result of increased expression of tetrahydrobiopterin,
activity of GTP COX-1, protein levels of phosphoAkt, phospho-eNOS and soluble guanylate cyclase,
improved the bioavailability of NO in the liver, eliminated
endothelial dysfunction, increased sinusoidal flow and
[41]
reduced hepatic vascular resistance . However, in
clinical practice, drugs of this type (sildenafil, tadalafil,
vardenafil) did not have a positive impact on portal
hypertension in most cirrhotic patients, and the
resulting deterioration of systemic hemodynamics
[42]
contributed to kidney dysfunction .
[43]
Fiorucci et al
comprehensively studied the effect
of NCX-1000 (or “Urso-NO”), the liver-specific NO
donor, on microcirculation in the cirrhotic liver. In an
in vitro study, the drug increased cGMP synthesis
and the level of nitrite/nitrate in the homogenates
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of the liver, as well as the number of total bile acids
and tauroursodeoxycholic acid in the bile. In the
model of an isolated portal perfused rat liver it raised
the sensitivity to α-adrenergic stimuli, and in vivo
it reduced portal pressure. The authors suggested
that, once in the liver, NCX-1000 is included in
the metabolism and stimulates the production of
biologically active NO. However, despite the good
results of experimental studies, clinical trials of the
drug in cirrhotic patients showed only systemic
hemodynamic effect without affecting portal hyper
[44]
tension .
The selective inhibitor of Rho kinase fasudil can
reduce hepatic vascular resistance and HVPG in
cirrhotic patients with portal hypertension. However,
its effect was accompanied by an expressed arterial
[45]
hypotension .
Theoretically, it is possible to improve the endo
thelial dysfunction in liver sinusoidal endothelial cells
under liver cirrhosis by eliminating the influence of
the potent vasoconstrictor ET-1. However, while the
nonselective antagonist of endothelial receptors of
types ETA and ETB bosentan effectively reduced portal
pressure in experiments on rats with a liver cirrhosis
[46]
model , its analogue tezosentan (infusion of 3 mg/h
during 2-3 h) did not have a considerable effect on
clinically significant portal hypertension in patients with
liver cirrhosis in a randomized, double-blind, placebo[47]
controlled multicenter study .

Correction of hyperdynamic circulation and inhibiting
the formation of portosystemic collaterals

Disturbance of organ and systemic hemodynamics
and the formation process of portosystemic collaterals
under portal hypertension begin with splanchnic
vasodilation and neovascularization due to the hypoxia
of the small intestine mucosa. In this connection, the
goal of comprehensive treatment may be to affect
the proinflammatory cytokines, chemokines and
angiogenic factors (VEGF, PIGF, PDGF and others) that
[48]
contribute to the development of these disorders .
The orally active multikinase inhibitor sorafenib,
used in clinical practice for the treatment of hepa
tocellular carcinoma, was studied in experiments on
rats with models of intra- and extrahepatic portal
hypertension. Sorafenib administered orally once a
day for 2 wk effectively inhibited VEGF, PDGF, and Raf
signaling pathways, and produced several protective
effects by inducing an approximately 80% decrease
in splanchnic neovascularization and a marked atte
nuation of hyperdynamic splanchnic and systemic
circulations, as well as an 18% decrease in the extent
of portosystemic collaterals. In cirrhotic rats, sorafenib
treatment also resulted in a 25% reduction in portal
pressure, as well as a remarkable improvement in
liver damage and intrahepatic fibrosis, inflammation,
and angiogenesis. Notably, beneficial effects of
sorafenib against tissue damage and inflammation
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[49]

were also observed in splanchnic organs . It was also
found that the positive effect of sorafenib on portal
hypertension was more significant when combined
[50]
with propranolol .
[51]
Pinter et al
assessed the effect of sorafenib on
portal hypertension in 13 patients with liver cirrhosis
and hepatocellular carcinoma (Child-Pugh A and B).
The drug was administered in a daily dose of 800 mg
twice a day for two weeks. A reduction of the HVPG
by over 20% from the baseline was achieved in four
patients, with no serious dysfunction of the liver.
Despite the positive results, studies on the safety and
efficacy of lower doses of the drug in cirrhotic patients
with portal hypertension without hepatocellular
carcinoma, are not yet available.
The ability to influence extrahepatic mechanisms of
portal hypertension pathogenesis was found in some
natural compounds with antioxidant activity. It turned
out that ascorbic acid and dark chocolate can reduce
the postprandial increase in portal pressure, and the
green tea made from the leaves of Camellia sinensis,
decreases the severity of portosystemic collaterals and
mesenteric angiogenesis in rats with a liver cirrhosis
[52-54]
model
.

exacerbating hyperdynamic circulation and increasing
[58]
portal pressure . In particular, a direct correlation
was observed between the level of endotoxemia in
cirrhotic patients, the degree of esophageal varices
[59]
and whether there is bleeding from them .
In connection with that, there is some discussion
about the practicality of treating portal hypertension
with medications normalizing the intestinal flora and
preventing its translocation. Indeed, in patients with
alcohol-related liver cirrhosis, oral administration of
norfloxacin (800 mg/d for 4 wk) reduced the level of
serum endotoxin, which contributed to the reduction
of portal pressure and improved the hyperdynamic
[60]
circulation . In addition, its long-term administration
(400 mg/d for one year) to decompensated patients
prevented the development of hepatorenal syndrome
[61]
and significantly improved survival rate .
Reduced severity of endotoxemia and an 18%
decrease in the HVPG was observed in a prospective
study including patients with alcohol-related decom
pensated liver cirrhosis. The decontamination of
the intestine in these patients was done with the
nonabsorbable antibiotic rifaximin (1200 mg/d for 28
[62]
d) . In addition, long-term rifaximin administration
in these patients is associated with reduced risk of
developing complications of portal hypertension and
[63]
improved survival . Apart from affecting the intestinal
microflora, the positive effect of rifaximin on portal
hypertension can be explained by the inhibition of the
binding of lipopolysaccharide with TLR4 on the surface
of the HSC, which contributes to their inactivation, the
breaking of the fibronectin-mediated interaction with
the SEC and eventually the suppression of fibrogenesis
[64]
and angiogenesis in the liver .
The therapeutic effect of probiotics under portal
hypertension is ambiguous. In particular, the combined
probiotic VSL#3, which contains eight different strains
(Bif. breve, Bif. longum, Bif. infantis, L. acidophilus,
L. plantarum, L. casei, L. bulgaricus, Streptococcus
thermophilus) can stabilize the intestinal epithelial
barrier, reduce the bacterial translocation and
systemic endotoxemia. This reduces the production
of proinflammatory cytokines and NO, eliminates
endothelial dysfunction of mesenteric arteries caused
by vascular oxidative stress and inactivates the local
[65]
renin-angiotensin system .
In a pilot study involving 8 patients with compensated
[66]
liver cirrhosis (Child-Pugh A)
and in a randomized,
double-blind, placebo-controlled study, including 7
patients with decompensated liver cirrhosis (Child[67]
Pugh B and C) , monotherapy with the probiotic
VSL#3 at a dose of 3600 billion CFU/d for 2 mo had
no significant impact on clinically important portal
hypertension.
In a randomized double-blind placebo-controlled
trial in parallel groups, including 94 cirrhotic patients
having large esophageal varices without history
of variceal bleeding, changes in the HVPG were
studied after administering propranolol, singly or in

Correction of endotoxemia

Portal hypertension is most severe in cirrhotic
patients with concomitant manifestations of the
systemic inflammatory response syndrome. The
associated endotoxemia due to the translocation of
gram-negative bacteria from the intestine occurs in
approximately 30%-40% of decompensated patients,
who are classified in this clinical situation as “critically
ill cirrhotics”. The endotoxemia is the cause of many
complications of portal hypertension; it increases the
mortality by a factor of four, which is often due to
the spontaneous bacterial peritonitis and hepatorenal
[55]
syndrome . Stimulating innate immune signals with
pathogen-associated molecular patterns (PAMPs),
leads to the activation on the cell surface of Tolllike receptors (TLR) that are widely present in the
liver. The first to react to the exposure to PAMPs are
Kupfer cells, which because of TLR-signaling acquire
a proinflammatory phenotype and produce excessive
amounts of cytokines, which exacerbates portal
[56]
hypertension under liver cirrhosis . On the contrary,
the high-density lipoprotein administration attenuates
liver proinflammatory response, restores liver eNOS
activity, and lowers portal pressure in rats with a liver
[57]
cirrhosis model .
Once in the portal circulation, endotoxin enters
the systemic circulation through the network of
portosystemic collaterals or by-passing the Kupfer
cells. Therefore, bacterial translocation in patients with
liver cirrhosis leads not only to infectious complications,
but also to blood circulation disorders typical for portal
hypertension. These are caused by the endotoxin
stimulating NO production in the arterial bed,
contributing to splanchnic and systemic vasodilation,
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Table 1 Drugs that can affect the portal hypertension, the effect of which was studied in the experiment
Ref.
Zhao et al[69]
Di Pascoli et al[70]
Yang et al[71]

Rodríguez-Vilarrupla et al[72]

Hsieh et al[73]
Luo et al[74]
Gao et al[75]
Rosado et al[76]
Wang et al[77]
Laleman et al[78]
Yang et al[79]

Liu et al[80]
Verbeke et al[81]
Steib et al[82]
Xu et al[83]
Fernandez et al[84]
Schwabl et al[85]
Fallowfield et al[86]
Lin et al[87]

Drugs

Experimental model

Diammonium glycyrrhizinate
Resveratrol

CCl4/IPPRLs
CCl4

Effects

Improves the bioavailability of NO in portal triads
Improves vasodilatory response to acetylcholine, decreases TXA2
production, increases endothelial NO and reduces hepatic fibrosis
Ursodeoxycholic acid
BDL
Suppresses hepatic TXA2 production and lipid peroxidation. An
increase in antioxidative defence leading to the prevention of
hepatic fibrosis
Fenofibrate
CCl4
Reduces hepatic fibrosis, improves vasodilatory response to
acetylcholine, reduces COX-1 expression and TXB2 production,
increases NO bioavailability in SEC
Aliskiren
BDL
Ameliorates the angiotensin Ⅱ induced intrahepatic
vasoconstriction
Spironolactone
BDL
Inhibits hepatic fibrosis, ROCK-2 activity and activates NO/PKG
pathway
Celecoxib
TAA
Inhibits hepatic fibrosis and angiogenesis. The anti-angiogenesis
effect associates with the modulation of VEGF/VEGFR-2
Terutroban
CCl4/BDL
In CCl4-cirrhotic rats decreases hepatic fibrosis, in BDL-rats
enhances eNOS-dependent vasodilatation
Rapamycin
BDL
Ameliorates intrahepatic inflammation and fibrosis, improves liver
function
NitroflurbiprofenFlurbiprofen
TAA/IPPRLs
Decreases hepatic TXA2 production and increases intrahepatic
nitrate/nitrite level
Vitamin E
BDL
Asymmetric dimethylarginine improves hepatic endothelial
dysfunction by a vitamin E through an increase of NO
bioavailability
Blebbistatin
In vitro
Inhibits the contraction and accelerates migration of HSC
Obeticholic acid
BDL
Decreases hepatic vascular resistance by increasing eNOS activity
Montelukast
TAA/BDL
Inhibiting the cysteinyl leukotrienes receptors reduces hepatic
vascular resistance
Salvianolic acid B
DMN/In vitro
Reduces HSCs contractility
Rapamycin+Gleevec
PPVL
Reduces splanchnic neovascularization
Pioglitazone
BDL/PPVL
Decreases portosystemic shunting
Relaxin
CCl4/BDL/In vitro Down-regulates HSC- myofibroblast contractile filament expression
and contractile function
Bivanib alaninate
BDL/ IPPRLs/In vitro Suppresses and ameliorates fibrogenic and angiogenic markers in
the serum and liver. Inhibits the TGFβ1-induced HSCs contraction/
migration and VEGF-induced SECs angiogenesis

IPPRLs: Isolated portal perfused rat livers; BDL: Bile-duct ligated rats; TAA: Thiacetamide-induced cirrhosis in rats; DMN: Dimethylnitrosamine-induced
cirrhosis in rats; PPVL: Partial portal vein ligation in rats.

combination with either VSL#3 (900 billion CFU/d)
or norfloxacin (400 mg/d). The treatment was
carried out for 2 mo. The initial propranolol dose
of 40 mg/d was increased by 20-40 mg every two
days (to the maximum of 320 mg/d) until the heart
rate of 55 BPM or the occurrence of side effects. It
turned out that the combination of propranolol with
the probiotic or the antibiotic was more effective in
reducing portal pressure than the exclusive use of a
nonselective β-adrenergic blocker (by 19%, 18% and
11%, respectively), was safe and well tolerated by
[68]
patients .
Apart from the mentioned drugs, there are some
others whose action on portal hypertension was
studied only in experiments (Table 1) and clinical trials
are necessary for their final assessment.
In conclusion, it should be noted that dissatisfaction
with the current methods of pharmacotherapy of
portal hypertension and advances in the study of its
pathogenesis under liver cirrhosis have contributed to
the search for effective drugs aimed at the prevention
and treatment of the complications characteristic of
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this syndrome. It can be expected that the practical
implementation of the new methods will lead to some
progress in solving this problem.
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New targeted therapies in pancreatic cancer
Andrada Seicean, Livia Petrusel, Radu Seicean
may have a role for treatment in combination with
radiochemotherapy, which otherwise destroys the
immune system along with tumor cells. It includes
mainly therapies targeting against kinases, including
epidermal growth factor receptor, Ras/Raf/mitogenactivated protein kinase cascade, human epidermal
growth factor receptor 2, insulin growth factor-1
receptor, phosphoinositide 3-kinase/Akt/mTOR and
hepatocyte growth factor receptor. Therapies against
DNA repair genes, histone deacetylases, microRNA,
and pancreatic tumor tissue stromal elements (stromal
extracellular matric and stromal pathways) are also
discussed. Specific immunotherapies, such as vaccines
(whole cell recombinant, peptide, and dendritic cell
vaccines), adoptive cell therapy and immunotherapy
targeting tumor stem cells, have the role of activating
antitumor immune responses. In the future, treatments
will likely include personalized medicine, tailored for
numerous molecular therapeutic targets of multiple
pathogenetic pathways.
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Core tip: Adjuvant therapy in pancreatic cancer
has limited efficiency, and low survival rates are
related to resistance to gemcitabine. New targeted
therapies, such as passive immunotherapy, may have
a role in combination with radiochemotherapy by
targeting various protein kinases, as well as specific
immunotherapies, such as vaccines, adoptive cell
therapy and immunotherapy targeting tumor stem cells.
In the future, treatments will likely include personalized
medicine, tailored for numerous molecular therapeutic
targets of multiple pathogenetic pathways.

Abstract
Patients with pancreatic cancer have a poor prognosis
with a median survival of 4-6 mo and a 5-year survival
of less than 5%. Despite therapy with gemcitabine,
patient survival does not exceed 6 mo, likely due to
natural resistance to gemcitabine. Therefore, it is
hoped that more favorable results can be obtained by
using guided immunotherapy against molecular targets.
This review summarizes the new leading targeted
therapies in pancreatic cancers, focusing on passive
and specific immunotherapies. Passive immunotherapy
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and its ligand in PC is associated with greater liver
[15-17]
metastasis and poorer prognosis
.
Anti-EGFR: Therapies involving anti-EGFR (epidermal
growth factor receptor or HER1) monoclonal antibodies
include cetuximab, a chimeric IgG1-type, and
panitumumab, a humanized IgG2-type antibody.
These antibodies reversibly inhibit the tyrosine kinase
domain of EGFR by competitive binding of ATP. As a
result of antibody binding, the receptor internalizes,
complement-mediated cytotoxicity appears, and
cell division is stopped. However, the anti-EGFR
mechanism may not be effective if there are mutations
in the KRAS gene. Cetuximab seems to be more
effective than panitumumab, as IgG1 receptors are
[18]
more effective than IgG2 . However, its efficiency
was not proved in clinical trials (Table 1).
Erlotinib is a small inhibitor of EGFR that increases
[28,52]
survival by two weeks vs GEM monotherapy
.
However, resistance to erlotinib after an initial response
can occur due to EGFR mutations, compensation
through hepatocyte growth factor receptor (c-Met),
human epidermal growth factor receptor (HER2)
or K-ras amplification, EGFR-mediated pathway
impairment, and histologic transformation with the
[53]
addition of a mesenchymal component . Combined
with GEM or capecitabine, erlotinib can increase
survival approximately one month over conventional
[54,55]
monotherapy
, proving its positive role in overall
[28]
survival and progression disease free Long survival
was proved in association with radiotherapy and
[26]
capecitabine, followed by association with GEM . The
dose escalated to rash does not improve the survival
[56]
rate in gemcitabine refractory patients . As secondline therapy, the erlotinib based-therapy failed to show
significant improvement in overall survival compared
[6]
to other regimens . A phase Ⅲ study found that
the wild-type KRAS genotype is associated with an
improved overall survival (OS) in erlotinib-treated
[57]
PC , but it is more of a prognostic than a predictive
[58]
factor . Other drugs in this class, such as gefitinib,
[59]
have not been shown to be effective in PC . Lapatinib
caused reduction of cell growth and proliferation, but
[60]
it has only been tested in PC cell lines . Vatalanib
is an oral poly-tyrosine kinase inhibitor with strong
affinity for platelet-derived growth factor and vascular
endothelial growth factor (VEGF) receptors (VEGFRs).
In metastatic disease it provided limited survival gain
[61]
compared to historic controls .

INTRODUCTION
Patients with pancreatic cancer (PC) have a poor
prognosis with a median survival of 4-6 mo and a <
[1]
5% five-year survival rate . Over 80% of patients
have advanced disease at presentation (metastatis
or invasion of the superior mesenteric artery or celiac
trunk in case of locally advanced tumors), which does
[2]
not allow for surgical resection of the tumor . Even
if resection can be achieved, the median survival is
[3]
still only 18 mo . Despite therapy with gemcitabine
(GEM), which represents the first-line therapy for
advanced tumors, patient survival typically does not
exceed 6 mo for metastatic disease and 9-12 mo
for locally advanced disease, likely due to natural
[4,5]
resistance to GEM
. FOLFIRINOX represents an
alternative to gemcitabine in first line settings,
with better survival, but it is suitable only for good
performance status patients. As second line treatment,
GEM-platinum-based combination provide the best
[6]
results .Therefore, it is hoped that more favorable
results can be obtained by using passive and specific
immunotherapies against molecular targets.

PASSIVE IMMUNOTHERAPY
Passive immunotherapy involves in vivo infusion of
monoclonal antibodies or in vitro-activated T cells.
Monoclonal antibodies have been created to act on
molecules at the cell surface of the tumor and on stromal
tissue in connection with PC oncogenesis, tumor growth,
and chemotherapy-resistant or immune-response
regulation. Currently developed therapies target pretranscriptional kinases, post-transcriptional level (DNA
repair genes, histone deacetylases, microRNAs),
antipancreatic tumor tissue stromal elements and antian
giogenic factors (Figure 1).

Anti-kinase therapies

Tyrosine kinases are important in the proliferation,
migration, invasion, and resistance to apoptosis
of tumor cells, and involve activation of mitogenactivated protein kinase (MAPK; which is responsible
[7]
for the malignant transformation of pancreatic cells ),
phosphoinositide 3-kinase (PI3K; which stimulates
[8]
cell proliferation and chemotherapy resistance ), and
protein kinase B [Akt; the overexpression of which
promotes invasion and expression of insulin growth
[9,10]
factor receptor (IGF-1R)
]. In addition, K-ras is
involved in the pathogenesis of PC via tyrosine kinase
[11,12]
pathways
. The expression of two tyrosine kinase
receptors, epidermal growth factor receptors (EGFRs)
B-1 and B-2, has been found in 90% and 21% of PCs,
[13,14]
respectively
. Increased coexpression of EGFR
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Anti-HER2: Trastuzumab, a humanized direct
antibody against HER2 (human epidermal growth
factor 2) kinase, was used in combination with
GEM, but there was no survival benefit in phase Ⅱ
[29,30]
studies
. As the presence of HER2 is relatively
[62,63]
low in PC specimens
, anti-HER2 and anti-EGFR
therapies can be combined, producing a synergistic
effect in animal models that is independent of EGFR
[64]
density . The mechanism of this combined action
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Figure 1 New targeted therapy at the cell surface of the tumor.

is based either on decreased Akt phosphorylation or
[65]
on disturbance of EGFR/HER2 heterodimerization .
The same mechanism of action occurs with vitamin
E isoforms, such as tocotrienols, which inhibit cell
proliferation and cell survival in studies on PC cell
[66]
lines .

IGF-1R showed that ganitumab resulted in a 10-mo
[34]
survival benefit .However, a phase Ⅲ study showed
[33]
no survival improvement . Experimental studies
that have associated anti-EGFR therapy with antiIGF-1R monoclonal antibodies have shown promising
[69]
results , but addition of cixutumumab to erlotinib and
[24]
GEM did not lead to longer survival in metastatic PC .

Anti-MAPK: Inhibitors of the Ras/Raf/MAPK cascade,
which represents the effect of K-ras activation, are
being tested in clinical trials. In GEM failure therapy,
[31]
selumetinib had the same efficacy as capecitabine ,
though it seems promising in association with
[67]
erlotinib . Trametinib inhibits the proliferation of
PC cell lines with increased efficiency if EGFR/HER2
inhibitors are added, likely because inhibition of the
MAPK pathway leads to activation of the tyrosine
[68]
kinase pathway through feedback mechanisms .
Trials with trametinib and other MAPK cascade
inhibitors (pimasertib ClinicalTrial.gov NCT01668017,
NCT01390818 and refametinib ClinicalTrial.gov
NCT01764828, NCT01392521) are still ongoing.

Anti-c-Met: c-Met and its ligand are overexpressed
in PC, but are not sufficient for tumorigenesis in the
absence of other pro-oncogenes. Crizotinib is an
inhibitor of c-Met that has a role in reducing tumor
progression and metastasis, showing efficacy in
[70-73]
stimulating apoptosis in combination with GEM
.
Cabozantinib is another inhibitor of c-Met and tumor
stem cell markers. Treatment in association with IGF[74]
1R inhibitors may represent a future therapy .
Anti-PI3K/Akt/mTOR: The PI3K/Akt/mTOR pathway
is one of the major signaling pathways mediating the
effect of K-ras. Akt stimulates the phosphorylation of
mTOR kinase via activation of cyclin D1 and VEGF.
mTOR inhibitors, such as everolimus and temsirolimus,
have been tested in a phase Ⅱ trial in patients with
[75,76]
GEM-refractory PC, but with negative results
.

Anti-IGF-1R: IGF-1R is potentially a predictive marker
of resectability in PC. A phase Ⅱ study for treatment
of metastatic PC with monoclonal antibodies against
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Table 1 Results of different studies concerning new targeted therapy
Ref.

Patients no./disease stage

Study type

Drugs

OS

PFS

Benefit

Burtness et al[19], 2014

87/metastatic

Ⅱ RCT

Docetaxel + Irinotecan ± Cetuximab

6.5 vs 5.4

3.9 vs 4.5

Negative

Fensterer et al[20], 2014
Philip et al[21], 2010

73/resected
743/locally advanced or
metastatic
66/locally advanced

Ⅱ
Ⅲ RCT

GEM + Cetuximab
GEM ± Cetuximab

22.4
5.9 vs 6.3

NA
3 vs 3.5

Negative
Negative

Ⅱ RCT

RT + GEM ± Cetuximab

15

-

Negative

127/locally advanced

Retrospective

10/metastatic

Ⅰ RCT

21 vs 12 vs
15
7 vs 6.7

8.9 vs 5.2 vs 3.9

Philip et al[24], 2014

Negative for
Erlotinib
Negative

Watkins et al[25], 2014

44/advanced

Ⅱ

12.6

8.4

Herman et al[26], 2013

48/metastatic

Ⅱ

24.4

15.6

42/advanced
569/advanced
17/metastatic HER2+

Ⅱ RCT

GEM + Capecitabine vs GEM +
Erlotinib vs GEM
GEM + Erlotinib + Cixutumumab
vs GEM + Erlotinib
GEM + Capecitabine + Erlotinib +
Bevacizumab
Capecitabine + Erlotinib + RT
followed by GEM + Erlotinib
GEM + Erlotinib
Gem + Erlotinib vs GEM
Capecitabine + Trastuzumab

8
6.2 vs 5.9
6.9

5
3.7 vs 3.5
12.5

34/metastatic
70/advanced
160/metastatic
322/metastatic
84/metastatic
125/metastatic

Ⅱ

RCT

Gemcitabine + Trastuzumab
Capecitabine vs Selumetinib
GEM + Trametinib vs GEM
GEM + Ganitumab vs GEM
GEM+Ganitumab vs GEM
GEM + Ganitumab vs GEM +
Conatumumab vs GEM
GEM + Marimastat vs GEM

Ⅰ

GEM+ inhibitor γ secretase

7
5 vs 5.4
8.4 vs 6.7
7.2 vs 7
16 vs 5.9
8.7 vs 7.5 vs
5.9
165.5 d
4

Ⅲ RCT

GEM + Nab-paclitaxel vs GEM
GEM + Nab-paclitaxel

Munter et al[22], 2008
Lim et al[23], 2014

Feliu et al[27], 2011
Moore et al[28], 2007
Harder et al[29], 2012
Safran et al[30], 2004
Bodoky et al[31], 2012
Infante et al[32], 2014
Fuchs et al[33], 2015
McCaffery et al[34], 2013
Kindler et al[35], 2012
Bramhall et al[36], 2002
De Jesus-Acosta et al[37],
2014
Goldstein et al[38], 2015
Hosein et al[39], 2013
Pant et al[40], 2014
Kindler et al[41], 2010
Crane et al[42], 2009
Ko et al[43], 2010
Van Cutsem et al[44], 2009
IokaT et al[45], 2015
Spano et al[46], 2008

239/advanced
17/metastatic second line
therapy
861/metastatic
19/advanced second line
therapy
30/advanced locally
535/advanced
82/advanced
36/metastatic GEM
refractory
607/metastatic

Ⅲ RCT
Ⅱ

5.1 vs 4 vs 2
92.5 d
1.5

Negative
Positive

8.7 vs 6.6
7.3

-

Positive
Positive

GEM + Capecitabine Bevacizumab
GEM + Bevacizumab vs GEM
RT + capecitabine+bevacizumab,
followed by GEM + bevacizumab
Bevacizumab + Erlotinib

10.4
5.8 vs 5.9
11.9

3.8 vs 2.9

Negative
Negative
Negative

7.1 vs 6

4.6 vs 3.6

Negative

Ⅱ RCT

GEM + erlotinib + bevacizumab vs
GEM + erlotinib
GEM + axitinib vs GEM
GEM + axitinib vs GEM

5.1 vs 5.4
6.9 vs 5.6

-

Negative
Negative

Ⅲ RCT

GEM + axitinib vs GEM

8.5 vs 8.3

-

Negative

Ⅲ RCT

GEM + Aflibercept vs GEM
GEM + Sorafenib followed by RT +
GEM
GEM + Cisplatin + Sorafenib vs
GEM + Cisplatin
GEM + Sorafenib vs GEM

6.5 vs 7.8
12.6

3.7 vs 3.7
10.6

Negative
Negative

7.5 vs 8.3

4.3 vs 4.5

Negative

5.7 vs 3.8

9.2 vs 8

Negative

Ⅱ RCT
Ⅲ RCT
ⅡRCT
Ⅱ RCT

Ⅱ
Ⅱ
Ⅲ RCT
Ⅱ
Ⅱ
Ⅲ RCT
Ⅲ RCT

Rougier et al[48], 2013
Chiorean et al[49], 2014
Cascinu et al[50], 2014

144/advanced

Ⅱ RCT

104/advanced or
metastatic

ⅢRCT

Gonçalves et al[51], 2012

Negative
Positive
Negative
Negative
Negative
Negative
Negative
Positive
Positive

Ⅱ

632/advanced
103/advanced and
metastatic
632/advanced or
metastatic
427/metastatic
27/advanced

Kindler et al[47], 2011

3.6 vs 3.6

88% vs 84%
3.7 vs 3.6

102 d

Negative

OS: Overall survival; PFS: Progression free survival; RCT: Randomized control trial; Advanced diseases: Locally advanced and metastatic; RT:
Radiotherapy; GEM: Gemcitabine.

Rapamycin, another mTOR inhibitor, has also failed
to demonstrate efficacy in the treatment of PC in
[76]
humans . Everolimus and enzastaurin had no effect
on GEM-resistant tumor therapy or on advanced
[75,77]
tumors
. Rigosertib, a small molecular inhibitor of
[78]
PI3K, added no survival benefit in a phase Ⅲ trial .
Early phase clinical trials of other inhibitors of the
P13K/Akt/mTOR pathway or combining these inhibitors

WJG|www.wjgnet.com

with chemotherapy in PC are ongoing parentheses
ClinicalTrials.gov; NCT02294006, NCT01087554,
NCT01537107 parentheses.

Therapy against DNA repair genes

PC may induce expression of DNA repair genes at
post-transcriptional level from BRCA category 1 or 2 in
[79]
7%-10% of sporadic tumors . We believe that such
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Table 2 Potential therapeutic targets using miRNA
Ref.

miRNA

Oncogene/tumor suppressor

Target genes

Cellular process affected

Moriyama et al[99], 2009

miR-21

Oncogene

Park et al[94], 2009
Habbe et al[100], 2009

miR-221
miR-155

Oncogene
Oncogene

Apoptosis, cell proliferation, cell
invasion
Cell migration, proliferation
Cell migration

Chen et al[101], 2011
Cai et al[95], 2013
Yan et al[96], 2010
Torrisani et al[102], 2009
Ji et al[98], 2009

miR-196a
miR-181b
miR-20a
Let-7
miR-34a

Oncogene
Oncogene
Oncogene
Tumor suppressor
Tumor suppressor

Zhao et al[103], 2010
Yu et al[97], 2010
Li et al[104], 2010
Hou et al[105], 2012

miR-217
miR-96
miR-146a
miR-216a

Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor

CDK6, PDCD4, CDKN1A, FAS, IL6R, SOCS5,
APAF1, NFlB, TPM1
CDKN1B, CDKN1C, KIT
AGTR1, APC, ARID2, BACH1, CEBPB, CYR61,
DET1, EDN1, ETS1, FADD, FGF7, FOXO3
NRAS, HOXB8, HMGA2, ANXA1
BCL2
STAT3, CDH1
KRAS, HMGA2, TRIM71, NF2
NOTCH1, BCL2, E2F3, VEGFA, SIRT1, CCND1,
CDK6
KRAS, SIRT1, PTEN
KRAS
EGFR
PTEN, CDC42, CD44, SIRT1

Cell proliferation, invasion
Invasion, cell migration, apoptosis
Invasion
Tumorigenicity

[91]

tumors are more sensitive to the administration of
[80]
polymerase inhibitors (iniparib), as verified in vitro
and in vivo in a patient who achieved pathologic
[81]
complete response . Treatments with olaparib or
veliparib, in combination with GEM or alone, are
currently being assessed in ongoing trials (ClinicalTrials.
[82]
gov; NCT00515866 and NCT01908478) .

response to GEM . In addition, miR-21 upregulates
Bcl-2 and reduces chemosensitivity to GEM, thus
[92]
increasing cell proliferation .
Inhibition of miR-221 in PC cells suppresses
proliferation and upregulates the tumor suppressors
[93]
PTEN, and p27, p57 and PUMA . Introducing antisense oligonucleotides targeting miR-221 or miR-21
induces apoptosis and increases cell sensitivity
[94]
to GEM . Furthermore, miR-181b increases the
response of animals and chemoresistant cell lines to
[95]
chemotherapy . miR-20a targets tumor suppre
ssor gene CDH1 and reduces proliferation and
[96]
metastasis . miR-96 regulates the expression of
KRAS, and shows low expression in PC compared
[97]
to normal tissues . Administration of a synthetic
precursor of this miRNA also decreases cell proliferation
[97]
and invasion . Therapeutic overexpression of miR-34,
which targets the tumor suppressor p53, decreases
cell growth, arrests the cell cycle in G1 and G2/M
[98]
phases, and sensitizes cells to chemotherapy . A
summary of cancer-related target genes is presented
[94-105]
in Table 2
.

Therapy against histone deacetylases

Chromatin is formed by the wrapping of DNA around
histones, a process that is regulated by histone
acetylation status. Epigenetic regulation of tumor
suppressor genes via deacetylation of histones
is involved in the apoptosis, differentiation and
growth of cells, which influence tumor cell survival.
Suberoylanilide hydroxamic acid (vorinostat) admini
stered in combination with GEM and bortezomib, a 26S
proteasome antagonist, confers a strong apoptotic,
especially in association with bortezomib and GEM
and radiosensitizing effect through the nuclear
factor-κB pathway, which is not activated in normal
[83-86]
tissue
.Phase Ⅰ and Ⅱ trials using such substances
in association with radiotherapy are ongoing(e.g.,
Clinical Trial.gov. NCT00983268, NCT00243100 and
NCT00948688 for nonmetastatic disease).

Therapy against stromal compartments

A number of studies have targeted stromal elements
of PC, including the extracellular matrix, various
intracellular signaling pathways, and immune cells
[36,106-114]
(Figure 2, Table 3)
.

Therapy against microRNAs

miRNAs are single-stranded chains of non-coding RNA
of 18-24 nucleotides that inhibit gene expression at
the post-transcriptional level via triggering complete
degradation of the proteins or halting translation.
miRNAs can influence the proliferation, apoptosis,
and susceptibility of tumors to chemotherapeutic
agents. miR-21 regulates the expression of the tumor
suppressors CDKN1A, PTEN and PDCD4, and can
be stimulated by taking medications that interfere
[87]
with tyrosine kinase pathways . This miRNA
is overexpressed in 79% of evaluated PCs, and
[88]
represents an unfavorable prognostic factor . miR-21
is also frequently found in chemoresistant pancreatic
[88-90]
cells
, and a lower level was associated with better
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Cell growth and differentiation
Sensitization to gemcitabine
Proliferation and invasion
Cell proliferation
Apoptosis, cell proliferation

Therapies against stromal extracellular matrix: In
the past few years, scientists have begun to appreciate
the importance of the microenvironment in sustaining
pancreatic tumor growth. The microenvironment
of PC is characterized by an extensive deposition of
extracellular matrix components and hypovascularity.
These desmoplastic features are believed to prevent
drug delivery and contribute to primary resistance
of drug therapy. When targeting the stromal tissue,
the difference between local tumor and metastasis
microenvironments should be considered. Metastasis
is characterized by the ability of tumor cells to escape
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Stellate cell
Extracellular matrix

Hedgehog inhibitors
Notch pathway inhibitors
TGFβ inhibitors

Vessels

Marimastat
Tanomastat
Nab-paclitaxel

CD40

Bevacizumab
Axitinib
Aflibercept

Vaccines

Figure 2 New targeted therapy directed against stromal compartments.

Table 3 Studies with monoclonal antibodies that target the tumor stromal component
Ref.

Stromal component

Therapeutic target

Treatment

Strimpakos et al[106], 2013
Bramhall et al[36], 2002
Stephenson et al[107], 2011
Oettle et al[108], 2009
Yabuuchi et al[109], 2013
Brahmer et al[106], 2012
Le et al[111], 2013
Beatty et al[112], 2013
Lutz et al[113], 2011
Laheru et al[114], 2008

Extracellular matrix
Extracellular matrix
Signaling pathways
Signaling pathways
Signaling pathways
Immune cells
Immune cells
Immune cells
Immune cells
Immune cells

Hyaluronan
Metalloproteinase
Hedgehog
Transforming growth factor β receptor
Notch
Receiver for programmed cell death
Cytotoxic T-lymphocyte antigen 4
CD40
CB8
CB8

PEGPH20
Marimastat
Vismodegib (GDC-0449)
Trabedersen
PF-03084014
BMS-936559
Ipilimumab
CP-870893
GVAX
GVAX

GVAX: granulocyte-macrophage colony-stimulating factor vaccine.

from the primary tumor, survive in circulation, and
invade and establish colonies in distant sites, thus
warranting special consideration in the design of clinical
[115]
studies .
Matrix metalloproteinases are a family of pro
teolytic enzymes responsible for the breakdown of
connective tissue proteins. These enzymes are crucial
in maintaining the growth, differentiation and repair
of normal healthy tissue, but aberrant expression is
[116]
associated with invasive activities of solid tumors
.
However, inhibition of matrix metalloproteinases
by marimastat and tanomastat showed no clini
[36,117]
cal activity in combination with GEM
. The
extracellular matrix also contains hyaluronan (a
nonsulfated glycosaminoglycan), is highly abundant
in pancreatic tumors, and has been implicated in
angiogenesis, epithelial mesenchymal transition, and
[118]
chemoresistance . A phase Ib study combining GEM
with hyaluronidase demonstrated partial response in
[106]
64% of PC patients with high levels of hyaluronan .
A phase Ⅱ study of this combination is currently
underway ClinicalTrials.gov; NCT01453153.

associated with disease stage, clinical prognosis, and
the immunodeficient state of the patients. TGF-β
signaling is mediated by SMAD4, for which 50% of
[121]
human PCs show allelic deletion
. The complex
TGFβ-SMAD4 translocate to the nucleus, where they
interact at the promoter with other transcription
factors at DNA sequence-specific binding sites or with
transcriptional coactivators. Thus, aberration of TGFβSMAD4 signaling is believed to be an important step in
[122]
pathogenesis of this cancer . SMAD4 mutation leads
to feedback overexpression of TGF-β1. Development of
anti-TGF treatment in advanced PC is still in the early
clinical stage (ClinicalTrials.gov NCT00844064).
The hedgehog pathway has been shown to be an
important signaling system in the microenvironment
of PC. The sonic hedgehog ligands are present in the
fibroblasts of the PC, but not in the normal pancreatic
[123]
fibroblasts
. Binding of the sonic hedgehog ligand
to its patched receptor activates the smoothened and
zinc finger proteins, driving the expression of several
target genes responsible for desmoplastic reactions
[124]
and inhibition of pancreatic cell autophagy
. Sonic
hedgehog is expressed in cancer stem cells (CSCs),
rare tumor cells with abilities of self-renewal which are
responsible for tumor recurrence and metastasis, as
[125]
well as resistance to current therapies
; thus, this
factor represents an attractive target for therapeutic
intervention. Saridegib IPI-926 is an inhibitor of this

Therapies against intracellular signaling pathways:
Transforming growth factor (TGF)-β signaling has
been implicated in cancer cell proliferation, tumor
angiogenesis, metastasis, and suppression of
[119,120]
antitumor immunity
. Its overexpression is

WJG|www.wjgnet.com

6132

May 28, 2015|Volume 21|Issue 20|

Seicean A et al . Targeted therapies in pancreatic cancer
[137]

pathway that elevates intratumoral concentrations
of GEM, reduces the dense fibrotic reaction, and
increases tumor neo-vascularization in an animal
[126]
model
. However, in a double-blind randomized
placebo-controlled phase Ⅱ study, the combination
of GEM with Saridegib was associated with shorter
survival in PC patients, and the trial was terminated
[127]
prematurely .
The dense fibro-inflammatory microenvironment of
PC results in hypoxia, which activates hypoxia-inducible
factor-1α and promotes tumor cell secretion of sonic
hedgehog. As a result, the epithelial to mesenchymal
transition is activated, CSCs are maintained, and
resistance to therapy occurs. Moreover, hypoxiainducible factor-1α activates leptin receptors and
[128]
influences metastasis and survival
, and activates
[129]
actin-related mechanisms as well
. Myo-inositol
trispyrophosphate can reverse hypoxia and decrease
desmoplasia in an animal model, with improved
[130,131]
susceptibility to GEM treatment
. Gene expression
of hypoxia-inducible factor 1α was reduced in an
animal model by administration of a novel synthetic
[132]
compound
, which is currently being tested in an
ongoing trial (ClinicalTrials.gov; NCT01248637).
Hypoxic conditions can also trigger Notch signaling,
which plays a critical role in organ development and
cell differentiation. Notch signaling mediates PC stem
cell function, which contributes to chemotherapy
resistance, tumor recurrence, and metastasis. Upon
receptor activation, Notch is cleaved by a cascade of
proteolytic enzymes, including metalloproteinases,
tumor necrosis factor-α-converting enzyme, and
[133]
. The oral γ-secretase inhibitor
γ-secretase
RO4929097 has completed a phase Ⅰ trial for treatment
of metastatic cancer, and results are promising
Recently, preliminary results from two phase Ⅰ clinical
trials testing anti-Notch antibodies (OMP-59R5
[134,135]
and demcizumab) have been presented
. A
phase Ⅰ study of an oral Notch inhibitor (MK-0752) in
combination with GEM is now ongoing (ClinicalTrials.
gov; NCT010983440).

nab-paclitaxel alone and GEM alone, respectively) .
These findings suggest that nab-paclitaxel is able
to destroy or alter the characteristics of the tumor
stroma and increase vascularization in order to achieve
enhanced delivery of cytotoxic chemotherapy to the
tumor. Indeed, in two GEM-resistant xenografts, a
profuse desmoplastic stroma remained after treatment
with vehicle or GEM alone, whereas the administration
of nab-paclitaxel resulted in a significant reduction in
[108]
stromal content . In another study using the GEMresistant mouse model, treatment with nab-paclitaxel
and GEM also resulted in an increase in intratumoral
GEM concentration and a reduction in tumor size
[138]
compared with treatment with either agent alone .
In a recently published phase Ⅲ study comparing
nab-paclitaxel plus GEM vs GEM alone, the addition
of nab-paclitaxel significantly prolonged median OS
from 6.7 to 8.5 mo, with a corresponding increase
[139]
in response rate from 7% to 23%
, and after one
[137,140]
year from 22% to 35%
. The nab-paclitaxel/GEM
combination has become the second regimen shown
to be superior to GEM alone and has been approved
by the FDA for treatment of advanced PC. In a secondline setting, nab-paclitaxel monotherapy demonstrated
clinical activity in GEM-refractory advanced PC patients
[39]
in a phase Ⅱ trial . In this trial, high expression
of stromal protein was used to specifically enrich
the concentration of a cytotoxic agent in the tumor.
[141]
Additionally, Alvarez et al
demonstrated that nabpaclitaxel reduces the stiffness and the number of
cancer-associated fibroblasts in human tumors treated
with nab-paclitaxel. Its combination with different
agents is now one of the most popular areas of clinical
research in advanced PC. Another innovative approach
to improve drug delivery that is under development
is the use of nanotechnology and cancer-specific
[142]
liposomes .

Antiangiogenic therapies

Antiangiogenesis is clinically ineffective in treating PC
patients. Although most preclinical models of PC have
suggested potential activity of many antiangiogenic
agents, they failed to simulate human tumor
microenvironments where dense stromal tissue with
decreased vascular density is now known to be the
main obstacle for effective drug delivery. Moreover, the
withdrawal of antiangiogenic agents after therapy may
be associated with increased tumor aggressiveness
and invasion, offsetting the potential therapeutic
benefits offered by antiangiogenic agents. It has also
been said that angiogenesis inhibition might alter the
natural history of tumors by increasing tumor invasion
[143]
and metastasis .
Overexpression of VEGF in PC has been associated
with tumor progression and a worse prognosis.
Therefore, similar to other cancer therapies, angiogenesis
[144,145]
is considered to be a therapeutic target
. Humanized
monoclonal antibodies such as bevacizumab have affinity
for circulating VEGF-A, but phase Ⅱ and Ⅲ studies

Enhanced drug delivery to microenvironment:
Inefficient drug delivery might explain the lack of
efficacy of systemic treatments. Novel drug delivery
vehicles have reformed the clinical use of traditional
cytotoxic agents. Nab-paclitaxel is an albumin-bound
formulation that increases tumor accumulation of
paclitaxel via binding of albumin to the surrounding
stroma that is enriched in secreted protein acidic and
rich in cysteine (SPARC). Nab-paclitaxel was developed
to exploit the ability of SPARC to bind to albumin as a
[136]
means of increasing drug delivery to the tumor . In
an animal model, intratumoral concentration of GEM
was increased 2.8-fold in mice receiving nab-paclitaxel
in combination with GEM, and treatment of patients
with nab-paclitaxel alone was also more effective
than GEM alone (aggregate tumor regression rates
of 55%, 36% and 24% for nab-paclitaxel plus GEM,
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showed no survival advantage when bevacizumab
[41-44]
was combined with GEM and erlotinib
. A metaanalysis found that therapy with bevacizumabGEM was associated with a modest response rate,
[52]
without survival modifications . Associations of
two chemotherapeutic agents (GEM, capecitabine)
with two biologic therapies (erlotinib, bevacizumab)
provided an additional ten months of survival in
[25]
metastatic disease . The proposed mechanism for
this effect involves the overexpression of platelet[146]
derived growth factor and fibroblast growth factor .
The development of bevacizumab-related hypertension
[147]
is also associated with better survival . Other VEGF
inhibitors, such as axitinib and aflibercept, provide
[46-48,148]
no survival advantage
. In addition, sorafenib
(an inhibitor of VEGFR and Ras/Raf/MAPK signaling)
had no supplementary value for patient survival over
[51]
GEM .

produced in larger quantities and do not require
determination of the patient’s human leukocyte antigen
and cell types. Furthermore, multiple allogeneic tumor
antigens can be processed using the mechanism of
cross-presentation and simultaneous induction of
[149]
CD4+ and CD8+ cells .
Algenpantucel-L: Algenpantucel-L contains cell lines
expressing α-galactosyl epitopes on the surface of
proteins and glycolipids. In humans, these epitopes
are missing, but there are natural anti-α-gal antibodies
that stimulate the immune response, including against
[150,151]
tumor cells
. In a phase Ⅱ study with this type of
immunotherapy in combination with GEM and 5-FU/
irradiation, algenpantucel-L was injected intradermally
[152]
(up to 14 vaccinations)
. The adverse reactions
were local response and peripheral hypereosinophilia.
Survival at 1 year was 86%, better than the 81%
reported in the RTOG-9704 trial using the same
[153]
chemoradiotherapy scheme
. Interestingly, the
patients who received a higher dose of vaccine in the
study (300 vs 100 million cells/dose) had an increase
in 12-mo disease-free (81% vs 51%) and overall (96%
vs 79%) survivals. Additionally, patients in this trial
had a higher percentage of lymph node positivity (stage
Ⅱb) in comparison with the RTOG-9704 trial (81% vs
[152]
68%) . Phase Ⅲ studies are ongoing and the results
are expected (ClinicalTrials.gov; NCT 01836432).

SPECIFIC IMMUNOTHERAPY
In pancreatic adenocarcinoma, interactions between
tumor and host cells are mediated by inflammatory
cells, fibroblasts and vascular endothelial cells.
Intratumoral desmoplastic tissue is less vascularized,
and cytotoxic substances cannot easily penetrate the
connective matrix. Therefore, inflammatory cells and
macrophages represent potential therapeutic targets.
These cells can acquire antitumor properties, which
is the main purpose for specific immunotherapies,
including vaccines and adoptive cell therapy.
Antitumor vaccines are biologic preparations that
involve administering an antigen that is specific for
a particular tumor type and stimulating the body’s
natural ability to protect itself. There are a number of
ways to deliver these vaccines: whole-cell recombinant
vaccines, dendritic cell (DC) vaccines that combine
antigen with DCs to present to white cells, DNA
vaccines (by inserting viral or bacterial DNA into
human or animal cells), or T-cell receptor peptide
vaccines (by inserting peptides to modulate cellmediated immunity).

Granulocyte-macrophage colony-stimulating
factor vaccine: Granulocyte-macrophage colonystimulating factor (GM-CSF) is a potent cytokine
that is able to mobilize monocytes, eosinophils and
lymphocytes to the tumor sites. GM-CSF vaccine
(GVAX) showed tumor-free survival and also caused
[154]
regression of tumors in mice
. In a phase Ⅰ study,
14 patients were vaccinated with a GVAX made from
irradiated cancer cell lines (PANC 6.03 and PANC
10.05) that were engineered to express GM-CSF, with
an interval of 8 wk after resection of the pancreas
[155]
and chemoradiotherapy
. Patients who developed
delayed hypersensitivity reaction were disease-free
at 25 mo from diagnosis. Another phase Ⅱ study
vaccinated 60 patients with surgical treatment of
adenocarcinoma and with radiochemotherapy (5-FU[113,114]
based regimen) with an allogeneic GVAX
.
A total of five immunotherapy treatments were
delivered intradermally and the first treatment was
given 8-10 wk after surgical resection resulting in
an 85% 1-year survival; the effect was attributed to
the induction of CD8+ mesothelin-specific T cells.
GVAX immunotherapy induces expression of antithyroglobulin antibodies that recognize a unique
antigenic repertoire associated with prolonged
[156]
survival
. All these trials demonstrate postvaccination induction of CD8+ T cells to multiple
mesothelin-specific epitopes, which correlates with
[113,114,155]
improved survival
. Mesothelin is a tumor-

Whole-cell recombinant vaccines

The advantage of using whole-cell recombinant
vaccines is that tumor cells express a wide range of
tumor-associated antigens. This rich source of antigens
contains epitopes of the two types of T cells (CD8+
and CD4+), compared with peptide-based vaccines
that contain only one epitope. Autologous tumor cells
are the best source of protein for immunization, but
only 10%-15% of patients diagnosed with pancreatic
tumors are candidates for surgical treatment. In
addition, it is difficult to prepare a sufficient quantity
of tumor cells required to achieve the vaccine due to
prolonged culture periods and possible contamination
with bacteria and fungus. To avoid these difficulties,
allogeneic tumor cells can be used, which can be
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associated antigen that is overexpressed in most ductal
adenocarcinomas of the pancreas and is thought to be
involved in cell adhesion, and, therefore, to play a role
[157]
in metastasis .

should encourage much larger controlled studies.
Telomerase peptide vaccine: Telomerase is a
ribonucleotide enzyme that maintains cellular
stability and is expressed by almost all cancer cells
[166]
[167]
(85%-90%) , including PC . Activation of reverse
transcriptase from human telomerase increases
cell viability, and is thus an attractive target for an
immunotherapy antigen. In a phase Ⅰ -Ⅱ study,
the administration of a telomerase peptide vaccine
(GV1001) and immunogenic response was found to
be correlated with prolonged survival (25% at 1 year)
[168]
and good tolerability
. However, a phase Ⅲ study
in unresectable and metastatic pancreatic ductal
adenocarcinoma that compared PrimoVax (GV1001
and GVAX) administered sequentially with GEM against
GEM alone was closed due to lack of survival (median
[169,170]
OS: 5.9 mo vs 7.3 mo)
. A second GV1001 phase
Ⅲ trial (TeloVac) in unresectable and metastatic PC
compared the association between the vaccination and
subsequent or concurrent chemotherapy (GEM and
capecitabine) vs chemotherapy alone; there were no
significant survival differences (median OS: 6.94 and
[171]
8.36 mo vs 7.89 mo, respectively)
. Furthermore,
patients in the sequential arm received only 2 mo
of chemotherapy before being taken off an active
therapy that has a historical median progression-free
[172]
survival of 4.3 mo . Despite the disappointing phase
Ⅲ results, the findings have identified biomarkers
that may predict response to this vaccine and new
research may indicate benefit in a subgroup of
[173]
patients
. In addition, there is another ongoing
study in patients with advanced disease that includes
radiochemotherapy (ClinicalTrials.gov; NCT01342224).

Peptide vaccines

Peptide-based anti-tumor vaccines are prepared
from fragments of antigenic proteins, which are the
minimal immunogenic region of tumor-associated
antigens that are simple, safe, stable and economical
for this purpose. Multiple peptides related to major
histocompatibility complex class Ⅰ have been identified
and considered as candidates, and vaccination with
synthetic peptides has been studied in clinical trials
in combination with chemotherapy sessions in order
[158]
to produce cytotoxic T lymphocytes
. The use of
peptide vaccines has some limitations: the existence
of a limited number of known antigenic peptides;
the presence of suppressive immune cells in tumoral
microenvironments; the fact that DCs may have poor
functionality in patients with advanced pancreatic
tumors; the observation that CD8+ cytotoxic T
cells are sometimes ineffective in the reaction
with pancreatic tumor cells, which is mediated by
production of immunosuppressive cytokines such as
interleukin-10 and tumor growth factor.
K-ras vaccine: K-ras is thought to be recognized
by helper and cytotoxic T cells, and almost 90% of
pancreatic tumors involve mutations in the KRAS
oncogene. Peptide vaccines against mutated K-ras
[159-161]
are safe for administration to humans
, but only
one of the nine patients had a cytotoxic T lymphocyte
[161]
immune response
. A study of synthetic vaccine
for a K-ras mutation and GM-CSF showed an immune
[162]
response in 25/48 of the enrolled patients
. For
these patients, survival was 148 d compared to 61 d
for the non-responders. Twenty patients in this study,
and another group of 23 patients, have been followedup for a long time and have shown a median 5-year
survival rate of 20% (four patients), while a 29%
survival rate was observed in another group of patients
with immune response; adverse effects to the vaccine
[163]
were minimal
. Using synthetic K-ras vaccines
based on long peptides to induce antigen-specific
[163]
polyclonal CD8+ and CD4+ T, Weden et al
reported
a 10-year survival rate of 20% in a group of patients
after pancreatic tumor resection. Another recent study
showed no effect of a 21-mer peptide vaccine based on
a KRAS mutation in 24 patients vaccinated monthly for
[164]
3 mo . Administration of Reolysin, an oncolytic virus
that replicates and kill cells with a KRAS mutation, was
[165]
well tolerated by patients with breast tumors
, but
further studies are expected.
Immunotherapy in the form of vaccination against
mutant K-ras has been developed as an adjunct to
surgical resection and appears as a promising principle
of adjuvant therapy. Taking into account that K-ras
vaccination is virtually free of side effects, the results
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Survivin-based vaccine: Survivin is an inhibitor of
apoptosis and is found in PC. There have been isolated
cases of complete remission with a survivin-based
[158]
vaccine in patients with metastatic disease
. This
effect was confirmed only in combination with GEM
in an experimental study using a modified vaccinia
Ankara in a murine pancreatic model, which showed
enhanced survivin-specific CD8 interferon-γ immune
[174]
responses in the vaccinated mice .
Mucin 1 vaccine: Mucin (MUC)1 is highly expressed
[175]
in PC , and phase Ⅰ and Ⅱ studies of MUC1 antigenpulsed DC vaccines showed hopeful results in advanced
[176,177]
PC
. A phase Ⅰ study in advanced PC showed
that the vaccinia virus expressing carcinoembryonic
antigen (CEA) and MUC1 and co-stimulatory molecules
was well tolerated and provided an OS advantage in
[178]
immune-responsive patients
. However, a phase
Ⅲ trial using fowlpox viruses expressing these
same molecules failed to show improvement in OS
in PC patients when compared to chemotherapy
[179]
or best supportive care in a palliative setting
.
Administration of a pox virus-based vaccine targeting
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MUC-1 and CEA induced a favorable immune response
on T cells, but has not been confirmed as beneficial in
[176,178]
a phase Ⅲ study
. Intratumoral administration of
the recombinant fowlpox PANVAC plus subcutaneous
recombinant vaccinia and recombinant GM-CSF is
currently underway in a phase Ⅰ study. In another
study, 16 patients with advanced PC who were
vaccinated with DCs pulsed with MUC1 showed an
increase in CD8+ cells in peripheral blood; 2/15
patients with resected PC were alive and disease free
[176]
at 32 and 61 mo .

to the enhancement of tumor cell immunogenicity
by treatment with GEM, which increases the efficacy
[187]
of the vaccine
. However, tumor-reactive T cells in
peripheral blood were decreased and the cytotoxic T
[188]
cell-mediated killing was normal
. The combination
of these vaccines with mRNA encoding CEA produced
an effective immunization and survival benefit for three
patients with resected pancreatic tumors receiving
neoadjuvant therapy, each of who survived 30 mo
[189]
after diagnosis
. The combination of DC vaccines
with DNA for MUC1 has been found to be beneficial
[176]
in a small portion of resected patients
, and as
[177]
ineffective in metastatic disease
. The combination
with telomerase reverse transcriptase mRNA demon
strated encouraging results when administrated after
[190]
radical surgical treatment
. Targeting more than
one checkpoint pathway at the same time might be
another option for obtaining increased efficacy.
Administration of the anti-cytotoxic lymphocyte
antibody (ipilimumab) and GVAX increased the
survival of 15/30 previously treated patients with
metastatic disease compared to GEM alone (5.5 mo
vs 3.3 mo), supporting the approach of blocking
cytotoxic lymphocytes by promoting the GM-CSF
[111]
antitumor response
. Survival was correlated with
CD8+, mesothelin-specific T cell quantity. A phase Ⅱ
study of this protocol is under development due to this
promising result. Despite the encouraging findings,
however, clinical responses have been seen in only a
minority of patients, presumably due to insufficient
expansion of antigen-specific cytotoxic T lymphocytes
capable of eradicating tumor cells. Interestingly,
endoscopic ultrasound-guided fine-needle injection
of OK432-pulsed DCs into a tumor followed by
intravenous infusion of lymphokine-activated killer cells
stimulated with anti-CD3 monoclonal antibody was
[191]
synergistically effective in a phase Ⅰ study .
CD40 is a potential immunomodulatory target,
because it is a co-stimulatory molecule for antigenpresenting cells. GEM with CD40 agonist-activated T
cells reduces tumor burden in advanced PC patients in
[192]
a phase Ⅰ study , by decreasing tumor stroma and
[112]
increasing infiltration of activated macrophages .
Adoptive cell therapy consists of re-transferring
autologous cytotoxic T lymphocytes harvested
from the patient after in vitro activation of K-ras,
telomerase, or mesothelin. This method helps
the immune system to recover more quickly after
chemotherapy and improves responses to other
immunotherapies. However, extensive studies have
[193-195]
not been performed
.

Anti-VEGFR vaccine: An anti-VEGFR vaccine
was given in association with GEM to patients with
unresectable or metastatic disease, and produced
an OS rate of 8.7 mo; phase Ⅱ study results are
[180]
expected .
Personalized peptide vaccination: Personalized
peptide vaccination was attempted after preparation of
pre-vaccination peripheral blood mononuclear cells and
plasma as a first-line therapy in association with GEM
in unresectable patients. This attempt showed a 1-year
[181]
survival rate of 38% ; however, further evaluations
are needed.
Nanoparticles: Nanoparticles are non-specific and
are taken-up in the spleen. They can be safely used as
a vaccine platform without the risk of prolonged side
effects. In animal models, nanoparticulate delivery
of diphtheria toxin DNA effectively kills mesothelin[182]
expressing PC cells .
Heat shock proteins: Heat shock proteins also play
a role in the stabilization and delivery of peptides, and
[183]
in inducing immunity against autologous tumors
.
In one study, 3/10 patients treated with an autologous
vaccine prepared from resected tumors showed
no tumor recurrence at 2.6, 2.7 and 5.0 years of
follow-up, though there was no correlation between
[184]
stimulating immunity and survival .

DC vaccines

DCs are the most potent antigen-presenting cells,
and they can cause a high antigenic response via
stimulation of T and B cells. DC vaccines combine
tumor antigens with DCs for presentation to effector
T cells. Viral or bacterial DNA is inserted into human
cells to modulate cell-mediated immunity by the
DNA vaccines. It has been shown that DC vaccine
plus lymphokine-activated killer cell treatment and
chemotherapy prolonged OS compared to effects
observed in patients who received only DC vaccine or
[158,185]
chemotherapy
. In a multi-center study of 255
patients who received chemotherapy plus vaccine, the
median survival was 16.5 mo, with erythema reaction
after vaccination identified as a factor related to better
[186]
survival
. The effects were considered likely due
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IMMUNOTHERAPY TARGETING TUMOR
STEM CELLS
Most patients with PC who initially respond to standard
chemotherapy relapse because of small populations
of tumor cells/tumor stem cells (i.e., CSCs). CSCs are
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better able than other tumor cells to multiply and to
initiate new tumors and sustain tumor growth. It has
been shown that pancreatic tumors that are resistant
to chemoradiotherapy are rich in CSCs. These tumors
are candidates for immunotherapy, and CSC-targeted
therapy can be applied to prevent resistance to
chemotherapy.
Targeted immunotherapy on tumor stem cells
using γδ T cells, natural killer cells, and anti-tumor
vaccines based on DCs has been successfully used
to activate responses of CSC-specific cytotoxic T
lymphocytes, leading to the expression of high levels
of interferon-γ and enhanced destruction of CSCs
in vitro. Transfer of stem cells may have antitumor
effects due to decreased activity of Wnt or Akt
[196,197]
pathways
. Antitumor action will be possible only
if three conditions are met: direct tumor migration and
intratumoral incorporation, release of the antitumor
[197]
agent, and generation of a specific organ-vector .
The use of immunotherapy for treatment of
pancreatic ductal adenocarcinoma is promising, though
its immunotolerant environment continues to be a
major hurdle. Therapeutic vaccines have the ability
to activate antitumor immune responses; however,
these strategies need to be combined with immunemodulating agents, chemotherapies or radiation,
depending on the patient disease status. There is also
a great need to optimize vectors, antigens, and patient
selection. Additionally, more preclinical and earlyphase clinical trials need to be conducted to determine
if and which chemotherapies would complement
immunotherapies, and determine how to optimally
sequence the administration of immunotherapy with
chemotherapy and radiation. Combinations of active
and passive immunologic treatments, targeted agents
and conventional chemotherapies might be important
strategies for increasing efficacy.
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CONCLUSION
The goal of these new treatments is to obtain faster
and more stable tumor response. Passive immuno
therapy may have a role in combination with radio
chemotherapy. Furthermore, vaccines would allow
restoration of specific immune responses after adju
vant or palliative treatment, and would continue the
fight against residual tumor cells. Knowing the genetic
implications in PC, the combination of two or more
vaccines would be beneficial.
In the future, treatment will likely include personalized
medicine to each patient, tailored for numerous
molecular therapeutic targets of multiple pathogenetic
pathways in PC, and is expected to occupy a central
role in stem cell therapy.
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REVIEW

Androgens and esophageal cancer: What do we know?
Olga A Sukocheva, Bin Li, Steven L Due, Damian J Hussey, David I Watson
and the potential role of androgens in esophageal
carcinogenesis remains unclear, even though the
cancer-promoting role of androgen receptors (AR)
shown in other cancers such as prostate and bladder
suggests this aspect warrants exploration. Several
studies have demonstrated expression of ARs in
esophageal cancer. However, only one study has
suggested a potential link between AR signaling
and outcome - poorer prognosis. Two groups have
analyzed data from cohorts with prostate cancer
and one of these found a decreased incidence of
esophageal squamous and adenocarcinoma after
androgen deprivation therapy. However, very limited
information is available about the effects of androgen
and AR-initiated signaling on esophageal cancer cell
growth in vitro and in vivo . Possible mechanisms
for androgens/AR involvement in the regulation of
esophageal cancer growth are considered, and the
potential use of AR as a prognostic factor and clinical
target is highlighted, although insufficient evidence is
available to support clinical trials of novel therapies. As
esophageal adenocarcinoma is a gender linked cancer
with a large male predominance further studies are
warranted to clarify the role of androgens and ARs in
shaping intracellular signaling and genomic responses
in esophageal cancer.
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Abstract

Core tip: Esophageal cancers, especially adenocarcinoma,
are gender-linked malignancies, with a male predo
minance. Previous studies have demonstrated expression
of androgen receptors in both adenocarcinoma and
squamous cell esophageal cancer. However, the impact
of androgens in development and progression of these
cancers is unclear. Androgen-deprivation therapy
has not been explored, even though it is successfully
used in treatment of prostate cancers. Further studies
are warranted to clarify the role of androgens and

Significant disparities exist between genders for
the development and progression of several gastrointestinal (GI) diseases including cancer. Differences
in incidence between men vs women for colon, gastric
and hepatocellular cancers suggest a role for steroid
sex hormones in regulation of GI carcinogenesis.
Involvement of intrinsic gender-linked mechanisms
is also possible for esophageal adenocarcinoma as
its incidence is disproportionally high among men.
However, the cause of the observed gender differences
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androgen receptors in shaping intracellular signaling
and genomic responses in esophageal cancer.

profiles . Analysis of the SEER database has shown
that patients with a previous diagnosis of prostate
cancer are less likely to develop EAC, raising the
possibility that the androgen deprivation therapy used
[22]
for prostate cancer may reduce the risk of EAC . This
study also found that the incidence of ESCC was lower
in individuals with a previous diagnosis of prostate
cancer and suggested that lifestyle modifications could
be an additional factor. Nevertheless, the presence of
ARs in EAC and the association between testosterone
and Barrett’s esophagus suggest that androgens might
play a role in the development of EAC, and would
provide a logical explanation for the male dominance
[21]
of the disease .
However, this hypothesis is contradicted by findings
in overweight or obese individuals who develop
esophageal adenocarcinoma. As obesity has been
unequivocally shown to be a major risk factor for
the development of esophageal adenocarcinoma,
consideration must also be given to the lower level
[9,23]
of circulating androgens in obese individuals
.
Testosterone is converted into estrogens in intraabdominal adipose tissues by aromatase, and
this might further decrease local concentration of
androgens. Hence, local conversion of androgens to
estrogens might contribute to the development of EAC,
and provide an explanation for an interaction between
obesity, androgens, and male gender in the genesis of
EAC.

Sukocheva OA, Li B, Due SL, Hussey DJ, Watson DI. Androgens
and esophageal cancer: What do we know? World J Gastroenterol
2015; 21(20): 6146-6156 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i20/6146.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6146

WHY ANDROGEN RECEPTORS?
Gender associated differences in the incidence of various
gastrointestinal (GI) cancers are well recognized, with
some diseases dominated by the female gender,
including gallstone disease and primary biliary
cirrhosis, and others by the male gender, including
gastroesophageal reflux disease (GERD) and colon
[1-4]
cancer . Esophageal cancers of both major subtypes
show a male predilection, occurring 3-4 times more
[5]
commonly in men than women globally . This is most
marked for esophageal adenocarcinoma (EAC), with
reported sex ratios (M:F) ranging from 5:1 in France,
6:1 in Australia and Sweden, 8:1 in the United States
[6-8]
to 10:1 in the United Kingdom . An analysis of the
Surveillance, Epidemiology and End Results (SEER)
Registry in the United States confirmed a significant
rise in EAC among males and a slower rise in females
[8]
from 1973 to 2008, with an overall M:F ratio of 7.66 .
This gender bias towards men is out of proportion
to the gender distribution for the underlying risk
[9]
factors, predominantly obesity and GERD . For the
other major subtype, esophageal squamous cell
cancer (ESCC), a male propensity also occurs, but
is less marked than in EAC, and it appears to occur
concomitantly with male dominance of the main risk
[10]
factors, smoking and alcohol consumption . Reasons
for the disproportionate rise in EAC in men have not
been investigated in detail, but some studies implicate
[11]
sex hormones as contributing factors .
Sex steroid hormones, predominantly estrogens in
women and androgens in men, demonstrate gender
specific concentration profiles. These hormones
regulate cell growth and behavior via a variety of
estrogen and androgen receptor subtypes which are
distributed widely throughout normal and abnormal
human tissues, including cancers. The role of sex
hormones in the development of prostate and breast
[12,13]
cancers is well known
. Estrogen receptors (ER)
have been shown to have a role in esophageal adeno
[14,15]
carcinomas
. Androgen receptors (AR) are also
widely expressed in human tissues and have been
[16-20]
identified in esophageal cancer
. Higher circulating
levels of testosterone and dihydrotestosterone (DHT)
have been identified in patients who develop Barrett’s
esophagus, the precursor lesion for EAC, after controlling
for age, body mass index (BMI), and GERD symptom
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Circulating Androgens
Testosterone, dihydrotestosterone (DHT), andro
stenedione, and dehydroepiandrosterone (DHEA)
and its sulfate (DHEAS) comprise the group of
circulating human androgens which prevail in men.
These are 19-carbon steroid molecules synthesized
from cholesterol in the adrenal cortex, testes (in men)
and ovaries (in women). Androgens can be converted
into 18-carbon estrogens by aromatase enzymes
predominantly in the liver, but also in gonadal, adipose
and other tissues. An estimated 5% of the serum
testosterone produced in men is catalyzed to the more
potent androgen DHT by 5α reductase enzymes. AR
affinity of DHT is 3-fold greater than the affinity of
testosterone and 15- to 30-fold greater than adrenal
[24]
androgens affinity . High AR affinity of DHT makes
this androgen the most potent hormone activator of
AR-regulated transcription. The more abundant but
less potent adrenal steroids DHEA and DHEAS, are
precursors for intracellular production of more active
androgens, and also estrogens under 5α reductase
[25]
and aromatase activity .
The vast majority of testosterone circulates bound
to plasma proteins: 40%-50% of testosterone is
bound to albumin, 50%-60% is strongly bound to sex
hormone-binding globulin (SHBG), with only 1%-2%
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[37]

being free . Both free testosterone and albuminbound testosterone are bioavailable. However, they
[27]
show some differences in biological effects . For
instance, free testosterone and DHT act via ARs in
the cell nucleus and regulate AR-dependent gene
transcription. Protein bound circulating androgens,
however, are biologically active by a different signaling
pathway. Testosterone and DHT bound to SHBG has
been shown to act via a specific cytoplasmic G-protein
coupled SHBG receptor in prostate cancer cells,
[28]
rather than by binding nuclear AR . Thus, the free
circulating androgens are a potent minority and act via
nuclear AR, whereas SHBG-bound testosterone and
DHT may exert effects by cytoplasmic SHBG receptors.
The levels of all androgens increase at puberty and
peak during adolescence, then gradually decrease with
[29]
age . Alterations in the ratios of circulating androgens
followed by depletion of sex steroid hormones are
important consequences of normal aging and are
associated with vulnerability to disease in hormone[30]
responsive tissues . The significant decline in male
sex steroids, and its clinical consequences, has been
[30]
dubbed androgen deficiency in aging males (ADAM) .
In contrast to menopause in females, androgen
deficiency in aging males is rarely accompanied by the
loss of reproductive function. Androgen deficiency in
aging males associated hormonal changes are gradual,
with bioavailable testosterone levels declining 2%-3%
[30,31]
annually from approximately 30 years of age
.
In women, testosterone is produced primarily
through peripheral conversion of androstendione
(50%). Testosterone is also produced in the ovaries
[32]
(25%) and the adrenal glands (25%) . During
pregnancy, the placenta may also serve as a source
[33]
of the testosterone . There is at least a 10-fold
difference in testosterone levels between males
and females of reproductive age. The plasma
concentration of the hormone in males is between
[34]
10 to 35 nmol/L and in females is 0.7-2 nmol/L .
This contrast adds support to the hypothesis that
estrogens might be protective against development of
gastrointestinal cancers, but androgens may facilitate
[15,35]
carcinogenesis
. This hypothesis is compatible with
epidemiological data, which show a decline in male
dominance in older age groups, i.e., postmenopausal
females. The SEER dataset has shown a peak gender
ratio of 11:1 in favor of males in the 50-54 years
age bracket, but falling to 4:1 in the 75-79 year age
[8]
group .

target gene expression . Androgen receptors possess
four structurally and functionally distinct domains: the
NH2-terminal transactivation domain, the DNA-binding
domain, a hinge region and the COOH-terminal ligand[37]
binding domain . Two AR isoforms have been found:
the predominant isoform B (110 kDa) and the less
[38]
dominant and shorter isoform A (80 kDa) . Novel
AR splice variants designated AR3, AR4 and AR5 in
androgen-insensitive prostate cancer cell lines have
[39]
recently been described .
Non-ligand-bound AR is located in the cytoplasm
where it associates with heat shock proteins
(HSPs). Ligand binding induces a conformational
change in the AR, resulting in release of heatshock proteins, dimerization, phosphorylation, and
translocation of the complex to the nucleus (Figure
1). Microtubule proteins, specifically filamin A (FlnA)
help to transport ligand-AR complexes to the cell
[40]
nucleus . Homo-dimerized AR interacts with a
constellation of transcriptional co-regulators and
transcription factors leading to specific transcriptional
[41]
activation or repression of target genes . ARinducible genes coordinate the development of
male sexual characteristics (both anatomical and
mental), spermatogenesis, and maintain skeletal
[42]
homeostasis .

Nongenomic AR signaling pathway
Extranuclear or non-genomic androgen effects are
distinct from androgen genomic actions. Extranuclear
effects can be detected within in the first seconds
or minutes after the application of androgen to
[43,44]
cells or tissues
. Nongenomic androgen activity
involves rapid induction of second messenger signal
transduction cascades, including calcium and cAMP
fluxes, activation of protein kinase A(PKA), protein
kinase C (PKC), and mitogen-activated protein (MAP)
[45]
kinases
(Figure 2). These dynamic changes in
protein kinase activity shape a specific phosphorylation
profile that, in turn, transfers new signals to the cell
[46]
nucleus to switch on genes .
Extranuclear androgen signaling is not only faster
than genomic signaling, but might occur through
cytoplasmic receptors that are different to the
traditional nuclear AR. Recent reports confirm that
opposite androgen and AR-mediated effects in prostate
cancers might depend not only on cell type and tumor
[47]
stage, but also on AR type and localization . Several
membrane-localized receptor targets for androgens
[37,48]
have been proposed
. Androgens have been shown
to rapidly stimulate PKA and induce production of cAMP
via binding to G-protein coupled membrane receptor
[28,37]
for the SHBG-testosterone complex
.
It has also been suggested that testosterone
might bind a membrane-associated receptor (mAR)
which might be distinct from the classical nuclear AR.
Nuclear-localized ARs lack a standard transmembrane

Androgen Receptor Signaling
Androgens regulate protein synthesis and influence
tissue remodeling via the AR, which along with other
steroid hormone receptors are members of the nuclear
[36]
receptor superfamily
(Figure 1). As the AR gene
is located on the X chromosome (Xq11.2) it exists
as a single copy in males. The AR protein is a ligandinducible zinc finger transcription factor that regulates
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Figure 1 Biological actions of androgens via androgen receptors. Testosterone molecules translocate via the plasma membrane and are transformed into
dihydrotestosterone (DHT) by 5α-reductase. The androgen receptor (AR) is located in cytoplasm and bound to heat shock protein (HSP). DHT binds to the AR and
HSP is then released. Ligand-AR complexes can be phosphorylated (and/or are modified by other post-translational mechanisms). Two ligand-AR complexes form
homodimers and move into the nucleus. AR nuclear translocation is facilitated by filamin A (FlnA). In the cell nucleus ligand-AR complexes bind to specific DNA
elements - androgen-responsive elements (ARE), which are in target gene promoters. These regulate target gene expression at the transcriptional level. A large
variety of co-factors and regulators can orchestrate AR-induced gene transcription.

structure and hydrophobicity, and thus it is likely
that AR should undergo significant posttranslational
[49]
modification , and/or interact with other proteins
that might facilitate AR anchorage to the membranes.
Supporting this, Akt1 and lipid raft association with
mAR has recently been demonstrated in prostate
[50]
cancer cells . Several groups have reported specific
binding of testosterone to the plasma membrane
[48,51]
in different cell types
. Although mAR has not
yet been purified or cloned, using sub-cellular
fractionation and immunohistochemistry techniques,
membrane association of classical ARs has been
shown in Xenopus oocytes, in Chinese Hamster Ovary
[49,51-53]
cells, Sertoli cells, and T cells
. Importantly,
mAR activation has been shown to induce profound
apoptosis of prostate cancer cells in vitro and in vivo
in mouse xenografts, with suppression not only of
cell growth, but also metastatic motility of cancer
[48]
cells . Activation of these mARs appears also to
initiate apoptotic pathways in colon cancers, even in
[54]
the absence of intracellular AR .
Data from these studies indicate that functional
mARs trigger strong anti-tumorigenic effects, suggesting
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mAR as a novel target for the development of selective
[55]
cancer treatments . However, it remains unclear
whether mARs are also expressed in other tumors,
including esophageal cancers, and also whether
activation of mAR could induce anti-tumorigenic effects
similar to those seen in prostate cancer.

Androgen Receptors as a
Therapeutic Target
[56]

Since Huggins and Hodges
demonstrated the
effectiveness of surgical castration in men with
prostate cancer in 1941, the role of androgens and
AR signaling in the carcinogenesis of prostate cancers
has been under investigation. Chemical castration with
anti-androgen therapy for prostate cancer is standard
clinical practice, and has led to substantial gains in
[57]
survival . Intriguingly, higher serum testosterone
levels are not associated with higher rates of prostate
cancer. It appears that the prostate is saturated at low
levels of circulating androgens and that neither low or
high serum testosterone levels are associated with a
[58]
decrease or increase in the risk of this cancer . When
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considering promotion of prostate cancer growth,
the AR is sensitive to basal levels of androgens, and
only complete elimination of circulating androgens
is effective treatment. In a recent population study
a reduced risk of developing esophageal cancer was
shown in subset of 343538 patients with prostate
cancer who were exposed to androgen deprivation
therapy, supporting the involvement of androgens
in the development and/or growth of esophageal
[22]
malignancies .
Given the shared embryological origin of prostate
and urogenital epithelium, it was also recently
proposed that AR signaling might contribute to bladder
[59]
cancer . This is supported by evidence in murine
models that bladder cancer is not induced in AR
[60]
knockout mice compared with controls . However,
clinical studies associate the loss of AR with more
advanced stage, indicating that ARs might not be a
[61]
good therapeutic target .
The role of ARs has also been investigated in breast
cancer. Emerging evidence suggests that androgen
signaling pathways may exert inhibitory effects on the
growth of normal mammary epithelial cells and thus
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play a protective role in the pathogenesis of breast
[62]
cancer . In vitro studies have demonstrated that
androgens may counteract the proliferative effect of
[63]
estrogens in AR-positive breast cancer cells . Upregulation of AR expression or treatment with AR
agonists markedly decreases ER-alpha transcriptional
[63]
activity . However, the utility of AR ligand therapy
has yet to be verified clinically.
While prostate and breast tissue develop and
function under direct control of steroid hormones,
gastrointestinal tissues are not traditionally considered
to be targets of steroid hormones. The mechanisms of
AR functioning in these tissues are largely unknown.
The expression of ARs in normal and cancerous
gastrointestinal tissues also remains controversial.
Nevertheless, colonic tissues have been shown to
express the majority of functional steroid hormone
[54,64]
receptors
. In a clinical study conducted a decade
ago, ARs were expressed in all samples from 35
patients with colon adenocarcinoma, with similar
expression in both neoplastic and non-neoplastic
surrounding mucosa. However, binding activity for
AR exhibited in cancer specimens differed from non-
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neoplastic colonic mucosa . Subsequent studies have
shown specific AR genotypes to be associated with
[66]
colorectal cancers .
In vivo studies also support a role for ARs in colon
[67,68]
cancer. In 1983 Izbicki et al
reported that the
administration of androgens promoted colon cancer
tumorigenesis in rats, and a year later that the steroid
hormones induced tumor growth remission in a
mouse xenograft model. More recently, it has been
suggested that enhanced susceptibility of male mice
to intestinal tumor growth derives from the classical
nuclear AR, while in contrast membrane-localized mAR
has anti-tumorigenic effects independent of classical
[56]
AR signaling . mAR consistently induces tumor
regression reduced invasiveness, and potent proapoptotic responses, supporting potential targeting of
[69]
mAR for treatment of colon cancer .
A few studies have attempted to define the
[70-72]
role of ARs in gastric cancers
. Gan and coauthors evaluated 60 pairs of fresh gastric cancers
with matched normal gastric mucosa from patients
[71]
undergoing gastrectomy . Samples were processed
to determine levels of AR mRNA and proteins. Unlike
the typical nuclear expression seen in breast and
prostate cancer cells, the ARs in the gastric cancers
were localized mostly in cytoplasm. Also, the protein
level of AR receptors in the gastric cancers was
significantly lower than that expressed in normal
gastric mucosa, but positive AR expression correlated
[71,72]
with a better prognosis
. However, the authors
ultimately concluded that the functional significance of
ARs in gastric cancer appeared to be limited.

was increased by dihydrotestosterone and decreased
by estradiol, although sex hormones had no impact on
the growth of KSE-2. Receptor analysis found KSE-1
to be positive for both AR and ER, but KSE-2 was
negative for both. In a mouse xenograft model, KSE-1
tumor growth was suppressed by estradiol, whereas
no effect was seen in KSE-2. Interestingly, no growthpromoting effect was seen with dihydrotestosterone
in either cell line in vivo, which is consistent with the
concept of testosterone saturation in the context of
[58]
[76]
prostate cancer . Tanaka et al
further investigated
KSE-1, and found that the tumor growth stimulation
that occurs with AR activation is mediated by fibroblast
growth factor 8 (FGF-8) signaling known as androgeninduced growth factor.
[77]
Yamashita et al identified ARs in ESCC specimens
from 21 patients. Two tumors were successfully
xenografted into male nude mice and cultured as
cell lines, and the growth of the cell lines in the
presence of sex hormones was assessed. Similar to
the other studies, Testosterone stimulated growth,
[19]
whereas estrogen had no impact. Tihan et al
used
immunohistochemistry to determine AR expression in
ESCC resection specimens. Positive staining for AR was
found in 3 of 14 (21%) specimens. No differences in
survival were found with respect to AR status, but the
[20]
study size was small. Yang et al
detected ARs and
ERs in ESCC specimens from 31 patients (26 male, 5
female) using a radio-ligand binding assay method.
Compared with the normal esophageal tissues, more
ARs were detected in the ESCC tissues (40.56 ± 18.19
fmol/mg vs 7.84 ± 3.21 fmol/mg). The expression
of AR correlated with gender, tumor differentiation,
invasion, and the lymph node metastasis status, but
[20]
not age of the patient or tumor location . The authors
concluded that the expression of AR impacts on the
[19,20]
biological behavior and prognosis of ESCC
.
[78]
Dietzsch et al
(2003) investigated androgen
pathways in ESCC arising in South African males by
targeting AR mutations which were known to occur
in prostate cancer. As in prostate cancer, known AR
mutations were associated with increased susceptibility
to the disease. These authors concluded that this
may, in combination with sequencing for other
known mutations, be useful in developing a test for
genetic susceptibility to the cancer in order to target
appropriate investigations. It also suggests that the
mutation in question [a short (GGC)n allele] increases
AR activity, which would explain the increased
incidence of this cancer in men with this mutation, and
also implicates AR signaling in the pathogenesis of the
disease, at least in some patient populations.

Androgen Receptors in
Esophageal Squamous Cell
Carcinoma
[73]

In 1985, Kobayashi
investigated the effects of
sex hormones on the development of ESCC in a rat
model. The highest incidence of ESCC was in male
rats, followed by female rats treated with testosterone.
This fell to 0% in castrated rats treated with estradiol.
Female rats with no hormonal manipulation also had
low rates (8%). The authors concluded that ESCC
growth is inhibited by estrogen and stimulated by
androgens. However, the expression of ARs was not
addressed in this study.
AR expression in ESCC is summarized in Table
[74]
1. Matsuoka et al
were the first to detect ARs in
a cell line (KSE-1) derived from a male esophageal
squamous cell cancer. The KSE-1 cell line had a
binding content of 4.2 fmol/mg protein for the ER and
2.2 fmol/mg of protein for the AR in the cytoplasm.
Proliferation of this cell line was suppressed by
estrogen and accelerated by testosterone. Ueo et
[75]
al
characterized ARs and conducted treatment
experiments in two ESCC cell lines, KSE-1 and KSE-2.
[74]
Similar to Matsuoka et al , the proliferation of KSE-1
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Androgen Receptors in
Esophageal Adenocarcinoma
Understanding whether androgens influence the
development of esophageal cancers is important, as
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Table 1 Androgen receptor expression in esophageal cancer
Ref.

No. of patients Male:female Histological type

AR

Conclusion

NA

NA

SCC cell line

2.2 fmol/mg

25

21:4

AC (n = 11)
SCC (n = 14)

7 males and 1females, 5 EAC and 3
SCC were positive

Yang et al[20],
2001

31

26:5

SCC

Tiffin et al[80],
2003
Awan et al[17],
2007

20

10:10

23

20:3

Nordenstedt, et
al[18], 2012

30

20:10

Proliferation of KSE-1 cell line is inhibited by
estrogen and enhanced by testosterone
Presence of AR in human esophageal cancer
is an impetus for further studies to assess
anti-androgen therapy for treatment and or
prevention of these tumors.
AR and estrogen receptors have close
relationship with the biologic behavior and
prognosis of esophageal SCC
Androgen receptors are not implicated in BE or
AC
AR expressed in the stroma of esophageal
AC may induce paracrine effects following
stimulation by androgens (including tumorderived), possibly via FGFs
AR were negative in BE warrants further
research to find alternative explanations for the
male predominance in BE and EAC

Matsuoka et al[74],
1987
Tihan et al[19],
2001

Cancer tissues: 40.56 ± 18.19
fmol/mg, normal tissues: 7.84 ± 3.21
fmol/mg
AC (ND)
Very weakly positive in 1 male with
BE (ND)
EAC and 1 female with BE
AC (n = 18)
16 samples (EAC = 13, SCC = 3)
SCC (n = 5)
showed positive nuclear staining. AC
occurred in 12 males and 1 female,
while in SCC 2 males and 1 female
BE (n = 10)
All BE cases were negative. Only 1
Controls (n = 20) male control was found AR expressed
in squamous esophageal mucosa

AR: Androgen receptor; EAC: Esophageal adenocarcinoma; SCC: Squamous cell cancer; BE: Barrett’s esophagus; NA: Not applicable; ND: Not described.

intervention before progression to malignancy offers
the possibility of prevention. Barrett’s esophagus is
recognized to be the precursor for EAC, and offers an
[79]
opportunity for prevention or early intervention .
Case-control studies have tested associations bet
ween serum sex steroid hormones and the deve
lopment of Barrett’s esophagus in men, and a strong
positive association with free testosterone has been
[21,79]
demonstrated
. This relationship appears to
be independent of age or BMI suggesting a direct
relationship between testosterone and the progression
of Barrett’s esophagus to EAC. Contradicting this,
[18]
however, Nordenstedt et al
failed to identify ARs in
esophageal mucosal biopsies from 10 men with Barrett’
s esophagus vs ARs seen in squamous epithelium
from only 1 of 20 controls (10 males and 10 females).
They concluded that the absence of ARs in Barrett’s
esophagus meant that alternative explanations for the
male predominance in Barrett’s esophagus and EAC
should be sought. However, these findings were based
on Barrett’s esophagus tissues rather than EAC, and
the sample size was small.
The first clinical study addressing the role of
androgens and AR in EAC was reported by Lagergren
[35]
and Nyren
(1998). This was a population-based,
retrospective cohort study of 100215 individuals,
including patients diagnosed with prostate cancer
and receiving anti-androgen therapy (mainly in the
form of estrogen analogues), which attempted to
identify whether this treatment altered the risk of
EAC. However, analysis by latency intervals after
prostate cancer diagnosis revealed no clear trend
toward increasing or decreasing risk of esophageal
[35]
cancer over a 4 year time period . This study
did not support either the hypothesis of a tumorpromoting role for androgens, or a protective effect
for estrogens. However, the levels of AR expression
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or serum androgens before and after treatment were
not assessed in this study, and the study duration was
relatively short. Furthermore, since estrogens were
used as anti-androgen therapy, the study actually
investigated mixed effects of two different signaling
systems rather than AR blockade or deprivation
specifically. A more recent study was reported by
[22]
Cooper and Trudgill , who this time identified a
reduced risk of developing EAC in the subset of
prostate cancer patients undergoing androgen
deprivation therapy. This later study suggests further
investigation towards potential use of anti-androgens
or androgen-deprivation approaches in esophageal
cancers should be considered.
[80]
Tiffin et al
analyzed 20 paraffin-embedded
specimens of EAC arising in Barrett’s esophagus
from 10 male and 10 female patients. Both the EAC
and Barrett’s esophagus regions of the resection
specimens were examined. Weak staining for AR
was only identified in EAC in one male, and in the
Barrett’s esophagus segment in one female patient.
Mild to moderate staining for estrogen receptors was
identified in two EACs from men and in six EACs from
women, leading the authors to conclude that androgen
pathways were not responsible for gender inequalities
in this disease, but that evaluation of ER signaling may
be valuable. However, this contrasts with the findings
[19]
of Tihan et al
(2001) in which 5 of 11 (45%) EAC
specimens were assessed by immunohistochemistry to
be AR positive.
[17]
Awan et al
determined AR expression in 18
patients with EAC and 5 with ESCC, with areas of both
normal squamous epithelium and cancer examined.
Thirteen EAC and three ESCC specimens showed
positive stromal staining for AR, but no staining was
seen in the cancer epithelium. In normal squamous
epithelium from the same patients, ARs were expressed
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in 5 patients with EAC and 2 with ESCC. Interestingly,
fasting serum testosterone values in male patients
were significantly higher in patients with EAC than
age-matched controls (median 18.2 nmol/L vs 12.5
nmol/L). These levels declined significantly following
surgical removal of the cancer, suggesting that
paracrine effects of androgens may be implicated in
[17]
the pathogenesis of the disease . In keeping with the
[76]
findings of Tanaka et al
(2001), FGF-8b expression
was common in cancer in males but absent in cancer
in females and in normal mucosa, further supporting
the theory that this is an important growth factor in
men.

cancers
.
Supporting this, adipose-tissue secreted cytokines
and hormones have been shown to exert local
paracrine actions in the tissues in which they are
[81,82,85]
formed and on surrounding neighbor cells
.
Metabolic conversion of androgen precursors to
estrogen and further estrogen metabolites has
been observed in several normal tissue and tumors,
facilitated by expression of the hormone converting
[88]
enzyme aromatase as reviewed in detail elsewhere .
Notably, the observation that aromatase is often
overrepresented in adipose tissue has not yet been
verified in visceral fat proximal to esophagus in men.
It has been suggested that increased aromatase
activity and conversion of testosterone to estrogens
are activated as a feed-back mechanism which
regulates adipocyte numbers. This is supported
by findings in an aromatase knockout mice where
estrogen plays an inhibitory role during adipogenesis
[89]
to limit adipocyte number . It is possible that in
aromatase activation an increased production of
estrogen metabolites might result in ineffective, and
potentially reversed action of the hormones in aging
and obese men, although no work has been reported
which addresses this possibility. The potential role of
estrogen signaling in esophageal cancers has been
recently reviewed, suggesting a role in the genesis of
[15]
EAC . It remains, however, to confirm that adipose
tissue located in close proximity to the esophagus
can actively transform androgens to estrogens and
influence proliferation of ER-positive esophageal
tumors. More detailed investigation of steroid hormone
metabolism in adipose tissue located in close proximity
to the esophagus is warranted, and an opportunity
exists to evaluate abdominal adipose (visceral) tissue
samples from individuals with EAC and Barrett’s
esophagus to see if increased aromatase expression
and active conversion of androgens to estrogens is
evident.

paradox of obesity and androgen conversion in
esophageal cancers

Androgen as a risk factor for the development of
esophageal cancer, in particular EAC, appears at
odds with evidence that obesity is a major risk factor
for EAC, as obese individuals have lower levels of
[7,9,23]
circulating androgens
. This paradox might be
explained by the endocrine actions of visceral fat
in males. Male pattern obesity is dominated by the
expansion of visceral fat in the abdominal area,
which contrasts to predominantly subcutaneous fat
deposition in women. Visceral adipose tissue has
been shown to act as an endocrine organ and so
produces and secretes a wide range of biologically
[81]
active molecules, including hormones and cytokines .
Adipose tissue pathogenicity markedly differs between
visceral and subcutaneous fat location. Visceral fat is
a highly metabolic tissue marked by higher production
of TNFalpha, plasminogen activator inhibitor 1 (PAI1),
IL6, and C-reactive protein (CRP), while producing
lower amounts of the anti-inflammatory adipokine
adiponectin, which correlates more strongly with
[82-85]
subcutaneous fat
.
While the accumulation of adipose tissue in abdo
minal area (visceral fat) is supported by androgens,
increased aromatase activity and conversion of
androgens to estrogen has been shown to occur in
adipose tissues of aging and obese men. Furthermore,
adipocytes can secrete estrogens in proportion to
total fat mass, and influence physiological processes
[85,86]
through paracrine and autocrine actions
. Active
synthesis of estrogens is associated with increased
plasma leptin, that, in turn, can stimulate a further
[30]
reduction of androgen level . In adipocytes, activation
of aromatase is self-induced by pro-inflammatory
cytokines such as TNF-α which is secreted locally
by adipocytes and infiltrating macrophages, and
[82,87]
secures conversion of testosterone to estrogen
.
Locally synthesized estrogens may influence cancer
[15]
cell growth . It is also possible that estrogens
may alter the sensitivity of AR to testosterone and
thereby impact upon EAC growth, and this might
represent a possible therapeutic target in esophageal
cancers similar to what has been found in prostate
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CONCLUSION
While epidemiological evidence for the male propensity
for esophageal cancer is clear, especially the dominance
of the male gender in EAC, data evaluating the role
of male sex steroids and the androgen receptor in
the pathogenesis of this cancer is more difficult to
dissect apart. In vitro evidence from cell culture
work and subsequent testing in murine models
suggests a significant influence of sex hormones upon
cancer growth, and that this effect is consistent with
expression patterns of the receptors. However, the
identification of ARs in human tissue specimens has
been less straightforward, with expression reported
by some authors, but not by others. While androgens
and their receptors probably do play a role in the
carcinogenesis of esophageal cancer, more work is
required to evaluate this role and to understand their

6153

May 28, 2015|Volume 21|Issue 20|

Sukocheva OA et al . Androgens in esophageal cancer
contribution to the genesis of esophageal cancer.
Although therapeutic implications and novel therapies
are desirable, there is currently insufficient evidence to
support a clinical trial of androgen deprivation therapy
in this cancer. Further investigation of sex hormone
signaling pathways in esophageal cancer appears
justified, and in the future this might lead to improved
understanding of the genesis of esophageal cancer or
even new treatments.
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METHODS: The dextran sodium sulfate (DSS) was
used for the induction of colitis in both TSP-1 deficient
-/(TSP-1 ) and wild type (WT) mice during 7 d. While
mice were receiving the DSS dissolved in the drinking
water, the ABT-898 peptide was dissolved in sterile
5% glucose solution and delivered using mini pumps
subcutaneously implanted. Plasma samples were
analyzed for interleukin (IL)-6 by ELISA assay and
colonic tissues were harvested, fixed and processed
for histological evaluation. Immunohistochemistry
using antibodies for the detection of CD31 and MECA
in endothelial cells was performed. Inflammation
was graded in colonic sections and the number of
microvessels in each lesion was assessed. Activation
of signal transducer and activator of transcription
3 (STAT3) in colonic samples was quantified by
immunohistochemistry and Western blotting using
antibodies against total STAT3 and phosphorylated
STAT3 (pSTAT3) (Ser727).
RESULTS: Treatment with ABT-898 considerably
diminished the inflammatory response in WT and
-/TSP-1 mice (P < 0.0001 in both groups vs control).
Identification of blood vessels highlighted by CD31/
MECA immunohistochemistry, showed significantly
reduced vessel counts in colitic lesions of WT and
-/-/TSP-1 mice treated with ABT898 (TSP-1 controls/
-/TSP-1 treated, P = 0.0002; WT controls/WT treated,
P = 0.0005). Consistently, IL-6 was significantly
-/diminished in plasma samples of TSP-1 and WT
treated with the peptide when compared to the control
mice (P = 0.0002 and P = 0.0148, respectively).
pSTAT3 positive cells were quantified in WT and
-/TSP-1 treated with ABT-898. A significant decrease in
positive cells for pSTAT3 was observed in treated mice
-/-/(TSP-1 controls/TSP-1 treated, P = 0.0089; WT/WT
treated, P = 0.0110). These results were confirmed
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AIM: To evaluate the efficacy of the improved
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by Western blotting analyses showing lower levels of
pSTAT3 in colitic lesions from mice treated with the
peptide ABT-898.

have been found altered in the serum of patients
[7]
with inflammatory bowel disease (IBD) . Mice with
-/a targeted deficiency of TSP-1 (TSP-1 ) show high
levels of plasmatic VEGF and bFGF during chronically
[8]
induced colitis .
TSP-1 also modulates vascular leakage and
[9]
-/remodeling in acute hypersensitivity . TSP-1 mice
exhibit a delayed resolution of the inflammation as well
[9]
as an enhanced vascular remodeling . These mice
also display leukocytic infiltrates in the lung, suffer
[10,11]
from leukocytosis and augmented colitis
.
As a major activator of transforming growth factor
beta 1 (TGFβ1), TSP-1 may play an important role in
[12]
inflammatory processes . Actually, TGFβ1-deficient
mice show enhanced inflammatory phenotype and
augmented tumor burden in experimental models of
colitis and colorectal carcinogenesis, a phenotype also
-/[13,14]
observed in TSP-1 mice
.
The anti-inflammatory and anti-angiogenic pro
perties of TSP-1 are mediated by its interaction with
[15,16]
the transmembrane receptors CD36 and CD47
.
TSP-1 induces endothelial cell death upon its binding
to CD36. This process upregulates the Fas-Fas
ligand system and initiates the apoptotic cascade
[15]
of caspases . By inducing apoptosis, TSP-1 might
also regulate the secretion of cytokines and growth
factors implicated in the immune response. TSP-1 also
modulates the functions of nitric oxide (NO), a critical
molecule involved in a variety of physiological events
[17]
such as vasodilation and chemotaxis .
Peptides corresponding to specific domains
of TSP-1, have shown antiangiogenic and anti[16,17]
inflammatory properties in pre-clinical studies
and
[18]
in combined therapies in clinical trials as well . One
of these peptides ABT-510 is a nonapeptide peptide
simulating the sequence GVITRIR, enclosed within
the second type 1 repeat of thrombospondin 1 (TSR).
TSP-1 mimetic nonapeptide has the sequence: acetylsarcosine-glycine-valine-D-alloisoleucine-threoninenorvaline-isoleucine-arginine-proline-ethylamide
(NAcSarGly-Val-D-Ile-T-N-Ile-Arg-ProNHEt). This
[16]
domain directly interacts with CD36
and induces
cell death predominantly in endothelial and smooth
muscle cells. As a result, this domain has major antiangiogenic functions. Most recently, a modified and
improved TSP mimetic peptide is available, A-428898
(ABT-898; Abbott Laboratories). This peptide is an
octapeptide with a sequence that provides more
stability and longer half-life (NAcGly-Val-D-Ile-SerGln-Ile-Arg-ProNHEt). Data herein show that mice
treated with ABT-898 display reduced inflammation
and angiogenesis in colons, lower levels of interleukin
(IL)-6 in plasma and decreased signal transducer
and activator of transcription 3 (STAT3) activation in
colitic lesions. TSP-1 mimetic peptides may ameliorate
inflammation and serve as alternative treatment for
inflammatory diseases.

CONCLUSION: These findings indicate that the
new peptide ABT-898 ameliorates inflammation and
angiogenesis and might be a therapeutic alternative in
IBD and inflammatory diseases.
Key words: Thrombospondin 1; ABT-898; ABT-510;
Angiogenesis; Inflammatory bowel disease; Dextran
sodium sulfate model; Interleukin-6; STAT-3
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease is still incurable
and a major burden in the patient’s life and health care
system. The discovery of new and safe therapeutic
alternatives is urgently needed. This study tested the
efficacy of a new thrombospondin- derived peptide,
ABT-898 in a murine model of colitis. Our results
indicate that this peptide was able to ameliorate
inflammation and angiogenesis. In addition, mice
treated with ABT-898 showed significant decrease of
plasmatic Interleukin-6 and lesser activation of signal
transducer and activator of transcription 3 in colitic
lesions. These findings suggest that ABT-898 may
indeed be an alternative treatment for inflammatory
bowel disease.
Gutierrez LS, Ling J, Nye D, Papathomas K, Dickinson C.
Thrombospondin peptide ABT-898 inhibits inflammation and
angiogenesis in a colitis model. World J Gastroenterol 2015;
21(20): 6157-6166 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i20/6157.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6157

INTRODUCTION
Thrombospondin 1 (TSP-1) is a well-known antiangiogenic protein that induces apoptosis in endothelial
[1]
cells and inhibits their proliferation . This protein
[2]
regulates inflammation by multiple mechanisms
and its expression has been detected in inflammatory
[3]
diseases such as rheumatoid arthritis and dermatitis .
TSP-1 is expressed in kidney diseases including
[4]
glomerulonephritis , suggesting a close association
between TSP-1, inflammation and early fibrosis.
[5]
TSP-1 as well as factors regulating angiogenesis
such as vascular endothelial growth factor (VEGF) and
basic fibroblast growth factor (bFGF) are upregulated
in inflamed colonic tissues. Angiopoetin-1 and VEGF
could activate the innate immune system of the vessel
wall, stimulating the production of pro-angiogenic
[6]
inflammatory cytokines . In addition, these factors
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All animal procedures were performed with the
approval of the Wilkes University Institutional Animal
Care and Use Committee, in accordance with the
Declaration of Helsinki and the Guide for the Care
and Use of Laboratory Animals as adopted and
promulgated by the NIH. DSS (MW: 36000-40000, MP
Biomedical, Aurora, OH) was dissolved in the drinking
water at a dilution of 2.5% (wt/v) and administered
-/for 7 d to induce acute colitis in WT and TSP-1 mice
(Jackson Laboratories, Bar Harbor, Maine).

eosin stained sections as follows: 0, no inflammation;
1, modest numbers of infiltrating leukocytes in the
lamina propria; 2, infiltration of leukocytes leading to
separation of crypts and mild mucosal hyperplasia; 3,
massive infiltration of inflammatory cells accompanied
by complete disruption of the mucosal architecture and
loss of epithelium. The number of pSTAT3 positive cells
was recorded for each frame. The number of vessels/
field was measured as mean vascular density (MVD).
MVD was assessed by counting the vessels in each
colitic lesions showing positive stain for MECA/CD31.
The number of pSTAT3 positive cells (brown staining)
was recorded for each frame/field as well.

Pump implantation and peptide treatment

Cytokine array and ELISA

MATERIALS AND METHODS
Mice and induction of colitis

-/-

WT (n = 16) and TSP-1 (n = 13) mice were
anesthetized and osmotic mini-pumps (Alzet,
Cupertino, CA) were subcutaneously implanted. These
mini-pumps contained the peptide ABT-898 dissolved
in sterile 5% glucose solution (Abbott Laboratories,
Chicago, IL). Pumps delivered this solution at
controlled rates (0.5 µL/h). The dose for ABT-898
was 60 mg/kg per day. Pumps containing only sterile
5% glucose were also implanted in WT (n = 15) and
-/TSP-1 mice (n = 13) as controls.

Histology and immunohistochemistry

Intestines were removed, opened longitudinally and
rinsed with ice-cold phosphate buffer solution (PBS).
For morphological studies, tissues were fixed with
Histochoice (Electron Microscopy Sciences, Hartfield,
PA), processed and cut in serial sections (5 μm).
Sections were stained with hematoxylin and eosin
for histopathological analysis. Immunohistochemistry
(IHC) sections were incubated overnight a purified rat
anti-mouse CD31 (BD Pharmingen, San Diego, CA),
MECA 32 and STAT3 and phospho-STAT3 (Ser727)
(all from BioLegend, San Diego, CA). Sections were
immersed in biotinylated goat anti-rat IgG Impress
(Vector Laboratories,) diluted in PBS for 30 min.
Color was developed using a 3, 3'-diaminobenzidine
substrate kit (Vector Laboratories).

Western blotting analyses

Intestinal tissues were collected and briefly rinsed
with cold PBS and stored at -80 ℃ until use. Protein
was extracted with buffer A (25 mmol/L Tris-HCl
pH 7.6, 150 mmol/L NaCl, 0.5% NP-40, 0.5%
Sodium deoxycholate, 0.05% SDS and 5 mmol/L
β-mercaptoethanol) supplemented with protease
inhibitors cocktail (BP-477, Boston Bioproducts,
Worchester, MA) and phosphatase inhibitors cocktail
(BP-480, Boston Bioproducts) prior to use. Tissue was
homogenized in buffer A followed by brief sonication (10
s each for 3 times) on ice.
The extract was then centrifuged at 12000 rpm
for 10 min at 4 ℃ and the supernatant taken as
the total protein lysate for protein analysis. Protein
concentration was measured using the Bradford
assay (Coomassie Plus, Pierce Rockford, IL). Equal

Inflammation grade and mean vascular density analyses

Inflammation grading and evaluations of MECA
34/CD31 were performed in colonic sections from
mice drinking DSS for 7 d. Sections were screened
at low magnification (× 40) to detect areas with
colitis. After areas of inflammation were identified,
computer digitized images were taken at × 100 or
× 400 magnifications using a color digital camera
(Olympus Corporation, Tokyo, Japan). Pictures were
stored in a memory card and recoded as frame
numbers. Frames were blindly analyzed by multiple
observers in a monitor in a blindly fashion. A minimum
of 5 microphotographs was taken from each colonic
section.
Colonic inflammation was graded in hematoxylin-
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Plasma samples were collected from WT and TSP1
mice under acute DSS induced colitis after 7 d treated
or not with ABT-898. A mouse cytokine Multi-Analyte
ELISArray Kit (SABiosciences Frederick, MD) was
used to measure the cytokine production of IL1A,
IL1B, IL2, IL4, IL5, IL6, IL8, IL10, IL12, IL13, IL17A
and Granulocyte-Macrophage Colony Stimulating
Factor (GM-CSF) in mice with or without ABT-898
treatment. The arrays were performed according to
the manufacturer’s instructions. The absorbance levels
of the cytokines were measured on a plate reader
(Beckman Coulter DTX 880) at 450 nm. The IL-6
concentrations in the plasma were measured with
R&D ELISA (Minn, United States) kit. Briefly, 100 μL
of plasma were applied to the immunoplate precoated
with anti-human or anti-mouse monoclonal antibody.
Secondary detection antibody of each assay was
then added to the immobilized IL-6 in the sample.
The conjugation of anti-IL-6 with their antigens was
visualized using Avidin-HRP substrate. The absorbance
levels of proteins were measured on a plate reader at
450 nm. Sampling was performed in triplicates. All the
results were representative of multiple and separated
experiments. Sampling was performed in triplicates
including standards.
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Figure 1 Effects of the TSP-1 mimetic peptide ABT-898 in inflammation. Inflammation was graded by evaluating hematoxylin-eosin stained sections in a blindly
fashion (A-D). Sections from colons of TSP-1-/- mice with DSS and treated with 5% glucose (A), sections from colons of TSP-1-/- mice treated with ABT-898 (B), colonic
sections from WT mice treated with 5% glucose (C) and with the peptide ABT-898 only (D). The peptide ABT-898 significantly reduced the leukocytic infiltration in both,
WT and TSP-1-/- colitic lesions when compared with their controls (E). TSP-1-/- mice controls (A) displayed more inflammation that WT controls (C). aP < 0.0001 and bP
< 0.05 vs control. TSP-1-/-: TSP-1-/- controls; TSP-1-/-p: TSP-1-/-treated with the ABT-898 peptide; WT: WT control; WTp: WT treated with the ABT-898 peptide.

amounts of protein were separated by SDS-PAGE
and transferred onto the nitrocellulose membrane by
a semi-dry transfer procedure (Bio-Rad, Hercules,
CA). The quantitative Western blot (WB) was carried
out according to the Odyssey protocol (LI-COR, Inc,
Lincoln, NE). Briefly, the membrane was blocked for
1 h at room temperature in the blocking buffer. Then,
it was hybridized with the primary antibody against
total STAT3 or phospho-STAT3 (Ser727) (p-STAT3)
at 1:1000 dilution in TBST (50 mmol/L Tris/HCl, pH
7.5, 150 mmol/L NaCl, 0.1% Tween-20) containing
1% bovine serum albumin overnight at 4 ℃. The
membrane was then washed with TBST for 3-5 times,
®
followed by hybridization with infrared IRDye -labeled
secondary antibody at a dilution of 1:5000 in TBST/1%
BSA for 1 h. The membranes were washed with TBST
(× 5) and PBS (× 2) for image acquisition using an
Odyssey infrared scanner (Li-cor, United States).
Data were analyzed using the Odyssey software 3.0
to quantify of pSTAT3 in three independent Western
blotting analyses.

RESULTS
ABT-898 decreases inflammation in both WT and TSP-1
deficient mice

Inflammation was graded by evaluating hematoxylineosin stained sections in a blindly matter (Figure
1A-D). TSP-1 deficient mice showed enhanced
inflammation grade at DSS doses of 2.5% (Figure
1A). The leukocytic infiltrate was usually involving all
the layers of the colonic wall with multiple erosions.
WT mice treated with DSS only, also showed erosions
and heavy inflammation (Figure 1B). However,
the inflammatory infiltrate was mostly confined to
the mucosa of the colon. Treatment with ABT-898
considerably diminished the inflammatory response in
-/WT and TSP-1 mice (Figure 1C and D, respectively;
P < 0.0001 vs control). The peptide ABT-898
significantly reduced the leukocytic infiltration in both
-/WT and TSP-1 colitic lesions when compared with
their controls (Figure 1E; P < 0.0001 vs control).
TSP-1 deficient mice receiving glucose showed a
higher grade of inflammation when compared to WT
mice controls (Figure 1A and C). These results were
statistically significant (Figure 1E; P = 0.0157).

Statistical analysis

Data was analyzed for significance by a one-way
ANOVA (analysis of variance). Calculations were
performed using StatView system for Macintosh
(Abacus Concepts, Berkeley, CA). P < 0.05 was
considered significant. Where appropriate, values are
expressed as the mean ± SE.
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ABT-898 diminishes the microvessel density in colitic
lesions in WT and TSP-1 deficient mice

TSP-1 is an angiogenic regulator that induces
apoptosis in endothelial and smooth muscle vascular
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Figure 2 Effects of the TSP-1 mimetic peptide ABT-898 on microvascular density in colons with dextran sodium sulfate-induced colitis. Combined
immunohistochemistry against the endothelial markers CD31 and MECA 34 (brown staining) was performed to analyze the vascular density in colitic lesions (A-D).
Evaluation of vascular density in TSP-1-/- colonic sections from mice treated with 5% glucose (A), and ABT-898 (B), WT mice controls (C), and the ABT-898 peptide
(D). Sections from mice receiving the ABT-898 peptide showed a significant decrease in microvascular density (MVD) vs controls (E) (P < 0.0001 for TSP-1-/- colons
and P = 0.0048 for WT). aP < 0.0001 vs control. TSP-1-/-: TSP-1-/- controls; TSP-1-/-p: TSP-1-/- treated with ABT898; WT: WT control; WTp: WT treated with ABT-898
peptide.
-/-

cells. Colonic tissues of both genotypes TSP-1 and
WT showed both a high density of microvessels
(MVD) in the DSS- induced lesions (Figure 2A and C,
respectively). Conversely, CD31/MECA positive blood
vessels were significantly reduced in colons from
-/-/WT and TSP-1 mice treated with ABT898, TSP-1
-/controls/TSP-1 treated (P = 0.0002; Figure 2A, 2B
and 2E, respectively). WT controls and WT treated (P
= 0.0005; Figure 2C-E, respectively). No significant
changes were detected in MVC between WT and TSP-/1 mice, indicating that endogenous TSP-1 does not
inhibit angiogenesis. Changes in angiogenesis in this
model may be related to the concentration of DSS
used and the duration of the treatment. TSP-1 deficient
mice have shown increased MVC and secretion
of pro-angiogenic factors only when using higher
concentrations of DSS or when it was delivered during
[19,20]
multiple cycles
.

untreated mice were measured by using specific
sandwich-based ELISA for each cytokine. Consistently,
-/IL-6 was significantly diminished in plasma of TSP-1
treated with the peptide (P = 0.0002). WT samples
under the same treatment showed similar results (P =
0148). TSP-1 deficient mice untreated displayed higher
levels of IL-6 compared to WT mice treated with saline
solutions as well (P = 0.0114; Figure 3).

STAT3 is activated in TSP-1 deficient colons treated with
DSS and inhibited by the peptide ABT-898

Activation of STAT3 is one of the main signaling
[20]
mechanisms in response to IL-6 action . The
activation of STAT3 is mediated through the
phosphorylation at Tyr705 or Ser727 site. This step
is required for dimerization, nuclear translocation and
DNA binding. Western blot with pSTAT3 (Ser727)
antibody showed that pSTAT3 was increased 2-fold
-/in the inflamed TSP-1 colon tissues treated with
DSS, as compared to the WT. When the colon tissues
were not affected by DSS treatment, the levels of
pSTAT3 were about the same (Figure 4A). However,
-/both WT and TSP-1 showed lower levels of p-STAT3
when treated with the peptide ABT-898 and DSS.
pSTAT3 levels were quantified after normalization with
total STAT3 in three independent western blotting
experiments. These analyses showed that the specific

Plasma levels of IL-6 in mice with induced colitis are
reduced after the treatment with the ABT-898 peptide

A cytokine ELISA array was used to screen 12
cytokines in plasma of mice treated and untreated
with ABT-898. Levels of IL-6 were particularly
higher in control mice and very much reduced after
the treatment with ABT-898. In order to validate
these results plasma levels of IL-6 from treated and
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Figure 3 Interleukin-6 protein levels in plasma of mice under dextran
sodium sulfate-induced colitis. Interleukin (IL)-6 levels were analyzed
using sandwich-based ELISA. Elevated levels of IL-6 were detected in WT
and TSP-1-/- plasma samples of mice treated with DSS for 7 d receiving saline
injections (P = 0.0114). IL-6 was significantly diminished in plasma of TSP-1-/treated with the peptide (P = 0.0002) and WT samples under the same
treatment (P = 0.0148). bP < 0.05 vs control. Error bars represent SEM. The
results shown are representative of three or more independent experiments.
TSP-1-/-: TSP-1-/- controls; TSP-1-/-p; TSP-1-/- with ABT-898 peptide; WT: WT
control; WTp: WT treated with ABT-898 peptide.
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pSTAT3 is increased under induced colitis in TSP1 and
decreased by ABT-898 (Figure 4B).

Figure 4 Activation of STAT3 by Western blotting. Tissue lysates were
prepared as described in “MATERIALS AND METHODS”, equal amounts of
protein (80 μg) were resolved by 4%-12% SDS-PAGE, followed by Western blot
with antibodies against STAT3, phosphorylated STAT3 (pSTAT3) (Ser727) and
actin, respectively (bottom panel). STAT3 activation under acute colitis induced
by DSS and the effects of the ABT-898 peptide on STAT3 activation during
DSS-induced acute colitis; Top panel shows the specific phosphorylation of
STAT3 from three repeated Western blots as represented by the bottom panel.
The average values with standard deviations are showed. NA: Not affected
colon tissue (no DSS); A: DSS induced colon tissue; TSP-1-/-: TSP-1-/- controls;
TSP-1-/-p: TSP-1-/- treated with ABT-898 peptide; WT: WT control.

Counts of pSTAT3 positive cells were significantly
reduced in TSP-1-/- colons treated with the peptide
ABT-898

IHC with p-STAT3 (Ser727) revealed that active STAT3
was distributed mainly in the nuclei of epithelial cells.
Nuclear staining was also observed in the luminal
epithelium and crypts of both groups. Nuclei of the
endothelial cells in some venules and arterioles were
strongly positive. Cytoplasmic staining was observed in
cells undergoing mitosis. p-STAT3 was predominantly
expressed in the inflamed epithelium and leukocytic
-/infiltrate of TSP-1 and WT intestines controls (Figure
5A and C, respectively). When positive cells were
-/quantified in WT and TSP-1 treated with ABT-898
mice (Figure 5B and D, respectively) a significant
decrease in positive cells for pSTAT3 was observed
-/-/(Figure 5F, TSP-1 /TSP-1 p, P = 0.0089; WT/WTp, P
= 0110).

DSS mouse model. Data shown herein indicate that
ABT-898 significantly reduces the plasmatic levels of
[21]
IL-6 in these colitic tissues .
IL-6 levels have been found elevated in several
[22,23]
models of colitis
. Baseline levels of the antiinflammatory cytokines IL-10 and TGFβ1 were signi
ficantly elevated in IL-6 deficient mice compared with
[23]
WT mice . IL-6 regulates the secretion of TSP-1 by
[24]
monocytes
and modulates the localization of TSP-1
[25]
in the vascular compartment . Several reports have
underlined the importance of IL-6 in angiogenesis
and inflammation. This cytokine is inhibited when
[26]
-/VEGF is silenced using RNAi technology . TSP-1
vascular cells could modulate the innate immune
system directly and indirectly through production of
cytokines such as IL-6. It has been documented that
VEGF induces the production of IL-6 in endothelial
[27]
cells but not in leukocytes . Vascular cells may be
a natural source of such production since vascular
changes and angiogenesis are critical components of
any inflammatory process.

DISCUSSION
Previous results have shown that TSP-1 significantly
diminishes inflammation and angiogenesis in the
[11]
DSS model of colitis . Secretion of pro-angiogenic
factors such as VEGF and basic fibroblast growth
-/factor were significantly higher in TSP-1 mice under
[8]
multiple cycles of DSS . In this study, a second
generation TSP-1 derived peptide; ABT-898 significantly
ameliorates inflammation and angiogenesis in the
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Figure 5 Activation of STAT3 by immunohistochemistry. Immunohistochemistry for pSTAT3, in colitic tissues of TSP-1-/- controls (A), TSP-1-/- colonic tissues
treated with ABT-898 (B), colons from WT mice (C) and from WT mice treated with the ABT-898 peptide (D), pSTAT3 positive brown staining was detected in the
nucleus of epithelial cells and infiltrating leukocytes. Quantification of pSTAT3 positive cells was performed in colonic sections (E). Colons from WT and TSP-1-/- mice
used as control showed higher numbers of positive cells when compared to mice treated with ABT-898. bP < 0.05 vs control. NS: Not significant; TSP-1-/-: TSP-1-/controls; TSP-1-/-p: TSP-1-/- treated with ABT-898 peptide; WT: WT control; WTp: WT treated with ABT-898 peptide.
[28,29]

-/-

IL-6 interacts with TGFβ1
and plays an
important role in the development of IBD. Inhibition
of IL-6 signaling decreases IL-6 secretion in an
[28]
inflammatory colon cancer model
and high levels of
[30]
IL-6 have been found in patients suffering of IBD .
The functions of IL-6 are regulated by a series of
events, starting with the binding to its receptor (IL-6R).
Two subunits of the IL-6R have been identified: an 80
kDa ligand-binding subunit, known as IL-6 receptor
alpha (IL-6Rα), and a 130 kDa signal-transducing
subunit, gp130 (IL-6Rβ). The gp130 is associated
with the IL-6/IL-6Rα, initiating the phosphorylation
of the C-terminal domain of gp130 by JAK1/2
and the recruitment of STAT3 and its subsequent
phosphorylation. STAT3 is considered a potent anti[31]
apoptotic factor, directly involved in IBD and cancer .
STAT3 is recruited to the receptor subunit gp130
and activated through phosphorylation by JAK1/2.
The phosphorylation then renders the dimerization of
STAT3 and its translocation into the nucleus to regulate
the transcription of responsive genes, including
[19,20]
cytokines and growth factors
. IL-6 and activated
STAT3 have been reported as crucial for intestinal
carcinogenesis in a model of colitis-associated
[32]
cancer .
The activity of IL-6 through the STAT3 pathway
was evaluated in this study and the status of pSTAT3
was determined. The phosphorylated form of
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STAT3 is expressed in both WT and TSP-1 colons,
and almost abolishes in mice treated with the
antiangiogenic peptide ABT-898. This peptide inhibits
angiogenesis and chemotaxis to the colitic areas,
as was evidenced by the diminished inflammation
and MVD in both genotypes after the treatment with
ABT-898. Treatment of mice under colitis with this
peptide decreases MVD in both genotypes even at
lower doses of DSS as we show herein. TSP-1 induces
apoptosis in endothelial cells through its interaction
with CD36. CD36 and IL-6 regulate oxidative
stress and both are associated with metabolic and
[33]
inflammatory diseases . In addition, soluble CD36
has been associated with high levels of IL-6 in men
[34]
with impaired glucose tolerance . Our results here
indicate that ABT-898 is able to inhibit the activation
of STAT3 in colitic tissues. These data also confirm the
importance of regulating the secretion of IL-6 for the
resolution of the inflammatory response. IL-6 thus
represents an alternative mechanism by which TSP-1
and its derived peptides could be a protective factor
against chronic inflammation and carcinogenesis.
Recent studies have shown that the activation
of the axis IL-6/STAT3 enhances the secretion of
[35,36]
TSP-1
. STAT-3 as TSP-1 both exhibit paradoxical
roles in inflammation and cancer. In addition, the
functions of TSP-1 are dose and tissue depending and
may vary due the presence of specific receptors with
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[37]

second-generation peptide ABT-898, designed to be more effective by providing
a longer half-life and better solubility.

which TSP-1 may interact . While the expression
of TSP-1 in the normal colon is not significant, in
[5,11]
DSS colitic lesions is highly upregulated
. TSP-1
is intensely expressed during the acute phase of
[38]
inflammation in the several models . The releasing
of TSP-1 upon injury suggests a protective role
in intestinal homeostasis. In addition, lacking of
endogenous TSP-1 enhances angiogenesis and
[11]
inflammation in colitis .
Data herein indicate that TSP-1 could diminish
the level of pSTAT-3. These results could be solely a
consequence of the severe inflammation observed
in TSP-1 deficient mice. However, results from our
gene microarray data might provide some insights.
S100A9 is an important marker for inflammation
[39,40]
that can activate STAT3
. TSP-1 derived peptides
upregulated S100A9 at the transcriptional level in the
[41]
same model of colitis . However, the TSP-1 peptide
containing the activating domain of TGFβ1 showed the
lowest expression levels of S100A9 among the treated
groups. These results suggest that TSP-1 could reduce
pSTAT3 in the colon by TGFβ1 related mechanisms.
Our data demonstrate that ABT-898 is effective
in controlling colonic inflammation and angiogenesis.
Treatment of cancers with ABT-898 has shown to be
[42,43]
quite effective in pre-clinical studies as well
. In
addition the treatment with this peptide significantly
reduces the secretion of IL-6 and inhibits the activation
of the STAT3 system. As clinical trials are testing the
efficacy of IL-6 antibodies in cancers, the possibility
of using peptides such as ABT-898 warrants further
investigation.
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This study is using a model of colitis to test the therapeutic effects of a new
and improved TSP-derived peptide. ABT-510 was effective not only inhibiting
angiogenesis but also ameliorating the inflammation and mucosal damage.
These results link an antiangiogenic peptide with the signal transducer and
activator of transcription 3 (STAT3), a key factor in inflammation and cancer.
These data suggest an alternative mechanism by which TSP-1 might decrease
inflammation warranting further investigation.

Applications

The study suggests that the TSP-1 peptide ABT-510 might be effective as
a therapeutic agent for inflammatory bowel disease and other inflammatory
conditions.

Terminology

Thrombospondin 1 is a disulfide-linked homotrimeric protein. This protein
is an adhesive glycoprotein secreted by a variety of cells but it is storage in
the extracellular matrix. TSP-1 has the following major domains: an aminoterminal heparin-binding domain, a procollagen domain, a properdin-like type
I repeats, and a globular carboxy-terminal domain. The protein also contains
type II repeats with epidermal growth factor-like homology and type III repeats
that contain an RGD sequence. ABT-510 (Abbott Laboratories) was formulated
based on the sequence GVITRIR within the type I repeats: Ac-Sar-GV-DalloIleT-Nva-IRP-ethylamide. ABT-898: Ac-GV-DalloIle-SQIRP-ethylamide.
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This is an interesting study evaluating the efficacy of second generation TSP-1
derived peptide in a colitis model. These data suggest that ABT-898 could be
an effective therapeutic tool for inhibiting inflammation and angiogenesis in
inflammatory bowel disease.
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Abstract
AIM: To evaluate the qualitative and quantitative
changes in N-linked glycosylation, which occurred
in association with diethyl nitrosamine-induced
hepatocellular carcinoma (HCC) in rodents.
METHODS: Liver tissues of (1) normal (non-tumorbearing) rats; and (2) tumor-bearing rats; were collected
®
and were used for histological and GlycanMap analyses.
®
Briefly, GlycanMap analysis is a high-throughput
assay that provides a structural and quantitative
readout of protein-associated glycans using a unique,
automated 96-well assay technology coupled to
matrix-assisted laser desorption/ionization time-offlight mass spectrometry and custom bioinformatics.
Histopathological studies were carried out to ensure the
development of HCC in the tested animals.
RESULTS: The N-glycomic analysis revealed 5
glycans; Glc1Man9GlcNAc2, Gal2Man3GlcNac4Fuc1Neu1,
M a n 4G l c N a c 2, G a l 2M a n 3G l c N a c 4N e u 3O A c 3, a n d
Man3GlcNac5Fuc1, which showed significant changes
in rat HCC tissues when compared with normal liver
tissues. Four glycans were increased (P < 0.05) and
Glc1Man9GlcNAc2 was decreased (5.89 ± 0.45 vs 3.54
± 0.21, P < 0.01) in HCC tissues compared to normal
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liver tissues. An increase (66.5 ± 1.05 vs 62.7 ± 1.1,
P < 0.05) in high-mannose structures in HCC rats was

disruption of the biosynthetic pathway such as the ER[5]
Golgi chain . These changes can provide valuable
insights into cancer development and its progression,
and these altered glycosyl epitopes are classified as
tumor-associated carbohydrate (TAC) antigens. Some
of those TAC antigens are already in clinical use for
[6-9]
the diagnosis and monitoring of cancers . Recent
technological advancements in the area of glycan
isolation and characterization has turned glycomics
into a new potential tool for cancer prognosis and
treatment.
Since the beginning of the glycomics era, liver
diseases such as fibrosis, cirrhosis and hepatocellular
carcinoma (HCC) have been the prime targets in many
[10-13]
investigations
. That trend was mainly driven by
the lack of reliable diagnostic biomarkers of HCC.
Many studies have shown that the serum N-glycan
profile is a non-invasive marker for liver diseases
[12,14-17]
such as HCC
. Serum N-linked glycoproteins are
mainly produced in the liver and by B-lymphocytes,
thus changes in the serum N-glycan profile reflect the
[12]
physiology of liver and/or B-cells . Various studies
have shown significant changes in total N-glycan levels
in the serum of HCC patients, thereby demonstrating
the potential of glycans and glycome profiles as
[18,19]
efficient biomarkers of HCC
. Alpha fetoprotein
(AFP) is the only known biomarker used for HCC. AFP
levels remain unchanged during the onset of HCC,
which makes its application as a differential diagnostic
[20,21]
marker of other liver diseases unreliable
. The
glycosylated form of AFP, AFP-L3, was proposed as
new tumor marker and was approved by the FDA
[22]
in 2006, for the early detection of primary HCC .
Studies also showed an increase in the fucosylated
glycans in HCC patients compared to patients with
[23,24]
chronic liver diseases
. However, there was no
such increase in fucosylation in the liver tissues of HCC
patients when compared with normal tissues, signifying
the importance of glycan analyses in cancer tissues
[25]
along with serum . The serum profile of diethyl
nitrosamine (DEN)-induced HCC has been investigated
[26]
for new biomarkers . The present study focuses on
the analysis of N-glycan changes in DEN-induced HCC
liver tissues. The glycan profiles of liver lysates from
tumor-bearing rats and normal rats were analyzed using
®
the Ezose GlycanMap platform to identify changes in
the N-glycans of liver tissues in a HCC rodent model.
Changes in N-glycan levels in the liver tissues could
identify novel alterations in N-glycan profiles that are
highly specific to HCC and its progression. A glycomic
marker in rat livers may also be useful for screening
drugs in this DEN-HCC rat model.

observed compared to normal rats. Importantly, HCC
rats showed an increase (P < 0.05) in both tumorassociated carbohydrates and in branched glycans. The
changes in glycans correlated well with glycan flow
changes reported in the glycan biosynthetic pathway,
which indicates the importance of enzyme activities
involved in glycan synthesis at different subcellular
localizations.
CONCLUSION: The reported HCC-associated changes
in glycan flow and subcellular localization explain the
increase in high mannose glycans and siayl Lewis
glycans common in HCC liver tissues.
Key words: Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry; Hepatocellular
carcinoma; Glycomics; Biosynthetic pathways
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) is a leading
cause of cancer death worldwide, yet it is still poorly
diagnosed. Glycans are emerging as sensitive and
simple biomarkers of various malignant diseases.
Utilizing the cutting-edge N-glycomic analysis, we
identified 5 glycans that were significantly different
between normal and tumor-bearing rats. An increase
in high-mannose structures in HCC rats was observed
compared to normal rats. HCC rats showed an increase
in both tumor-associated carbohydrates and branched
glycans. The changes in glycans correlated with glycan
flow changes reported in the glycan biosynthetic
pathway, which indicates the importance of enzyme
activities involved in glycan synthesis at different
subcellular localizations.
Amin A, Bashir A, Zaki N, McCarthy D, Ahmed S, Lotfy
M. Insights into glycan biosynthesis in chemically-induced
hepatocellular carcinoma in rats: A glycomic analysis. World J
Gastroenterol 2015; 21(20): 6167-6179 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i20/6167.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i20.6167

INTRODUCTION
Glycosylation is an important post-transcriptional
modification with over 50% of total proteins being
[1]
glycosylated . Glycosylation is crucial for cellular
interaction; therefore, cancer involves noticeable
changes in glycan biosynthesis. Thus, protein
glycosylation (N- and O- glycosylation) is sensitive to
environmental changes and is commonly disrupted in
[2-4]
various diseases such as cancer . Altered N-glycans
and O-glycans may result from changes in the
expression levels of glycan synthetic enzymes or from
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MATERIALS AND METHODS
Animal care and use statement

Adult male albino rats, Wistar strain, (150-200 g) were
obtained from the Animal House, UAE University, UAE.
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They were maintained on a standard pellet diet and
tap water ad libitum and were kept in polycarbonate
cages with wood chip bedding under a 12 h light/dark
cycle at room temperature (22 ℃-24 ℃). The rats were
acclimatized to the environment for two-weeks prior
to experimental use. This study was approved by the
Animal Research Ethics Committee, UAE University.

performed using hematoxylin. Slides were mounted
and observed under an optical microscope (Olympus
DP71), and tissue micrographs were obtained. In
individual samples, ten fields were randomly selected
to quantify positive cells (400 ×). A color image
processor was used to count GST-p foci for more than
15 cells.

Hepatocarcinogenesis model

Glycomic analysis

Hepatocarcinogenesis was initiated by DEN and
promoted by 2-Acetylaminofluorene (AAF) as
[27]
described by Espandiari et al
and modified by Amin
[28]
et al . Briefly, as a mitotic proliferative stimuli, 4-d
fasted rats were re-fed and the following day the rats
were injected once intraperitoneally with DEN at 200
mg/kg b.wt., dissolved in saline. Two weeks post-DEN
treatment, the rats received 6 daily intragastric doses
of 2-AAF (30 mg/kg in 1% Tween 80) to promote liver
cancer.

Sample preparation: Liver tissue was collected from
normal and tumor-bearing rats. The liver tissues were
lysed in 50 mmol/L Tris-acetate, pH 7.4, containing
1% sodium dodecyl sulfate, 5 mmol/L EDTA, and
0.15 mmol/L NaCl followed by homogenization with a
Polytron homogenizer. Homogenates were centrifuged
to extract soluble materials, and 1/10 vol of 20%
Triton X-100 was added. The extracts were dialyzed
against 20 mmol/L ammonium bicarbonate for 48 h
at 4 ℃. After the dialysis, the recovered solution was
lyophilized using a SpeedVac concentrator. Residual
materials were reconstituted in 50 mmol/L ammonium
bicarbonate and frozen until used.

Treatment regime

The rats were divided into 2 groups (7 animals per
group) as follows: Group 1 (normal): Rats were
administered water at 5 mL/kg b.wt throughout
the experimental period and were injected with one
dose of saline. In Group 2 (tumor-bearing or HCC):
Hepatocarcinogenesis was developed as detailed
earlier. Group 1 was treated with an equal volume of
vehicle. After 22 wk of DEN administration, all animals
were anesthetized 24 h after the last treatment.
Following anesthesia, liver samples were dissected out.

N-linked glycan isolation and purification: The
protein concentrations were normalized to 1 mg/
mL and each sample was analyzed in duplicate to
quantitate N-linked glycans using Ezose Sciences’
®
proprietary GlycanMap methodology reported by
[29-31]
Nishimura, Furukawa and Miura
. Aliquots of
each sample were spiked with internal standards to
aid quantification. The aliquots were denatured and
then trypsinized, followed by heat-inactivation. The
N-glycans were then enzymatically released from the
peptides by treating with PNGase F (New England
Biolabs) and the released glycans were subjected to
solid-phase processing using chemo-selective beads.
After being captured on the beads, the sialic acid
residues were methyl esterified to stabilize them in the
mass spectrometer. The glycans were simultaneously
released from the beads and labeled, and aliquots of
the recovered materials were spotted onto a MALDI
target plate. Utilizing a fully automated, 96-well
format, robotic technology, steps from initial aliquoting
to spotting on the MALDI plate were performed.

Histology and immunohistochemistry

Diethylether-anesthetized rats were sacrificed and
the livers excised. Samples of the right, left and
caudate liver lobes were immediately fixed in 10%
buffered formalin for histopathological examination.
The remaining liver was frozen in liquid nitrogen and
stored at -80 ℃. Histological sections were embedded
in paraffin after being dehydrated in ethanol. Fivemicrometer sections were mounted onto slides, stained
with Hematoxylin and Eosin and then examined under
an Olympus DP71-light microscope.
For the immunohistochemistry assay, mounted
sections were immersed in sodium citrate buffer (0.1
mol/L, pH 6) and placed in a water bath for 15 min
to unmask antigen epitopes. To prevent nonspecific
binding to endogenous peroxidase, the sections
were incubated with 0.3% H2O2 (Sigma Chemical
Co., United States) in methanol. Anti-GST-p (Medical
and Biological Laboratories Co., Tokyo, Japan) was
incubated with the slides overnight at 4 ℃. The slides
were then washed with PBS and incubated with
secondary antibody, polyvalent biotinylated goatanti-rabbit antibody, for 10 min at room temperature
(1:200 dilution). The universal LSAB kit and DAB plus
substrate kit were both used to perform a standard
staining protocol and additional counter-staining was
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Mass spectrometric analysis: MALDI-TOF MS
analysis was performed on an Ultraflex Ⅲ mass
spectrometer (Bruker Daltonics) in the positiveion, reflectron mode using a proprietary matrix
composition. From the bead-based processing step,
samples were spotted in quadruplicate, and spectra
were obtained in an automated manner using the
AutoXecute feature in flexControl software (Bruker
Daltonics). Mass spectra were analyzed using Ezose’s
proprietary bioinformatics programs (Figure 1A).
Quantification using internal standard: Raw
mass spectra were smoothed and baseline subtracted
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Figure 1 GlycanMap workflow. A: Workflow; B: Glycan profile in rat liver lysates. The spectrum was generated from sample N5 and is representative of the N-glycan
profile in rat liver lysates. Taking advantage of the symbol nomenclature of the Consortium for Functional Glycomics, selected peaks were labeled with the proposed
glycan structures. All spectra were collected on a MALDI-TOF mass spectrometer in reflection mode, which yields high mass accuracy and isotopic resolution for more
accurate glycan identification. Glycans were quantified by comparing the peak intensity of each glycan-derived peak to those of the internal standards (IS). The liver
lysates also contained varying amounts of glycogen (G).

prior to peak detection. Glycan compositions were
assigned to each peak based on m/z. The intensities
were normalized to that of an internal standard with
known concentration. The normalized intensities from
each of the quadruplicate spectra were averaged.
Data were also corrected for the inherent decrease in
peak intensity as m/z increases in mass spectrometric
measurements, yielding absolute concentrations (in
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nmol/µg protein) that are equivalent to those created
by HPLC/fluorescent glycan analysis methods. Glycan
amounts were calculated by comparing peak heights
to those of the internal standards. Glycan amounts
were compared between treatment groups.

Statistical analysis

Data was analyzed by GraphPad Prism 6. Analysis of
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lysate samples and used to evaluate repeatability.
Coefficients of variation (CVs) for individual glycans
ranged from 7.5% to 24.8%, with a pooled CV of
14.8%. An overview of the N-glycan profile in rat
liver is shown in Figure 1B. In total, 29 glycans were
detected in our study, Figure 3A represents the overall
profile of N-glycans analyzed. The glycan structure and
the code used are shown in Figure 4.

Mannose trimming

X mmol/L

Y mmol/L
Glycan flow = Y/(X + Y)

Figure 2 Example of a glycomics analysis of an individual biosynthetic
step in the mannose trimming pathway.

HCC is associated with glycan level changes

Twenty nine glycans were detected and the changes in
these glycans were analyzed. Glycans; Glc1Man9GlcNAc2
(code: 102000), Gal2Man3GlcNac4Fuc1Neu1 (code:
54110), Man4GlcNac2 (code: 42000), Gal2Man3GlcNac4
Neu3OAc3 (code: 54033), and Man3GlcNac5Fuc1, (code:
35000) showed significant changes in rat HCC liver
tissues when compared with normal liver tissues. Four
were increased and one was decreased in HCC rats
compared to normal rats (Figure 5).

differences between the means of the tumor-bearing
and control groups was performed using the Student’s
t-test.
The glycan flow was calculated by comparing
the concentration of product glycan (Y) to the total
concentration of product and substrate glycan (X + Y)
as described below. An example of a glycomics analysis
of an individual biosynthetic step in the mannose
trimming pathways is shown below (Figure 2).
The statistical significance of differences in the
glycan flow was evaluated using the Student t-test.
Glycan changes that yielded P values < 0.05 in this
analysis were considered significant. The statistical
analysis was carried out by Asma Bashir from UAE
University.

Differential effects of HCC on glycans

The glycans detected can be classified into three
categories including high mannose (simple mannose
chains), hybrid (with fucosylation and sialylation) and
complex (with complex branching structures) (Figure
6A). High mannose glycans, with the exception of
Man8 (Man6, Man7, Man9 and Man10) were elevated (P
< 0.05) in tumor-bearing rats compared to normal rats
(Figure 6B). A non-significant decrease in fucosylated
and sialylated glycans in HCC liver tissues was seen.
However, a significant increase (P < 0.05) in sialylLewis glycans (i.e., with fucose, galactose and sialyl
groups) and O-acetylated glycans was seen in HCC
liver tissues.

RESULTS
DEN-induced foci of altered hepatocyte formation and
GST-p expression

HCC was induced by DEN-2AAF, and HCC induction
in the rat model was verified by assessing serum
[28]
AFP (data not shown) as reported previously . The
histological examination was carried out to assess
HCC induction. Hepatic nodules were evident only in
animals treated with DEN-2AAF, but not in normal
rats (Figure 3). These nodules represent the classical
foci of altered hepatocytes and are made up of
big and irregularly shaped hepatocytes with large
hyperchromatic nuclei. As induced GST-p is normally
considered an early biomarker of hepatocarcinogenesis,
GST-p foci larger than 15 cells were examined using
a color image processor. The GST-p positive foci were
significantly increased in animals treated with DEN2AAF. Histological examination provided evidence of
successful tumor development in DEN-induced HCC
rats.

Glycan analysis

Glycan fluctuations are correlated with their subcellular
localization

Analysis of core glycans based on the subcellular
compartment/s in which they are synthesized, was
useful. Glycans synthesized in ER, cis- and transGolgi were all increased in HCC tissues compared to
normal liver tissues. Although not all were significantly
increased, the overall trend was a higher level in HCC
tissues. The levels of glycans synthesized in medialGolgi did not appear to follow a trend (Figure 7C).

HCC alters the glycan flow

To correlate the alterations in N-glycans with the
enzymes involved in the biosynthetic pathway, the
glycan flow was analyzed based on the ratio of
adjacent glycans in the synthetic pathway. N-Glycans
are synthesized from Glc3Man9 in ER and Golgi via long
chain glycosyltransferases (GT) and glycosylhydrolases
(GH), and glycan flow is directly related to enzyme
[32]
activity involved in these reactions . In our study,
the glycan flow was significantly decreased from
Glc1Man9 to Man9 (P < 0.005) (Figure 8A) explaining
the increase in glycan Glc1Man9 levels (Figure 5A). A

®

The Ezose Science proprietary GlycanMap metho
dology (Figure 1A) was utilized to quantify N-linked
glycans. This technique was previously developed by
[29-31]
Nishimura, Furukawa and Miura
. Repeatability
of the assay was evaluated using a standard human
serum sample. Five aliquots of the standard were
analyzed in parallel with the individual rat liver
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Figure 3 Diethyl nitrosamine-induced increase of foci in altered hepatocytes and induction of GST-p expression in liver. Representative images of
Hematoxylin and Eosin-stained liver sections from both studied groups: Normal (A), hepatocellular carcinoma (HCC) (B). Immunohistochemistry analysis of both
normal (C) and HCC (D) livers labeled with GST-p are shown.

decrease (P = 0.057) in glycan flow in other mannose
trimming reactions in the ER (from Man9 to Man8)
was also observed. Glycan flow in cis-Golgi increased
in HCC rats compared to normal rats with Man8 to
Man7 flow increasing significantly (P < 0.05) (Figure
8B). The complex glycans synthesized in trans-Golgi
showed an increase in flow from Man3GlcNac4Fuc1 to
Gal2Man3GlcNac4Fuc1Neu2 in trans-Golgi (Figure 8D).
This explains the increase in Gal2Man3GlcNac4Fuc1Neu1
(Figure 5) in HCC liver tissues, which is an interme
diate glycan in the reaction of Man3GlcNac4Fuc1 to
Gal2Man3GlcNac4Fuc1Neu2.

prevalent in HCC liver tissues compared to normal
liver tissues. One high mannose, Glc1Man9GlcNAc2, was
significantly elevated in HCC rats compared to normal
rats in the present study (Figure 5). A similar increase
in high mannose glycans was reported in other
[36,37]
cancers
. High mannose glycans have also been
shown to increase in invasive and non-invasive breast
[36,37]
cancer cells compared to normal epithelial cells
.
Another study showed up-regulation of high mannose
oligosaccharides on cell surface glycoproteins in cancer
[38]
cells compared to normal cells . N-linked glycans
are constructed by a series of glycosyl transferases
both in the ER and Golgi stacks. The chain starts
with high mannose type glycans and then sequential
mannose removal and addition of N-acetylglucosamine
and glucose residues leads to the formation of
complex and hybrid glycans. Thus, high mannose
glycans may be increased (accumulated) if either the
mannose trimming enzyme is altered or downstream
processing events are terminated or abberated. ER
mannosidase Ⅰ (ERManI), an ER-based mannosidase,
is responsible for a step-wise trimming of Man residues
[39]
transforming Man9 to Man5 . ERManI expression
has been shown to be aberrant in liver tissues of HCC
[40]
patients and in hepatoma cells lines , which explains
the increase in glycan Glc1Man9GlcNAc2 (code: 102000)
in the present study (Figure 5). Studies have shown
that ERManI knockdown leads to accumulation of
Man9 and Gal1Man9, and a decrease in Man5 and Man6

DISCUSSION
Glycosylation is sensitive to microenvironment
alterations and thus is involved directly in metastatic
diseases such as cancer. These changes in glycosylation
lead to the formation of tumor-specific glycans
which are now believed to play an important role as
[33,34]
biomarkers
. The relatively high stability of glycans
compared to other molecules (RNA and proteins)
along with the development of new techniques such
as MALDI-TOF and ESI profile have revolutionized
the field of glycan research. Interestingly, aberrant
glycosylation has been shown to develop before any
changes in apoptosis and cell differentiation associated
[35]
with cancer .
High mannose glycans have been shown to be
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Codes used

Glycan name

Proposed structure

34000

Man3GlcNac4

34100

Man3GlcNac4Fuc1

35000

Man3GlcNac5

35100

Man3GlcNac5Fuc1

42000

Man4GlcNac2

43010

Gal1Man3GlcNac3Neu1

44010

Gal1Man3GlcNac4Neu1

44100

Gal1Man3GlcNac4Fuc1

45100

Gal1Man3GlcNac5Fuc1

52000

Man5GlcNac2

53010

Gal1Man4GlcNac3Neu1

54010

Gal2Man3GlcNac4Neu1

54020

Gal2Man3GlcNac4Neu2

54021

Gal2Man3GlcNac4Neu2OAc1

54030

Gal2Man3GlcNac4Neu3

54032

Gal2Man3GlcNac4Neu3OAc2

+ 2OAc:

54033

Gal2Man3GlcNac4Neu3OAc3

+ 3OAc:

54110

Gal2Man3GlcNac4Fuc1Neu1

54120

Gal2Man3GlcNac4Fuc1Neu2

+ OAc

Galactose GalNAc Glucose GlcNAc

Mannose Fucose Neu5Ac Neu5Gc

Glycan compositions are expressed as a five-digit code, which represents the number of hexoses (Gal, Man, or Glc),
N-acetylhexosamines (GlcNAc or GalNAc), deoxyhexoses (Fucose), N-acetylneuraminic (Neu5Ac) or O-acetates (OAc).
Proposed glycan structures were assigned based on molecular weight and literature precedent

Figure 4 This figure lists the glycan codes and proposed structures for all 29 glycans detected in this study.
[39]

compared to normal tissues .
In liver cancer, induction of both α-1,6- and α-1,3linked fucosylation has been reported as the most
prominent serum N-glycosylation change associated
[41-43]
with that disease
. In the present investigation,
fucosylated or sialylated glycans did not increase in
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HCC liver tissues compared to normal liver tissues,
consistent with a study performed on human liver
[25]
tissues of HCC patients . However, there was an
increase in the relative abundance of sialyl Lewis
glycans (fucose, galactose and NeuAc groups) in DENinduced HCC. The sialyl-Lewis glycans are commonly

6173

May 28, 2015|Volume 21|Issue 20|

Amin A et al . Glycan profiling in induced-HCC liver
Glc1Man9GlcNac2 (102000)

10

6

4

2

14

a

8

6

4

2

Normal

10

8

6

HCC

N

Glc2Man3GlcNac4Neu3OAc3 (54033)

HCC

Normal

HCC

Man3GlcNac5 (35000)

a

5.5
Glycan concentration (nmol/mg)

10

a

12

0

0

Glycan concentration (nmol/mg)

Man4GlcNac2 (42000)

Glycan concentration (nmol/mg)

b
Glycan concentration (nmol/mg)

Glycan concentration (nmol/mg)

8

Gal2Man3GlcNac4Fuc1Neu1 (54110)

8

6

4

2

a

5.0

4.5

4.0

3.5

3.0

0
Normal

HCC

Normal

HCC

0

io
n

O

Si

sy
co
Fu

at

Man9

et
yl

Man8

is

Man7

a

a

-A
c

Man5 Man6

P = 0.1

ew

0

10

-L

Complex

a
10

20

la

0
High mannose Hybrid

a

a

HCC

yl

P = 0.1

20

Normal

P = 0.5

al

20

P = 0.06

30

30

Si

P = 0.2

40

C
a

at
io
n

40

HCC

yl

60

Normal

al

HCC

B

n

Normal

a

tio

80

% relative abundance of total glycan pool

% relative abundance of total glycan pool

A

% relative abundance of high mannose
type glycan

Figure 5 Hepatocellular carcinoma-related alterations in glycans in tumor-bearing animals. Five glycans changed in tumor-bearing rats compared to normal
rats. A combined scatter and box-and-whisker plot is shown for each glycan, along with an indication of the statistical significance (aP < 0.05, bP < 0.01 vs control, n = 7).

Figure 6 Differential expression of N-glycans structures and determinants. A: N-Glycan structures i.e., high mannose, hybrid and complex; B: Distribution of the
different types of high mannose structures (Man5 to Man9); C: Distribution of terminal glycan determinants: fucosylation, sialylation, sialyl-Lewis and O-acetylation.
The groups were compared by t-test and aP < 0.05 vs control n = 7.
[44,45]

abberated TAC in cancers
. One such glycan,
Gal2Man3GlcNac4Fuc1Neu1 (code: 54110) was increased
in HCC rats compared to normal rats (Figure 5). TACs
are expressed both by tumor and host cells and are
involved in the key pathophysiological processes during

WJG|www.wjgnet.com

the various steps of tumor progression, including
tumor growth, cell migration, invasion, metastasis,
[8,46-50]
angiogenesis, and evasion of innate immunity
.
TACs are studied extensively due to their potential as
specific tumor biomarkers.

6174

May 28, 2015|Volume 21|Issue 20|

Amin A et al . Glycan profiling in induced-HCC liver
P = 0.055

400

ER

300

Normal

C

medial Golgi

HCC

40
30
20

P < 0.01

10
0

82000

92000

P = 0.057

150

P < 0.05
100

50

0

102000

72000

240
220
200
180

62000

Glycan concentration (nmol/mg)

50

P = 0.1

50

P = 0.06

Normal
HCC

200

100

Glycan concentration (nmol/mg)

cis-Golgi

HCC

200

D

B

Normal

P = 0.057

Glycan concentration (nmol/mg)

Glycan concentration (nmol/mg)

A

40
30

P = 0.9

20
10

52000

P < 0.05

0

34000

Trans-Golgi

Normal

P = 0.059

HCC

34100

35000

150
100
50

P = 0.06

40
30
20
10

P > 0.1

P > 0.1
P < 0.05
P = 0.058 P > 0.1
P > 0.1

P > 0.1 P > 0.1

P < 0.05

P < 0.05

P > 0.1

P > 0.1

34000:
44010:
54120:
72000:

0

0

04
65

03
65

0
01
63

0

0

13
54

0

12
54

11

0

54

0

03
54

0

02
54

01
53

0
45

10

0
01
44

0
01
43

0
00
42

35

10

0

0

Man3GlcNac4, 34100: Man3GlcNac4Fuc1, 35000: Man3GlcNac5, 35100: Man3GlcNac5Fuc1, 43010: Gal1Man3GlcNac3Neu1,
Gal1Man3GlcNac4Neu1, 45100: Gal1Man3GlcNac5Fuc1, 53010: Gal1Man4GlcNac3Neu1, 54020: Gal2Man3GlcNac4Neu2, 54030: Gal2Man3GlcNac4Neu3,
Gal2Man3GlcNac4Fuc1Neu2, 54130: Gal2Man3GlcNac4Fuc1Neu3, 62000: Man6GlcNac2, 63010: Gal1Man5GlcNac3Neu1, 65030: Gal3Man3GlcNac5Neu3,
Man7GlcNac2, 82000: Man8GlcNac2, 92000: Man9GlcNac2, 102000: Gal1Man9GlcNac2

Figure 7 Analysis of glycan biosynthesis based on the compartments in which they are synthesized. The glycans are synthesized in ER-Golgi by a chain of
enzymes. Glycans synthesized. A: ER; B: Cis-Golgi; C: Medial-Golgi; D: Trans-Golgi. The groups were compared by t-test, P < 0.05, P < 0.01 vs control, n = 7.

Branched glycans are synthesized by adding
antennae branching structures by glycotransferases
(GnT) such as N-acetylglucosaminyltransferase V
(GnT-V). GnT-V is the key enzyme that catalyzes the
formation of 1,6 N-acetylglucosamine (GlcNAc) and
adding it to a common core structure of Man3GlcNAc2
in the medial-Golgi apparatus. One product of this
reaction is Man3GlcNac5 (code: 35000), which was
observed to be significantly increased in HCC rats
compared to normal rats (Figure 5). Man3GlcNac5
is a branched glycan synthesized from Man3GlcNAc2
by GnTs. Overexpression of GnTs is associated with
metastasis and their implication in HCC have already
[51-53]
been reported
.
Sialylation, the addition of sialic acid moieties, is
an important modification of N-glycans that may alter
the physical properties of molecules in the plasma
membrane and may regulate immune cell function, as
well as serve as specific ligands for certain toxins and
[54,55]
lectins
. Sialic acids e.g., N-acetylneuraminic acid
(Neu5Ac) are capping structures on the glycans and
may be further modified by various functional groups
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including acetyl, lactyl, methyl, sulfate, or phosphate
groups. One such glycan, Gal2Man3GlcNac4Neu3OAc3
(54033) with three o-acetyl groups was shown to
be significantly decreased in HCC rats compared to
normal rats (Figure 4). Changes in the O-acetyl group
are seen as irrelevant in terms of their role in disease
prognosis. Recently, however, O-acetlylated Neu5Ac
has been shown to contribute to drug resistance in
acute lymphoblastic leukemia cells and its removal
[56]
made the cells vulnerable to cytotoxic drugs .
Subcellular localization and flow changes in N-linked
glycans showed that the processing starts in the
ER by sequential removal of glucose and mannose
from Glc3Man9GlcNAc2 which continues in the Golgi
complex. Mannose trimming is carried out by a series
of mannosidases and extension is performed in Golgi
by glycotransferases producing the complex-type
and hybrid type. This study showed that changes
in N-linked glycans followed a pattern depending
on subcellular localization (Figure 7), which can be
explained by the changes seen in glycan flow in the
N-glycan biosynthesis pathway (Figure 8). An increase
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Figure 8 Glycan flow. Changes in glycan flow in the N-glycan biosynthesis pathway. The ratio was compared by t-test and P value < 0.05 was considered significant. A:
ER; B: Cis-Golgi; C: Medial-Golgi; D: Trans-Golgi.
potential tool for cancer prognosis and treatment. The lack of reliable diagnostic
biomarkers has turned hepatocellular carcinoma (HCC) into the prime target
of many glycomic-based analyses. Numerous investigations have shown
significant changes in total N-glycan levels, including Alpha Fetoprotein (AFP),
in the serum of HCC patients, thereby demonstrating the potential of glycans
and the glycome profile as efficient biomarkers of HCC. As the only known
biomarker used for HCC, levels of AFP remain unchanged during the onset of
HCC, which makes its application as a differential diagnosis marker of other
liver diseases unreliable. Although fucosylated glycans have been shown to
increase in HCC patients compared to patients with chronic liver diseases, no
such increase was reported in the liver tissues of HCC patients when compared
with normal tissues. Therefore, glycan analyses of cancer tissues have become
a priority.

in high mannose glycans (Figure 6A) correlates with
decreased glycan flow, showing significant ER stress
in HCC liver tissues. An increase in sialyl-Lewis com
pared to fucosylated glycans (Figure 6C) can also be
explained by the increased glycan flow in trans-Golgi
which is the normal location for processing complex/
hybrid glycans. The glycan levels may not give a clear
indication of the disturbance in the synthesis pathway,
but it is clearly depicted by glycan flow. The glycan
flow clearly depicts the changes in enzymes involved
in N-glycan biosynthesis.
In conclusion, we conducted a detailed analysis
of N-glycans in HCC tissues compared to normal
liver tissues. Five glycans were significantly altered.
Together, the changes in glycan flow and subcellular
localization provide an explanation for the increase in
high mannose glycans and siayl Lewis glycans reported
in HCC tissues.

Research frontiers

In an attempt to utilize recent technology such as glycomics, the present
study focuses on the analysis of the N-glycan changes in chemically-induced
HCC liver tissues. Tissue glycan profiles were analyzed using the Ezose
GlycanMap® platform to identify changes in the N-glycans of liver tissues in a
HCC rodent model.

Innovations and breakthroughs

The fact that defective glycosylation normally develops prior to any changes in
apoptosis and cell differentiation associated with cancer has driven us to study
how glycans are synthesized in HCC livers. This study showed a significant
increase in the high mannose, Glc1Man9GlcNAc2, in HCC rats compared to
normal rats. As the increase of such high mannose glycans may result from
alterations in the mannose trimming enzyme, ER mannosidase I (ERManI),
ERManI was also studied here. Similar to the livers of HCC patients, ERManI
expression was shown to be aberrant as reflected in the increase in glycan
Glc1Man9GlcNAc2 in the present study. TACs are studied extensively due to their
potential as specific tumor biomarkers. Thus, as in different types of cancers,
the sialyl-Lewis glycans (fucose, galactose and NeuAc groups) are commonly
abberated, the present study showed an increase in Gal2Man3GlcNac4Fuc1Neu1
in HCC rats compared to normal rats. This study also showed a significant
decrease in acylated Gal2Man3GlcNac4Neu3OAc3 in HCC rats compared to
normal rats. Recently, O-acetlylated Neu5Ac (sialic acid) has been shown
to contribute to drug resistance in acute lymphoblastic leukemia cells and
its removal made the cells vulnerable to cytotoxic drugs. This investigation
also showed a patterned change in N-linked glycans that depended on their
subcellular localization. The increased high mannose glycans (decreased
glycan flow) reflects a major ER stress in HCC tissues.
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Abstract
AIM: To investigate the role of serum-and-gluco
corticoid-inducible-kinase-1 (SGK1) in colitis and its
potential pathological mechanisms.
METHODS: SGK1 expression in mucosal biopsies from
patients with active Crohn’s disease (CD) and normal
controls was detected by immunohistochemistry. We
established an acute colitis model in mice induced by
2,4,6-trinitrobenzene sulfonicacid, and demonstrated
the presence of colitis using the disease activity index,
the histologic activity index and hematoxylin and eosin
staining. The cellular events and potential mechanisms
were implemented with small interference RNA and an
inhibitor of signaling molecule (i.e. , U0126) in intestinal
epithelial cells (IECs). The interaction between SGK1
and the signaling molecule was assessed by coimmunoprecipitation.
RESULTS: SGK1 expression was significantly increased
in the inflamed epithelia of patients with active CD
and TNBS-induced colitis model (0.58 ± 0.055 vs 0.85
± 0.06, P < 0.01). At the cellular level, silencing of
SGK1 by small interference RNA (siSGK1) significantly
inhibited the phosphorylation of mitogen-activated
protein kinase kinase 1 (MEK1) and the downstream
molecule extracellular signal regulated protein kinase
(ERK) 1/2, which induced the upregulation of p53 and
Bcl-2-associated X protein, mediating the subsequent
cellular apoptosis and proliferation in IECs. Cells
treated with MEK1 inhibitor (i.e. , U0126) before siSGK1
transfection showed a reversal of the siSGK1-induced
cellular apoptosis.
CONCLUSION: Our data suggested that SGK1 may
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protect IECs in colitis from tumor necrosis factor-αinduced apoptosis partly by triggering MEK/ERK activation.

inflammation, also known as inflammatory bowel
disease (IBD), which occurs in CD and ulcerative colitis
[5]
(UC) . Further investigation of targeted therapies
aimed at alleviating apoptosis and boosting IEC
proliferation may lead to new developments in CD
treatment.
Serum-and-glucocorticoid-inducible-kinase-1
(SGK1) was first named according to its gene
upregulation by serum and glucocorticoids in rat
[6]
mammary tumor cells . The human SGK1 gene
is located on chromosome 6q23. It is ubiquitously
expressed in almost all tissues of the digestive tract,
such as the esophagus, stomach, liver, intestine,
and pancreas. SGK1 is also a gene that can encode
serine/threonine protein kinase and may be invol
ved in cell signaling pathways related to cellular
[7]
survival . Human SGK1 expression is stimulated
[8]
by cell shrinkage and cytokines ; intestinal SGK1 is
[9]
also regulated by saline ingestion . SGK1 disorder
contributes to the regulation of cell apoptosis,
migration, proliferation, and epithelial transport. In
addition, several studies have indicated a fatal role
of SGK1 in the pathophysiology of various diseases,
including autoimmune disease, inflammation, and
[10]
tumor growth . Therefore, we deduced that SGK1
inhibition may be a potential therapeutic option in the
treatment of these disorders, especially CD.
The mitogen-activated protein kinase (MAPK)
cascade is well known as a vital regulator of diverse
cellular functions, such as cell proliferation, apoptosis,
[11]
migration and differentiation . The MAPK cascade
acts as a critical mediator that can transduce cellular
signaling from the cell surface to the cytosol and
nucleus, and can even regulate cellular responses
[12]
to endogenous or exogenous stimuli . Tumor
necrosis factor (TNF)-α has the capacity to trigger
many elements of the inflammatory response in the
gastrointestinal mucosa, and is an efficient stimulus
of the extracellular signal regulated protein kinase
[13]
αα(ERK)1/2pathway . Three MAPK cascades have
been elucidated in mammals: mitogen-activated
protein kinase kinase kinase (Raf or MAP3K), mitogenactivated protein kinase kinase (MEK or MAP2K), and
extracellular signal regulated protein kinase (ERK or
MAPK). The MEK/ERK signaling cascade possesses
serine/threonine kinase activities and critically mediates
cellular proliferation, apoptosis, cycle progression, and
[14]
migration in various cell types . One of the critical
mechanisms of MEK/ERK cascade-induced apoptosis
is p53-related Bax dysregulation. Previous studies
have reported that the MEK/ERK cascade mediates
gene expression by the phosphorylation of several
[15]
transcription factors, including p53 . In addition, the
MEK/ERK pathway participates in cellular apoptosis by
regulating gene expression of the pro-survival B-cell
lymphoma-2 (Bcl-2) family proteins, such as Bax (a
conserved key regulator of apoptosis), and by inducing
[16]
anti-apoptotic proteins for proteasomal degradation .

Key words: Colitis; Serum-and-glucocorticoid-induciblekinase-1; MEK/ERK; Apoptosis; p53
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study showed that serum-and-gluco
corticoid-inducible-kinase-1 (SGK1) expression was
significantly increased in the inflamed epithelia of
patients with active Crohn’s disease (CD) in a TNBSinduced colitis model. At the cellular level, silencing
of SGK1 inhibited the phosphorylation of mitogenactivated protein kinase kinase 1 (MEK1) and the
downstream molecule ERK1/2, which induced the
upregulation of p53 and Bcl-2-associated X protein,
triggering subsequent cellular apoptosis and inhibition
of proliferation in intestinal epithelial cells. A MEK1
inhibitor (i.e. , U0126) was used to show that this was a
MEK/ERK-dependent process. Co-immunoprecipitation
analysis uncovered the mechanism of the interaction
between SGK1 and MEK1. Our results provide a new
therapeutic approach to CD therapy.
Bai JA, Xu GF, Yan LJ, Zeng WW, Ji QQ, Wu JD, Tang QY.
SGK1 inhibits cellular apoptosis and promotes proliferation via
the MEK/ERK/p53 pathway in colitis. World J Gastroenterol
2015; 21(20): 6180-6193 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i20/6180.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6180

INTRODUCTION
Crohn’s disease (CD) is a chronic, relapsing and
debilitating colitis. It is characterized as transmural
inflammation with the clinical features of bowel
obstruction, stricture, and diarrhea with blood or
[1]
mucus, or both . In the last decade, substantial
advances aimed at uncovering the molecular
pathogenesis of CD have been made, and 71 distinct
loci for CD on 17 chromosomes have been identified
[2]
in genome-wide association studies (GWAS) .
Nevertheless, the precise pathogenesis of CD remains
poorly elucidated. Various components are involved
in CD, such as intestinal epithelial cells (IECs),
environmental and microbial factors, and innate and
[3]
adaptive immunity . IECs are the most important
component of the epithelial barrier and play a pivotal
[4]
role in intestinal immune homeostasis . Accordingly,
a sequence of events, such as apoptosis due to the
stimulation of inflammation, disrupts homeostasis
and mucosal integrity. Meanwhile, IEC proliferation
and differentiation repair the barrier and sustain
homeostasis. In some cases, the balance of disruption
and repair is disrupted, followed by chronic gut
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P53, which has been referred to as the “guardian of
[17]
the genome”, is a tumor suppressor . Numerous
studies have indicated that p53-induced apoptosis
activates the multi-domain pro-apoptotic protein Bax,
thereby triggering caspase activation and cellular
[18]
apoptosis .
It has remained poorly understood whether and
how SGK1 is involved in the initiation and development
of colitis. In our paper, for the first time, we validated
that SGK1 plays a critical role in the protection of
IECs from apoptosis in a colitis model and even in
CD via the interaction with MEK1, which activates the
MEK/ERK pathway. Our results provide new potential
therapeutic targets for CD therapy.

mucosal areas of patients with active CD (n = 8) who
were diagnosed according to clinical and macroscopic
criteria. Control samples were collected from healthy
subjects (n = 8). Tissue samples were immediately
fixed in formalin and embedded in paraffin for an
immunohistochemistry assay. The study was approved
by the Institutional Review Board of Nanjing Medical
University.

TNBS-induced colitis and assessment

All mice were randomly distributed into 2 groups
and housed at room temperature of 22-24 ℃ with a
12-h light/dark cycle, and access to unrestricted tap
water and standard rodent food. Mice were weighed
and an acute CD model was induced by intra-rectal
instillation of a solution consisting of 2.5% TNBS in
50% absolute ethanol (v/v) via a 3.5F catheter under
deep anesthesia induced by 3% pentobarbital i.p.,
[19]
as previously described . The mice were held in a
vertical position for 1 min to ensure sufficient contact
of the TNBS with the entire colon wall and were then
returned to their cages. Intra-rectal administration
of 100 L 50% ethanol in a similar manner served as
the control treatment. Mice were killed by cervical
dislocation on days 1, 2, 3, 5, 7, and 10 (n = 4 per
day). To evaluate the degree of colitis, the mice were
weighed daily, and fecal consistency and presence
of bloody stool were recorded for 10 d after TNBS
treatment. The colon length was recorded as a
parameter of inflammation. The disease activity index
(DAI) consisted of weight loss, stool consistency, and
[20]
the degree of occult blood, as previously described .
The histologic activity index (HAI) was determined
[21]
based on previous criteria . Two personnel blinded to
the source of the samples independently performed all
evaluations.

MATERIALS AND METHODS
Animal care and use statement

The animal protocol was designed to minimize pain
or discomfort in the animals. The animals were
acclimatized to laboratory conditions (23 ℃, 12 h/12 h
light/dark, 50% humidity, ad libitum access to food and
water) for 2 wk prior to experimentation. Intragastric
gavage was performed on conscious animals, using
straight gavage needles appropriate for the animal size
(15-17 g body weight: 22 gauge, 1 inch length, 1.25
mm ball diameter). All animals were euthanazed by
barbiturate overdose (150 mg/kg pentobarbital sodium
iv) and tissue samples subsequently collected.

Reagents, animals and cell lines

Anti-SGK1, anti-MEK1, and anti-phosphorylated-MEK1
(p-MEK1) antibodies were purchased from SAB, United
States. The anti-ERK1/2, anti-phosphorylated-ERK1/2
(p-ERK1/2), anti-Bax, anti-p53, and anti-GAPDH
antibodies were purchased from CST, United States.
The anti-IgG antibodies, the immunofluorescence
staining kit, cell counting Kit-8 (CCK-8), terminal
deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) kit and inhibitors of MEK1 (U0126) were
purchased from Beyotime Institute of Biotechnology.
The immunostaining streptavidin-peroxidase (SP)
kit was purchased from the Maixin Institute of
Biotechnology, China. TNBS was purchased from
Sigma Chemical Co., St. Louis, MO, United States.
Dulbecco’s modified Eagle’s medium (DMEM), RPMI
1640 medium, and fetal bovine serum (FBS) were
purchased from Gibco, United States. Female BALB/c
mice (6-8-wk-old, 19-22 g body weight) were purchased
from the Animal Center of Nanjing Medical College,
China. The human colorectal cancer cell line HCT-116
and normal rabbit intestinal endothelial cells 6 (IEC-6)
were obtained from Nanjing Medical University, China.
All the experiments were approved by Nanjing Medical
College Animal Care and Use Committee.

Immunohistochemistry

All the tissues that remained were sliced as frozen
samples of 5 µm thickness via a microtome. Antigen
retrieval was performed by incubating the samples in
sodium citrate buffer (0.01 mol/L, pH 6.0) for 3 min
with heat applied. To block endogenous peroxidase,
the samples were incubated with liquid A (endogenous
peroxidase blockers) for 10 min, washed in PBS 3
times, then blocked with liquid B for 10 min. Samples
were incubated with the primary antibody at room
temperature for 2 h. The samples were then washed
in PBS 3 times and incubated with liquid C as the
secondary antibody for 10 min at room temperature.
After washing 3 times with PBS, the samples were
incubated with liquid D (streptavidin-peroxidase) for
10 min at room temperature. Finally, all samples were
dyed with 0.05% freshly prepared diaminobenzedine
(Beyotime Institute of Biotechnology, China) solution
for 5 min, monitored under a microscope, rinsed with
tap water, counterstained with hematoxylin for 1 min,
dehydrated with graded concentrations of ethanol,

Mucosal biopsy specimens

Biopsy specimens were obtained from inflamed
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hyalinized with dimethylbenzene, and covered with
neutral gum. The ethanol enema samples were
prepared as negative controls. These slices were
visualized with a microscope (IX71; Olympus Corp.,
Tokyo, Japan). The images were analyzed with Image
Pro Plus (version 6.0).

for 10 min at 4 ℃. After a brief spin, the pre-cleared
supernatant was incubated with primary antibodies
(1:100) for 2 h at 4 ℃ on a rotator, and the cell lysateprotein-antibody complexes were recovered using
recombinant protein A/G-Agarose beads. Empty vector
(Input) and purified rabbit IgG-transfected cells were
used as negative and positive controls, respectively.
Samples were detected with immunoblotting as
described above.

Cell culture and treatment

The HCT-116 cells were cultured in RPMI 1640
medium, and IEC-6 cells were cultured in DMEM
(4.5 g/L glucose). All media were supplemented
with 10% FBS. The cells were maintained in a
humidified atmosphere of 5% CO2 at 37 ℃. At a
density of 80%-85%, cells were cultured with TNF-α
(5 ng/mL, respectively) for 0, 1, 6, 12, 18 or 24 h
as time-dependent groups. The other three 60-mm
cell culture dishes were supplemented with TNF-α at
different concentrations of 5, 10, or 20 ng as densitydependent groups. In transfection experiments, 5 μL
of Lipofectamine 2000 (Invitrogen, California, United
States) was mixed with 95 μL of Opti-MEM (Invitrogen,
California, United States), and 2 μL of 50 nmol/L SGK1
siRNA (Genepharma, Shanghai, China) was mixed
with 98 μL of Opti-MEM medium. Subsequently, all
solutions were mixed and incubated for 20 min at
room temperature. After incubation for 6 h with OptiMEM, each dish was changed to complete medium
for 48 h. An equal volume of Lipofectamine 2000 was
used as the negative control. The cells were harvested
for immunoblotting.

TUNEL and proliferation assays

A one-step TUNEL kit was used to perform TUNEL
assays according to the manufacturer’s instructions.
Briefly, the tissue samples and pre-treated cells
were immobilized with 4% paraformaldehyde for 30
min and permeabilized with 0.1% Triton X-100 for 2
min at 4 ℃, followed by TUNEL for 1 h at 37 ℃. The
fluorescein isothiocyanate (FITC)-labeled TUNELpositive IECs were examined using a microscope.
The IECs with green fluorescence were defined as
apoptotic cells.
A CCK-8 assay was performed following the
manufacturer’s protocol to evaluate cell proliferation.
Pre-treated cells were seeded into a 96-well plate at an
3
approximate density of 2 × 10 cells per well with 100
μL medium. The blank control wells contained medium
alone (i.e., no cells or drugs). After culturing for 0, 6,
12, 24 and 48 h, each well was supplemented with
10 µL tetrazolium substrate and incubated at 37 ℃ for
1 h. The optical density (OD) was then read at 450
nm in a Synergy HT microtiter plate reader (Bio-Tek,
United States). This experiment was repeated 3 times
independently.

Western blot analysis

Colonic tissues and cells were split, and equal protein
amounts were collected for SDS-polyacrylamide gel
electrophoresis. The proteins were then transferred
onto a polyvinylidene fluoride membrane (Millipore,
Bedford, MA) using a transblot. The membranes
were then kept in a solution of PBST and 5% nonfat milk for 2 h to terminate the nonspecific sites
and were subsequently incubated with prepared
primary antibodies at 4 ℃ overnight. After incubation
with horseradish peroxidase-conjugated anti-rabbit
immunoglobulin G (IgG, 1:10000) for 1 h at room
temperature, the bands were developed using a
chemiluminescence kit (ECL; Pierce Supersignal,
United States). GAPDH was used as an internal control.
For quantitative analysis, the bands were analyzed
using Quantity One software (Bio-Rad Laboratories,
CA, United States).The difference between the control
and treatment groups was recorded and analyzed
using ImageJ software.

Statistical analysis

All data are expressed as mean ± SD, and the statis
tical significance of differences between 2 groups
was analyzed using the Student two-tailed t test. The
significance levels were set at either P < 0.05 or P <
0.01. All statistical analyses were performed using
SPSS software (version 14.0; SPSS Inc., Chicago, IL,
United States).

RESULTS
SGK1 expression was increased in IECs of patients with
CD

To evaluate the aberrant expression and localization
of SGK1 in CD, we performed immunohistochemistry
assays on samples from patients with active CD and
normal controls. Weak SGK1 staining was observed in
the normal control group, while strong SGK1 staining
was observed in the samples from patients with active
CD and was mainly located in the cytoplasm of IECs
(Figure 1).

Co-immunoprecipitation

Co-immunoprecipitation (Co-IP) was performed
according to the manufacturer’s protocol. Briefly, we
washed the adherent cells with ice-cold PBS, added
RIPA buffer, scraped the cells and centrifuged the lysate.
The supernatant was pre-cleared with the addition of
protein A/G-agarose beads (Abmart, Shanghai, China)

WJG|www.wjgnet.com

TNBS-induced colitis damage was more severe

To evaluate the severity of TNBS-induced colitis in
mice, we recorded the appearance of the colon, weight
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Figure 1 Serum-and-glucocorticoid-inducible-kinase-1 expression was increased in intestinal epithelial cells of patients with Crohn’s disease.
Immunohistochemistry of serum-and-glucocorticoid-inducible-kinase-1 (SGK1) in samples from patients with active Crohn’s disease (CD) and normal controls.
Weak staining of SGK1 was detected in the samples from normal controls, while strong staining of SGK1 was observed in samples from patients with active CD.
The CD group (n = 8) had 4 males and 4 females. The normal control group (n = 8) had 4 males and 4 females. aP < 0.05 vs normal controls. SGK1: Serum-andglucocorticoid-inducible-kinase-1.

loss, length of the colon, stool character, and presence
of blood in the stool. The TNBS-induced colitis group
showed more severe damage (Figure 2A, upper line) in
the colon compared with controls (50% ethanol, Figure
2A, lower line). In addition, the TNBS-induced colitis
group showed more obvious weight loss. The mean
body weight loss was 6.8% over 24 h and reached a
peak of 13.9% at 72 h compared with the baseline
body weight at the time of TNBS administration (Figure
2B). In addition, there were more loose stools and
apparently bloody stools in the TNBS-induced mice
than in the ethanol-treated mice. The length of the
colon was significantly reduced in the TNBS group
compared with controls (Figure 2C). The DAI and HAI
demonstrated maxima of 9.2 and 8.0, respectively,
WJG|www.wjgnet.com

at 72 h (Figure 2D and E). The pathology assay also
showed the most severe colitis at day 3 (Figure 3A).

SGK1 is upregulated in TNBS-induced colitis and mostly
expressed in the cytoplasm of IECs

Immunohistochemical staining showed that SGK1
was expressed mainly in the cytoplasm of IECs and
at higher levels in TNBS-induced colon tissue at
day 3 compared with control (Figure 3B). To further
confirm the apoptosis of IECs induced by TNBS, we
performed a TUNEL assay on the tissue samples and
noted a significant increase in IEC apoptosis in TNBS
mice (Figure 3C). Western blotting showed that SGK1
expression was markedly increased in mice with TNBSinduced colitis (Figure 3D).
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Figure 2 2,4,6-trinitrobenzene sulfonic acid and ethanol colitis model was successfully established. The macroscopic appearance of the colon in TNBStreated BALB/c mice. A: The colons were obtained 72 h after intra-rectal TNBS or ethanol treatment and were then photographed; B: TNBS or ethanol (the control
group) administration caused variation in bodyweight in the murine model; C: Mean colon length; D, E: The DAI and HAI of mice treated with TNBS or ethanol were
assessed. Data are presented as the mean ± SD (n = 4). One of three representative experiments is shown. aP < 0.05 and bP < 0.01 vs the ethanol treatment group.
TNBS: 2,4,6-trinitrobenzene sulfonic acid.

TNF-α induces SGK1 expression in a time- and dosedependent manner in IECs

siRNA on apoptosis by DNA fragmentation in IECs.
As shown in Figure 5A and B, SGK1 siRNA treatment
caused a significant increase in the number of TUNELpositive cells (n = 6, P < 0.01 vs the control group).
However, pre-treatment with an inhibitor of the MEK1
pathway (U0126, 10 μmol/L) before SGK1 siRNA
transfection abolished the increase in TUNEL-positive
cells.
Further investigation of cellular proliferation (via
theCCK8 assay) was performed following the above
protocol. The effect of SGK1 silencing on HCT-116
and IEC-6 cell proliferation is shown in Figure
5C and D, respectively. We found that the SGK1
siRNA-transfected HCT-116 and IEC-6 cells showed
significantly lower proliferation potential compared
with the negative control (NC) siRNA-transfected cells
at 0-48 h post-transfection.

We next examined the biological behavior of SGK1
in vitro in HCT-116 cells and IEC-6 cells to elucidate
the mechanism. We determined SGK1 expression by
western blotting after TNF-α treatment and found that
the TNF-induced SGK1 expression occurred in a timeand dose-dependent manner. Specifically, the peak
of SGK1 expression after TNF-α treatment appeared
at 24 h in HCT-116 cells (Figure 4A and B) and IEC-6
cells (Figure 4C and D) at a dose of 5 ng/mL (Figure 4).

Knockdown of SGK1 induces apoptosis and suppresses
proliferation in IECs
Next, we determined whether knockdown of SGK1 by
SGK1 siRNA could affect cellular events in IECs. TUNEL
assays were used to determine the effect of SGK1
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Figure 3 Serum-and-glucocorticoid-inducible-kinase-1 expression was increased in the colonic tissue of a 2,4,6-trinitrobenzene sulfonic acid-induced
murine model. A: Histological damage of colonic tissues induced by ethanol or 50% TNBS in mice (HE staining). Colonic tissues were obtained from the mice killed
3 d post-enema with ethanol or 50% TNBS; B: Immunohistochemical localization and upregulation of SGK1 expression in the colitis model. SGK1-dependent staining
is indicated by brown areas. The density of positive areas was analyzed with Image Pro Plus; C: The TNBS group showed an increase in TUNEL positive cells. The
positive cells were counted, and the results are presented as mean ± SD from six sample fields; D: Western blot analysis was performed to study the SGK1 level in
TNBS-induced colitis compared with ethanol-treated mice. The ethanol-treated group served as controls in these experiments. aP < 0.05 and bP < 0.01 vs the ethanol
treatment group. GAPDH served as the internal control.
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Figure 4 Serum-and-glucocorticoid-inducible-kinase-1 expression levels in tumor necrosis factor-treated intestinal epithelial cells assessed with western
blotting. A, B: SGK1 expression levels at different times and doses of TNF in HCT-116 cells; C, D: SGK1 expression levels at different times and doses of TNF in
IEC-6 cells. aP < 0.05 and bP < 0.01 represented 24 h vs 0 h after TNF-treatment or 10 ng vs 5 ng TNF. GAPDH served as the internal control. SGK1: Serum-andglucocorticoid-inducible-kinase-1; TNF: Tumor necrosis factor; IECs: Intestinal epithelial cells.

Potential interaction between SGK1 and the MEK1/
ERK1/2 pathway in IECs

was significantly decreased after SGK1 knockdown.
The quantities were measured with ImageJ and are
shown in Figure 6B and D. To identify and characterize
the possible interacting proteins of SGK1, co-IP was
performed to investigate any potential association
(direct or indirect) with IECs. SGK1 antibody coimmunoprecipitated with MEK1 but failed to coimmunoprecipitate with purified rabbit IgG (Figure 5E).
In addition, MEK1 antibody co-immunoprecipitated with
SGK1 but failed to co-immunoprecipitate with purified

We further investigated the potential mechanisms
involved in SGK1 siRNA-induced cellular events. The
efficiency of siRNA knockdown on IECs (assessed
by SGK1/GAPDH) was detected by western blotting.
As shown in Figure 6A and C, SGK1 expression was
significantly downregulated compared with cells trans
fected with NC siRNA after 48 h. In addition, the ERK1/2
phosphorylation level (assessed by p-ERK/ERK1/2)
WJG|www.wjgnet.com
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Figure 5 Intestinal epithelial cell apoptosis and proliferation analyzed by TUNEL and CCK-8 assays. A: After the indicated treatment for 48 h, the cells were
TdT-UTP nick end labeled and photographed with a fluorescent microscope. Scale bar = 200 μm. The TUNEL-positive cells are colored green; B: Quantitation of
TUNEL-positive intestinal epithelial cells (IECs) was performed on all groups. All values are mean ± SD from 6 independent images in each group; C: For the CCK-8
assay, IECs were transfected with SGK1 siRNA or negative control siRNA (NC) as described above. OD450 values indicate the absorbance of IECs post-transfected
at a wavelength of 450 nm. The OD450 values of IEC-6 and HCT-116 cells are shown in C and D, respectively. aP < 0.05 and bP < 0.01 vs negative controls.
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Figure 6 Efficiency of serum-and-glucocorticoid-inducible-kinase-1 silencing after serum-and-glucocorticoid-inducible-kinase-1 siRNA transfection
and co-immunoprecipitation of serum-and-glucocorticoid-inducible-kinase-1 and mitogen-activated protein kinase kinase 1. A, B: The efficiency of SGK1
silencing the subsequent dysregulation of p-ERK and ERK in HCT-116 cells. The efficiency of SGK1 silencing was assessed by the ratio of SGK1/GAPDH. The level
of ERK phosphorylation was assessed by the ratio of p-ERK/ERK; C, D: The efficiency of SGK1 silencing and the following dysregulation of p-ERK and ERK in IEC-6
cells. The NC group served as controls. GAPDH served as the internal control; E, F: SGK1 was co-immunoprecipitated with MEK1 on IECs. HCT-116 and IEC-6 cell
lysates were subjected to co-immunoprecipitation with anti-SGK1 or control IgG and were detected with anti-MEK1 antibodies. MEK1 was co-immunoprecipitated with
SGK1. aP < 0.05 and bP < 0.01 vs negative controls.
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Figure 7 P53 and Bax are downstream of the mitogen-activated protein kinase kinase 1/extracellular signal regulated protein kinase pathway. A: IECs in
culture were pretreated with the MEK1 inhibitor (U0126) followed by stimulation with TNF-α and NC or SGK1 siRNA. Protein expression levels were then detected
by western blotting; B: The level of MEK1 phosphorylation was assessed by the ratio of p-MEK1/MEK1; D: The level of ERK1/2 phosphorylation was assessed by
the ratio of p-ERK/ERK; C, E: p53 and Bax expression levels were assessed by the ratios of p53/GAPDH and Bax/GAPDH, respectively. aP < 0.05 and bP < 0.01,
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rabbit IgG (Figure 5F).

we determined the MEK1 phosphorylation level
(assessed by p-MEK1/MEK1) in IEC-6 cells and found
a significant decrease after SGK1 silencing (Figure 7A
and B). In addition, we found a significant inhibition of
ERK1/2 phosphorylation after SGK1 silencing, assessed
by p-ERK/ERK (Figure 7D). We also found that SGK1

SGK1 silencing induces apoptos mainly via the MEK1/
ERK/p53 pathway

To further explore whether SGK1 silencing-induced
apoptosis occurred mainly via the MEK1/ERK pathway,
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silencing triggered p53 and Bax upregulation, which
indicates activation of apoptosis (Figure 7C and E).
Furthermore, we treated IECs with U0126 (10 mmol/
L) for 1 h before TNF-α (5 ng/mL) treatment in the
absence or presence of SGK1 knockdown. U0126
obviously and significantly inhibited MEK1 and ERK1/2
phosphorylation. In addition, inhibition of the MEK/ERK
pathway attenuated the upregulation of p53 and Bax
induced by SGK1 silencing (Figure 7A, C and E).

to inhibit ERK1/2 activity in liver HepG2 cells and
[31,32]
db/db mice
. We observed that activation of the
ERK1/2 pathway was significantly inhibited after SGK1
silencing. In addition, knockdown of SGK1 induced
p53 and Bax upregulation. An increasing number of
therapeutic strategies targeting the MEK/ERK pathway
have been evaluated in clinical trials. MEK acts as a
choke point in the initiation of the MEK/ERK pathway
[33]
and related oncogenesis . ERK1/2 is a potential
kinase that reacts with numerous substrates in both
the nucleus and the cytoplasm and plays a pivotal
role in cell growth and differentiation. MEK1/2, which
exhibits sole substrate specificity for ERK1/2, regulates
the MEK/ERK cascade. Dysregulation of the MEK/ERK
cascade by cytokines or other stimuli has been shown
to be involved in numerous human malignancies,
contributing to the initiation of oncogenesis. MEK
phosphorylates both serine/threonine and tyrosine
residues of ERK1/2, triggering its activation and the
subsequent cytosolic and nuclear activity. In addition,
this pathway participates in cellular events, such as
[34-36]
abnormal proliferation, apoptosis and mobility
.
It has been well known for years that ERK1/2
activation can lead to cellular events through p53
[37]
accumulation . Accordingly, wild-type p53 is well
known as a critical tumor suppressor and has been
called the “guardian of the genome” in mammalian
cells. Rubbi and Milner have reported that ultravioletinduced DNA damage can result in p53 activation and
[38]
cell cycle arrest . The primary mechanism of DNA
damage-related p53 dysregulation is associated with
MDM2, which negatively regulates p53 by ubiquitinmediated proteasomal degradation. To date, numerous
p53-inducible gene products have been identified,
including pro-apoptotic Bax and p53-upregulated
[39]
modulator of apoptosis . A diverse range of studies
has indicated the role of ERK1/2 in the regulation of
anti-apoptotic responses. The MEK/ERK pathway also
plays a vital role in the regulation of apoptosis by
[16]
triggering the expression of Bcl-2 family proteins .
The anti-apoptotic effect of ERK is mediated mainly
via members of the Bcl-2 family, such as Bcl-2 and
Bcl-xL. In addition, activated ERK has been reported
to interfere with apoptotic factor caspase-8 cleavage
[40]
and Bax translocation . Our study indicated, via coIP analysis, that SGK1 interacts with MEK1, which
promotes MEK1 and ERK1/2 phosphorylation. A MEK1
inhibitor (U0126, 10 mmol/L) showed that SGK acts in
a MEK/ERK-dependent manner. Furthermore, U0126
significantly inhibited MEK1 and ERK1/2 activation,
which attenuated the upregulation of p53 and Bax,
and cellular apoptosis induced by SGK1 silencing.
Taken together, our research showed that SGK1
expression plays a critical role in the initiation and
development of TNF-α-induced apoptosis of IECs
in colitis via modulation of the ERK1/2 cascade.
We uncovered its mechanism for the first time by
elucidating an interaction between SGK1 and MEK1,
which activated the MEK/ERK pathway and mediated

DISCUSSION
CD is characterized by inflammation of the gastro
intestinal tract, resulting from a range of factors,
including immunogens that mediate colitis onset.
Numerous studies have focused on effective therapeutic
targets aiming to attenuate or even cure CD. SGK1
is well known as a serine-threonine kinase involved
in intracellular signal transduction pathways and is
induced by serum and glucocorticoids. SGK1 is involved
in several cellular functions, including activation of ion
+
2+
channels (e.g., epithelial Na channel, Ca channel, and
+
K channel), and the regulation of several enzymes (e.g.,
glycogen synthase kinase-3, phosphatidylinositol-3kinase, and Akt) and transcription factors (e.g., β-catenin
[10,22,23]
and nuclear factor-κB)
. Moreover, excessive SGK1
expression is involved in the pathophysiology of several
disorders, including inflammatory disease, fibrosing
[24]
disease, tumor growth, and neurodegeneration .
Our study demonstrated for the first time that SGK1
expression was upregulated in both CD patients and in
a TNBS-induced mouse model of colitis.
Previous studies have shown that SGK1 can
regulate the interaction of membrane receptors that
mediate cellular apoptosis in prostate and colon
[25,26]
cancers
. Three pathways are involved in SGK1related cellular apoptosis. In the first pathway, SGK1
phosphorylates and inhibits pro-apoptotic transcription
factors, such as Forkheadbox O3a (FOXO3a) and
[27]
GSK3β . In the second pathway, SGK1 facilitates
cell survival by phosphorylating mouse double
minute 2 (MDM2) by enhanced p53 ubiquitylation
[28]
and degradation . Intracellular MDM2 is critical
in regulating the expression of p53. In the third
pathway, SGK1 regulates apoptosis by regulating ion
2+
+
channels and transporters, such as Ca and several K
[29,30]
channels
. In consideration of the roles of SGK1
in the inflammatory process and immunoreaction,
together with CD pathogenesis, we suggest that SGK1
may mediate CD initiation by triggering aberrant
cellular events, including proliferation and apoptosis,
in parallel with the clinical manifestations of hyper
plasia and ulcers. Consistent with previous studies,
knockdown of SGK1 in our study induced cellular
apoptosis and inhibited IEC proliferation.
Recent reports have shown that SGK1 can down
regulate or upregulate ERK2 activity and MEK/ERK
complex formation. Additionally, SGK1 has been shown
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cellular apoptosis and proliferation via p53 and
Bax dysregulation. Further studies are needed to
determine the interactions and the potential clinical
value. Our study indicates that SGK1 may protect IECs
from apoptosis and provide a previously unrecognized
therapeutic approach for the treatment of colitis and
even CD.

COMMENTS
COMMENTS

3

Background

Crohn’s disease (CD) is a chronic, relapsing and debilitating colitis. Until now,
many therapies have been tested in clinical patients with active CD but have
shown no marked effects. Serum-and-glucocorticoid-inducible-kinase-1 (SGK1),
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METHODS: H-29 cells were used for in vitro experi
ments in this study. Relative cell viability was assessed
using MTT assays. Cell apoptosis was detected by
terminal deoxynucleotidyl transferase dUTP nick end
labeling and Hoechst 33342 staining, and quantified
by flow cytometry. Cellular ultrastructure was observed
by transmission electron microscopy. Real-time PCR
and Western blot analyses were used to evaluate gene
and protein expression levels. For in vivo experiments,
BALB/c nude mice received subcutaneous injections of
HT-29 cells in the right armpit. When well-established
3
xenografts were palpable with a tumor size of 75 mm ,
mice were randomly assigned to a vehicle (negative)
control, positive control or GA treatment group (n =
6 each). The animals in the treatment group received
one of three dosages of GA (in saline; 5, 10 or 20 mg/kg)
via the caudal vein twice weekly, whereas animals in
the negative and positive control groups were given
equal volumes of 0.9% saline or 10 mg/kg docetaxel,
respectively, via the caudal vein once weekly.
RESULTS: The cell viability assay showed that GA
inhibited proliferation of HT-29 cells in a dose- and
time-dependent manner after treatment with GA (0.00,
0.31, 0.62, 1.25, 2.50, 5.00 or 10.00 µmol/L) for 24, 48
or 72 h. After 48 h, the percentage of apoptotic cells in
cells treated with 0.00, 1.25, 2.50 and 5.00 µmol/L GA
was 1.4% ± 0.3%, 9.8% ± 1.2%, 25.7% ± 3.3% and
49.3% ± 5.8%, respectively. Ultrastructural analysis of
HT-29 cells treated for 48 h with 2.5µmol/L GA revealed
apoptotic bodies and condensed and fragmented
nuclei. Levels of caspase-8, -9 and -3 mRNAs were
significantly increased after treatment with GA (1.25,
2.50 or 5.00 µmol/L) for 48 h (P < 0.05 for all). Protein
levels of apoptosis-related factors Fas, FasL, FADD,
cytochrome c, and Apaf-1 were increased in GA-treated
cells, whereas levels of pro-caspase-8, -9 and -3 were
significantly decreased (P < 0.05 for all). Furthermore,
GA signiﬁcantly and dose-dependently inhibited the
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AIM: To investigate the effect of gambogic acid (GA)

WJG|www.wjgnet.com

6194

May 28, 2015|Volume 21|Issue 20|

Huang GM et al . Anti-cancer effect of gambogic acid

growth of HT-29 tumors in a mouse xenograft model (P
< 0.05).

research studies have shown that GA can inhibit
the growth of many tumor cells both in vitro and
[11,12]
in vivo, including cells in lung cancer
, liver
[13,14]
[15-17]
[18,19]
cancer
, breast cancer
, gastric cancer
,
[20]
[21-23]
[24]
pancreatic cancer , leukemia
, melanoma , and
[25]
glioblastoma . GA is currently being investigated in
[25-27]
clinical trials in China
. However, the effect of GA
on the growth of human colon cancer cells remains
unclear.
Apoptosis is the most important pathway for the
anti-tumor effects of many compounds. GA has been
shown to induce apoptosis by increasing nuclear
[28,29]
condensation and DNA fragmentation
, elevating
[29,30]
levels of Bax and decreasing levels of Bcl-2
,
[31-33]
activating caspase-8, -9 and -3
, suppressing NF[33,34]
κB
, and inhibiting matrix metalloproteinase-2
[35]
[22,36]
and -9
both in vitro and in vivo
. The aim of
this study was to investigate the potential anti-cancer
effects of GA on human colon cancer cells and identify
the related molecular mechanisms.

CONCLUSION: GA inhibits HT-29 proliferation via
induction of apoptosis. The anti-cancer effects are
likely mediated by death receptor (extrinsic) and
mitochondrial (intrinsic) pathways.
Key words: Apoptosis; Death receptor pathway; Flow
cytometry; Gambogic acid; Hoechst 33342; HT-29 cells;
Mitochondrial pathway; MTT; Terminal deoxynucleotidyl
transferase dUTP nick end labeling
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluated the effects of gambogic
acid on colon cancer cells. Treatment of a human
colon cancer cell line with gambogic acid inhibited
proliferation via induction of apoptosis. Moreover, the
growth of colon cancer cell xenograft tumors in mice
was reduced by injections of gambogic acid. These
anti-cancer effects were likely mediated through death
receptor and mitochondrial pathways.

MATERIALS AND METHODS
Chemicals and reagents

GA and 3-(4,5-dimethylthiazol-2-yl)-2,5-diph
enyltetrazolium bromide (MTT) were purchased from
Sigma-Aldrich (St. Louis, MO, United States). Terminal
deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) and Hoechst 33342 staining kits were
obtained from Beyotime Institute of Biotechnology
(Haimen, China). Annexin V/propidium iodide (PI)
was purchased from Biosea (Beijing, China). Realtime (RT)-PCR primers were purchased from Genscript
Corp. (Piscataway, NJ, United States). M-MLV
reverse transcriptase and reagents for RT-PCR were
purchased from Promega Corp. (Madison, WI, United
States). Antibodies against Fas, Fas ligand (FasL),
Fas-associated with death domain protein (FADD),
caspase-8, cytochrome c, apoptotic protease activating
factor (Apaf)-1, caspase-9, caspase-3, GAPDH, and
β-actin were obtained from Cell Signaling Technology
Inc. (Danvers, MA, United States). Trizol and
fluorescence-conjugated secondary antibodies were
obtained from Invitrogen (of Thermo Fisher Scientific,
Waltham, MA, United States). Other chemicals were
purchased at the highest purity grade.

Huang GM, Sun Y, Ge X, Wan X, Li CB. Gambogic acid induces
apoptosis and inhibits colorectal tumor growth via mitochondrial
pathways. World J Gastroenterol 2015; 21(20): 6194-6205
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6194.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6194

INTRODUCTION
Colorectal cancer is the third leading cause of cancer
and the fourth leading cause of cancer-related deaths
[1,2]
worldwide . Morbidity and mortality from colorectal
cancer are increasing with continuing urbanization of
the population. Apart from genetic causes, life and
environmental factors determine the relative risk of
the occurrence and development of colon cancer.
Although the diagnostics for colon cancer have greatly
improved, the molecular mechanisms of the disease
[3,4]
are poorly understood . Treatments for colon cancer
include surgery, chemotherapy, and radiotherapy, or a
[5]
combination of these treatments . Chemotherapy is
an effective treatment for colon cancer, but traditional
chemotherapy has many serious side effects, including
significant pain. At present, approximately half of the
patients with a primary tumor can be cured by surgery,
[6]
depending on the tumor location .
Gambogic acid (GA) is the major active ingredi
ent in gamboge, which is extracted from various
Garcinia species, including Garcinia hanburyi Hook
[7]
f. (Tenghuang) . GA has various biologic activities,
[7]
such as anti-pyretic, analgesic, anti-inflammatory ,
[8]
[8-10]
autophagic and anti-tumor activities
. Some
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Cell culture

Human colon cancer cell line HT-29 was purchased
from American Type Culture Collection (Manassas, VA,
United States). The cells were cultured in complete
RPMI-1640 medium (Hyclone of GE Healthcare,
Little Chalfont, Buckinghamshire, United Kingdom)
supplemented with 10% heat-inactivated bovine
serum (Gibco of Thermo Fisher Scientific, Waltham,
MA, United States), 100 U/mL penicillin, and 100
µg/mL streptomycin at 37 ℃ with 5% CO2 in a humi
dified atmosphere.
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MTT assay of cell proliferation

using a FACScan flow cytometer (Becton, Dickinson
and Company, Franklin Lakes, NJ, United States).
Quantification was conducted from histogram plots,
where early apoptotic cells stained with Annexin V-FITC
are presented in the lower right quadrant and late
apoptotic cells stained with both Annexin V-FITC and
PI are presented in the upper right quadrant.

HT-29 cells were seeded into a 96-well culture plate
at 5000 cells/well for 16 h for attachment. The cells
were then treated with GA (0.00, 0.31, 0.62, 1.25,
2.50 5.00, or 10.00 µmol/L) for 24, 48 or 72 h. MTT
dye was added to each well at 37 ℃ and incubated
for 4 h. The supernatant was then removed and the
purple-colored formazan precipitates were dissolved
in 150 µL of dimethyl sulfoxide and absorbance at 490
nm was measured on a multi-well plate reader. The
background absorbance (medium without the cells)
was subtracted. Percent viability was calculated using
the formula: [(drug-treated group/control group) ×
100]. Each assay was repeated three times, and the
final results are expressed as mean ± SE.

RNA isolation and quantitative RT-PCR analysis

Total RNA was extracted using Trizol and the
concentration and purity were determined by
measuring the optical density. RNA from each sample
(1 µg) was used to generate cDNA using M-MLV
reverse transcriptase according to manufacturer’
s specifications. After an initial denaturation step at
95 ℃ for 10 min using SYBR Green PCR Master Mix
(Applied Biosystems of Thermo Fisher Scientific,
Waltham, MA, United States), RT-PCR was cycled
between 95 ℃ for 15 s and 60 ℃ for 1 min for 40
cycles. Amplification was performed using a 7500
Fast Real-Time PCR System (Applied Biosystems) and
products were routinely checked using dissociation
curve software. Transcript quantities were compared
by the relative Ct method, and the amounts of
caspase-8, -9 and -3 were normalized to the
endogenous control (GAPDH). The relative value
to the control sample was given by 2-∆∆CT. RTPCR primer sequences were as follows: caspase-8,
(forward) 5′-GCCTCCCTCAAGTTCCT-3′, (reverse)
5′-CCTGGAGTCTCTGGAATAACA-3′; caspase-9,
(forward) 5′-CGAACTAACAGGCAAGCAGC-3′, (reverse)
5′-ACCTCACCAAATCCTCCAGAAC-3′; caspase-3,
(forward) 5′-TGGTTCATCCAGTCGCTTTG-3′, (reverse)
5′-CATTCTGTTGCCACCTTTCG-3′.

Apoptotic cell detection by TUNEL and Hoechst 33342
staining

For TUNEL staining, HT-29 cells were incubated with GA
(0.00, 1.25, 2.50 or 5.00 µmol/L) for 48 h in 96-well
plates; the attached cells were then washed with PBS
and fixed in freshly prepared 4% formaldehyde for
30 min. The cells were then washed twice with PBS
and incubated with digoxigenin-conjugated dUTP in
a terminal deoxynucleotidyl transferase-catalyzed
reaction for 1 h at 37 ℃ in a humidified atmosphere.
After the cells were immersed in stop/wash buffer for
10 min at room temperature and washed with PBS,
they were incubated with anti-digoxigenin antibodyconjugated peroxidase for 30 min. Apoptotic cells with
condensed and fragmented nuclei were stained brown
after incubation with 3, 3′-diaminobenzidine for 5 min.
For Hoechst 33342 staining, HT-29 cells cultured
on glass coverslips in 6-well plates were treated and
fixed as described above. After rinsing twice with PBS,
the cells were incubated in Hoechst 33342 staining
solution for 5 min. Cells were washed twice with PBS
and mounted using an antifade mounting medium.
Apoptosis was detected by ﬂuorescence microscopy.

Western blot analysis

Following treatment with GA (0.00, 1.25, 2.50 or
5.00 µmol/L) for 48 h, HT-29 cells were washed
twice with ice-cold PBS and collected in lysis buffer.
The supernatant was collected by centrifuging at
13500 rpm for 20 min. Total protein concentration
was quantified using a Bradford assay, and 120 µg
of protein from each sample was separated on 10%,
12%, and 15% SDS-PAGE gels, and transferred
onto nitrocellulose membranes. The nitrocellulose
membranes were blocked with 5% non-fat milk
powder (w/v) at room temperature for 2 h, then
incubated with a primary antibody against Fas (1:500),
FasL (1:500), FADD (1:500), caspase-8 (1:500),
cytochrome c (1:500), Apaf-1 (1:500), caspase-9
(1:500), caspase-3 (1:500), GAPDH (1:1000), or
β-actin (1:500), at 4 ℃ overnight. After washing,
the membranes were incubated with fluorescenceconjugated secondary antibody (1:10000 anti-rabbit
or anti-mouse; Invitrogen) at room temperature for 50
min. β-actin was used as an internal control to monitor
protein loading and transfer of proteins from the gel
to the membrane. Western blot bands were quantified

Cellular ultrastructure analysis by transmission electron
microscopy

HT-29 cells were incubated for 48 h with 0.0 or 2.5
µmol/L GA, harvested with trypsin, centrifuged, and
washed with PBS. Cell samples were fixed in 2.5% (v/v)
glutaraldehyde in 0.1 mol/L phosphate buffer (pH 7.4),
post-fixed in 2% (w/v) buffered osmium tetroxide
for 2 h, and dehydrated in ethanol. Specimens were
embedded in Epon (Sigma-Aldrich), and thin sections
were cut using an ultramicrotome and double stained
with uranyl acetate and lead citrate.

Apoptosis quantification by flow cytometry

After incubation with GA (0.00, 1.25, 2.50 or 5.00
µmol/L) for 48 h, HT-29 cells were collected with
trypsin, centrifuged, washed with PBS, stained with
Annexin V-FITC and propidium iodide (PI) according
to the manufacturer’s protocol, and then analyzed
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120

24 h

48 h

ratio of tumor weight (IRTW) was calculated as: [(tumor
weight of treatment group/tumor weight of saline
group) × 100]. There were no animal deaths during
the experiment and all tumor-implanted animals were
humanely euthanized at the end of the experiment
by overdose of pentobarbital (50 mg/kg; ip). The
criteria for the humane endpoint were a tumor size
> 20 mm in diameter with its weight more than 10%
of the animal’s body weight and/or the presence of
ulceration, necrosis, or infection.
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Statistical analysis
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5

All statistical analyses were performed using SPSS
software (Chicago, IL, United States). One-way
analysis of variance (ANOVA) was used for comparison
among groups, and two-way ANOVA was used for
comparing two independent variables among groups
followed by a Tukey’s post hoc test. Data are shown as
mean ± SE; P < 0.05 was considered to be significant.

10

Figure 1 Gambogic acid-induced anti-proliferation of HT-29 cells. Relative
cell viability (%) was evaluated by MTT assay after treatment for 24, 48 and 72 h.
All data were normalized to 0 µmol/L, which was considered as 100%. aP < 0.05
vs 0 µmol/L.

using the Odyssey infrared imaging system (LI-COR
Biosciences, Lincoln, NE, United States). All results are
representative of three independent experiments.

RESULTS
GA-induced morphologic changes and anti-proliferation
of HT-29 cells

Xenograft assays in nude mice

HT-29 cellular morphology was observed and
examined under a phase contrast microscope. Control
cells showed a normal morphology with typical
polygonal and cobblestone monolayer appearance,
plump cell body, clear cell boundary, and transparent
cytoplasm (data not shown). In the presence of GA,
HT-29 cells appeared round with small wrinkles and
broken debris, suggesting GA-induced toxicity.
Proliferation of HT-29 cells was assessed using the
MTT assay (Figure 1). GA inhibited proliferation of
HT-29 cells in a dose- and time-dependent manner,
which was significant for concentrations of GA ≥ 0.62
µmol/L at all times points (P < 0.05).

Five-week-old BALB/c nude mice (n = 30) used for
in vivo experiments were purchased from Vital River
Laboratories (Beijing, China). The animal experimental
protocol was approved by the ethics committee of
Heilongjiang Province’s Hospital (protocol number:
2008-010). The mice were housed in independent
venting cases in a specific-pathogen free animal facility,
with 6 mice in each case. The room temperature was
keep at 20-25  ℃, humidity at 40%-70%, with a 12
h/12 h light/dark cycle. All animal procedures were in
accordance with the Animal Research: Reporting of In
6
Vivo Experiment guidelines. HT-29 cells (2 × 10 cells/
mouse) were implanted by subcutaneous injection into
the right armpit of the mice. When well-established
HT-29 xenografts were palpable with a tumor size
3
of 75 mm , mice were randomized into control and
treatment groups, each containing 6 animals. All
animals were checked twice a day. The animals in
the GA group received caudal vein injections of GA
(in saline; 5, 10 or 20 mg/kg) twice weekly for four
weeks, whereas animals in negative and positive
groups were given injections of the same volume of
0.9% saline and 10 mg/kg docetaxel, respectively,
once weekly (0.1 mL/10 g).
All animals were weighed twice weekly, and
mortality was monitored during the experimental
period to assess toxicity of the treatments. Tumor
volume was also measured twice weekly and
2[24,37]
calculated as: 0.5 × ab
, where a and b refer
to the longer and shorter dimensions, respectively.
Relative tumor volume (RTV) was calculated according
to the equation: Vt/V0, where V0 is the tumor volume
and Vt is the tumor volume on day t. At the end of
the experiment, all mice were euthanized and the
subcutaneous tumors were weighed. The inhibition
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GA-induced apoptosis of HT-29 cells

Treatment of GT-29 cells with GA induced apoptosis
as observed by TUNEL (Figure 2A) and Hoechst
33342 (Figure 2B) staining. Apoptotic HT-29 cells
displayed round and shrunken cell bodies with
condensed and fragmented nuclei. transmission
electron microscopy investigation revealed that HT-29
cells treated for 48 h with 2.5 µmol/L GA showed an
abnormal subcellular morphology (Figure 3). The
nuclear/cytoplasmic ratio was decreased, cells and
nucleoli were shrunken, microvilli appeared on the cell
membrane surface, apoptotic bodies appeared around
the nuclear membrane, the nucleus was condensed
and fragmented, the electron density deepened, and
vacuolization in the cytoplasm became obvious.
Flow cytometric analysis was conducted to quantify
GA-induced apoptosis; representative results are
shown in Figure 4A. As shown in Figure 4B, only a
small number of apoptotic cells (lower and upper
right quadrants) was detected in the control group.
Apoptosis rates at 48 h after treatment with 1.25,
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A

Control

GA (1.25 μmol/L)

50 mm
GA (2.5 μmol/L)

GA (5 μmol/L)

B

Control

GA (1.25 μmol/L)

50 mm
GA (2.5 μmol/L)

GA (5 μmol/L)

Figure 2 Gambogic acid-induced apoptosis. Apoptotic HT-29 cells (arrows) were observed by A: Terminal deoxynucleotidyl transferase dUTP nick end labeling;
and B: Hoechst 33342 staining after treatment with gambogic acid (GA) for 48 h.
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2 mm
Control

GA (2.5 mmol/L)

Figure 3 Ultrastructure of HT-29 cells. Transmission electron microscopy revealed ultrastructural changes in HT-29 cells after treatment with 2.5 µmol/L gambogic
acid (GA) for 48 h; dashed black arrow shows the nuclear membrane; black arrow shows the cellular membrane; dashed white arrow shows the apoptotic body; and
the white arrow shows the condensed nucleus.
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Figure 4 Quantification of gambogic acid-induced apoptosis by flow cytometry. A: HT-29 cells were treated for 48 h and sorted by flow cytometry to detect early
(FITC-stained, lower right quadrant) and late [FITC- and propidium iodide (PI)-stained, upper right quadrant] apoptotic cells; B: The experiment was repeated three
times and the average percentage of apoptotic cells (mean ± SE) is shown. aP < 0.05 vs 0 µmol/L. GA: gambogic acid.
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mRNA expression level

7

Caspase-8

2.50 and 5.00 µmol/L GA were 9.8% ± 1.2%, 25.7%
± 3.3% and 49.3% ± 5.8%, respectively, which were
significantly higher than that in the control condition
(1.4% ± 0.3%; P < 0.05 for all).
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The expression levels of caspase-8, -9 and -3 mRNAs
in HT-29 cells were significantly increased after
treatment with GA for 48 h as assessed by quantitative
RT-PCR (P < 0.05 for all) (Figure 5).
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Effects of GA on the death receptor and mitochondrial
pathways in HT-29 cells

5

To further elucidate the molecular mechanism of GAinduced apoptosis in HT-29 cells, we examined the
expression of proteins in the death receptor (extrinsic)
and mitochondrial (intrinsic) apoptotic pathways.
HT-29 cells treated for 48 h with GA expressed

Figure 5 Gambogic acid increases the expression of caspase-9, -8
and -3 mRNAs in HT-29 cells. HT-29 cells were treated for 48 h and mRNA
expression was analyzed by quantitative real-time PCR. Expression levels were
normalized to GAPDH and are relative to 0 µmol/L. aP < 0.05 vs 0 µmol/L.
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Figure 6 Effects of gambogic acid on the expression of apoptosis-related factors in HT-29 cells. HT-29 cells were treated with gambogic acid (GA) for 48 h and
Western blot was performed to measure levels of Fas receptor (A); Fas ligand (FasL) (B); FADD (C); apaf-1 (D); cytochrome c (E); pro-caspase-8 (F); pro-caspase-9 (G);
and pro-caspase-3 (H). Data are reported as the mean ± SE of at least three experiments. aP < 0.05 vs 0 µmol/L.

significantly higher levels of Fas, FasL, FADD, Apaf-1,
and cytochrome c (P < 0.05) (Figure 6A-E). At the
same time, levels of pro-caspase-8, -9 -3 were
significantly decreased (P < 0.05) (Figure 6F-H).

receptor family, and has a pivotal role in apoptosis
[44]
[45,46]
[47,48]
of breast , hepatocellular
, colorectal
and
[49]
nasopharyngeal
cancer cells via activation by its
natural ligand, FasL. The death-inducing signaling
complex (DISC) is rapidly formed after Fas stimulation,
which consists of oligomerized Fas, FADD and procaspase-8. After binding to the DISC, pro-caspase-8
homodimers undergo a conformational change,
and autocatalytic processing induces the generation
of active caspase-8, leading to the activation of
caspase-3. This caspase cascade leads to DNA damage
[50-54]
and cell apoptosis
. In our study, we observed
GA-induced increases in Fas, FasL, FADD, caspase-8
and caspase-3 expression, indicating that GA triggers
apoptosis via the death receptor pathway.
Many factors, such as environmental stimuli and
drugs, can induce mitochondrial dysfunction, leading
to apoptosis via intrinsic pathways. Cytochrome c
is released from dysfunctional mitochondria and
accumulates in the cytoplasm where it binds to
Apaf-1; pro-caspase-9 binds to Apaf-1 oligomers and
leads to the formation of the apoptosome, followed
[55-57]
by caspase-3 activation
. GA inhibits proliferation
and induces apoptosis in many carcinoma cells via
[29-33]
mitochondrial-dependent pathways
. Our data also
show that GA induces upregulation of cytochrome c
and Apaf-1, while downregulating pro-caspase-9 and
-3. This result further supports an apoptotic effect of
GA on HT-29 cells via the mitochondrial pathway.
GA has been long used for its anti-pyretic, analgesic
and anti-inflammatory effects. However, the effect of
GA on the growth of human colon cancer cells is still
not very clear. From our tests, we can conclude that the
death receptor and mitochondrial pathways are involved
in the anti-tumor effect of GA in HT-29 cells. Our results,
together with other studies, will provide a reference for
clinical trials, though further studies are necessary.

GA signiﬁcantly inhibits growth of HT-29 tumors in a
nude mouse xenograft model

The potential anti-tumor effect of GA in vivo was
assessed using a human tumor xenograft mouse
model. Compared with tumor growth in saline-treated
mice, there was a dose-dependent decrease in tumor
volume in mice treated with GA for the entire period
of observation (Figure 7). Furthermore, there was a
decrease in tumor weight on day 29 when the mice
were euthanized, as evidenced by an increase in the
IRTW. GA was well tolerated at doses up to 20 mg/kg,
with no signs of toxicity in this xenograft tumor model;
loss of body weight after treatment was less than 10%
in all treatment groups (data not shown).

DISCUSSION
This study demonstrates a dose- and time-dependent
anti-proliferative effect of GA on human colon cancer
cells in vitro and in an in vivo model. GA-induced
apoptosis was previously reported in some other
cell types, with relatively low toxicity and minimal
[31,38,39]
side effects in normal cells
. As a physiologic
mechanism, apoptosis kills cancer cells without
imposing damage to normal cells or surrounding
[40]
tissues . Thus, inducing apoptosis in cancer cells has
[41]
been a key mechanism for cancer treatment .
Apoptosis is a form of programmed cell death that
typically leads to caspase activation via two major
routes, the extrinsic death receptor and the intrinsic
[42]
[43]
mitochondrial pathways . Fas (CD95 or APO-1)
is
a 36-kDa cell surface protein that belongs to the death
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Figure 7 Gambogic acid inhibits the proliferation of HT-29 cells in BALB/c nude mice. A: Relative tumor volume (RTV) (mean ± SE) over the 29 d experiment;
B: Inhibition ratio of tumor weight (IRTW) from subcutaneously implanted HT-29 cells; Representative photographs of nude mice (C) and tumor samples (D) from the
saline-, gambogic acid-, and docetaxel-treated groups. aP < 0.05 vs saline.
various Garcinia species, including Garcinia hanburyi Hook f. (Tenghuang).
GA has various biologic activities, including anti-pyretic, analgesic, antiinflammatory, autophagic and anti-tumor activities. However, little is known
regarding the effect of GA on the growth of human colon cancer cells.
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increased expression of apoptosis-related proteins. In vivo, GA signiﬁcantly
inhibited the growth of HT-29 tumors in a nude mouse xenograft model.

Applications

The results of this study suggest that GA inhibits HT-29 proliferation via
induction of apoptosis and that the effects may be mediated by death receptor
and mitochondrial pathways. The results will provide a reference for clinical
trials, though further studies are necessary.
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Terminology

Apoptosis is a programmed cell death process that cells undergo in response to
certain signals.
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Expression of COX-2 and HER-2 in colorectal cancer and
their correlation
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December 2002 to December 2007 at the First Affiliated
Hospital of Anhui Medical University. All specimens
were made into 4-µm slices. The expression of COX-2
and HER-2 were detected by immunohistochemistry
using the streptavidin-biotin-peroxidase method. The
correlations between COX-2 and HER-2 expression and
colorectal cancer clinical features were analyzed.
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RESULTS: The positive rates of COX-2 and HER-2
expression in colorectal cancer were 77.97% (800/1026)
and 46.20% (474/1026), respectively. There was
a significant correlation between COX-2 and HER-2
expression in colorectal cancer (P < 0.05). In patients
with tumor size ≥ 5 cm, the positive rates of COX-2
and HER-2 expression were 81.48% (308/378) and
57.94% (219/378), respectively. In patients with serosal
invasion, the positive COX-2 and HER-2 expression
rates were 80.53% (612/760) and 49.21% (374/760),
respectively. In patients with lymph node metastasis,
the positive expression rates were 85.04% (506/595)
and 54.62% (325/595), respectively, and the positive
expression rates differed significantly between patients
with lymph node metastasis and those without (P <
0.05). In patients with Duke’s C and D colorectal cancer,
the positive COX-2 and HER-2 expression rates were
82.80% (443/535) and 57.94% (310/535), respectively.
In patients with poorly differentiated colorectal cancer,
the positive expression rates were 74.49% (210/282)
and 52.84% (149/282), respectively (P < 0.05). In
patients with distant metastasis, the positive expression
rates were 82.27% (116/141) and 53.90% (76/141),
respectively (P < 0.05). These findings suggest that
COX-2 and HER-2 have synergistic effects in colorectal
cancer. COX-2 and HER-2 expression had no significant
correlation with sex, age, or tumor location.

Abstract
AIM: To detect the expression of COX-2 and HER-2 in
colorectal cancer and to analyze their correlation and
clinical significance.

CONCLUSION: COX-2 and HER-2 are important
markers for invasion and metastasis of colorectal
cancer, and they act together to regulate the invasion
and metastasis of colorectal cancer.

METHODS: A total of 1026 colorectal cancer surgical
specimens were collected from patients treated from
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relationship between COX-2 and HER-2 expression
and prognosis of colorectal cancer was analyzed, with
an aim to provide a theoretical basis of pathologic
diagnosis, prognosis evaluation, and treatment of this
malignancy.

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

Core tip: The relationship between and expression
of COX-2 and HER-2 in colorectal cancer have not
been fully elucidated. In this study, the expression
of COX-2 and HER-2 was assessed in colorectal
cancer tissues by immunohistochemistry, and the
correlations between COX-2 and HER-2 expression
and colorectal cancer clinical features were evaluated.
Results demonstrated that COX-2 and HER-2 ex
pression are significantly associated with serosal
invasion, lymph node metastasis, Duke’s stage, and
poorly differentiated cancer. COX-2 and HER-2 have
synergistic effects in colorectal cancer. Both COX-2
and HER-2 are important markers for invasion and
metastasis of colorectal cancer.

MATERIALS AND METHODS
Specimens

A total of 1026 colorectal cancer surgical specimens
were collected from patients treated between
December 2002 and December 2007 at the First
Affiliated Hospital of Anhui Medical University. The
patients ranged in age from 14 years to 88 years, with
an average age of 57 years. There were 484 cases
of colon cancer and 542 cases of rectal cancer. In
terms of differentiation degree, 155 cases were well
differentiated, 589 were moderately differentiated,
and 282 were poorly differentiated. All specimens
were fixed in 10% formalin, embedded in paraffin, and
sectioned into 4-µm slices. Tissues 5 cm or above from
the resection margin were used as controls. None of
the patients received any radiotherapy, chemotherapy,
or immunotherapy before surgery, and were confirmed
pathologically after surgery. This study was approved
by the Ethical Committee of Anhui Medical University.

Wu QB, Sun GP. Expression of COX-2 and HER-2 in colorectal
cancer and their correlation. World J Gastroenterol 2015;
21(20): 6206-6214 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i20/6206.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6206

Reagents

Rabbit anti-human COX-2 monoclonal antibody (SP21),
rabbit anti-human HER-2 polyclonal antibody, and a
color development kit were purchased from Zhongshan
Golden Bridge Biotechnology (Beijing, China).

INTRODUCTION
Colorectal cancer is a very common malignant tumor
of the digestive tract, with about 1.2 million new
[1]
cases and 600000 deaths worldwide each year .
The incidence of colorectal cancer ranks second
among various malignances in the Western developed
countries. Although both the incidence and mortality
of colorectal cancer rank between third and fifth in
China, respectively, the incidence of colorectal cancer
ranks second or third in large cities. Thus, colorectal
cancer poses a serious threat to human health. As
colorectal cancer has a complicated biologic behavior
and is easy to relapse, metastasize, and develop
resistance to chemotherapy drugs, the clarification of
the mechanisms responsible for the development and
progression of colorectal cancer and the development
of early and effective diagnostic strategies and
reasonable treatment strategies have always been
[2]
focuses of research in the field of colorectal cancer .
Invasion and metastasis are the main biologic
characteristics of malignant tumors. The poor
therapeutic effects in colorectal cancer are often
associated with tumor invasion and metastasis.
Therefore, there is an emerging need to understand
how to predict tumor invasion and metastasis and
conduct early comprehensive therapy for tumors
[3]
clinically . In the present study, an immunohisto
chemical method was used to detect the expression
of COX-2 and HER-2 in colorectal cancer, and the
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Immunostaining

Immunohistochemical staining was performed using
the streptavidin-biotin-peroxidase method according
to the manufacturer’s instructions. For the negative
control, the primary antibody was replaced with PBS.
Tissues known to express the antigens of interest were
used as positive controls.

Immunostaining evaluation

Immunostaining evaluation was performed using
a semi-quantitative scoring system by estimating
the percentage of cells stained and staining
intensity. Immunohistochemically stained sections
were evaluated independently by two experienced
pathologists, with five high-power visual fields
observed in each section. The percentage of cells
stained was scored as follows: 0 = 0%-5%; 1 =
6%-25%; 2 = 26%-50%; 3 = 51%-75%; 4 =
76%-100%. Staining intensity was scored as follows:
1 = faintly yellow; 2 = brownish yellow; 3 = brown.
A combined score was calculated as the sum of
staining intensity and percentage of stained cells, and
immunostaining was scored as negative (-; combined
score = 0-1); positive (+; combined score = 2-3);
moderately positive (++; combined score = 4-5);
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Figure 1 Immunohistochemical staining of COX-2 and HER-2 in colorectal cancer and normal colorectal tissue. A: COX-2-positive expression in colorectal
cancer, magnification × 200; B: HER-2 positive expression in colorectal cancer, magnification × 200; C: COX-2-negative expression in normal colorectal tissue,
magnification × 100; D: HER-2-negative expression in normal colorectal tissue, magnification × 100.

strongly positive (+++; combined score = 6-7).

distant metastasis, and lymph node metastasis (P <
0.05), but not with sex, age, or tumor location (Table
1).

Statistical analysis

Statistical analyses of the immunohistochemical
staining were performed using SPSS16.0 software
(SPSS Inc., Chicago, IL, United States). Differences
were tested for statistical significance using the MannWhitney U test. Survival analysis was conducted using
the Kaplan-Meier method. P < 0.05 was considered
statistically significant.

HER-2 expression in colorectal cancer

HER-2 was localized mainly on the membrane of
cancer cells, and HER-2-positive cells showed brownish
yellow granules on the membrane (Figure 1B). The
positive rate of HER-2 expression in colorectal cancer
was 46.20% (474/1026) in all the specimens. In
patients with a tumor size ≥ 5 cm, the positive rate
of HER-2 expression rate was 57.94% (219/378). In
patients with serosal invasion, the positive expression
rate was 49.21% (374/760). In patients with Duke’s
C and D colorectal cancer, the positive expression rate
was 57.94% (310/535). In colorectal adenocarcinoma
patients with lymph node metastasis, the positive
expression rate was 54.62% (325/595), and the
positive expression rate differed significantly between
patients with lymph node metastasis and those without
2
(χ = 40.430; P < 0.05). High HER-2 protein expression
was significantly correlated with tumor size, invasion
depth, Duke’s stage, tumor differentiation, distant
metastasis, and lymph node metastasis (P < 0.05), but
not with sex, age, or tumor location (Table 1).

RESULTS
COX-2 expression in colorectal cancer

COX-2-positive cells showed brownish yellow granules
in the cytoplasm (Figure 1A). The positive rate of
COX-2 expression was 77.97% (800/1026) in all the
specimens. In patients with a tumor size ≥ 5 cm,
the positive rate of COX-2 expression was 81.48%
(308/378). In patients with serosal invasion, the
positive expression rate was 80.53% (612/760). In
patients with Duke’s C and D colorectal cancer, the
positive expression rate was 82.80% (443/535). In
patients with lymph node metastasis, the positive
expression rate was 85.04% (506/595), and the
positive expression rate differed significantly between
patients with lymph node metastasis and those
2
without (χ = 41.213; P < 0.05). High COX-2 protein
expression was significantly correlated with tumor size,
infiltration depth, Duke’s stage, tumor differentiation,
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Correlation between COX-2 and HER-2 expression in
colorectal cancer

Of 800 COX-2 positive specimens, 350 were positive
for HER-2 and 450 were negative. Of 226 COX-2
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Table 1 Relationship between COX-2/HER-2 expression and clinicopathologic factors n (%)
n

Variable

COX-2
Positive

Sex
Male
Female
Age (yr)
< 60
≥ 60
Tumor site
Rectum
Colon

HER-2

χ2

Negative

2.300
595
431

454 (76.3)
346 (80.2)

62 (20.0)
32 (15.1)

493
533

375 (76.1)
425 (79.7)

40 (16.3)
54 (19.6)

542
484

432 (79.7)
368 (76.0)

45 (16.3)
49 (19.9)

648
378

489 (75.5)
308 (81.5)

159 (24.5)
70 (18.5)

266
760

188 (70.7)
612 (80.5)

78 (29.3)
148 (19.5)

155
589
282

114 (73.5)
476 (80.8)
210 (74.5)

41 (26.5)
113 (19.2)
72 (25.5)

491
535

357 (72.7)
443 (82.8)

134 (27.3)
92 (17.2)

595
431

506 (85.0)
294 (68.2)

89 (15.0)
137 (31.8)

141
885

119 (84.4)
681 (76.9)

22 (15.6)
204 (23.1)

2.011

2.007

Tumor size
< 5 cm
≥ 5 cm
Serosal invasion
No
Yes
Differentiation
Well
Moderate
Poor
Duke’s stage
A+B
C+D
Lymph node metastasis
Yes
No
Distal metastasis
Yes
No

4.988

11.130

6.553

15.191

14.865

3.928

Positive
Negative
Total

HER-2 expression
Positive

Negative

350
124
474

450
102
552

Total

χ2

P value

800
226
1026

8.762

0.003

Negative

0.129
288 (48.4)
186 (43.2)

307 (51.6)
245 (56.8)

218 (44.2)
256 (48.0)

275 (55.8)
277 (52.0)

263 (48.5)
211 (43.6)

279 (51.5)
273 (56.4)

255 (39.4)
219 (57.9)

393 (60.6)
159 (42.1)

100 (37.6)
374 (49.2)

166 (62.4)
386 (50.8)

67 (43.2)
258 (43.8)
149 (52.8)

88 (56.8)
331 (56.2)
133 (47.2)

164 (33.4)
310 (57.9)

327 (66.6)
225 (42.1)

325 (54.6)
149 (34.6)

270 (45.4)
282 (65.4)

76 (53.9)
398 (45.0)

65 (46.1)
487 (55.0)

0.156

0.157

0.026

0.001

0.038

0.000

0.000

0.047

χ2

P value

2.769

0.096

1.496

0.221

2.499

0.114

33.175

0.000

10.697

0.001

6.911

0.032

62.045

0.000

40.430

0.000

3.901

0.048

DISCUSSION

negative specimens, 124 were positive for HER-2 and
102 were negative. There was a significant positive
correlation between COX-2 and HER-2 expression in
2
colorectal cancer (χ = 8.762; P < 0.05) (Table 2).

According to the results of this study, the positive rate
of COX-2 expression in colorectal cancer is 77.97%,
significantly higher than in normal colorectal tissues.
COX-2 expression was significantly associated with
[4]
lymph node metastasis . This may be because COX-2
can: (1) increase the production of prostaglandins
and inhibit the body’s immune response; (2) inhibit
tumor cell apoptosis and promote cell proliferation;
(3) regulate cell cycle progression; (4) promote tumor
angiogenesis; (5) increase the expression of matrix
metalloproteinases in tumor cells; and (6) induce
activation of precursors of carcinogenic substances. As
high COX-2 expression exists in precancerous lesions
and carcinoma in situ and is significantly higher than
in the normal tissue, it is generally believed that high
COX-2 expression is an early event in tumorigenesis.
COX-2 is not or is lowly expressed in normal
tissues; however, COX-2 expression is increased
in inflammatory and tumor tissues and plays an

COX-2 and HER-2 expression in normal colorectal
tissues

A total of 50 tumor-adjacent colorectal tissues were
used as normal colorectal tissues. Of these tissues,
6/50 (12.00%) showed positive COX-2 expression,
and 1/50 (2.00%) showed positive HER-2 expression.
Most of the normal tissues showed negative expression
of COX-2 and HER-2 (Figure 1C and 1D).

Survival analysis

By February 28, 2011, 210/1026 (20.47%) patients
were lost to follow-up, and 816/1026 (79.53%) had
complete follow-up data. The follow-up duration
ranged from 3 years to 5 years. The survival curves for
COX-2 and HER-2 positive and negative patients are
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Positive

shown in Figure 2A and 2B, respectively. The survival
curves for patients positive for both COX-2 and HER-2,
those positive for either of them, and those negative
for both are shown in Figure 3. These results showed
that the survival time of COX-2 and HER-2 positive
patients was significantly lower than that of COX-2 and
HER-2 negative ones (P < 0.05).

Table 2 Relationship between COX-2 and HER-2 expression
COX-2 expression

P value
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COX-2 expression
Negative
Positive

1.0

1.0

0.8

0.8

0.6

0.6

Cum survival

Cum survival

A

0.4

0.2

12

24

36

48

60

t /mo

72

84

96

Either positive for COX-2 or HER2

HER2 expression
Negative
Positive

1.0

0.2

24

36

48

60

t /mo

72

84

96

Figure 2 Survival curves for patients with colorectal cancer. A: Patients
with positive and negative COX-2 expression; B: Patients with positive and
negative HER-2 expression.

important role in inflammation, cell proliferation, and
differentiation, suggesting that COX-2 is involved in
[4]
the initiation and progression of cancer. Brown et al
believed that most colorectal cancers have COX-2
overexpression, which can induce tumor angiogenesis,
damage the immune system, and promote tumor
[5]
invasion. Tuynman et al incubated lymphocytes
with COX-2-positive or -negative colorectal cancer
cells and found that lymphocyte proliferation index
was significantly reduced in COX-2-positive colorectal
cancer cells. They also found that this effect could be
inhibited by the COX-2 inhibitor NS-398, suggesting
that COX-2 expression in colorectal cancer can inhibit
the proliferation of lymphocytes to make the tumor
evade the host immune response.
[6]
Elzagheid et al performed an immunohisto
chemical analysis of 145 stage Ⅰ-Ⅳ colorectal cancer
specimens collected from 1981 to 1990 at Finland
Turku University Hospital and found that patients
with higher TNM stage (P < 0.06) and those with
higher Duke’s stage (P < 0.045) had higher levels of
COX-2 expression, though COX2 expression was not
significantly associated with age, sex, tumor histologic
grade, or lymph node metastasis. Research shows
that regulation of COX-2 expression is a key step
in colorectal carcinogenesis. As COX-2 expression
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24
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60

t /mo

72
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is significantly associated with tumor stage, it is
considered a prognostic factor for colorectal cancer.
The increase in the activity of COX-2 promotes the
progression of colorectal cancer.
[7]
Peng et al conducted a meta-analysis of 23
studies involving 4567 colorectal cancer patients
that evaluated the relationship between COX-2
expression detected by immunohistochemistry and
patient survival, and they found that high expression
of COX-2 was associated with slightly poorer survival.
The present study draws a similar conclusion. Of 1026
colorectal cancer tissues, the positive rate of COX-2
expression is 77.97%. In colorectal adenocarcinoma
patients with lymph node metastasis, the positive
expression rate is 85.04%, significantly higher than in
patients without lymph node metastasis. In addition,
COX-2 protein expression is significantly associated
with tumor size, infiltration depth, tissue differentiation,
Duke’s stage, and distant metastasis, confirming that
high COX-2 protein expression in colorectal cancer
tissue may enhance the ability of tumor growth. This
result is similar to many previous studies reporting
that COX-2 overexpression in colorectal cancer tissue
is closely related to tumor invasion, lymph node
metastasis, and poor prognosis.
HER-2 is a protein with tyrosine kinase activity
encoded by the cellular oncogene ERBB2, which is
[8]
located on chromosome 17q21 . Under normal
circumstances, the oncogene is inactive and is the
normal component of the cellular genome, participating
in the regulation of cell growth, differentiation, and
division. The main forms of ERBB2 activation are
abnormal gene amplification, abnormal transcription
regulation, and mRNA overexpression, leading to
excessive expression of its protein product and
[9]
producing tumor transformation activity . Numerous
studies have shown that its overexpression is
associated with pathologic morphology and biologic
behavior in a wide variety of tumors, especially breast,

0.4

12

12

Figure 3 Survival curves of colorectal cancer patients positive for both
COX-2 and HER-2, positive for either of them, and negative for both.
Compared with patients positive for both markers, patients negative for both
had better survival.

0.6

0

Both negative for COX-2 and HER2
0

0.8

Cum survival

Both positive for COX-2 and HER2
0.2

0

B

0.4
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gastric, ovarian, and colorectal cancers. Studies
confirm that high expression of this protein in breast
cancer is closely related to high S-phase fraction, high
mitosis index, high thymine labeling index, and DNA
heteroploidy.
[10]
Ma et al
found that the peptide fragments
of HER-2 after enzymatic digestion were almost
completely consistent with those of the epidermal
growth factor receptor (EGFR). Even in the absence of
ligands, HER-2 can still lead to a sustainable activation
of EGFR protein kinase, make the cells grow out of
control, and result in tumor occurrence. At present,
HER-2-targeted therapy has been widely used for
the treatment of breast cancer; however, its role in
colorectal cancer is rarely reported. The present study
shows that the positive rate of HER-2 expression in
colorectal cancer is 46.20%, suggesting that HER-2
has a very important role in the growth, invasion,
and metastasis of colorectal cancer. Theoretically,
HER-2-targeted drugs can also restrain invasion and
metastasis of colorectal cancer in which HER-2 is
overexpressed. A better understanding of the biologic
characteristics of colorectal cancer may open a new
[11]
avenue for targeted therapy of colorectal cancer .
This study was performed in two stages. In the first
stage, 522 specimens were collected from December
2005 to December 2007, and the experiments were
performed between March 2010 and September
2010. In the second stage, 504 specimens were
collected from December 2002 to November 2002,
and the experiments were performed between
September 2010 and March 2010. When comparing
the results between the two stages, the positive rates
of COX-2 and HER-2 expression were slightly lower
in the second stage. This might be due to prolonged
specimen storage and the increase in the number
of specimens. According to the pathologic reports,
the 1026 tumors were roughly classified into the
following histologic types: papillary adenocarcinoma,
tubular adenocarcinoma, mucous adenocarcinoma,
signet ring cell carcinoma, undifferentiated carcinoma,
adenosquamous carcinoma, squamous cell carcinoma,
carcinoid, and small cell carcinoma. In addition,
there is currently controversy over whether cancer
nodules should be classified as regional lymph node
metastasis or distant metastasis and whether liver
metastasis should be regarded as direct invasion or
distant metastasis. Upon consideration, we finally
decided to classify papillary adenocarcinoma and
carcinoid as well-differentiated tumors, and classify
mucous adenocarcinoma, signet ring cell carcinoma,
undifferentiated carcinoma, and neuroendocrine
carcinoma as poorly differentiated tumors. Liver
metastases of hepatic flexure colon cancer were
regarded as direct invasion of adjacent organs, while
other liver metastases of colon cancer were regarded
as distant metastasis. For Duke’s staging, TxN0M0
was regarded as A + B, and N1-3 or M1 as C + D. In
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terms of tumor differentiation, moderately or poorly
differentiated adenocarcinoma was classified as
moderately differentiated adenocarcinoma in the first
stage, but was later classified as poorly differentiated
adenocarcinoma in the second stage after consultation
with several experienced pathologists. In terms of
distant metastasis, cancer nodules were initially staged
as N1, but later adjusted to M1 after literature search.
These made the P values in preliminary experimental
results in both groups > 0.05, which showed a slight
difference from the results obtained using large
samples. After adjustment, the P values became <
0.05 in both groups. This is consistent with multiple
previous reports.
Many genes are activated in tumor development
and progression, and these genes interact with
each other to promote the growth and malignant
transformation of tumors. There is a large body of
evidence that upregulation of inducible COX-2 may
promote the occurrence of colorectal cancer, but the
mechanism responsible for regulating its expression
is not clear. Previous studies show that there are two
possible growth factor signaling pathways associated
with COX-2 expression: HER-2/neu and transforming
[12]
growth factor-β/Smad. Kiguchi et al
found that
overexpression of HER-2/neu in the bile duct
epithelium of transgenic mice induced upregulation
[13]
of COX-2 expression. Vadlamudi et al
found that
in human colorectal cancer cell lines, HER-2/neu
activated factors promoting COX-2, causing COX-2
mRNA and protein expression and the accumulation
[14]
of prostaglandin E2. Lucarelli et al
discovered that
the positive rates of COX-2 in invasive breast cancer,
ductal carcinoma in situ, and normal breast epithelial
cells were 87%, 85%, and 75%, respectively, and
those of HER-2 in invasive breast cancer and ductal
carcinoma in situ detection were both 34%, suggesting
that HER-2 and COX-2 may regulate each other.
[15]
Hirokazu et al
showed that the positive rate
of COX-2 expression in gastric cancer was 54.8%
and that of HER-2 was 86.4%. The present study
examined the correlation between COX-2 and HER-2
expression in colorectal cancer. The results show
that both COX-2 and HER-2 are highly expressed in
colorectal cancer, and there is a significant correlation
between the expression of COX-2 and HER-2. In
addition, the positive rate of COX-2 expression in
HER-2 positive patients is significantly higher than in
HER-2 negative ones. Taken together, these findings
suggest that HER-2 may upregulate the expression of
COX-2. Studies have shown that the HER-2 inhibitor
trastuzumab significantly prolongs survival of patients
with colorectal cancer. Thus, whether inhibition of
COX-2, a downstream protein of HER-2, could improve
the therapeutic effect of HER-2 inhibitor deserves
further research.
Studies have shown that high expression of both
COX-2 and HER-2 increase the expression of vascular
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endothelial growth factor C (VEGF-C) in tumor cells. Su
[16]
et al discovered that transfection with COX-2 gene or
exposure to prostaglandin E2 in lung adenocarcinoma
cells significantly upregulated the expression of
VEGF-C protein, whereas COX-2-specific inhibitors
reduced the expression of endogenous VEGF-C. The
authors suggested that COX-2 upregulated VEGF-C
through prostaglandin receptor EP1 and HER-2. The
present study found that COX-2 and HER-2 expression
have a significant correlation, and both are significantly
associated with lymph node metastasis, tumor
infiltration depth, and Duke’s stage. We speculate that
upregulation of COX-2 expression may promote the
secretion of VEGF-C by tumor cells, thus promoting
lymphangiogenesis via the VEGF-C/VEGFR-3 signaling
pathway, and lead to lymphatic spread of tumor cells.
COX-2 expression in tumor tissue is correlated
[17]
with prognosis. Smakman et al
found that in
colon cancer cells with high COX-2 expression, the
adhesion of the cells to matrix and the potential of
cancer cells to metastasize increase, both of which
are conducive to the development, progression, and
[18]
metastasis of cancer. Zhang et al
detected the
expression of COX-2 in 64 normal mucosal specimens,
116 primary colon cancer specimens, and 16 colon
cancer metastases, and they found that the positive
rate of COX-2 expression was 12% in normal mucosal
tissues, 72% in primary tumors, and 100% in colon
cancer metastases. The present study shows that
the two- and four-year survival rates are significantly
lower in the COX-2-positive group than in the COX-2negative group, indicating that COX-2 overexpression
is positively correlated with the recurrence and
metastasis of colorectal cancer, and negatively with the
prognosis of colorectal cancer.
[19]
Al-Maghrabi et al
found that 56% of patients
with colorectal cancer showed positive cytoplasmic
expression of COX-2, and COX-2 expression was
positively associated with lymph node involvement and
distant metastasis. In addition, high COX-2 expression
was associated with a higher rate of tumor recurrence,
suggesting that COX-2 expression provides useful
prognostic information in colorectal cancer and may
help screen patients with a high risk of recurrence.
The present study indicates that the survival time of
COX-2-negative patients is significantly higher than of
COX-2-positive ones, further confirming that COX-2
expression is associated with a poor prognosis.
[20]
Dixon et al
showed that high COX-2 expression
is an important factor contributing to colorectal
carcinogenesis. COX-2 inhibitors (e.g., celecoxib) can
reduce the risk of relapse of colorectal adenomas.
Nonsteroidal anti-inflammatory drugs are known to
reduce the risk and mortality of colorectal cancer by
[21]
inhibiting cyclooxygenases. Kasper et al
performed
an immunohistochemical analysis of COX-2 expression
in colorectal cancer and liver metastases in 57 patients
and found that COX-2 was consistently involved

WJG|www.wjgnet.com

in the occurrence of metastatic colorectal cancer.
COX-2 inhibitors exert their antitumor effects possibly
by altering the signaling pathways related to cell
sensitivity and apoptosis.
[22]
Rahman et al
analyzed 130 cases of colorectal
cancer and found that high COX-2 expression was
associated with resistance to chemotherapy drugs
and faster tumor cell growth. If 5-fluorouracil is
given together with celecoxib, the latter may inhibit
multidrug resistance and improve the chemotherapy
sensitivity of drug-resistant cells. Thus, COX-2
inhibitors combined with currently used 5-fluorouracilbased regimens may have potentially positive benefits.
[23]
Roelofs et al
found high COX-2 mRNA expression
in almost 80% of colorectal cancer cases, suggesting
that COX-2 is a potential biomarker of cancer risk,
and COX-2 inhibitors may prevent colon cancer.
[24]
Kraus et al
conducted many animal experiments
showing that COX-2 inhibitors prevent the formation of
adenomas or delay their development, and reduce the
morbidity and mortality of colorectal cancer. However,
cancer prevention is still being ignored in the cancer
research field.
HER-2 has malignant transforming activity, and
overexpression of HER-2 often suggests high degree
of malignancy and poor prognosis. Researchers from
both China and other countries have reported that
colorectal cancer patients with high HER-2 expression
had earlier lymph node metastasis, poorer prognosis,
[25,26]
and shorter survival
. The five-year survival rate of
patients with HER-2 overexpression was significantly
[27]
lower than those with negative HER-2 expression ,
and HER-2 overexpression can be used as a reliable
indicator of colorectal cancer prognosis. However, Li et
[28]
al
performed a meta-analysis and found that HER-2
overexpression may have little impact on survival of
[29]
patients with colorectal cancer. Lu et al believed that
EGFR and HER2 may be used as potential biomarkers
for lymph node metastasis and prognosis of colorectal
cancer. EGFR or HER2 is a potential predictor of poor
clinical prognosis of colorectal cancer. The present
study also found that the survival of HER-2-positive
patients is significantly lower than of HER-2-negative
ones.
In conclusion, the findings presented here suggest
that there is a positive correlation between COX-2
and HER-2 expression, and simultaneous expression
of COX-2 and HER-2 can enhance the metastasis
and invasion ability of colorectal cancer, and suggests
poor prognosis in patients with colorectal cancer.
Joint detection of COX-2 and HER-2 expression in
colorectal cancer tissue can be used an effective index
for evaluating prognosis and screening patients with a
high risk of metastasis.
COX-2- and HER-2-targeted drugs provide another
effective, comprehensive, individualized treatment
option for patients with colorectal cancer. However,
the following problems need to be solved before they
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cancer. The findings are expected to contribute to the development of
molecularly targeted therapy for colorectal cancer.

can be used clinically: (1) the relationship between
targeted drug therapy and expression of COX-2 and
HER-2 in colorectal cancer needs to be further defined.
It remains to be investigated how to formulate
standardized indications for use of targeted drug
therapy in colorectal cancer based on the expression
of COX-2 and HER-2. This requires a multi-disciplinary
approach; (2) the timing and dose of targeted drug
therapy for colorectal cancer should be determined;
and (3) the combined use of targeted drugs with
surgery, chemotherapy, and radiotherapy, as well as
the joint use of multiple molecular-targeted drugs
should be explored. The better understanding of the
biologic characteristics of colorectal cancer and the
further research of targeted drug therapy will provide
a new avenue for the treatment of colorectal cancer.
As COX-2 and HER-2 expression was detected
using the immunohistochemical method in the present
study, the results may be influenced by the quality
of antibody reagents and the skill of operators. Also,
quantitative detection could not be performed, though
the method is simple. In addition, due to the large
number of specimens and the long time span of the
study, laboratory conditions such as temperature
and humidity were different. As a result, the positive
rates of COX-2 and HER-2 expression were slightly
different from those reported in the literature. More
stable detection methods, such as fluorescence in situ
hybridization and quantitative PCR, and standardized
reagents (e.g., fixed manufacturers) should be used in
the future to overcome the above-listed problems.
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Abstract
AIM: To investigate the mechanism underlying the
promoting role of CD97 in gastric cancer cell prolife
ration and invasion.
METHODS: Two types of exosomes released by gastric
cancer cells with high (SGC/wt) or low (SGC/kd) CD97
expression were isolated by ultracentrifugation and
identified by electron microscopy and western blot
analysis. The influences of the two exosomes on gastric
cancer cell proliferation and invasion were investigated
by proliferation and Matrigel invasion assays. Exosomal
miRNAs were subsequently isolated from the two
samples and their miRNA profiles were compared
via microarray assay analysis. Reverse transcriptionquantitative real-time polymerase chain reaction was
used to validate the microarray assay. Target genes of
the differently expressed microRNAs were predicted
based on five independent algorithms and were then
subjected to gene oncology enrichment and Kyoto
encyclopedia of genes and genomes (KEGG) pathway
analysis. After identifying the pathway that was the
most likely altered, tumor cells were treated with the
two exosomes at different concentrations, and the
pathway activation was identified through western blot
analysis.
RESULTS: Exosomes isolated from SGC/wt cells
significantly promoted tumor cell proliferation in a
dose-dependent manner in vitro . SGC/wt exosomes
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[1,2]

also significantly elevated the invasiveness of both
SGC/wt (129.67 ± 8.327 vs 76.00 ± 5.292, P < 0.001)
and SGC/kd (114.52 ± 9.814 vs 45.73 ± 4.835, P <
0.001) cells as compared to the exosomes released by
SGC/kd cells. Microarray assay of the two exosomes
revealed that 62 miRNAs were differently regulated
with a signal intensity of > 500 and a false discovery
rate < 0.05. The following KEGG analysis defined the
MAPK signaling pathway as the most likely candidate
pathway that regulated tumor cell proliferation and
invasion. Through western blot analysis, significant
up-regulations of phosphorylated MAPKs, including
extracellular signal-regulated kinase, Jun NH2-terminal
kinase, and p38 mitogen-activated protein kinase, were
detected in a dose-dependent manner in the SGC/wt
exosomes treated groups, confirming activation of
the MAPK signaling pathway stimulated by SGC/wt
exosomes.

class B G-protein-coupled receptors . Originally, CD97
[3,4]
was found to be expressed by hematopoietic cells ,
then abundantly detected in numerous carcinomas
including gastric, colorectal, thyroid, esophageal,
[5-10]
pancreatic, and oral squamous cell carcinomas
. In
gastric cancer, previous studies have demonstrated
that enhanced CD97 expression is associated with the
dedifferentiation and aggressiveness of tumor cells
and directly correlates with the clinicopathological
[11,12]
parameters such as TNM stage
. Recently, we
revealed that CD97 small isoform was associated with
increased invasiveness in vitro as well as elevated
local growth and metastatic spread of gastric cancer
[13]
in vivo . However, the mechanisms underlying these
promoting roles of CD97 are still poorly understood.
Exosomes are spherical and bilayer vesicles
with a diameter of 30-100 nm, which are released
extracellularly upon fusion of multivesicular bodies
[14,15]
with the plasma membrane
. Many types of cells
including tumor cells, lymphocytes, epithelial cells,
[15-18]
and stem cells produce exosomes
. During the
past few years, an increasing number of studies have
demonstrated that tumor-derived exosomes play
important roles in tumor formation and progression. In
breast and gastric cancer, it was observed that tumor
[19,20]
exosomes could enhance tumor cell proliferation
.
Moreover, exosomes from breast and pancreatic
cancer were found to contribute to the formation of a
[21,22]
niche which promoted tumor metastasis
. Based on
these observations, we speculate that tumor exosomes
may be involved in the CD97-dependent promotion of
biological behaviors of gastric cancer cells.
In addition, exosomes are enriched in proteins,
lipids and nucleic acids including miRNA, mRNA and
[23,24]
other non-coding RNAs
. When internalized by
recipient cells, exosomes deliver these biological
molecules, which still maintain their bioactivity, to other
[18,25]
cells, thus mediating intercellular communication
.
One topic of considerable interest is that these
transferred exosomal miRNAs may participate in
the regulation of biological behaviors of target cells.
[26]
Yang et al
found that macrophages regulated
the invasiveness of breast cancer cells through
exosome-mediated miRNA delivery. Similarly, Rana
[27]
et al
reported that transferred exosomal miRNAs
predominantly modulated pre-metastatic organ cells,
thus facilitating metastasis of pancreatic cancer. In
gastric cancer, tumor cells also produce a large number
[20,28]
of exosomes that contain abundant miRNAs
. Thus,
it will be of great significance to further investigate
the possible role of exosomal miRNAs in the CD97dependent regulation of tumor cell behavior.
In the present study, by employing ultracen
trifugation, two types of exosomes from gastric cancer
cells with high CD97 expression and cells with stable
CD97 knockdown were isolated, and their effects
on cell proliferation and invasion were investigated.
Moreover, miRNA profiles of the two exosomes were

CONCLUSION: CD97 promotes gastric cancer cell
proliferation and invasion in vitro through exosomemediated MAPK signaling pathway, and exosomal
miRNAs are probably involved in activation of the
CD97-associated pathway.
Key words: CD97; Exosome; Proliferation; Invasion;
miRNA; Gastric cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: CD97, belongs to the epidermal growth factorseven-transmembrane subfamily, and has been found
to promote proliferation and invasion of gastric cancer
cells. However, the underlying mechanism is poorly
understood. In this study, we found that exosomes
isolated from gastric cancer cells with high CD97
expression promoted tumor cell proliferation and
invasion. Furthermore, through microarray and western
blot analyses, MAPK signaling pathway activation was
observed when cells were treated with those exosomes.
These results indicated that CD97 promotes gastric
cancer cell proliferation and invasion in vitro , at least in
part, through the exosome-mediated MAPK signaling
pathway, and exosomal miRNAs are probably involved
in activation of the CD97-associated pathway.
Li C, Liu DR, Li GG, Wang HH, Li XW, Zhang W, Wu YL, Chen
L. CD97 promotes gastric cancer cell proliferation and invasion
through exosome-mediated MAPK signaling pathway. World J
Gastroenterol 2015; 21(20): 6215-6228 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i20/6215.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i20.6215

INTRODUCTION
CD97 is a member of the epidermal growth factorseven-transmembrane subfamily, which belongs to the
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Table 1 Four miRNA candidates and negative control sequences of CD97
Oligo

Sequence (5’-3’)

1F
1R
2F
2R
3F
3R
4F
4R
Negative control
Negative-F
Negative-R

TGCTGATGACATTCTGGATGGTGACCGTTTTGGCCACTGACTGACGGTCACCACAGAATGTCAT
CCTGATGACATTCTGTGGTGACCGTCAGTCAGTGGCCAAAACGGTCACCATCCAGAATGTCATC
TGCTGTATCTTCAAGGTTTGAGAGCAGTTTTGGCCACTGACTGACTGCTCTCACCTTGAAGATA
CCTGTATCTTCAAGGTGAGAGCAGTCAGTCAGTGGCCAAAACTGCTCTCAAACCTTGAAGATAC
TGCTGAAGAAAGTAGAGCTCCAGGCCGTTTTGGCCACTGACTGACGGCCTGGATCTACTTTCTT
CCTGAAGAAAGTAGATCCAGGCCGTCAGTCAGTGGCCAAAACGGCCTGGAGCTCTACTTTCTTC
TGCTGAAGATGAACAGGCCAAAGACCGTTTTGGCCACTGACTGACGGTCTTTGCTGTTCATCTT
CCTGAAGATGAACAGCAAAGACCGTCAGTCAGTGGCCAAAACGGTCTTTGGCCTGTTCATCTTC
TGCTGAAATGTACTGCGCGTGGAGACGTTTTGGCCACTGACTGACGTCTCCACGCAGTACATTT
CCTGAAATGTACTGCGTGGAGACGTCAGTCAGTGGCCAAAACGTCTCCACGCGCAGTACATTTC

compared by microarray assay and significantly
regulated signaling pathways related to exosomes
were predicted and verified.

exosomes of SGC/wt and SGC/kd using the miRNeasy
Mini kit (Qiagen) following the manufacturer’s
instructions. cDNA was synthesized using the miScript
Ⅱ RT Kit (Qiagen). The reverse transcription reaction
system included 4 μL of 5 × miScript HiSpec buffer,
2 μL of 10 × miScript nucleics mix, 2 μL of miScript
reverse transcriptase mix, 5 μL of template RNA and
7 μL of RNase-free water. The mixture was incubated
for 60 min at 37 ℃ and followed by 95 ℃ for 5 min
to inactivate the reaction. qPCR was performed using
the miScript SYBR Green PCR Kit (Qiagen) in an ABI
PRISM Stepone Plus Sequence Detection System
(Applied Biosystems, Foster City, CA, United States) in
accordance with the manufacturer’s protocol. Briefly,
12.5 μL of 2 × QuantiTect SYBR Green PCR master
mix, 2.5 μL of 10 × miScript universal primer, 2.5 μL of
10 × miScript primer assay, 2 ng of diluted template
cDNA and RNase-free water added to 20 μL were
mixed. The mixture were then incubated in a 96-well
plate at 95 ℃ for 15 min, followed by 40 cycles of
94 ℃ for 15 s, 55 ℃ for 30 s and 70 ℃ for 30 s. The
differences in expression of miRNAs between SGC/wt
and SGC/kd exosomes were analyzed using the ΔΔCT
[29]
method and were normalized by RNU6B expression .

MATERIALS AND METHODS
Cell culture

The stomach adenocarcinoma cell line SGC-7901 was
purchased from ATCC (www.atcc.org). SGC-7901 cells
were cultured in RPMI-1640 medium (Genom Biologic,
Hangzhou, China) supplemented with 10% fetal bovine
serum (FBS, Sijiqing Biologic, Hangzhou, China) and
1% penicillin/streptomycin (Genom Biologic). Cells
were incubated in a standard humidified incubator
in 5% CO2 at 37 ℃ and passaged every 3-5 d using
trypsin-EDTA (Genom Biologic).

Transfection and clone selection

Four miRNA candidate target sequences of the human
CD97 gene and the non-silencing sequence (Table 1)
were designed and cloned into the pcDNA6.2-GW/
EmGFP-miR vector (Invitrogen, Shanghai, China). The
SGC-7901 cells were transfected and selected using
4 μg/mL of Blasticidin S HCl (Life Technologies) as
[13]
described previously . Down-regulation of CD97 was
confirmed by reverse transcription polymerase chain
reaction (RT-PCR) and western blot analysis.

Exosome isolation

Cells were cultured until 80% confluent, the growth
medium was replaced by serum-free medium, and
the medium was collected after 2 d of incubation.
Exosomes were then isolated by differential centri
[30]
fugation as previously described . Briefly, the
conditioned medium was centrifuged at 300 g for 10
min at 4 ℃ to pellet the cells and then 16500 g for
20 min to further remove cells and cell debris. The
supernatants were then filtered through 0.20 μm filters
to remove particles larger than 200 nm. The exosomes
were pelleted by ultracentrifugation (Beckman Coulter,
Fullerton, CA, United States) at 120000 g for 70 min at
4 ℃, washed in PBS and pelleted by ultracentrifugation
at 120000 g for 70 min at 4 ℃. The final exosome
pellets were resuspended in PBS and stored at -80 ℃
until use. The total exosomal protein concentration
was measured using the Enhanced BCA Protein Assay

Total RNA extraction and reverse transcriptionpolymerase chain reaction

Total RNAs from gastric cancer SGC-7901 wild-type
cells (SGC/wt), non-silencing vector bearing cells
(SGC/ns) and stable CD97 knockdown cells (SGC/kd)
cells were extracted using Trizol reagent (Invitrogen)
according to the manufacturer’s protocol. cDNA
synthesis and PCR assay were performed as previously
described using primers suitable for amplification of all
[13]
three CD97 isoforms . PCR products were visualized
on a 1% agarose gel with 0.05% ethidium bromide.

miRNA extraction and reverse transcription-quantitative
real-time polymerase chain reaction

Total RNAs including miRNA were extracted from
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Kit (Beyotime, China).

CD9, hsp70, total-p38, -ERK, -JNK or phosphorylated
-p38, -ERK, and -JNK (all from Santa Cruz), respec
tively. Horseradish peroxidase (HRP)-conjugated
goat anti-mouse or goat anti-rabbit IgG was applied
as secondary antibody for 1 h at room temperature.
The immunoreactive protein bands were identified by
luminescent visualization using an ECL kit (Millipore).
Signal intensity was measured using a Bio-Rad XRS
chemiluminescence detection system (Bio-Rad).

Exosome identification by electron microscopy

Exosomes obtained via differential centrifugation were
resuspended in 1% glutaraldehyde in PBS (pH 7.4).
A 20 μL drop of suspension was pipetted onto an
electron-microscopy grid coated with formvar carbon
and allowed to stand for 1 min at room temperature.
Excess fluid was removed with a piece of Whatman
filter paper. The sample was then stained with 2%
phosphotungstic acid for 1 min, allowed to dry
under an electric incandescent lamp for 10 min and
viewed using Philips Tecnai 10 transmission electron
microscopy (Philips, Netherlands). Exosome size was
measured by scale bar.

MicroRNA microarray assay

Total RNA from exosomes was isolated using the
miRNeasy Mini Kit (Qiagen, Germany). MicroRNA
microarray analysis following the miRbase v20.0
was performed by LC Sciences (Hangzhou, China;
http://www.lc-bio.com/). Briefly, total RNA samples
were 3’-extended with a poly(A) tail and hybridized
overnight at 34 ℃ on a µParaflo microfluidic chip using
100 L 6 × SSPE buffer (0.90 mol/L NaCl, 60 mmol/L
Na2HPO4, 6 mmol/L EDTA, pH 6.8) containing 25%
formamide. After hybridization, tag-conjugating Cy3
dye was circulated through the microfluidic chip for
dye staining. Fluorescence images were then collected
and digitized using Array-Pro image analysis software
(Media Cybernetics, Bethesda, MD, United States).
Data analysis was started by first subtracting the
background and then normalizing the signals using
a LOWESS filter (Locally-weighted Regression). The
normalized microarray data were validated by reverse
transcription-quantitative real-time polymerase chain
reaction (RT-qPCR).

Cell proliferation assay

Tumor cell proliferation was determined by 3-(4,5dimethyl-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4sulfophenyl)-2H-tetrazolium (MTS) assays. Cells
3
were plated in 96-well plates at 5 × 10 cells/well and
cocultured with exosomes at different concentration
for 24 h. At the appropriate time-point, the medium
was replaced by 100 μL serum-free medium, and
20 μL MTS solution (Promega, Madison, WI, United
States) was added to each well. After incubated in a
humidified incubator for another 2 h, the plates were
measured at 490 nm using a Microplate Reader (Biorad, Hercules, CA, United States). Cell proliferation was
expressed using the optical densities obtained at each
concentration.

Cell invasion assays

Target genes prediction of differently expressed
microRNAs

TM

Invasion assays were performed in 24-well Transwell
chambers (Costar), which were separated by
polycarbonate filters with 8 μm pore size between
the upper and lower culture compartments. For
tumor cell invasion, the upper chamber was coated
with Matrigel matrix (0.8 mg/mL, BD Biosciences)
5
before seeding the cells. 1.0 × 10 exosome-treated
cells in RPMI-1640 medium were added to the upper
chamber and the lower chamber was filled with
medium containing 10% FBS. After 36 h incubation
in a 5% CO2 atmosphere at 37 ℃, the non-invading
cells were removed using cotton swabs and the
invading cells were fixed and stained with 0.2% crystal
violet (Sigma). Invaded cells were counted by light
microscopy (Leica) in four separate high-power fields
per filter.

Five computational prediction algorithms (TargetScan,
miRanda, PITA, RNAhybrid and microTar) were used
to predict targets of the significant changed miRNAs
identified in the microarray analysis. Following a
comparison of all datasets, a subset of genes that were
targeted by more than four algorithms was generated.

GO enrichment and Kegg pathway analysis of target
genes

To comprehensively describe the properties of the
targets, the putative genes were subjected to gene
oncology (GO) enrichment and Kyoto encyclopedia of
genes and genomes (KEGG) pathway analysis based
on DAVID 6.7 software (http://david.abcc.ncifcrf.
2
gov/home.jsp). The Fisher’s exact test and χ test
were used to select the significant GO categories and
signaling pathways. The threshold of significance was
defined by the P value, with P < 0.001 or P < 0.05
regarding as significance for GO and KEGG analysis,
respectively.

Western blot analysis

Proteins were harvested and resolved by 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), and then transferred to a PVDF
membrane (Millipore, Billerica, MA, United States).
After blocking with 5% non-fat milk for 2 h, the
membranes were incubated overnight at 4 ℃ with
antibodies specific against CD97 (Abnova), β-actin,
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Statistical analysis

Statistical analysis was performed with the SPSS 19.0
software. Differences were examined using Student’s
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Figure 1 Identification of transfectants with stable CD97 knockdown.
A: RT-PCR analysis was used to assess CD97 mRNA levels of SGC/wt,
SGC/ns and SGC/kd. This result showed a decreased CD97 level in SGC/kd
compared to SGC/wt and SGC/ns; B: The -80 kDa CD97 protein was detected
by western blot analysis in total cellular extracts of SGC/wt, SGC/ns and SGC/
kd; C: Western blot analysis showed a significant decrease in CD97 protein in
SGC/kd. Data are expressed as mean ± SD. aP < 0.05 vs SGC/wt or SGC/ns.
SGC/wt: Wild-type gastric cancer cells SGC-7901; SGC/ns: Non-silencing
vector bearing cells; SGC/kd: Stable CD97 knockdown cells generated from
SGC-7901.

-Hsp70

Figure 2 Characterization of tumor-derived exosomes by electron
microscopy and western blot analysis. A and B: Exosomes released
by SGC/wt or SGC/kd cells were isolated and observed with an electron
microscope. The exosomes are small round vesicles limited by a lipid bilayer,
and their diameters are between 30 and 100 nm. Scale bars are as indicated;
C: Western blot analysis of exosomal lysate proteins. The published exosomal
markers, Hsp70 and CD9, were detected in exosomes derived from gastric
cancer cells, indicating successful exosome isolation. SGC/wt-exo: Exosomes
isolated from SGC/wt cells; SGC/kd-exo: Exosomes isolated from SGC/kd cells.

t-test or one-way analysis of variance. All experiments
were performed at least in triplicate and the data are
presented as mean ± SD with a P value of 0.05 or less
considered statistically significant.

wt) or the non-silencing vector bearing cells (SGC/ns).
Therefore, these cells were selected for subsequent
experiments.

RESULTS

Isolation and identification of tumor-derived exosomes

Generation of transfectants with stable CD97
knockdown

Based on their unique size and density, exosomes
released by SGC/wt and SGC/kd cells were isolated
by ultracentrifugation and observed by electron
microscopy. The isolated exosomes were small closed
vesicles limited by a lipid bilayer, and their diameters
ranged from 30 to 100 nm under electron microscopy
(Figure 2A and B), which was consistent with the
[15]
reported size of exosomes . In addition, Hsp70 and
[32,33]
CD9, the published exosomal markers
, were
detected in these membrane vesicles (Figure 2C),
further confirming the successful isolation of tumor
exosomes.

For this purpose, the human gastric carcinoma cell
line SGC-7901, which shows relatively high CD97
[13,31]
expression
, was selected for stable transfection
with miR-vectors targeting the site of CD97. After
transfection, stable clones were selected and CD97
levels were evaluated by RT-PCR and western blot
analysis. As shown in Figure 1, the CD97 knockdown
cells (SGC/kd), which were generated from candidate
4, displayed a significant loss of CD97 in both mRNA
and protein level compared to the wild-type cells (SGC/
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SGC/wt-derived exosomes promote tumor cell
proliferation in vitro

miR-4734) or decreased (miR-4728-5p, miR-6165)
expression were selected to perform RT-qPCR analysis.
The outcomes confirmed the microarray data and
indicated a positive correlation between the quantity of
transcripts measured by microarray and the RT-qPCR
assay (Figure 4B).

To investigate the effects of the two exosomes on
proliferation of gastric cancer cells, we measured the
viability of cells treated with different concentrations
of exosomes (0, 50, 100, 200 and 400 μg/mL) for
24 h in vitro. The MTS assay showed that SGC/wtderived exosomes (wt-exo) increased proliferation of
both SGC/wt and SGC/kd cells in a dose-dependent
manner. However, in the SGC/kd-derived exosomes
(kd-exo)-treated groups, no significant difference was
observed. It is noteworthy that the promoting effect
of wt-exo on SGC/wt cells was not as significant as
on SGC/kd clones, indicating that SGC/kd cells were
more sensitive to wt-exo stimulation than SGC/wt cells
(Figure 3A).

Target gene prediction and GO and KEGG pathway
enrichments of the predicted genes

To identify potential target genes of the 62 miRNAs
differently expressed between SGC/wt and SGC/kd
exosomes, we performed target gene prediction
using five established algorithms. A total of 5746
putative targets were identified (data not shown).
To better understand the functions of the predicted
genes, those targets were subjected to GO functions
from three ontologies: cellular component, molecular
function and biological process. As shown in Figure
5, the high-enriched GO categories were nucleo
tide binding, plasma membrane, regulation of RNA
metabolic process, regulation of transcription, and
intracellular signaling cascade. These categories were
mainly involved in cell metabolism, proliferation, signal
transduction, apoptosis, and homeostatic processes.
Furthermore, these targets were classified according to
KEGG functional annotations to identify pathways that
might be actively regulated. The results suggested 38
relevant KEGG pathways, and the top three pathways
enriched were pathways in cancer, cytokine-cytokine
receptor interaction and the MAPK signaling pathway
(Table 2). It is worth noting that, among the list of
highly-enriched pathways, pathways in cancer were
prominent, especially the MAPK signaling pathway.
Thus, it is necessary to further investigate whether
CD97 promotes tumor cell proliferation and invasion
through an exosome-mediated MAPK signaling
pathway.

SGC/wt-derived exosomes promote tumor cell invasion
in vitro

To evaluate the effects of the two types of exosomes
on gastric cancer cell invasion, SGC/wt and SGC/kd
cells were incubated for 4 h with serum-free medium
containing 200 μg/mL of the indicated exosomes or
an equal amount of bull serum albumin (BSA) as a
control, then seeded on chambers coated with Matrigel
matrix. After 36 h incubation in the upper chamber,
the cells that had invaded through the Matrigel to the
undersurface of Transwell filters were stained and
counted. When compared with kd-exo or BSA control,
wt-exo significantly enhanced the invasiveness of both
SGC/wt and SGC/kd cells, especially SGC/kd cells
where invasiveness was 2.5-fold greater than that
in SGC/wt cells. However, in the kd-exo stimulated
groups, cell invasiveness in SGC/wt cells and SGC/kd
cells was not significantly altered (Figure 3B and C).

MicroRNA microarray analysis and validation of
differently expressed miRNAs by RT-qPCR

Verification of activation of the MAPK signaling pathway
by western blot analysis

Exosomes are abundant in miRNAs and can be
transferred from one cell to another via exosome
secretion and internalization. These transferred miRNAs
maintain their biological functions in the recipient cells.
To determine whether exosomal miRNAs were relevant
in cell biological behavior, we compared their miRNA
profiles across SGC/wt and SGC/kd exosomes via
microarray assay. Analysis of microarray data indicated
that a total of 265 detectable miRNA transcripts were
present in SGC/wt and SGC/kd exosomes, of which
83 miRNAs had a signal intensity of > 500. In order to
reduce the false negative rate, we considered differently
regulated miRNAs as those with a fold change of more
than 1.5 and a false discovery rate (FDR) of less than
0.05 according to the microarray data. As shown in
Figure 4A, 62 miRNAs were differently regulated,
of which 36 were up-regulated and 26 were downregulated in SGC/wt exosomes compared to SGC/kd
exosomes. To verify the microarray assay data,
four miRNAs displaying either increased (miR-2861,
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To verify MAPK signaling pathway activation, the
expression of three best-characterized MAPKs,
including extracellular signal-regulated kinase ERK),
Jun NH2-terminal kinase (JNK), and p38 mitogenactivated protein kinase (p38), were determined
by western blot analysis. The results revealed that
SGC/wt exosomes caused significant up-regulation
of phosphorylated ERK, JNK and p38 expression in a
dose-dependent manner. On the other hand, although
SGC/kd exosomes enhanced the expression of these
three phosphorylated proteins, their expression was
much weaker compared to the SGC/wt exosomes
stimulated groups (Figure 6). These observations
demonstrated that exosomes derived from SGC/wt
cells, which show high CD97 expression, could acti
vate the MAPK signaling pathway, and activation of
this pathway may lead to elevated proliferation and
invasion of tumor cells.
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Figure 3 SGC/wt cells-derived exosomes promoted tumor cell proliferation and invasion in vitro. A: A total of 5 × 103/well SGC/wt and SGC/kd cells were
seeded in 96-well plates in RPMI 1640 medium without fetal bovine serum (FBS). After incubating overnight, the cells were treated with wt-exo or kd-exo at the
concentrations of 0, 50, 100, 200 and 400 μg/mL for 24 h, and cell proliferation was measured by MTS assay. The results showed that wt-exo significantly promoted
proliferation of both SGC/wt and SGC/kd cells in a dose-dependent manner. aP < 0.05, bP < 0.01 vs kd-exo group; B: SGC/wt and SGC/kd cells were treated with 200
μg/mL of indicated exosomes for 4 h, and seeded on Matrigel matrix coated chambers for the invasion assay; C: Invaded cell counting revealed that the number of
penetrated cells in the wt-exo group was significantly higher than that in the kd-exo group. bP < 0.01 vs kd-exo group. Representative crystal violet staining after 36 h
invasion showed invaded cells in each group. Data are expressed as mean ± SD. wt-exo: SGC/wt-derived exosomes; kd-exo: SGC/kd-derived exosomes.

biomaterials are transferred to the recipient cells,
resulting in elevated malignant behavior.
miRNAs are small, non-coding RNA molecules that
regulate the activity of complementary mRNAs and
play important roles in a wide range of physiologic
[36]
and pathologic processes . Microarray analysis of
the two exosomes showed significant differences in
their exosomal miRNA profiles. The GO enrichments
showed that the predicted targets were mainly located
in the cell membrane and organelles and significantly
involved in cell metabolism, proliferation and signal
transduction. The results of KEGG analysis suggested
that the MAPK signaling pathway was prominent.
Subsequent western blotting verified that MAPK
signaling pathway activation was induced by SGC/wt
exosomes. Thus, it is reasonable that the promoting
role of CD97-related exosomes depends on activation
of the MAPK signaling pathway and this activation is
probably indirectly induced by the exosomal miRNAs.
In addition to nucleic acids, exosomes contain
abundant proteins. In a study conducted by Liang
[37]
et al , thousands of proteins were identified in
exosomes released by two ovarian cancer cell lines,
OVCAR-3 and IGROV1, and some proteins were
tissue specific or associated with tumorigenesis or
metastasis. Furthermore, exosomes from human
breast and colorectal cancer cells were reported to
contain full-length, signaling-competent epidermal
[38]
growth factor receptor (EGFR) ligands . In that study,
the researchers found that exosomes expressing
individual EGFR ligands displayed different bioactivities.
Specifically, exosomes with higher amphiregulin
levels exhibited greater invasive potential than other
EGFR ligand-containing exosomes, indicating that
exosomes participate in diverse tumor biological
activities via certain exosomal proteins. In the present
study, although microarray analysis showed that the

DISCUSSION
Although it is well studied that overexpressed CD97
plays important roles in gastric cancer formation
and progression, the mechanisms underlying these
functions are poorly investigated. In order to identify
the possible mechanism involved, we isolated
exosomes from wild-type gastric cancer SGC-7901
cells with high CD97 expression and from SGC-7901
cells with stable CD97 knockdown. We demonstrated
that exosomes from wild-type cells, but not from
CD97 knockdown cells, significantly promoted tumor
cell proliferation and invasion. Furthermore, through
microarray and western blot analyses, we found that
enhanced proliferation and invasion ability may be
induced by exosome-mediated activation of the MAPK
signaling pathway.
During the past few years, many studies have
demonstrated that tumor-derived exosomes are
involved in a wide range of tumor pathophysiological
processes in numerous ways, such as promoting tumor
growth and metastasis, activating certain signaling
pathways, and exerting detrimental effects on the
[19-21,34,35]
anti-tumor immune system
. The present
study further suggested that the effects of exosomes
on tumor biological behavior depend on their parent
cells. It was shown that exosomes from SGC/wt cells
with high CD97 expression, significantly increased
gastric cancer cell proliferation and invasion; whereas,
exosomes from SGC/kd cells with low CD97 expression
did not show similar effects. From these observations,
it is arguable that CD97 increases the proliferation and
invasion of tumor cells, at least in part, by releasing
CD97-related exosomes. We speculate that those
two exosomes contain different biological molecules,
thus biomaterials in SGC/wt exosomes have higher
malignant-promoting capacities as compared to that
of SGC/kd exosomes; and upon internalization, these
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Figure 4 Comparison of miRNA profiles of the two exosomes by microarray analysis and validation of differently expressed miRNAs by RT-qPCR analysis. A:
Bar graph showed differently expressed miRNAs in kd-exo by microarray as compared to wt-exo; B: Four miRNAs that displayed either an increased or decreased
expression were selected for RT-qPCR validation of microarray assay. The same expression trends were observed between microarray and RT-qPCR for all the
miRNAs. wt-exo: SGC/wt-derived exosomes; kd-exo: SGC/kd-derived exosomes.
[22]

exosomal miRNAs were involved in MAPK signaling
pathway activation, the possibility that exosomal
proteins directly regulated the signaling pathway and/
or tumor biological behavior could not be excluded.
Thus, further studies focused on the relationships
between exosomal proteins and the diverse biological
behaviors of gastric cancer related to CD97 are
required.
Apart from the effects exerted on proliferation
and invasion, tumor-derived exosomes were also
proved to contribute to the establishment of a premetastatic niche, which is a suitable microenvironment
in distant metastatic organs generated by primary
[22,39]
tumor prior to arrival of metastatic cells
. Jung
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et al
reported that depending on CD44v6, tumor
exosomes prepared the pre-metastatic niche in
distant organs, which allowed embedding and growth
of highly metastatic pancreatic ASML cells. Recently,
[27]
Rana et al
suggested that exosomal miRNAs
were recovered in pre-metastatic organs, where
they significantly influenced mRNA translation and
predominantly modulated pre-metastatic organs to
prepare stromal cells for tumor cell hosting. Thus,
tumor exosomes play important roles in the cross-talk
between primary tumor and metastatic organs. Our
previous study demonstrated that CD97 small isoform
facilitated gastric cancer metastasis in an orthotopically
[13]
implanted mouse model . Therefore, the contribution
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Figure 5 Gene ontology analysis of the significant predicted genes of differently expressed miRNAs. The results were classified into three main categories:
cellular component, molecular function, and biological process. The vertical axis indicated the percent of genes in each category. The horizontal axis is the enrichment
of Gene ontology (GO).

Table 2 Significant Kyoto encyclopedia of genes and genomes pathways enriched for target genes of differently expressed miRNAs
No.
1
2
3
4
5
6
7
8
9
10

Pathway ID

Pathway description

Target genes with pathway annotation, n (%)

P value

hsa05200
hsa04060
hsa04010:
hsa04080
hsa04510
hsa04810
hsa04062
hsa04020
hsa04142
hsa04670

Pathways in cancer
Cytokine-cytokine receptor interaction
MAPK signaling pathway
Neuroactive ligand-receptor interaction
Focal adhesion
Regulation of actin cytoskeleton
Chemokine signaling pathway
Calcium signaling pathway
Lysosome
Leukocyte transendothelial migration

179 (2.37)
152 (2.01)
146 (1.93)
139 (1.84)
121 (1.60)
116 (1.54)
107 (1.42)
95 (1.26)
72 (0.95)
68 (0.90)

5.50 ×10-3
4.00 × 10-4
1.13 × 10-2
1.81 × 10-2
2.00 × 10-4
3.79 × 10-2
5.60 × 10-3
5.88 × 10-2
2.3 × 10-3
2.36 × 10-3

of CD97 to metastasizing tumor cell settlement is
probably facilitated by the formation of the premetastatic niche, which may depend on CD97-related
exosomes or exosomal miRNAs. However, to the best
of our knowledge, there are few studies describing
the relationship between CD97-related exosomes and
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tumor metastasis, which also merits investigation in
future in vivo studies.
In conclusion, using exosomes isolated from cells
with high and low CD97 expression, we demonstrate
that CD97 promotes gastric cancer cell proliferation
and invasion in vitro, at least in part, through
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Figure 6 Network between MAPK signaling pathway-related genes and miRNAs. Squares represent miRNAs; circles represent target genes; straight lines represent miRNA-MAPK signaling pathway-related gene relationship. The size of
the square represents the degree of miRNAs, a larger degree has a larger number of target genes.
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Figure 7 Modulation of JNK, ERK, and p38 MAPK expression by tumor exosomes. SGC/kd cells were stimulated with wt-exo or kd-exo at certain concentrations
for 6 h in serum-free medium. Cells were then lysed, and an equal amount of protein from each group was examined by immunoblotting using specific antibodies
against phosphorylated (p-) ERK, JNK, p38 and total (t-) ERK, JNK and p38. A: Representative immunoblot of JNK, ERK, and p38 MAPK protein levels; B-D: Bar
graph shows the expression ratio of p-ERK over t-ERK, p-JNK over t-JNK, and p-p38 over t-p38 by densitometric quantification, respectively. Data are expressed as
mean ± SD. aP < 0.05, bP < 0.01 vs kd-exo group. wt-exo: SGC/wt-derived exosomes; kd-exo: SGC/kd-derived exosomes.

exosome-mediated MAPK signaling pathway, and that
exosomal miRNAs are probably involved in activation
of the CD97-associated pathway. Although shown
in vitro, these findings should be confirmed in other
gastric cancer cell types as well as in animal models to
have translational relevance.

Innovations and breakthroughs

COMMENTS
COMMENTS

Applications

Previous studies have demonstrated that CD97 is involved in gastric cancer
progression, but the underlying mechanism is unknown. In the present study,
the authors combined CD97 and exosomes, and found that CD97 promotes
gastric cancer cell proliferation and invasion in vitro through exosome-mediated
MAPK signaling pathway. In addition, they suggested that exosomal miRNAs
are involved in activation of the CD97-associated pathway. These findings will
be helpful in understanding the role of CD97 in gastric cancer formation and
progression.
In understanding the mechanism of CD97-dependent promotion of proliferation
and invasion in gastric cancer, the results of this study may provide a future
strategy for CD97 as a diagnostic biomarker and/or a way to improve clinical
treatment of gastric cancer.

Background

Gastric cancer is one of the most common and lethal malignancies worldwide.
Understanding gastric cancer formation and progression is of significant
importance in the treatment of this carcinoma. As a member of the epidermal
growth factor-seven-transmembrane subfamily, CD97 has been found to be
overexpressed in the majority of gastric carcinoma tissues and has been
demonstrated to promote gastric cancer cell proliferation and invasion.
However, the underlying mechanism remains unclear.

Terminology

Exosomes are spherical and bilayer vesicles with a diameter of 30-100 nm,
which are released extracellularly upon fusion of multivesicular bodies with the
plasma membrane. Many types of cells including tumor cells, lymphocytes,
epithelial cells, and stem cells can produce exosomes.

Research frontiers

Peer-review

During the past few years, an increasing number of studies have demonstrated
that tumor-derived exosomes play important roles in tumorigenesis and tumor
progression. In gastric cancer, it was observed that tumor exosomes could
enhance tumor cell proliferation.

WJG|www.wjgnet.com

It is a well-written and a well-designed study, which showed, in an elegant
manner, the potential role of CD97 and MAPK signaling in gastric cancer
cell proliferation and invasion. This is thought to be interesting and excellent
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novel study. These findings must be demonstrated in vivo to have translational
relevance.
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AIM: To investigate whether children with congenital
common bile duct dilatation (CBDD) differ from
children with obstructive CBDD in cholangiographic
characteristics.
METHODS: In this retrospective cohort study, the
baseline data and the results of imaging analyses
were reviewed among children who had endoscopic
retrograde cholangiopancreatography (ERCP) due to
CBDD. ERCP was performed on all pediatric patients
by experienced pediatric endoscopists. The maximal
transverse diameter of the common bile duct (CBD)
was measured on ERCP. To assess whether ageadjusted CBDD could be used for differential diagnosis,
a CBDD severity index (SI) was calculated by dividing
the measured CBD diameter by the age-corrected
maximal diameter of a normal CBD.
RESULTS: A retrospective medical chart review
revealed that 85 consecutive children under 16
years of age with hepatobiliary disease and CBDD
were referred to Seoul Asan Medical Center. Fiftyfive (64.7%) children had congenital CBDD and 30
(35.3%) had obstructive CBDD. The two groups did
not differ significantly in terms of clinical characteristics
except for sex. The congenital and obstructive CBDD
groups did not differ significantly in terms of mean CBD
diameter (19.3 ± 9.6 mm vs 12.2 ± 4.1 mm, P > 0.05).
However, congenital CBDD cases had a significantly
higher mean SI than obstructive CBDD cases (3.62 ±
1.64 vs 1.98 ± 0.71, P = 0.01). In multivariate analysis,
an SI value ≥ 2.32 and comorbidity with anomalous
union of pancreaticobiliary duct (APBDU) in ERCP
independently predicted congenital CBDD.
CONCLUSION: Measuring the CBD may aid the
differential diagnosis of both CBDD and APBDU in
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children.

initially complicate the differential diagnosis of CBDD
from choledolithiasis alone. Choledolithiasis can lead to
CBDD that can be initially misdiagnosed as choledochal
[13-15]
cyst in both children and adults
. Thus, choledochal
cyst should be diagnosed on the basis of both the
clinical features and the results of various diagnostic
[6,9,16]
modalities
.
In adults with CBDD, the diameter of the common
bile duct (CBD) is considered to be of no clinical
[17-19]
significance
. This is because the studies in adults
aimed to differentially diagnose stones from mitotic
lesions in the biliary tree. To our knowledge, studies
of pediatric CBDD that examine whether bile duct
size can help to differentiate between obstructive
and congenital causes of CBDD have not yet been
performed. Therefore, the aim of this study was to
determine whether children with congenital CBDD
differ from children with other CBDD causes in terms
of cholangiographic characteristics.

Key words: Endoscopic retrograde cholangiopan
creatography; Common bile duct; Choledochal cyst;
Choledolithiasis; Children
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A severity index calculated by measuring
the diameter of the common bile duct (CBD) adjusted
for age was a better method to discriminate between
congenital common bile duct dilatation (CBDD) and
secondarily obstructive CBDD in children compared with
simply measuring the diameter of the CBD.
Oh SH, Chang SH, Kim HJ, Cho JM, Hwang JH, Namgoong
JM, Kim DY, Cho YA, Yoon CH, Kim KM. Cholangiographic
characteristics of common bile duct dilatation in children. World
J Gastroenterol 2015; 21(20): 6229-6235 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i20/6229.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i20.6229

MATERIALS AND METHODS
A retrospective medical chart review revealed that
85 consecutive children under 16 years of age with
hepatobiliary disease and CBDD were referred to
Seoul Asan Medical Center, a tertiary referral center
in Seoul, South Korea between January, 2000 and
[6,16]
January, 2012
. The baseline data and the results
of imaging analyses were documented. All children
were screened by trans-abdominal ultrasonography
(TUS) and more than one imaging modality, such
as computed tomography and magnetic resonance
cholangiopancreatography (MRCP). They underwent
a total of 123 ERCP procedures. The study protocol
was approved by the institutional review board of Asan
Medical Center, Seoul.
ERCP was performed on all pediatric patients by
[6]
experienced pediatric endoscopists . The maximal
transverse diameter of the CBD between the insertion
of the cystic duct and the head of the pancreas
was measured along its longitudinal axis via a
[20,21]
cholangiogram
. Measurements were not taken
within 5 mm of the origin of the CBD. The reference
cut-off value for the normal maximum diameter of the
CBD relative to age was obtained from the intravenous
[20]
cholangiographic data of Witcombe et al . To assess
whether age-adjusted CBDD could be used for
differential diagnosis, a CBDD severity index (SI) was
calculated by dividing the measured CBD diameter
by the age-corrected maximal diameter of a normal
CBD. To avoid variation due to other causes, patients
with a previous history of cholecystectomy, obstructive
cholestasis, and premedication such as with opioids
were excluded. Moreover, measurements were made
on unmagnified cholangiograms by using electronic
calipers. Neonatal cases were also excluded due to
technical difficulties in ERCP. Although contrast dye

INTRODUCTION
The causes of common bile duct dilatation (CBDD)
may differ according to age and geography. In
adults, CBDD is generally caused by intrinsic luminal
obstruction and thus investigative methods focus
mainly on the causes of obstruction, such as biliary
[1,2]
tract stones and pancreaticobiliary malignancies .
In children, congenital CBDD (i.e., choledochal cyst)
must be considered when investigating the causes of
[1,2]
CBDD . However, in Western countries, pediatric
choledochal cyst is rare, accounting for only 1.2%-8.6%
of pediatric patients who undergo endoscopic
retrograde cholangiopancreatography (ERCP) for
pancreatic and biliary disease; by contrast, pancreatitis
and choledolithiasis are diagnosed much more
[3-5]
commonly in this pediatric population . However, in
East Asia, the most frequent diagnosis in children who
are investigated by ERCP for pancreatic and biliary
[6-8]
disease is choledochal cyst . Moreover, the frequency
of choledochal cyst differs depending on the patient’
s country of origin: one-third of the patients who are
reported to have this condition in the world are from
[6-9]
Japan .
The clinical manifestations of choledochal cyst
[9]
also differ depending on patient age . In Japan,
choledolithiasis has been reported in 18%-70% of
adults with choledochal cyst. By contrast, only 9%
of pediatric patients with choledochal cyst were
[9,10]
reported to have choledolithiasis
, although recent
findings suggest that this prevalence may be higher
[9-12]
than was previously believed (17%-29%)
. Such
relatively high choledolithiasis co-morbidity may
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The clinical and cholangiographic characteristics of
the 85 patients are summarized in Table 2. The most
common presenting clinical manifestations in both
groups at the time of diagnosis were abdominal pain
and jaundice. Some patients in both groups also
presented with pancreatitis. This was regarded as
a complication in the patients with choledochal cyst
but as the underlying disease in the patients with
obstructive CBDD. The two groups did not differ
significantly in terms of clinical characteristics except
for sex: the patients with congenital CBDD were
significantly more likely to be female than the patients
with obstructive CBDD (80% vs 26.7%, P = 0.032).
The congenital and obstructive CBDD groups did
not differ significantly in terms of mean CBD diameter
(19.3 ± 9.6 mm vs 12.2 ± 4.1 mm). However, the
congenital group had a significantly higher mean CBDD
SI (3.62 ± 1.64) than the obstructive CBDD group
(1.98 ± 0.71). In addition, as the SI increased, so did
the prevalence of choledochal cyst among children with
CBDD (Figure 1). All patients with an SI of ≥ 3 had a
choledochal cyst, unlike patients with an SI of 1-2 or
2-3 (both P < 0.05). ROC analysis showed that an SI
of 2.32 could serve as a cut-off value with a sensitivity
of 68%, a specificity of 96.7%, and an area under
the curve of 0.87. Of the 55 children with congenital
CBDD, 34 (61.8%) had a SI of ≥ 2.32. By contrast,
only one of 30 children (3.3%) with obstructive CBDD
had such a high SI.
Despite the high specificity of the CBDD SI ≥
2.32, its low sensitivity means that additional efforts
are needed to distinguish between the two types of
CBDD in children with SI < 2.32. We observed that
anomalous union of pancreaticobiliary duct (APBDU)
was very common in congenital CBDD: of the 21
children with congenital CBDD and SI < 2.32, 15
(71.4%) had APBDU. Multivariate analysis revealed
that SI ≥ 2.32 (OR = 2.4, 95%CI: 1.2-5.52) and
APBDU comorbidity (OR= 5.7, 95%CI: 1.92-24.81)
were independent factors that predicted congenital
CBDD (Table 2).
The two groups did not differ significantly in terms
of any of the other cholangiographic findings. The
patients with obstructive CBDD tended to have CBDs
with cylindrical-fusiform features more frequently
than the patients with congenital CBDD (93.3% vs
78.2%) but this difference did not achieve statistical
significance. Moreover, patients with congenital CBDD
tended to have cystic features more frequently than
the patients with obstructive CBD (21.8% vs 6.7%)
but this too did not achieve statistical significance. The
two cases of obstructive CBDD with cystic features
had had severe choledolithiasis, which had normalized
after endoscopic removal of the stone; recurrence was
not observed during the follow-up period. Notably,
although choledolithiasis occurred in three-quarters
of the children with obstructive CBDD (76.6%), more
than half of the congenital CBDD cases (61.8%) also

Table 1 Etiological classification of common bile duct
dilatation in children
n = 85

Causes

Descriptions

Congenital CBDD n = 55 (64.7%)
Choledochal cyst
n = 55
Obstructive CBDD n = 30 (35.3%)
Choledolithiasis
n = 23

Miscellaneous

n=7

Type Ⅰ (n = 26)
Type Ⅳa (n = 29)
Idiopathic (n = 10)
Chronic pancreatitis (n = 6)
Leukemia (n = 2)
G6PD deficiency (n = 2)
Spherocytosis (n = 2)
Trauma (n = 1)
Chronic pancreatitis (n = 3)
Lymphoma/pancreatic cancer (n = 3)
Trauma (n = 1)

CBDD: Common bile duct dilatation.

was gently flushed into the CBD, the dilatation caused
by direct dye injection into the duct was ignored.
All ERCP findings were reviewed by radiologists and
the diagnosis of choledochal cyst was confirmed by
surgical excision and intraoperative cholangiography.
To reduce intraobserver and interobserver variability,
measurement of the diameter was performed three
times and average values of the diameter were used.
These were validated by gastroenterologists and
radiologists at the same institution. This process led
to patients being classified into those with congenital
CBDD and those with obstructive CBDD due to
secondary causes. The morphological descriptions
of the CBD were based on Todani’s classification
[22,23]
system
.

Statistical analysis

For univariate analysis, continuous variables were
assessed by using independent sample t-tests and
2
categorical variables were assessed by using χ
tests. For multivariate analysis, a logistic regression
model was used to generate odds ratios (ORs), the
corresponding 95% confidence intervals (95%CIs),
and the P values. The optimal cut-off of CBD that
allowed congenital CBDD to be differentiated from
obstructive CBDD was determined by using a receiver
operating characteristic (ROC) curve. All statistical
calculations were performed by using SPSS software
(SPSS for Windows, version 14.0; SPSS Inc., Chicago,
IL). A P value less than 0.05 was considered to indicate
statistical significance.

RESULTS
In total, 33 boys (38.8%) and 52 girls (61.2%) were
diagnosed with CBDD according to our study criteria.
The mean patient age was 6.3 ± 3.6 years. The
indications for ERCP are summarized in Table 1. Fiftyfive (64.7%) children had congenital CBDD and 30
(35.3%) had CBDD due to other secondary causes.
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Table 2 Clinicocholangiographic characteristics of children with common bile duct dilatation n (%)
Characteristics total (n = 85)

Congenital CBDD (n = 55) Obstructive CBDD (n = 30)

Clinical
Age, mean ± SD (mo)
Sex, M:F
Abdominal pain
Jaundice
Abdominal mass
Vomiting
Cholangitis
Pancreatitis
Cholangiographic
CBD diameter
Severity index ≥ 2.32
Cystic features
Cylindrical-fusiform
feature
APBDU
Choledolithiasis
Cholelithiasis
Pancreatic duct dilatation

Univariate P value

63.8 ± 36.4
11:44
50 (91.0)
23 (41.8)
2 (3.6)
11 (20.0)
5 (9.0)
23 (43.6)

82.4 ± 46.0
22:8
24 (80.0)
13 (43.3)
0 (0)
4 (13.3)
1 (3.3)
9 (30.0)

NS
0.042
NS
NS
NS
NS
NS
NS

19.3 ± 9.6
34 (61.8)
14 (21.8)
43 (78.2)

12.2 ± 4.1
1 (3.3)
2 (6.7)
28 (93.3)

NS
0.012
NS
NS

39 (70.9)
34 (61.8)
3 (5.5)
5 (9)

0 (0)
23 (76.6)
7 (23.3)
2 (6.7)

0.005
NS
NS
NS

Multivariate P value

0.024

0.001

APBDU: Anomalous union of pancreaticobiliary duct; CBD: Common bile duct; CBDD: Common bile duct dilatation; NS: Not significant.

Congenital CBDD
Obstructive CBDD

A

P < 0.05

100
90
80
Prevalence (%)

70
60
50
40
30
20

B

10
0

1-2

2-3
Severity index

≥3

Figure 1 Prevalence of congenital common bile duct dilatation relative to
common bile duct severity index. CBDD: Common bile duct dilatation.

had choledolithiasis. Thus, choledolithiasis was not
useful for differential diagnosis in CBDD. It was also
difficult to differentiate between the obstructive and
congenital CBDD patients with SI < 2.32 on the basis
of their CBDD features: there were 46 patients with
SI < 2.32, of whom 14 had congenital CBDD and 28
had obstructive CBDD. Ten of the 14 congenital CBDD
patients (71.4%) and 21 of the 28 obstructive CBDD
patients (75%) had cylindrical-fusiform CBDD features.
Indeed, in our experience, it was sometimes difficult to
differentiate between congenital and obstructive CBDD
by only measuring their CBDD diameters (Figure 2).

Figure 2 Two children with different etiologies show similarities in
terms of endoscopic retrograde cholangiopancreatography findings.
A: Congenital common bile duct dilatation (CBDD) with choledolithiasis; B:
Obstructive CBDD due to hereditary spherocytosis.

graphic features may be helpful for assessing CBDD,
especially for the differential diagnosis of CBDD
in children. Firstly, the SI of CBDD was helpful for
discriminating congenital CBDD from obstructive
CBDD. Secondly, APBDU comorbidity was also an
important factor for this differential diagnosis. This

DISCUSSION
The present study indicates that several cholangio
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close relationship between congenital CBDD and
APBDU is already well-known in the literature. Thirdly,
the presence of choledolithiasis was not useful for the
differential diagnosis of the two CBDD types.
This is the first time that CBDD has been expressed
as an SI that incorporated an age-corrected reference.
In the present study, the SI of CBDD showed high
specificity in terms of differentiating congenital CBDD
from obstructive CBDD. This indicated the importance
of using age-related CBD reference diameters to
assess CBDD in children. Several other studies have
also noted this. In a pediatric study of APBDU, most
cases of the non-dilated CBD type of APBDU were
found to actually have CBDD when the CBD diameter
[24]
was corrected by an age-related reference . Two TUS
studies also provided cut-off CBD diameter references
that would allow the identification of CBDD: 2 mm
in neonates and 3 mm in children under 13 years of
[25,26]
age
. However, when we employed these TUS
references in the present study, the congenital CBDD
group could not be differentiated from the obstructive
CBDD group.
It is generally known that APBDU is often
[12,27]
accompanied by congenital CBDD
. Although
Todani’s classification system divides congenital CBDD
[22,23]
into five types
, most patients with choledochal
cysts have types Ia, Ic, and Ⅳa CBDD, and all of
these types are accompanied by APBDU in almost
[12]
all adults with this condition : 50%-80% have
type Ⅰ congenital CBDD while 15%-35% have type Ⅳ
[28]
congenital CBDD . Moreover, 76% of children with
[29]
types Ⅰ and Ⅳ CBDD had APBDU . In the present
study, APBDU played a critical role in the differential
diagnosis of children with cylindrical-fusiform CBDD. Of
the 21 children with congenital CBDD with SI < 2, 20
(71.4%) had APBDU, which facilitated the differential
diagnosis of our patients with cylindrical-fusiform
CBDD.
No consensus has yet been reached regarding the
best approach for identifying APBDU and CBDD in
pediatric patients. In addition, APBDU has not been
defined in children in relation to the age-corrected
[30]
size of the common channel . In adults, however,
MRCP and endoscopic ultrasonography have been
[31,32]
shown to be useful for diagnosing APBDU
. One
study showed that MRCP diagnosed APBDU in adults
[16]
with a sensitivity of 83% and a specificity of 90% .
Since much less is known about APBDU in children, it
is unclear whether ERCP can be replaced by MRCP in
[33,34]
these patients
. Indeed, in a study of children with
known or suspected APBDU, only 70% were identified
[33]
by MRCP . The use of endoscopic ultrasonography
[35]
in children has not been widely established . As
a result, ERCP remains the standard diagnostic
modality for biliary disease in children, even though
its usefulness is limited in neonates and by ERCPassociated complications.
While choledolithiasis with congenital CBDD was
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initially thought to be rare in Japan, it was then
found to be more common than originally believed
when it was assessed on the basis of local referral
[6,9,10,33]
patterns
. The present study also showed a
high prevalence of choledolithiasis among congenital
CBDD children (61.8%). The rate of this comorbidity
may depend on the age at diagnosis and the degree
of pathological progression, as evidenced by the fact
that adult patients with congenital CBDD have CBD
stones more frequently than pediatric patients (50%
[9]
vs 28.6%) .
In conclusion, the SI of CBDD, as measured by
ERCP, together with APBDU comorbidity, may aid
the differential diagnosis of congenital CBDD and
obstructive CBDD. However, the study has several
limitations. Firstly, it was not adequately powered
because of the small cohort size, its retrospective
study design, the discrepancy between the numbers
of patients in each group, and the etiological
heterogeneity of the obstructive CBDD group. In
addition, this study may have been limited by selection
bias, namely, patients with more complications tend
to be referred to a tertiary hospital. Therefore, it is not
yet possible to state conclusively that ERCP-measured
CBD diameter is useful for differentially diagnosing
congenital CBDD in children. However, further study
is warranted given that the accurate diagnosis of
children with choledochal cyst on the basis of bile
duct measurements would facilitate their early and
appropriate surgical management and thus result in
low morbidity rates and a good prognosis. Given the
current scarcity of related studies, a collaborative study
that investigates the usefulness of ERCP for diagnosing
children with CBDD is needed.
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pathology and secondarily obstructive causes by utilizing a calculated index of
the CBD diameter adjusted for age. However, this concept remains in need of
further study to validate the applicability in children with bile duct dilatation.
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Abstract
AIM: To describe our experience using a low-acceleratingdose regimen (LADR) with pegylated interferon alpha2a and ribavirin in treatment of hepatitis C virus (HCV)
recurrence.
METHODS: From 2003, a protocolized LADR strategy
was employed to treat liver transplant (LT) recipients
with recurrent HCV at our institution. Medical records
of 182 adult patients with recurrent HCV treated with
LADR between 1/2003 and 1/2011 were reviewed.
Histopathology from all post-LT liver biopsies were
reviewed in a blinded fashion. Paired recipient and
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patient survival in patients with SVR (97% vs 82%,
P = 0.001). A novel technique was used to ascertain

donor IL28B status were assessed. A novel technique
was employed to ascertain recipient and donor IL28B
(rs12979860) Gt data using DNA extracted from
archival FFPE tissue from explanted native livers and
donor gallbladders respectively. The primary endpoint
was SVR; secondary endpoints examined include
(1) patient and graft survival; (2) effect of anti-viral
therapy on liver histology (fibrosis and inflammation);
(3) incidence of on-treatment development of ACR,
CDR, or PCH; (4) association of recipient and donor
IL28B genotype with SVR; and (5) incidence of antiviral therapy-associated adverse events (anemia,
leukopenia, thrombocytopenia, depression) and hepatic
decompensation.

recipient and donor IL28B (rs12979860) Gt data using
archival FFPE tissue from explanted native livers and
donor gallbladders. A comprehensive blinded review of
available liver histology was performed. LADR strategy
remains relevant in managing recurrent HCV where
access to DAAs is limited. SVR is associated with
improved survival, but fibrosis progression still occurs.

Lim KBL, Sima HR, Fiel MI, Khaitova V, Doucette JT,
Chernyiak M, Ahmad J, Bach N, Chang C, Grewal P, KimSchluger L, Liu L, Odin J, Perumalswami P, Florman SS, Schiano
TD. Utility of the low-accelerating-dose regimen in 182 liver
recipients with recurrent hepatitis C virus. World J Gastroenterol
2015; 21(20): 6236-6245 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i20/6236.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6236

RESULTS: The overall SVR rate was 38% (29% Gt1,
67% Gt2, 86% Gt3 and 58% Gt4). HCV Gt (P < 0.0001),
donor age (P = 0.003), cytomegalovirus mismatch
(P = 0.001), baseline serum bilirubin (P = 0.002),
and baseline viral load (P = 0.04) were independent
predictors for SVR. SVR rates were significantly higher
in the recipient-CC/donor-non CC pairs (P = 0.007).
Neither baseline fibrosis nor change in fibrosis stage
after anti-viral therapy were associated with SVR.
Fibrosis progressed in 72% of patients despite SVR.
Median graft survival was 91 mo. Five-year patient
survival was superior in patients who achieved SVR
(97% vs 82%, P = 0.001). Pre-treatment ALP ≥
150 U/L (P = 0.01), total bilirubin ≥ 1.5 mg/dL (P =
0.001) and creatinine ≥ 2 mg/dL (P = 0.001) were
independently associated with patient survival. Only
13% of patients achieving SVR died during the followup period. Treatment discontinuation and treatmentrelated mortality occurred in 35% and 2.2% of patients,
respectively. EPO, G-CSF and blood transfusion were
needed in 89%, 40% and 23% of patients, respectively.
Overall hospitalization rate for treatment-related
serious adverse events was 21%. Forty-six (25%) of
the patients were deceased; among those who died,
25 (54%) were due to liver-related complications, and
4 deaths (9%) occurred while receiving therapy (2
patients experienced hepatic decompensation and 2
sepsis).

INTRODUCTION
Post-liver transplant (LT) treatment of recurrent
hepatitis C virus (HCV) with pegylated (PEG)-based
regimens is challenging, labor intensive, and carries
[1,2]
sub-optimal SVR rates, and poor patient tolerability .
The optimal time to commence anti-viral therapy
is controversial and adds extra complexity to this
cohort of difficult-to-treat patients. Data on donor
and recipient IL28B genotypes have shed some light
on their impact on HCV recurrence and treatment
response, with increasing awareness and relevance of
[3-6]
donor IL28B status . Although the advent of DAA
has increased the success rate of post-LT antiviral
therapy, improved SVR rates must be balanced against
drug-drug interactions with immunosuppressive
agents and increased adverse events resulting in
[7,8]
treatment discontinuation . Emerging data using
interferon-free regimens have shown initial promise
[9,10]
with improved response rates and tolerability
.
However, interferon-containing regimens may still
be needed in post-LT patients who do not respond to
newer regimens, or when access to DAAs are limited
[11,12]
due to financial and resource constraints
.
To date, published studies on post-LT HCV
therapy have typically been single center series with
[13-16]
heterogeneous treatment strategies
. LADR is
well described in cirrhotic HCV patients in the pre[17,18]
LT setting
, but experience of low-acceleratingdose regimen (LADR) in the post-transplant setting is
limited. We herein report our experience in treating
182 LT recipients with HCV recurrence over a 9-year
period using a standardized LADR protocol of PEG
α-2a and RBV. To our knowledge, this represents the
largest single-center treatment study of post-LT HCV
using a uniform strategy. The data presented will be
of utility in guiding therapy in interferon-containing
regimens when the newer oral agents are ineffective,

CONCLUSION: LADR strategy remains relevant in
managing post-LT recurrent HCV where access to DAAs
is limited. SVR is associated with improved survival, but
fibrosis progression still occurs.
Key words: Hepatitis C recurrence; Liver transplant;
Low accelerating dose regimen; Peginterferon α-2a;
IL28B
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study represents the largest single
center experience in treating recurrent hepatitis C
virus (HCV) in LT recipients utilizing a low-acceleratingdose regimen (LADR) protocol of PEG alpha-2a and
RBV; achieving 38% SVR and superior five-year
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not available or are restricted for financial reasons.

chain reaction (Cobas TaqMan, Roche Laboratories),
liver chemistries and complete blood count, at specific
time points during HCV therapy, were collected.
All transplanted patients received intra-operative
methylprednisolone 500 mg. Patients with serum
creatinine > 2 mg/dL or requiring dialysis prior to LT
received basiliximab induction therapy on the day
of LT and post-operative day-4. LT recipients were
maintained on tacrolimus-based immunosuppression
and MMF in the setting of renal dysfunction. Oral
steroid therapy was tapered and discontinued during
the 6 mo after LT. Severe ACR was treated with pulse
methylprednisolone 500 mg daily over 3 d; mild and
moderate ACR were treated by optimizing tacrolimus
levels and MMF dosing.
The primary endpoint was SVR, defined as
absence of HCV RNA at 6 mo after completion of antiviral therapy. Secondary endpoints were (1) patient
and graft survival; (2) effect of anti-viral therapy
on liver histology (fibrosis and inflammation); (3)
incidence of on-treatment development of ACR,
CDR, or PCH; (4) association of recipient and donor
IL28B genotype with SVR; and (5) incidence of antiviral therapy-associated adverse events (anemia,
leukopenia, thrombocytopenia, depression) and
hepatic decompensation. On-treatment responses
were analyzed at weeks 4 (RVR), 8, 12 (EVR), 24
and 48 (ETR). This study was reviewed and approved
by the Icahn School of Medicine at Mount Sinai, NY
Institutional Review Board.

MATERIALS AND METHODS
Starting in 2003, a protocolized LADR strategy was
employed to treat all LT recipients with recurrent HCV
at our institution. The decision to commence anti-viral
therapy was based on clinical need as determined by
the primary hepatologist. Patients were started on
90 mcg PEG α-2a weekly and RBV 7 mg/kg daily in
2 divided doses (50% of optimal dose). Doses were
increased at week 4 to PEG α-2a 135 mcg weekly
and RBV 10 mg/kg daily thereafter doses were PEG
alpha-2a 180 mcg weekly and RBV 14 mg/kg daily
from week 8 onwards if tolerated, for a total of 48
wk regardless of HCV Gt. EPO 40000 IU once weekly
was started when the hemoglobin fell below 10 g/dL.
RBV dose reduction occurred if EPO was unsuccessful
at maintaining hemoglobin above 10 g/dL. Patients
received blood transfusions if they experienced
symptomatic anemia despite EPO supplementation.
G-CSF 300 mcg once weekly (up to maximum dose
of 300 mcg three times weekly) was commenced
when the WBC was < 1500/mm and/or ANC was
< 750/mm. Dose reduction of PEG α-2a by 50%
occurred when the platelet count < 50000/mm; PEG
α-2a was discontinued when platelet count was less
than 25000/mm.

Study design

The medical records of LT recipients age > 18 years
with recurrent HCV, treated with LADR between
1/2003 and 1/2011 were reviewed. The following were
excluded from the analysis: LT recipients treated with
non-pegylated interferon, HCV patients co-infected
with HBV or HIV, and patients enrolled in other HCV
study protocols. Patients with uncontrolled psychiatric
illness, poorly controlled diabetes, symptomatic
cardiopulmonary disease, concomitant autoimmune
disease, moderate to advanced chronic kidney disease
(> CKD stage 2) and SLKT recipients were typically
not treated with antiviral therapy. We defined recurrent
HCV in LT recipients as the presence of typical
histological features of HCV and contemporaneously
detectable HCV RNA in the serum, after excluding
concurrent other etiologies. LT recipients with
fibrosing cholestatic hepatitis (FCH) were included in
our analysis. The diagnosis of FCH was determined
histologically by the presence of cholestasis, ductular
reaction, mild portal inflammation, portal fibrosis
and delicate fibroconnective tissue accompanying
and surrounding proliferating bile ductules, as well as
periportal fibrosis and exclusion of large duct biliary
[19]
obstruction .
Clinical data including recipient and donor demo
graphics, review of hospitalizations occurring during
therapy, HCV Gt, serious adverse events, use of
growth factors (EPO and G-CSF) and anti-depressants
were recorded. Quantitative HCV RNA by polymerase
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Histological assessment

Archival (FFPE) liver tissue from all post-LT biopsies
was obtained and independently reviewed. Liver biopsy
specimens were stained with hematoxylin and eosin
and Masson trichrome. The latest liver biopsy before
starting anti-viral therapy, any liver biopsy performed
while receiving therapy, and the first biopsy after antiviral therapy was concluded, were considered as the
pre-, on- and post-treatment biopsies, respectively. All
biopsies were reviewed by a single hepatopathologist
(MIF) blinded to patient identity and timing of the liver
biopsy. Inflammation and fibrosis were graded and
[20]
staged using the Scheuer classification . Biopsies
having ACR, CR, PCH, FCH and steatosis were
identified and graded utilizing standard histological
[21-24]
classification systems
.

IL28B genotyping

Surviving liver recipients were tested for IL28B
(rs12979860) genotype using peripheral venous blood
samples. If recipient serum was not available, DNA
extracted from FFPE tissue from explanted native
livers was used to determine the IL28B genotype.
In addition, because donor sera were not available
for testing, archival FFPE tissue from the donor
gallbladder was used in order to obtain adequate
tissue for DNA extraction. Approximately 3 to 5 fivemicron thick sections were cut from the FFPE blocks.
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After standardization of DNA isolation, amplification
using qPCR was performed. When testing the DNA
using TaqMan assay, approximately 100-200 ng DNA
per reaction was required. Allelic discrimination for
the “C” and “T” was analyzed using the DNA sample
[25-27]
extracted
. The results obtained from this novel
method were cross-referenced with IL28B results
obtained from recipient serum in a subset of cases and
showed 100% concordance, providing validation of
this technique.

Other baseline characteristics of these 182 patients are
summarized in Table 1. The median time from LT to
commencing anti-viral therapy was 20.5 mo; median
age when therapy started was 56 years; 119 (65%)
patients completed 48 wk of anti-viral therapy. One
hundred thirty-five (74%) patients tolerated peak PEG
α-2a dose of 180 mcg/wk, and 34 (19%) achieved
RBV doses > 1000 mg/d. Median peak weekly PEG α-2a
dose was 180 mcg; median daily RBV dose was 800
mg.

Statistical analysis

Response rates

Statistical methods and analysis were performed
by an experienced biostatistician (John T Doucette)
from Icahn School of Medicine at Mount Sinai.
Descriptive statistics were produced for all study
variables to examine their univariate distributions.
Bivariate associations with SVR were assessed using
2
Pearson’s χ (or Fisher’s exact test, when appropriate)
for categorical factors, and t-tests for continuous
variables. All significance tests were two-sided with
a level of α = 0.05. Logistic regression models were
fitted to identify independent predictors of SVR. To
examine predictors of survival, log-rank tests were
used for bivariate associations and Cox proportional
hazards models were fitted to identify independent
predictors. For both the logistic regression and Cox
models, a modified stepwise procedure was employed
with a significance level of α = 0.05 for both entry
and removal. Candidates for the stepwise procedure
were all baseline characteristics that had a bivariate
association with each outcome at the α = 0.20 level.
Because some candidate variables had missing data,
the models selected by the stepwise procedure were
then re-fitted with each unselected candidate added
one at a time to reassess significance while allowing
inclusion of the maximum number of observations.
Although patients who achieved SVR were compared
to those who did not with respect to survival in
bivariate analysis, SVR was not a candidate predictor
for the survival models because it is not a baseline
characteristic.

The overall SVR rate was 38% (70/182 patients). SVR
stratified by HCV Gt 1, 2, 3, 4 was 29%, 67%, 86%,
and 58%, respectively. Gt4 patients showed superior
SVR (58%) compared to Gt1 patients (29%) (P =
0.05). No difference in SVR was observed between
Gt1a (24%) and Gt1b (28%) (P = 0.6), nor between
Gt2 (67%) and Gt 3 (86%) (P = 0.5).
Despite receiving lower doses from the outset, 25
(14%) patients still achieved RVR; 53 (29%) patients
were HCV RNA negative at 8 wk of anti-viral therapy;
75 (41%) patients achieved EVR. Thirty-one percent
who achieved RVR went on to attain SVR, while 69%
of those without RVR still went on to achieve SVR (P
= 0.0003). Seventy-two percent who achieved EVR
had SVR; 11% of those who did not achieve EVR went
on to SVR (P < 0.0001). Among patients who were
HCV negative at week 8, 72% went on to achieve
SVR, while only 20% who were HCV positive at week
8 achieved SVR (P < 0.0001) (Table 2). Forty-eight
percent of patients failed to achieve a 2-log decline
in serum HCV RNA between baseline and week 12 of
anti-viral treatment (classified as non-responders);
relapse and non-response rates were 20% and 41%,
respectively. SVR rates were 40%, 29%, 42% for
recipient IL28B genotype CC, CT and TT respectively,
and 36%, 37%, 33% for donor IL28B genotype CC, CT
and TT, respectively. Significantly different SVR rates
were observed between the various pairs of donor and
recipient IL28B. SVR rates were significantly higher
in the recipient-CC/donor-non CC (72%) vs other
recipient and donor combinations (41%, 43%, 24%
for recipient-CC/donor-CC, recipient-non CC/donor-CC
and recipient-non CC/donor-non CC respectively) (P =
0.007).
Factors associated with SVR and survival on univariate
analysis are summarized in Table 3. Multivariate analysis
found HCV Gt (P < 0.0001), donor age (P = 0.003),
cytomegalovirus (CMV) mismatch (P = 0.001),
baseline serum bilirubin (P = 0.002), and baseline viral
load (P = 0.04) to be independent predictors for SVR.
Pre-treatment ALP ≥150 U/L (P = 0.01), total bilirubin
≥ 1.5 (P = 0.001) and creatinine ≥ 2 mg (P = 0.001)
were independently associated with patient survival
(Table 4).
One hundred thirty-six (75%) patients were alive at
time of data censure; 24 had progressed to cirrhosis or

RESULTS
Twelve hundred forty-one patients underwent LT for
HCV during the study period, and 158 LT recipients
were treated with non-LADR protocols, either as part
of study protocols, or using non-pegylated interferon
with or without RBV prior to 2003. One hundred eighttwo patients with recurrent HCV were treated using
the LADR protocol. Patients were predominantly male
(80%), Caucasian (50%), with a median age of 52
years. One hundred forty one (77%) were infected
with HCV Gt1. HCV Gt sub-types were available in 131
patients with Gt1; Gt1a was more common than Gt1b
in our cohort (57% vs 36%). Seventy-four (75%) had
pre-treatment baseline HCV RNA > 1000000 IU/mL.
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Table 1 Baseline characteristics of the study patients n (%)
Recipient characteristics
Median age (yr)
Male gender
Ethnicity
Caucasian
Black
Hispanic
Asian
Arabic
Others
IL28B
CC
CT
TT
HCC (pre-LT)
Diabetes mellitus
CMV positivity
Duration from LT to anti-viral therapy (mo)
Median peak PEG dose (mcg/wk)
Median peak RBV daily dose (mg)
Median treatment duration (wk)
HCV genotype
1
1a
1b
Subtype not available
2
3
4
Median baseline lab values
ALT (IU)
AST (IU)
ALP (IU)
Total bilirubin (mg)
HCV RNA (IU/mL)
Hemoglobin (g/dL)
White cell count
Platelets
Creatinine
Immunosuppression at start of LADR1
Tacrolimus
Cyclosporine
Sirolimus
Mycophenolate mofetil
Prednisone
Donor characteristics
Male gender
Median age
CMV positivity
Ethnicity
White
Black
Hispanic
Asian
American indian/alaskan native
Other/unknown
Donor IL28B
CC
CT
TT

Table 2 Viral kinetics and SVR

n
182
182
182

Percentage Percentage who went on to
achieve SVR

52 ± 8.2
145 (80)

RVR
Yes
No
Week 8 negativity
Yes
No
EVR
Yes
No

91 (50)
18 (10)
52 (29)
14 (8)
6 (3)
1 (1)
122

182
182
181
182
181
181
182
182

40 (33)
51 (42)
31 (25)
75 (41)
71 (39)
126 (70)
20.5 ± 43.5
180 ± 31.6
800 ± 294
48 ± 21.5

175
177
178
182

31
69

29
71

72
20

41
59

72
11

< 0.0001

< 0.0001

SVR (%) P value

Factors associated with SVR
HCV genotype 1 vs non-1
HCV viral load < 1 million vs ≥ 1 million IU/mL
Recipient IL28B-CC vs non-CC
Paired IL28b recipient CC and donor non-CC vs
other recipient and donor combinations
Pre-treatment total bilirubin < 1.5 mg vs ≥ 1.5 mg
Pre-treatment ALP < 150 vs ≥ 150
Treatment duration ≥ 48 wk vs < 48 wk
Peak RBV dose ≥ 800 mg vs < 800 mg
Administration of MMF vs No MMF
RVR vs no RVR
EVR vs no EVR
Week 8 HCV RNA undetectable vs detectable
Donor age ≤ 40 vs > 40
Matched recipient and donor ethnicity vs
unmatched
Mismatched CMV status (D+/R-) vs other
combinations
Pre-treatment fibrosis stage 0-2 vs 3-4
Factors associated with patient survival

84 ± 128.3
80 ± 112.5
131 ± 144.3
0.9 ± 3.1
3870000 ± 23602918
13 ± 1.7
4.3 ± 1.9
123 ± 73
1.2 ± 1.3
146 (80)1
25 (14)
4 (2)
66 (36)
9 (5)

Week 8 HCV RNA undetectable vs detectable
Week 12 HCV RNA undetectable vs detectable
Pre-treatment fibrosis stage 0-2 vs 3-4
Pre-treatment ALP < 150 vs ≥ 150
Pre-treatment total bilirubin < 1.5 mg vs ≥ 1.5 mg
Pre-treatment creatinine < 2 vs ≥ 2

99 (57)
48 ± 18
117 (66)

29 vs 71 < 0.0001
54 vs 33
0.009
55 vs 34
0.03
72 vs 36
0.007
44 vs 25
0.02
44 vs 29
0.04
45 vs 27
0.02
44 vs 25
0.02
30 vs 43
0.09
34 vs 66
0.0006
85 vs 15 < 0.0001
72 vs 20 < 0.0001
58 vs 29
0.0002
46 vs 33
0.09
54 vs 35

0.04

43 vs 26
10-year
survival
(%)
71 vs 44
73 vs 44
70 vs 31
67 vs 42
62 vs 46
61 vs 0

0.08

0.003
< 0.001
0.004
< 0.001
< 0.001
< 0.001

HCV: Hepatitis C virus; ALP: Alkaline phosphatase; RBV: Ribavirin.

118 (65)
26 (14)
12 (7)
6 (3)
3 (2)
17 (9)

graft failure requiring re-LT. Among these 24 patients,
58% were non-responders, 29% relapsed and 13%
achieved SVR. Median graft survival was 91 mo. Fiveyear patient survival was superior in patients who
achieved SVR (97% vs 82%, P = 0.001) (Figure 1).
Forty-six (25%) of the patients were deceased. Among
those who died, 25 (54%) were due to liver-related
complications, and 4 deaths (9%) occurred while
receiving therapy (2 patients experienced hepatic
decompensation and 2 sepsis).
Sixty (35%) patients discontinued therapy before 48
wk. On-treatment anemia, defined as a fall in Hb > 2 g/

122
66 (54)
35 (29)
21 (17)

1

Percentages add to > 1 due to combination therapy. HCC: Hepatocellular
carcinoma; LT: Liver transplant; CMV: Cytomegalovirus; HCV: Hepatitis
C virus; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
ALP: Alkaline phosphatase; LADR: Low-accelerating-dose regimen.
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0.0003
14
86

Table 3 Univariate analysis

141 (77)
80/141 (57)
51/141 (36)
10/141 (7)
15 (8)
14 (8)
12 (7)
181
181
180
181
181
180
180
181
181
182

P value
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Table 4 Multivariate analysis
Factors associated with SVR

Comparison

Adjusted OR for SVR

2 vs 1
3 vs 1
4 vs 1
≥ 1.5 vs < 1.5
Each 10 yr
Donor +/recipient vs all others
Each 1 million

HCV genotype

Pre-treatment total bilirubin
Donor age
CMV mismatch
HCV viral load (baseline)

≥ 150 vs < 150

Pre-treatment ALP
Pre-treatment total bilirubin
Pre-treatment creatinine

≥ 1.5 vs < 1.5
≥ 2 vs < 2

P value

95%CI
Lower

Upper

11.40
43.10
10.70
0.21
0.69
4.80

2.8
6.5
2.4
0.08
0.54
1.8

47.3
286.3
48.8
0.57
0.88
12.6

< 0.0001

0.97
Adjusted HR
2.01
2.49
5.88

0.94

0.999

0.040

1.18
1.47
2.68

3.43
4.21
12.92

0.002
0.003
0.001

0.010
0.001
< 0.001

1.0

1.0

0.8

0.8
Survival probability

Survival probability

CMV: Cytomegalovirus; HCV: Hepatitis C virus; ALP: Alkaline phosphatase.

0.6

0.4

0.2

0.6

0.4

0.2

No SVR
SVR

0.0

Stage 0-2
Stage 3-4

0.0
0

2

4
6
8
Follow-up time (yr)

10

12

0

2

4
6
8
Follow-up time (yr)

10

12

Figure 1 Association of patient survival and achieving SVR. Five-year
patient survival was superior in patients who achieved SVR (97% vs 82%, P =
0.001). Blue curve: Patients who did not achieve SVR; Red curve: Patients who
achieved SVR.

Figure 2 Association of patient survival and baseline fibrosis. Fiveyear patient survival was superior in patients with low baseline fibrosis stage
(P = 0.004). Blue curve: Patients with low baseline fibrosis stage; Red curve:
Patients with moderate to advanced baseline fibrosis stage.

dL from baseline or Hb < 10 g/dL, occurred in 123 (69%).
Leukopenia, defined as WBC < 1500, occurred in 18
(10%). EPO, G-CSF and blood transfusion were needed
in 89%, 40% and 23% of patients, respectively.
Development of anemia and leukopenia were not
significantly associated with SVR or patient survival.
Thirty-one percent were given anti-depressants due
to clinically significant PEG α-2a-induced depression.
The overall hospitalization rate for treatment-related
serious adverse events was 21%. Fifteen percent of
patients required two or more hospitalizations. The
three most common reasons for hospitalization were
anemia, pulmonary complications and infection.

Univariate analysis showed baseline fibrosis stage was
significantly associated with survival (P = 0.004) (Figure
2); a trend to significance was observed between
baseline fibrosis and SVR (P = 0.08). Baseline fibrosis
was not significantly associated with SVR and survival
on multivariate analysis. Fibrosis was observed to
progress despite anti-viral therapy, while no change was
seen in necroinflammatory grade, steatosis grade and
stage (Table 5). Change in fibrosis stage after anti-viral
therapy was not associated with SVR (P = 0.08) (Table
6). Fifty-nine patients had histology proven rejection
in pre-, on-, and post-treatment biopsies (Table 7).
PCH occurred in 30 patients. No association was found
between paired donor and recipient IL28B status on
development of on-treatment ACR, inflammation grade
(HAI score), and fibrosis stage in the pre-treatment
liver biopsies. Seven patients had FCH prior to anti-viral
therapy. Among these difficult-to-treat FCH patients,
three achieved SVR, one relapsed and three were nonresponders. Three FCH patients died but four were still
alive at time of data censure. All three FCH patients who

Histology

One hundred fifty-three (84%) patients had a liver
biopsy prior to HCV therapy. Among the 182 patients
included in this study, 153 pre-treatment, 90 ontreatment and 89 post-treatment liver specimens
were available for review. Seventy-six paired pre- and
post-treatment biopsies were available for analysis.
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treatment of recurrent HCV in LT recipients utilizing
a uniform LADR protocol of PEG α-2a and RBV. The
LADR approach achieved 38% SVR. We included
patients with FCH in our analysis, which may account
for the lower SVR compared to other studies which
[28]
excluded these difficult-to-treat patients . Five-year
patient survival was superior in patients who achieved
SVR (97% vs 82%, P = 0.001. We found HCV RNA
negativity at week 8 more predictive than RVR for
achieving SVR. One explanation for this observation is
the lower starting doses of PEG α-2a and RBV utilized
in the LADR approach which resulted in a longer time
to achieve HCV RNA negativity. RVR and EVR data
from the current study may help guide therapy for
other PEG α-2a and RBV-containing regimens used in
the post-LT setting. Despite the LADR approach, treat
ment discontinuation occurred in 35%, and anemia
remained a significant problem (69%) with up to 89%
of patients requiring EPO and 23% requiring blood
transfusion. Our data suggest that initiating antiviral
therapy in patients with less fibrosis, as well as in the
setting of a creatinine < 2.0 appears warranted. Thus,
even with the new all oral antiviral regimens, starting
HCV treatment earlier before more advanced fibrosis
or renal dysfunction develops may be beneficial. It
also appears reasonable to initiate HCV therapy earlier
in patients receiving an older donor liver, as both their
survival and chance of SVR were appreciably lower in
the current study.
The advent of potent DAAs has added further
complexity to the management of this post-LT popu
[7,8,29,30]
lation. Recently published multi-center studies
involving treatment of recurrent HCV with telaprevir
or boceprevir achieved an overall SVR of 50%-63%.
The improved SVR however was counterbalanced
against reduced patient tolerability, increased rates
of treatment discontinuation and potential adverse
events including risk of death, significant drug-drug
[31-33]
interactions
, cost, and access to therapy. Coilly
[8]
et al observed a 43% treatment discontinuation
rate, anemia in 92% of patients with 35% requiring
red blood cell transfusions, and treatment-related
[29]
mortality of 8%. Burton et al
found that 57% of
patients required blood transfusions during the first
16 wk of therapy, 27% required hospitalization and
there was 9% mortality. These observations may have
implications on future therapies, underscoring the fact
that adopting a LADR approach in combination with
DAA therapy in LT recipients may be a useful strategy
to mitigate anti-viral therapy-associated adverse
events and reduce early treatment discontinuation.
Whether a 12%-25% increase in SVR with DAA triple
therapy compared to conventional therapy with PEG
and RBV in post-LT patients justifies the cost, adverse
events and potential life threatening consequences is
debatable. The lower treatment-related mortality rate
associated with LADR may influence some transplant
physicians to pursue this treatment strategy until more

Table 5 Histological characteristics (76 patients) n (%)
P

Pre-anti viral
treatment

Post-anti viral
treatment

65 (86)
11 (14)

41 (54)
35 (46)

< 0.001

51 (67)
25 (33)

46 (61)
30 (39)

0.33

69 (88)
9 (12)

73 (94)
5 (6)

0.29

69 (92)
6 (8)

71 (95)
4 (5)

0.73

72 (96)
3 (4)

73 (97)
2 (3)

1.00

Fibrosis stage (n = 76)
(based on the Scheuer scheme)
Stage 0-2
Stage 3-4
Grade (n = 76)
Grade 0-2
Grade 3-4
Degree of steatosis
(brunt classification) (n = 78)
Score 0-1
Score 2-3
Steatohepatitis grade (n = 75)
Grade 0
Grade 1-2
Steatohepatitis stage (n = 75)
Stage 0-1
Stage 2-4

value

Table 6 Change in fibrosis stage after anti-viral treatment (76
cases) n (%)
Fibrosis
Progressed
one stage
two stages
≥ three stages
Unchanged
Improved

SVR (n =32)
P = 0.08

Survived (n =60)
P = 0.03

17 (53)
5 (16)
1 (3)
5 (16)
4 (12)

27 (45)
9 (15)
2 (4)
17 (28)
5 (8)

32 (42)
10 (13)
5 (7)
23 (30)
6 (8)

Table 7 Frequency of rejection, plasma cell hepatitis and
fibrosing cholestatic hepatitis n (%)

Rejection
ACR
CDR
Plasma cell hepatitis
Fibrosing cholestatic
hepatitis

Pre-anti viral
treatment
n = 153

On-anti viral
treatment
n =90

Post-anti viral
treatment
n = 89

39 (25)
39 (25)
0
7 (5)
7 (5)

12 (13)1
10 (11)
5 (6)
11 (12)
5 (6)

8 (9)
7 (8)
1 (1)
12 (13)
1 (1)

1

Three cases developed acute cellular rejection (ACR) and CDR in different
on-anti viral treatment biopsies.

achieved SVR were still alive.

DISCUSSION
Treatment of recurrent HCV in LT recipients remains
challenging. SVR rates from published studies using
interferon and RBV based therapies range from 8%
[15-18]
to 48%
. These studies are limited by small
sample size, and significant heterogeneity in study
design, time from LT to start of antiviral treatment and
degree of fibrosis at baseline. Our study represents
the largest single center experience to date in the
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effective, safer and shorter duration therapies emerge.
Although early data from interferon-free regimens
in the post-LT setting appear promising, longer-term
relapse rates and the incidence of viral resistance
remain unknown. With the current and projected
financial burden of approved and evolving DAA,
these interferon-free regimens may remain out of
reach to individuals in some geographic areas. The
administration of first generation DAA in conjunction
with PEG and RBV may be the best available therapy
in some patients, and the use of PEG α-2a and RBV
with newer DAA may still be warranted in patients
failing all-oral therapy. Anemia remains an issue in the
treated patients, mostly ascribable to RBV-its dosing
could not be optimized in the majority of our patients.
Use of a LADR protocol may be more appropriate when
using the first generation DAA because of the anemia,
rather than starting with standard doses of PEG α-2a
and RBV. Based on the current study’s data, a LADR
protocol could also be considered in conjunction with
newer DAAs, possibly for harder to treat Gt3 patients.
To date, few studies on recurrent HCV have disting
uished Gt 1a and 1b frequency and outcomes. We
observed a greater proportion of subtype 1a compared
to 1b (61% vs 39%), with similar SVR rates (24% vs
28%). Our analysis demonstrated 71% SVR in liver
recipients with HCV Gt 2-4, and 86% SVR Gt 3. The
better-than-expected SVR in LT recipients with Gt3
warrants further study to confirm if longer courses of
therapy are indeed needed and if PEG alpha-2a will
remain necessary in the treatment regimen for Gt3
recurrent HCV with the availability of all-oral regimens.
There is a paucity of data on antiviral therapy in Gt4
liver recipients; the current study shows appreciable
therapeutic efficacy in this group.
A unique strength of this study was the employment
of a novel technique to ascertain both donor and
recipient IL28B (rs12979860) Gt data using archival
FFPE tissue from donor gallbladders and explanted
native livers. Adequate amounts of DNA were obtained
in all patients. This enabled us to obtain 122-paired
donor and recipient IL28B Gt data for analysis.
Previously published studies show inconsistent
associations between recipient, donor and paired
donor/recipient IL28B genotype with HCV recurrence
[34-37]
and SVR in transplant recipients
. We observed the
highest SVR rates (72%) in the recipient CC/donornon CC pairs; while donor CC was associated with
41%-43% SVR and recipient-non CC/donor-non CC
pairs were associated with the poorest SVR rates of
24%. The significance of donor and recipient IL28B
needs to be re-evaluated with the advent of DAA and
interferon-free regimens.
This study undertook a comprehensive review of
liver biopsies performed prospectively in a blinded
fashion by a single hepatopathologist in pre-, onand post-treatment liver biopsies. Our analyses of
paired pre- and post-treatment liver histology showed
no significant change in necroinflammatory scores
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but did show progression of fibrosis. Liver fibrosis
progressed in 72% of patients despite achieving SVR.
We found that baseline fibrosis was not significantly
associated with SVR but was with overall survival.
This is in contrast to a previous study of two noncontemporaneous cohorts which showed that baseline
[28]
fibrosis was significantly associated with SVR . All
patients in our study who were cirrhotic at baseline
did not achieve SVR. This is an important reminder to
LT physicians in order to still aggressively treat other
potential causes of liver fibrosis-namely NASH. The
search for potent anti-fibrotic agents is still warranted
and represents a clinical need in the post-LT setting.
The number of patients with plasma cell hepatitis (PCH)
doubled during and after therapy; longer term follow
up of these patients is necessary in order to ascertain
if their ultimate survival was negatively impacted and
[38]
whether they had fibrosis progression . Only 13%
of patients achieving SVR died during the follow up
period, underscoring the benefits of successful antiviral
therapy in this population.

Limitations

The retrospective nature of this study resulted in
some unavailable data at selected time points. We
were not able to accurately ascertain the number
of patients who required dose reductions of PEG
α-2a and RBV. Some pre- and post-treatment liver
biopsies were unavailable to assess post-treatment
necroinflammatory and fibrosis scores. The decision to
treat recurrent HCV was based on the hepatologist’s
discretion and not fibrosis stage; however this
treatment algorithm is employed in large transplant
programs in the US and thus is reflective of current
practice.
In conclusion, this single-center study is the
largest to date that examines the utility of a LADR
protocol in the treatment of recurrent HCV in liver
transplant recipients. We have shown that utilizing
a LADR strategy achieved an overall SVR of 38%.
Patients with GT 2, 3, and 4 had excellent SVR rates,
suggesting that this regimen may still be an option for
such patients failing all-oral antiviral therapy, especially
when using the newer DAA as part of a LADR strategy.
Major strengths of this study were the extensive review
of pre-treatment and post-treatment liver histology
and the utility of a novel method of obtaining IL28B
genotype data from donor gallbladder. Our analysis
suggests that baseline fibrosis was not associated
with improved SVR, although patients having more
advanced fibrosis had decreased overall survival.
This makes the case for treatment of recurrent HCV
at all stages of fibrosis, but especially earlier after LT
before fibrosis has progressed and appreciable renal
dysfunction (often with accompanying anemia) have
developed. Healthcare reimbursement systems in
some countries may limit the availability of DAAs. Until
interferon-free HCV regimens are more extensively
studied in liver recipients and become more affordable
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and widely available, PEG α-2a and RBV will continue
to have a role in the armamentarium used to treat
recurrent HCV, especially in resource-limited regions
around the world.

5
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Background

Post-LT treatment of recurrent hepatitis C virus (HCV) with PEG-based
regimens is challenging, labor intensive, and carries sub-optimal SVR rates,
and poor patient tolerability. Emerging data using interferon-free DAA regimens
have shown improved response rates and tolerability. However, interferoncontaining regimens may still be needed in post-LT patients when access to
DAAs is limited due to financial and resource constraints.
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Research frontiers

The low-accelerating-dose regimen has proven to be an effective therapeutic
strategy in treatment of HCV in cirrhotic patients. The utility of low-acceleratingdose regimen in the largest post-LT cohort in a single center is described
herein.
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Innovations and breakthroughs

Comprehensive review of pre-, on- and post-treatment liver histology was
undertaken and provides insights in treatment-related changes in liver histology.
Novel techniques were employed to ascertain recipient and donor IL28B
genotype using archival FFPE tissue from explanted native livers and donor
gallbladders.
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Applications

The study results suggest that the low-accelerating-dose regimen can be
successfully employed as a treatment strategy for liver transplant recipients
with recurrent HCV.

Terminology

The low-accelerating-dose regimen involves commencing patients on 90 mcg
PEG α-2a weekly and RBV 7 mg/kg daily in 2 divided doses (50% of optimal
dose). Doses were increased at week 4 to PEG α-2a 135 mcg weekly and RBV
10 mg/kg daily thereafter doses were PEG α-2a 180 mcg weekly and RBV 14
mg/kg daily from week 8 onwards if tolerated, for a total of 48 wk regardless of
HCV genotype.
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This retrospective study highlights the utility of the low-accelerating-dose
regimen of pegylated alpha-interferon α-2-a and RBV in patients with recurrent
HCV infection following liver transplantation. This is the largest reported
single-center experience to date. This is an important paper highlighting that
interferon-based regimens remain relevant in the era of DAA regimens where
access to these costly drugs is limited.
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Abstract
AIM: To distinguish upper from lower gastrointestinal
(GI) bleeding.
METHODS: Patient records between April 2011 and
March 2014 were analyzed retrospectively (3296
upper endoscopy, and 1520 colonoscopy). Seventysix patients had upper GI bleeding (Upper group) and
65 had lower GI bleeding (Lower group). Variables
were compared between the groups using one-way
analysis of variance. Logistic regression was performed
to identify variables significantly associated with the
diagnosis of upper vs lower GI bleeding. Receiveroperator characteristic (ROC) analysis was performed
to determine the threshold value that could distinguish
upper from lower GI bleeding.
RESULTS: Hemoglobin (P = 0.023), total protein (P
= 0.0002), and lactate dehydrogenase (P = 0.009)
were significantly lower in the Upper group than in the
Lower group. Blood urea nitrogen (BUN) was higher in
the Upper group than in the Lower group (P = 0.0065).
Logistic regression analysis revealed that BUN was
most strongly associated with the diagnosis of upper vs
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lower GI bleeding. ROC analysis revealed a threshold
BUN value of 21.0 mg/dL, with a specificity of 93.0%.

readily apparent. Patients presenting with melena
(tarry stools) likely have upper GI bleeding, while
[14]
hematochezia suggests lower GI bleeding . When
patients do not display hematemesis, melena, or
hematochezia, it is difficult to diagnose upper vs lower
GI bleeding.
Blood testing is recommended before upper GI
endoscopy or colonoscopy is performed because of
[15]
its low cost and few complications . Therefore, we
sought to identify blood test parameters that could be
useful in predicting upper vs lower GI bleeding.

CONCLUSION: The threshold BUN value for distinguishing
upper from lower GI bleeding was 21.0 mg/dL.
Key words: Logistic regression analysis; Likelihood
analysis; Receiver-operator characteristic analysis;
Blood urine nitrogen; Hemoglobin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Differentiation of upper vs lower gastrointestinal
(GI) bleeding is crucial. Laboratory test variables were
investigated for their ability to distinguish upper from
lower GI bleeding from retrospective analysis. Total
protein, hemoglobin, and lactate dehydrogenase were
lower and blood urea nitrogen (BUN) was higher in
patients with upper GI bleeding. The threshold BUN
value for distinguishing upper from lower GI bleeding
was 21.0 mg/dL, with a specificity of 93.0%.

MATERIALS AND METHODS
Patients

Patient records between April 2011 and March 2014
were analyzed retrospectively. During this time,
3296 patients underwent upper endoscopy and 1520
underwent colonoscopy. The group with upper GI
bleeding (Upper group) comprised 50 male (69.2
± 13.2 years) and 26 female (72.3 ± 10.2 years)
patients. The group with lower GI bleeding (Lower
group) comprised 35 male (69.4 ± 12.7 years) and
30 female (73.9 ± 10.4 years) patients. The diseases
that caused upper GI bleeding are listed in Table
1. Bleeding from a gastric or duodenal ulcer was
restricted to a spurting vessel (1a), an oozing vessel
(1b), a visible vessel (2a), or a clot (2b), according
[16]
to the Forrest classification system . Diseases
that caused lower GI bleeding are listed in Table 2.
Laboratory test parameters were the focus of the
present study. Clinical comments are not presented.
Our study was reviewed and approved by the National
Hospital Organization Shimoshizu Hospital Ethics
Committee and was not designated as a clinical trial
because it was performed as part of routine clinical
practice. Patient anonymity was maintained. All study
participants, or their legal guardian, provided informed
written consent prior to study enrollment.

Tomizawa M, Shinozaki F, Hasegawa R, Shirai Y, Motoyoshi Y,
Sugiyama T, Yamamoto S, Ishige N. Laboratory test variables
useful for distinguishing upper from lower gastrointestinal
bleeding. World J Gastroenterol 2015; 21(20): 6246-6251
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6246.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6246

INTRODUCTION
Upper gastrointestinal (GI) bleeding is defined as
bleeding that occurs proximal to the Treitz ligament,
and lower GI bleeding occurs distal to the Treitz
ligament. Causes of upper GI bleeding include gastric
[1]
ulcers, duodenal ulcers, and gastric cancer . Causes of
lower GI bleeding include diverticula, angiodysplasia,
[2]
and colorectal cancer . The mortality rate of upper
[3,4]
GI bleeding ranges from 3.5% to 7.4%
and that of
[5,6]
lower GI bleeding is 1.9% . Lower GI bleeding is less
[7]
severe than upper GI bleeding . Upper GI bleeding is
diagnosed and treated with endoscopy, using methods
[8]
such as clipping and bipolar electrocoagulation .
When patients do not respond to these therapies,
[9,10]
arteriography with embolization is performed
.
[7]
Lower GI bleeding ceases spontaneously , although
8%-37% of patients with lower GI bleeding are
treated endoscopically with methods such as bipolar
[11]
electrocoagulation and argon-plasma coagulation .
The mortality rate is 40% for patients with GI
[12]
bleeding who are hemodynamically unstable . An
accurate diagnosis of upper or lower GI bleeding
is important because early endoscopy significantly
[13]
reduces mortality . When patients present with
hematemesis, the diagnosis of upper GI bleeding is

WJG|www.wjgnet.com

Upper GI endoscopy and colonoscopy

Patients received upper GI endoscopy for screening,
examination of abdominal symptoms, or anemia. The
endoscopic devices used were the GIF-N260H, GIFXP260NS, GIF-PG260, GIF-XQ260, and GIF-Q260
(Olympus, Tokyo, Japan). Colonoscopy was performed
in patients with abdominal symptoms, anemia, or
a positive fecal occult blood test, or for screening
purposes. The devices used were the CF-Q260 and
PCF-Q260AI (Olympus).

Blood test variables

The blood test variables analyzed were white blood cell
(WBC) count, hemoglobin, C-reactive protein (CRP),
platelet count, total protein (TP), albumin, total bilirubin,
alkaline phosphatase, aspartate aminotransferase,
alanine aminotransferase, γ-glutamyl transpeptidase,
lactate dehydrogenase (LDH), uric acid, blood urea

6247

May 28, 2015|Volume 21|Issue 20|

Tomizawa M et al . Upper vs lower GI bleeding
Table 3 Comparison of variables between patients with upper
and lower gastrointestinal bleeding

Table 1 Diseases that caused upper gastrointestinal bleeding
Diseases

No. of patients

Gastric ulcer
Gastric cancer
Duodenal ulcer
Acute gastric mucosal lesion
Esophageal ulcer
Esophageal varix
Esophagitis
Gastric invasion of pancreatic cancer
Total

Characteristics

31
28
7
4
2
2
1
1
76

Age (yr)
WBC count (102/µL)
Hb (g/dL)
CRP (mg/dL)
Plt (104/µL)
TP (g/dL)
Alb (g/dL)
T-Bil (mg/dL)
ALP (IU/L)
AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)
LDH (IU/L)
UA (mg/dL)
BUN (mg/dL)
Cre (mg/dL)
T-Chol (mg/dL)
TG (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
BS (mg/dL)
HbA1c (%)
BMI
CEA (ng/mL)
CA19-9 (U/mL)

Table 2 Diseases that caused lower gastrointestinal bleeding
Diseases

No. of patients

Colorectal cancer
Ulcerative colitis
Colitis
Ulcer
Diverticulum
Hemorrhoid
Proctitis
Unknown
Total

47
6
4
4
1
1
1
1
65

nitrogen (BUN), creatinine, total cholesterol, triglycerides,
high-density lipoprotein cholesterol, low-density lipo
protein cholesterol, blood glucose, hemoglobin A1c,
body mass index, carcinoembryonic antigen, and carbo
hydrate antigen 19-9.

70.4 ± 12.3
8.792 ± 11.751
10.1 ± 3.2
1.4 ± 1.5
27.4 ± 11.2
6.0 ± 0.85
3.4 ± 0.6
0.69 ± 0.57
236 ± 138
25.3 ± 20.7
20.2 ± 18.2
56.3 ± 88.1
189.2 ± 51.7
5.3 ± 2.0
21.1 ± 15.8
0.93 ± 0.35
158.4 ± 45.8
100.7 ± 49.6
45.4 ± 10.0
90.6 ± 32.2
132.8 ± 57.5
5.8 ± 0.8
21.6 ± 4.2
13.6 ± 25.9
784 ± 3.017

Lower group

P value

71.5 ± 11.9
7.033 ± 3.438
11.3 ± 2.6
2.0 ± 4.0
26.5 ± 11.1
6.7 ± 0.8
3.5 ± 0.9
0.70 ± 0.38
306 ± 218
22.3 ± 10.0
16.9 ± 10.9
32.1 ± 20.8
243.7 ± 114.3
5.8 ± 1.5
14.1 ± 5.5
0.84 ± 0.25
175.4 ± 41.9
127.0 ± 79.7
55.7 ± 18.2
116.9 ± 40.7
117 ± 26.9
6.6 ± 0.7
21.4 ± 3.4
217.5 ± 753.5
159.9 ± 450.5

0.6016
0.2773
0.0230
0.3220
0.6633
0.0002
0.5958
0.9236
0.2074
0.3515
0.2422
0.319
0.009
0.3541
0.0065
0.1153
0.1966
0.4095
0.1404
0.1094
0.1979
0.0379
0.9126
0.2884
0.3429

Plt: Platelet; TP: Total protein; Alb: Albumin; T-Bil: Total bilirubin;
ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; BG: Blood glucose; BMI: Body mass index;
BUN: Blood urea nitrogen; CA19-9: Carbohydrate antigen 19-9; CEA:
Carcinoembryonic antigen; Cre: Creatinine; CRP: C-reactive protein;
γ-GTP: γ-glutamyl transpeptidase; Hb: Hemoglobin; HbA1c: Hemoglobin
A1c; HDL: High-density lipoprotein cholesterol; LDH: Lactate
dehydrogenase; LDL: Low-density lipoprotein cholesterol; T-Chol: Total
cholesterol; TG: Triglyceride; UA: Uric acid; WBC: White blood cell count.

Statistical analysis

One-way analysis of variance (ANOVA) was performed
to reveal differences in the variables between the
Upper and Lower groups. Fisher’s exact test was used
to compare the percentage of patients with cancer
in the Upper and Lower groups. Logistic regression
analysis was performed to reveal variables that were
significantly associated with the diagnosis of upper
vs lower GI bleeding. Receiver-operator characteristic
(ROC) analysis was applied to determine the threshold
value that can differentiate between upper and lower
GI bleeding. P < 0.05 was used to indicate statistical
significance. JMP version 10.0.2 (SAS Institute, Cary,
NC, United States) was used for statistical analyses.
The statistical methods of this study were reviewed by
Yasufumi Motoyoshi from National Hospital Organization
Shimoshizu Hospital.

Consequently, further analyses focused on these four
variables.
To clarify the strength of the association between
the difference in the blood test parameters and
diagnosis of upper vs lower GI bleeding, logistic
regression analysis was performed (Table 4). BUN
2
had the largest χ value and the smallest P value,
suggesting that BUN was the variable most strongly
associated with the diagnosis of upper vs lower GI
bleeding.
A likelihood analysis was performed to confirm
that BUN had the strongest association with the
differentiation between upper and lower GI bleeding
(Table 5). BUN was the only variable that had P < 0.05.
These data suggest that BUN was the most useful
parameter to distinguish upper from lower GI bleeding.
Threshold values are useful to diagnose upper
vs lower GI bleeding using blood test parameters.
Therefore, ROC analysis was performed to determine
the threshold values (Figure 1). The area under the
ROC curve (AUC) seemed relatively large for TP and
LDH.
The AUC, threshold value, and sensitivity and
specificity at the threshold value were calculated
and are displayed in Table 6. The sensitivity of each

RESULTS
To reveal differences in variables between the Upper
and Lower groups, ANOVA was performed (Table 3).
Hemoglobin (P = 0.023), TP (P = 0.0002), and LDH
(P = 0.009) were significantly lower in the Upper
group than in the Lower group. BUN was significantly
higher in the Upper group than in the Lower group (P
= 0.0065). Thus, hemoglobin, TP, LDH, and BUN were
useful in the diagnosis of upper vs lower GI bleeding.
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Table 4 Results of logistic regression analysis

Hb
TP
LDH
BUN

Table 5 Results of the likelihood ratio test

χ2

Odds

Odds (95%CI)

P value

0.04
1.03
1.05
2.38

1.045994
2.221154
1.015110
0.879782

0.669624-1.717491
0.514904-13.65946
0.987842-1.049002
0.697744-0.980732

0.8446
0.3100
0.3057
0.1232

Likelihood χ
Hb
TP
LDH
BUN

2

P value

0.03883460
1.12378238
1.13905685
6.62036996

0.8438
0.2891
0.2859
0.0101

Hb: Hemoglobin; TP: Total protein; LDH: Lactate dehydrogenase; BUN:
Blood urea nitrogen.

A

B

1.0

0.8

0.6

0.6

0.4

0.2

0

0.4

0.2

0

0.2

0.4
0.6
1-specificity

0.8

0

1.0

D

1.0

0.8

0.6

0.6

0.4

0.2

0

0

0.2

0.4
0.6
1-specificity

0.8

1.0

0

0.2

0.4
0.6
1-specificity

0.8

1.0

1.0

0.8

Sensitivity

Sensitivity

C

1.0

0.8

Sensitivity

Sensitivity

Hb: Hemoglobin; TP: Total protein; LDH: Lactate dehydrogenase; BUN:
Blood urea nitrogen.

0.4

0.2

0

0.2

0.4
0.6
1-specificity

0.8

0

1.0

Figure 1 Receiver-operator characteristic analysis. Receiver-operator characteristic analysis was performed to determine the threshold value of hemoglobin (A),
total protein (B), lactate dehydrogenase (C), and blood urea nitrogen (D) that could differentiate between upper and lower gastrointestinal bleeding. Solid straight line:
a line with a slope of 45° used to calculate the threshold by JMP10.0.2 software, dashed line: reference line.

variable was relatively low. The specificity of BUN was
93.0% at the threshold value of 21.0 mg/dL.
Logistic regression and likelihood analyses
revealed that BUN had the strongest association with
the diagnosis of upper vs lower GI bleeding. Thus,
we conclude that BUN was the most useful variable
for diagnosing upper vs lower GI bleeding, and the
threshold value was 21.0 mg/dL, with a specificity of
93.0%.

BUN increases following massive upper GI bleeding.
The ratio of BUN to creatinine has been used to predict
upper GI bleeding. A BUN/creatinine ratio > 30 and
hemoglobin level < 8.0 g/dL indicate severe upper GI
[18]
bleeding . A BUN/creatinine ratio > 36 distinguishes
[19]
[20]
upper from lower GI bleeding . Al-Naamani et al
reported that BUN alone predicts the severity of upper
GI bleeding. All the above-mentioned reports focus
on upper GI bleeding. There are no reports on using
BUN alone to differentiate between upper and lower
GI bleeding. In our study, BUN was able to distinguish
upper from lower GI bleeding. This may be explained
by blood from upper GI bleeding being digested in the
intestine, thereby increasing BUN, with blood in the

DISCUSSION
BUN increases after ingestion of a large amount of
[17]
protein or blood . Thus, it is reasonable to expect that
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Table 6 Results of receiver-operator characteristic analysis
AUC
Hb
TP
LDH
BUN

0.61894
0.71197
0.71515
0.61459

Threshold value
8.7 (g/dL)
6.3 (g/dL)
191 (IU/L)
21 (mg/dL)

Sensitivity

Specificity

42.7%
62.8%
64.4%
36.4%

80.7%
81.3%
77.32%
93.0%

When patients present with hematemesis, the diagnosis of upper GI bleeding
is readily apparent. Patients presenting with melena (tarry stools) likely have
upper GI bleeding, while hematochezia suggests lower GI bleeding. When
patients do not display hematemesis, melena, or hematochezia, it is difficult to
diagnose upper vs lower GI bleeding.

Innovations and breakthroughs

Laboratory test variables were investigated for their ability to distinguish upper
from lower GI bleeding. Hemoglobin (P = 0.023), total protein (P = 0.0002),
and lactate dehydrogenase (P = 0.009) were significantly lower in patients
with upper GI bleeding than those with lower. Blood urea nitrogen (BUN) was
higher in patients with upper GI bleeding than those with in lower GI bleeding
(P = 0.0065). Logistic regression analysis revealed that BUN was most strongly
associated with the diagnosis of upper vs lower GI bleeding. Receiver-operator
characteristics analysis revealed a threshold BUN value of 21.0 mg/dL, with a
specificity of 93.0%.

Hb: Hemoglobin; TP: Total protein; LDH: Lactate dehydrogenase; BUN:
Blood urea nitrogen.

colon or rectum due to lower GI bleeding not being
[17]
digested .
In our study, the threshold value of BUN that
distinguished upper from lower GI bleeding was 21.0
mg/dL. The sensitivity of the value was low. It is
speculated that patients with BUN < 21.0 mg/dL were
those with less severe upper GI bleeding or lower GI
bleeding. Patients with severe upper GI bleeding had
BUN > 21.0 mg/dL. BUN did not increase in patients
with lower GI bleeding. Therefore, BUN > 21.0 mg/dL
might be specific to patients with upper GI bleeding.
When BUN is > 21.0 mg/dL, a clinician would predict
upper GI bleeding with sensitivity of 36.4% and
specificity of 93.0%. One limitation of the present
study was that differentiation would be hard between
upper and lower GI bleeding when BUN was < 21.0
mg/dL.
The present study found that hemoglobin, TP, and
LDH were lower in patients with upper GI bleeding.
Upper GI bleeding is more severe than lower GI
[7]
bleeding . Hemoglobin clearly decreases in patients
[21]
with upper GI bleeding . These facts indicate that
lower hemoglobin indicates hemodynamic instability.
It is reasonable to expect therefore that hemoglobin
would be lower in such patients. The reasons for
TP and LDH being lower in patients with upper GI
bleeding are not clear.
The present study mainly consisted of nonvariceal
bleeding, although it included two patients with variceal
bleeding. Upper GI bleeding is mainly seen in patients
[22]
with nonvariceal bleeding . It is recommended
that variceal or nonvariceal bleeding be considered
regarding management of upper GI bleeding because
management of variceal or nonvariceal bleeding is
[8,23]
different
.
In conclusion, TP, hemoglobin and LDH were
lower, and BUN was higher in patients with upper GI
bleeding. The threshold BUN value to distinguish upper
from lower GI bleeding was 21.0 mg/dL.

Applications

The threshold BUN value for distinguishing upper from lower GI bleeding was
21.0 mg/dL, with a sensitivity of 36.4% and a specificity of 93.0%.

Peer-review

It was a good idea to differentiate upper or lower GI bleeding with laboratory
test variables. It seemed difficult to differentiate upper or lower GI bleeding
when BUN < 21.0 mg/dL. Hb was lower in upper GI than lower. The lower
Hb indicated severe bleeding, not the site of bleeding. Upper GI bleeding is
mainly consisted of non-variceal bleeding. It would be recommended that
variceal or non-varicela be considered regarding management of upper GI
bleeding because management of variceal or non-variceal bleeding is different.
Sensitivity of BUN was low to differentiate upper and lower GI bleeding.
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AIM: To elucidate the role of contrast-enhanced
endoscopic ultrasonography (CE-EUS) in the diagnosis
of branch duct intraductal papillary mucinous neoplasm
(BD-IPMN).
METHODS: A total of 50 patients diagnosed with BDIPMN by computed tomography (CT) and endoscopic
ultrasonography (EUS) at our institute were included in
this study. CE-EUS was performed when mural lesions
were detected by EUS. The diagnostic accuracy for
identifying mural nodules (MNs) was evaluated by CT,
EUS, and EUS combined with CE-EUS. In the patients
who underwent resection, the accuracy of measuring
MN height with each imaging modality was compared.
The cut-off values to diagnose malignant BD-IPMNs
based on MN height for each imaging modality were
determined using receiver operating characteristic
curve analysis.
RESULTS: Fifteen patients were diagnosed with
BD-IPMN with MNs and underwent resection. The
remaining 35 patients were diagnosed with BD-IPMN
without MNs and underwent follow-up monitoring.
The pathological findings revealed 14 cases with MNs
and one case without. The accuracy for diagnosing
MNs was 92% using CT and 72% using EUS; the
diagnostic accuracy increased to 98% when EUS and
CE-EUS were combined. The accuracy for measuring
MN height significantly improved when using CE-EUS
compared with using CT or EUS (median measurement
error value, CT: 3.3 mm vs CE-EUS: 0.6 mm, P < 0.05;
EUS: 2.1 mm vs CE-EUS: 0.6 mm, P < 0.01). A cut-off
value of 8.8 mm for MN height as measured by CE-EUS
improved the accuracy of diagnosing malignant BDIPMN to 93%.
CONCLUSION: Using CE-EUS to measure MN height
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provides a highly accurate method for differentiating
benign from malignant BD-IPMN.

included in the factors used to determine resection,
superior criteria for BD-IPMN resection might be
created. Therefore, in pre-surgical examinations of
BD-IPMN, the identification of MNs as well as accurate
measurements of MN height is important.
Recently, many reports have noted the effectiveness
of contrast-enhanced EUS (CE-EUS) in the diagnosis of
[14-17]
pancreatic tumors
. With regard to BD-IPMN, it has
been reported that CE-EUS is effective at differentiating
[18,19]
MNs from mucinous clots
. Furthermore, CE-EUS
is effective at identifying the mucosal fluid attached to
MNs, thus enabling more accurate measurements of
MN height than when using EUS alone. However, to
the best of our knowledge, no study has determined
the ability of CE-EUS to accurately measure MN height.
Therefore, in this study, the utility of CE-EUS
to accurately evaluate the presence and height of
MNs was determined. The purpose of this study was
to elucidate the role of CE-EUS in the differential
diagnosis of benign and malignant BD-IPMN.

Key words: Contrast-enhanced endoscopic ultra
sonography; Endoscopic ultrasonography; Computed
tomography; Branch duct intraductal papillary mucinous
neoplasm; Mural nodules
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Both the presence and the height of mural
nodules (MNs) are important for differentiating benign
from malignant branch duct intraductal papillary
mucinous neoplasm (BD-IPMN). However, no studies
have determined the ability of contrast-enhanced
endoscopic ultrasonography (CE-EUS) to accurately
measure MN height. In this study, we demonstrated
that CE-EUS is the optimal imaging modality for
measuring MN height. Using CE-EUS to measure
MN height improved the accuracy of the differential
diagnosis of benign vs malignant BD-IPMN, therefore
enabling patients to avoid unnecessary surgery.

MATERIALS AND METHODS
Study design

Harima H, Kaino S, Shinoda S, Kawano M, Suenaga S, Sakaida
I. Differential diagnosis of benign and malignant branch duct
intraductal papillary mucinous neoplasm using contrast-enhanced
endoscopic ultrasonography. World J Gastroenterol 2015;
21(20): 6252-6260 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i20/6252.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6252

This study was approved by the Institutional Review
Board of Yamaguchi University Graduate School of
Medicine. The clinical records, EUS images, radiologic
data, pathology, and surgical reports in this study were
all reviewed retrospectively.

Patients

A total of 50 patients diagnosed with BD-IPMN by
CT and EUS at our institute between April 2009 and
March 2014 were included in this study. Of these, 15
patients diagnosed with MNs underwent resection, and
35 patients diagnosed without MNs were monitored
during follow-up. However, two of the 35 patients
underwent resection after becoming symptomatic or
presenting with an increased MPD diameter despite
being diagnosed without MNs. The remaining 33
patients diagnosed without MNs were followed up
without intervention.

INTRODUCTION
Intraductal papillary mucinous neoplasm (IPMN) is
defined as an intraductal, grossly visible (typically
≥ 1.0 cm) epithelial neoplasm of mucin-producing
cells that arises in the main pancreatic duct (MPD)
or its branches. The neoplastic epithelium is usually
papillary, and the degrees of mucin secretion, duct
[1]
dilation (cyst formation), and dysplasia are variable .
IPMN can be subdivided into main duct IPMN (MDIPMN) and branch duct IPMN (BD-IPMN) depending
[2]
on the location of the primary lesion . Most BDIPMNs are less invasive and can be monitored; thus,
the differential diagnosis of benign and malignant
BD-IPMN must be accurate to appropriately indicate
[3-6]
surgical resection . In 2006, an international panel
of experts published the International Consensus
[7]
Guidelines for the Management of IPMN (ICG2006) .
[8]
These guidelines were updated in 2012 (ICG2012) .
According to the most recent guidelines, all BD-IPMNs
diagnosed with mural nodules (MNs) by computed
tomography (CT), magnetic resonance imaging (MRI)
or endoscopic ultrasound (EUS) are recommended
for resection. However, certain studies have indicated
that both the presence of MNs and their height may
[9-13]
be risk factors for malignancy
. If MN height is

WJG|www.wjgnet.com

Definition

According to ICG2012, IPMN can be classified into
[8]
three types: MD-IPMN, BD-IPMN, and mixed type .
According to the ICG2012 criteria, most cases of IPMN
are classified as mixed type. Therefore, we defined
all cases of IPMN, including mixed type, as BD-IPMN
if branch duct dilation was the primary symptom.
The pathological results were determined based on
the World Health Organization classification system
[1]
published in 2010 . In this study, noninvasive IPMN
was considered benign, and only IPMN associated with
an invasive carcinoma (IC) was defined as malignant.

Imaging procedure

EUS was performed using an electric radial-type
endoscope (GF-UE260-AL5; Olympus, Tokyo, Japan)
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and an ultrasound system (ProSound SSD α-10;
Aloka, Tokyo, Japan). When mural lesions were
detected by EUS, a contrast-enhanced evaluation was
conducted. To perform CE-EUS, we used Sonazoid
(Daiichi Sankyo, Tokyo, Japan), which is a secondgeneration ultrasonographic contrast agent composed
of perfluorobutane microbubbles with a median
diameter of 2-3 μm. After reconstitution with 2 mL
of sterile water for injection, 0.5 mL of the agent
was administered through a peripheral vein. Each
mural lesion was observed for two minutes, during
which time the presence or absence of vascularity in
the mural lesions was evaluated. Mural lesions that
demonstrated vascularity were diagnosed as MNs,
and mural lesions without detectable vasculature
were diagnosed as mucinous clots. The evaluations
were conducted by four or five on-site physicians
specializing in biliopancreatic diseases.
Contrast-enhanced CT imaging was performed
using a 64-section multidetector CT scanner (Definition
and Somatom Sensation 64; Siemens Medical
Solutions, Forchheim, Germany). Solid tumors
demonstrating contrast effects within the cyst were
diagnosed as having MNs. The evaluations were
conducted by two or three radiologists specializing in
digestive organs.

on pathological specimens. The Wilcoxon t test with
the Bonferroni correction was used to compare the
measurement accuracy of MN height for each imaging
modality. A receiver operating characteristic (ROC)
curve analysis was used to determine the optimal cutoff value for MN height measured using each imaging
modality or pathological specimens to differentiate
between benign and malignant BD-IPMN. JMP 9
statistical software (SAS Institute Inc., Cary, North
Carolina, United States) was used for the analysis. P <
0.05 was considered statistically significant.

RESULTS
Patient characteristics

The mean age of the patients was 67.7 ± 9.8 years.
The cohort included 29 males and 21 females. The
mean cyst diameter was 27.9 ± 10.9 mm, and the
mean MPD diameter was 4.6 ± 3.3 mm.

Ability to diagnose the presence of MNs

The flow chart presented in Figure 1 illustrates the
clinical course of all the BD-IPMN patients. Of a total
of 50 patients, mural lesions were detected by EUS in
28, and all of these patients subsequently underwent
CE-EUS. Of these 28 patients, 15 were diagnosed with
MNs by CE-EUS; these tumors were then surgically
resected. Among these 15 patients, 14 cases were
pathologically confirmed as MNs. Using CT, 10 out of
the same 50 patients were determined to have MNs;
these MNs were all pathologically confirmed. However,
CT did not detect the remaining four cases of MNs that
were diagnosed by CE-EUS.
Thirteen patients were diagnosed with mucinous
clots by CE-EUS, and twenty-two patients were
diagnosed as having no mural lesions by EUS. All 35
of these cases were monitored. The clinical features
of these cases are presented in Table 1. MNs were not
detected during the follow-up period using various
imaging modalities. Of these, however, two patients
underwent resection due to repeated pancreatitis or
an increased MPD diameter to more than 3 mm. MNs
could not be confirmed pathologically in either case.
The remaining 33 cases were observed for more than
12 mo without obvious malignant findings.
The sensitivity of CT for diagnosing MNs was 71%;
the sensitivity of EUS alone for diagnosing MNs was
100%, although the specificity and positive predictive
value (PPV) for diagnosing MNs were 61% and 50%,
respectively. When EUS was combined with CE-EUS,
the specificity and PPV for diagnosing MNs increased to
97% and 93%, respectively. The accuracy of CT, EUS
alone and EUS combined with CE-EUS for diagnosing
MNs was 92%, 72% and 98%, respectively (Table 2).

Variables

(1) In all 50 patients, the ability to diagnose the
presence of MNs using each imaging modality (CT, EUS
alone, EUS combined with CE-EUS) was calculated.
The presence or absence of MNs was ultimately
determined based on pathological findings in the 17
patients who underwent a resection. The 33 patients
who were followed up without intervention were
deemed to have no MNs if obvious malignant findings
were not detected during the follow-up periods; (2) in
the 15 patients who underwent resection due to being
diagnosed with BD-IPMN with MNs, the accuracy of
measuring MN height with each imaging modality was
compared. In this study, the MN heights measured
using CT, EUS, CE-EUS or pathological specimens were
expressed as HCT, HEUS, HCE-EUS or HPath, respectively.
HCT, HEUS and HCE-EUS were compared with HPath, and the
absolute differences were calculated (|HCT-HPath|, |HEUSHPath| and |HCE-EUS-HPath|). These numerical values were
defined as the measurement error value and were
compared; and (3) in the 15 patients who underwent
resection after being diagnosed with BD-IPMN with
MNs, the cut-off value for MN height as measured
using each imaging modality or pathological specimens
was established to differentiate between benign and
malignant BD-IPMN.

Statistical analysis

Measurement accuracy for MN height

Spearman’s correlation coefficient was used to identify
correlations between MN height as measured by
each imaging modality and MN height as measured
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Table 3 shows the clinicopathologic features of the
15 patients who underwent resection after being
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Underwent EUS
n = 50
Detected mural lesions

Detected no mural lesions

Underwent CE-EUS
n = 28

Followed up
n = 22

Diagnosed with MNs

Diagnosed with mucinous clots

Underwent resection
n = 15

Followed up > 12 mo
n = 13

Pathologically confirmed MNs
n = 14

Followed up > 12 mo
n = 20

Pathologically unconfirmed MNs
n =1

Underwent resection
1
for the other reasons
n =2

Pathologically unconfirmed MNs
n =2

Figure 1 Chart of the clinical course of all the branch duct intraductal papillary mucinous neoplasm patients. 1These two patients underwent resection after
follow-up due to repeated pancreatitis or an increasing main pancreatic duct diameter. BD-IPMN: Branch duct intraductal papillary mucinous neoplasm; MNs: Mural
nodules; EUS: Endoscopic ultrasonography; CE-EUS: Contrast-enhanced EUS.

Differentiating benign and malignant BD-IPMN using CEEUS

Table 1 Clinical features of the 35 patients who were
monitored

Of the 15 resected cases that were diagnosed with
MNs, a pathological examination revealed that 10
cases were malignant BD-IPMN and five cases were
benign BD-IPMN (Table 2). The ROC curve related
to the diagnosis of malignant BD-IPMN based on
MN height measured using CT, EUS, CE-EUS or
pathological specimens yielded area under the curve
values of 0.82, 0.87, 0.92 and 0.90, respectively
(Table 4). Based on the ROC curve, 8.8 mm was
determined to be the optimal threshold value for MN
height measured by CE-EUS. With this cut-off value,
the diagnosis of malignant BD-IPMN had a sensitivity,
specificity, and accuracy of 100%, 86%, and 94%,
respectively (Figure 4).

Follow-up cases (n = 35)
Sex, M/F
Mean age ± SD, yr
Mean follow-up period ± SD, mo
Cyst size
Initial examination ± SD, mm
Last examination ± SD, mm
Changes of the cyst size
No change
Enlarged (≥ 10 mm)
Reduced (≥ 10 mm)
MPD diameter
Initial examination ± SD, mm
Last examination ± SD, mm
Changes in MPD diameter
No change
Enlarged (≥ 1 mm)
Reduced (≥ 1 mm)
Appearance of MNs during follow-up period
Followed up > 12 mo
Resected after follow-up
Pathological diagnosis
Low-grade dysplasia
Intermediate-grade dysplasia
High-grade dysplasia
Invasive adenocarcinoma

18/17
67.9 ± 10.2
27.4 ± 16.7
27.0 ± 11.8
30.1 ± 13.1
29
5
1
3.2 ± 1.8
3.5 ± 2.2
26
7
2
0
33
2

DISCUSSION
Although the frequency of IC in MD-IPMN is high
(43.1%; 11%-81%), the frequency of IC in BDIPMN is relatively low at only 17.7% (1.4%-36.7%).
Deliberation is necessary before performing a
resection for BD-IPMN because these lesions mostly
occur in elderly patients, and the annual malignancy
[8]
rate is only 2%-3% . ICG2006 suggests that when
encountering suspicious findings for malignant BDIPMN, surgery is recommended in cases with (1) an
MPD diameter of 6 mm or greater; (2) a cyst size
of 30 mm or greater; or (3) the presence of MNs as
[7]
determined by diagnostic imaging . However, a recent
meta-analysis demonstrated that rather than cyst size
and MPD diameter, the presence of MNs is strongly
[20]
indicative of malignant BD-IPMN . In this study,
all BD-IPMN cases in which MNs were pathologically
confirmed were ultimately diagnosed with either highgrade dysplasia (HGD) or IC. Along with diagnostic
imaging, the methods for diagnosing malignant BD-

0
0
2
0

MPD: Mail pancreatic duct; MNs: Mural nodules.

diagnosed with MNs. There were significant positive
correlations between MN height as measured by
each imaging modality and MN height as measured
on pathological specimens (Figure 2). The calculated
measurement error values for each imaging modality
are presented in Figure 3. The measurement error
values for CE-EUS were significantly lower than those
for CT or EUS (median measurement error value, CT:
3.3 mm vs CE-EUS: 0.6 mm, P < 0.05; EUS: 2.1 mm
vs CE-EUS: 0.6 mm, P < 0.01).
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Table 2 Ability to diagnose the presence of mural nodules with each imaging modality
Sensitivity (95%CI)

Specificity (95%CI)

PPV (95%CI)

NPV (95%CI)

Accuracy (95%CI)

71% (0.42-0.92)
100% (0.77-1.00)
100% (0.76-1.00)

100% (0.90-1.00)
61% (0.43-0.77)
97% (0.85-1.00)

100% (0.69-1.00)
50% (0.31-0.70)
93% (0.66-1.00)

90% (0.76-0.98)
100% (0.85-1.00)
100% (0.90-1.00)

92% (0.80-0.98)
72% (0.58-0.84)
98% (0.89-1.00)

CT
EUS alone
EUS combined with CE-EUS

CT: Computed tomography; EUS: Endoscopic ultrasonography; CE-EUS: Contrast-enhanced EUS; PPV: Positive predictive value; NPV: Negative predictive
value; CI: Confidence interval.

Table 3 Clinicopathologic features of the 15 patients who underwent a resection
Case Cyst size
(mm)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

36
30
40
20
50
20
30
18
38
27
25
30
30
31
28

MNs

MPD
diameter
(mm)
12
12
12
8
2
6
9
8
6
3
13
6
6
12
3

CT

EUS

CE-EUS

Pathology

Presence

H CT (mm)

Presence

H EUS (mm)

Presence

H CE-EUS (mm)

Presence

H Path (mm)

+
+
+
+
+
+
+
+
+
+
-

23.4
21.3
13.9
22.1
18.9
13.1
14.4
0
0
5.0
11.3
6.4
0
0
0

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

25.2
20.1
19.1
23.6
15.2
11.5
10.6
10.1
10.9
12.5
13.8
10.1
10.5
2.3
3.9

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

22.2
19.2
17.6
21.5
14.3
10.4
9.5
8.8
9.7
10.1
10.3
8.5
8.4
2.3
2.7

+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

21.2
19.8
17.2
17.2
13.1
9.8
9.3
9.2
9.1
7.6
10.1
7.3
5.3
2.1
0

Pathological
diagnosis

IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
HGD
HGD
HGD
HGD
ImGD

MPD: Main pancreatic duct; MNs: Mural nodules; CT: Computed tomography; EUS: Endoscopic ultrasonography; CE-EUS: Contrast-enhanced EUS; IC:
Invasive carcinoma; HGD: High-grade dysplasia; ImGD: Intermediate-grade dysplasia; HCT: MN height measured by CT; HEUS: MN height measured by
EUS; HCE-EUS: MN height measured by CE-EUS; HPath: MN height measured on pathological specimens.

IPMN include pancreatic fluid cell examination and
cyst fluid examination; however, both methods have
disadvantages. Pancreatic fluid cell examination has
the advantage of high specificity, but the sensitivity
[21-23]
can vary widely from 11%-92%
, leading to a
high risk of false negatives. Although EUS-guided fine
needle aspiration cytology and laboratory analysis of
cyst fluid have provided excellent results in certain
[24-27]
studies
, the safety of this method remains unclear
because other reports have indicated the possibility of
peritoneal dissemination due to the leakage of the cyst
[28,29]
contents
. Therefore, we believe that diagnosing
malignant BD-IPMN by evaluating MNs is both accurate
and safe.
CT has been reported as effective for diagnosing
MNs in addition to providing the information on BDIPMN morphology, specifically the location and the
[30,31]
presence of any communication with the MPD
.
[32]
Nakagawa et al
reported that using CT to detect
MNs in BD-IPMN yielded a sensitivity, specificity and
accuracy of 68%, 100%, and 77%, respectively. In
our study, using CT to diagnose MNs in BD-IPMN
yielded a sensitivity, specificity, and accuracy of 71%,
100%, and 92%, respectively, which were superior
[32]
values to those reported by Nakagawa et al Despite
this, out of 14 pathologically confirmed BD-IPMN cases
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with MNs, CT failed to detect four cases (29%) of MNs
during the pre-surgical examination. Furthermore, of
these four cases, two were eventually diagnosed with
IC based on pathological examination, thus indicating
that there are limits to differentiating benign and
malignant BD-IPMN using CT alone.
EUS is an invaluable modality for evaluating pan
creatic diseases because of its high spatial resolution.
Compared with CT and MRI, EUS is excellent at detec
ting small pancreatic lesions and is also useful for
[33]
diagnosing IPMN . Thus far, EUS has demonstrated a
high level of sensitivity at diagnosing MNs in BD-IPMN
[34,35]
in addition to producing very few false negatives
.
In this study, no false negatives were obtained with
EUS. The 22 BD-IPMN patients diagnosed without
MNs using EUS at the initial examinations did not have
detectable MNs during the entire follow-up period.
However, because it is difficult to differentiate MNs
from mucinous clots using EUS alone, the specificity
of this methodology is low, and there is a high risk
[32]
of false positives . In this study, 13 of the 28 mural
lesions (46%) detected by EUS alone were, in fact,
mucinous clots. The accuracy of EUS alone (72%)
[36]
was insufficient. Zhong et al
reported that ascertai
ning the features of MNs can improve the ability to
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A

25

a
b
10
Measurement error values (mm)

H path (mm)

20

15

10

5

P < 0.01
0

B

0

10

H CT (mm)

20

H path (mm)

15

10

P < 0.01
0

10

H EUS (mm)

20

30

25

20

H path (mm)

6
5
4
3
2
1
|H CT - H path |

|HEUS - H path |

|H CE-EUS - H path |

presence of MNs using EUS alone.
Originally, a contrast-enhanced imaging technique
was not available for EUS because the transducer of
the echoendoscope was too small to produce enough
acoustic power to perform contrast-enhanced imaging
using a first-generation ultrasound contrast agent.
A recently developed second-generation contrast
agent now allows for the production of harmonic
signals, even at lower acoustic power, making CE[14]
EUS available for clinical use . To date, there have
been relatively few reports of CE-EUS being used to
diagnose pancreatic cystic tumors, and only a few
reports exist on the utility of CE-EUS for diagnosing
[18,19]
MNs in BD-IPMN
. In this study, we looked not
only at cases in which MNs were diagnosed using CEEUS and resected but also at cases in which mucinous
clots were diagnosed using CE-EUS and followed up.
The results indicated that 14 of the 15 cases (93%)
diagnosed with MNs using CE-EUS were subsequently
pathologically confirmed to have MNs. In addition,
the 13 cases diagnosed with mucinous clots by CEEUS showed no malignant findings during follow-up,
and they presented no contradictions regarding the
absence of MNs. The accuracy of diagnosing MNs in
BD-IPMN increased from 72% to 98% when EUS was
combined with CE-EUS. The accuracy of EUS combined
with CE-EUS was better than that for CT or EUS
alone. As a result, we believe that CE-EUS is the most
appropriate method for detecting the presence of MNs
in BD-IPMN.
Certain studies have indicated the possibility that
[9-13]
MN height is a risk factor for malignant BD-IPMN
.
Therefore, accurately detecting the presence of MNs
and accurately measuring MN height may contribute
to the differential diagnosis of benign and malignant
BD-IPMN. To the best of our knowledge, no previous

5

15

10

5

P < 0.01
0

7

Figure 3 Comparison of measurement error values. The measurement
error values for CE-EUS were significantly lower than those for CT or EUS.
|HCT-HPath|, measurement error value for CT; |HEUS-HPath|, measurement error
value for EUS; |HCE-EUS-HPath|, measurement error value for CE-EUS. Statistically
significant, aP < 0.05, |HCT-HPath| vs |HCE-EUS-HPath|, statistically significant, bP <
0.01, |HEUS-HPath| vs |HCE-EUS-HPath|. CT: Computed tomography; EUS: Endoscopic
ultrasonography; CE-EUS: Contrast-enhanced EUS.

20

C

8

0

30

25

0

9

0

10

H CE-EUS (mm)

20

30

Figure 2 Correlations between mural nodules height measured by each
imaging modality and mural nodules height measured on pathological
specimens. A: A positive correlation was identified between MN height
measured by CT and that measured on pathological specimens; B: A positive
correlation was identified between MN height measured by EUS and that
measured on pathological specimens; C: A positive correlation was identified
between MN height measured by CE-EUS and that measured on pathological
specimens. HCT: MN height measured by CT; HEUS: MN height measured by
EUS; HCE-EUS: MN height measured by CE-EUS; HPath: MN height measured on
pathological specimens; MN: Mural nodule; CT: Computed tomography; EUS:
Endoscopic ultrasonography; CE-EUS: Contrast-enhanced EUS.

differentiate mucinous clots from MNs; however, this
only increases the accuracy to 79%, which is not ideal.
Therefore, it is difficult to accurately diagnose the
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Table 4 Optimum cut-off values for mural nodule height to differentiate between benign and malignant branch duct intraductal
papillary mucinous neoplasm using mural nodule height as measured using each imaging modality or pathological specimens

CT
EUS
CE-EUS
Pathological specimens

AUC

Cutoff value (mm)

Sensitivity (95%CI)

Specificity (95%CI)

Accuracy (95%CI)

0.82
0.87
0.92
0.90

13.1
10.6
8.8
7.6

70 (0.35-0.93)
90 (0.53-1.00)
100 (0.69-1.00)
100 (0.69-1.00)

100 (0.48-1.00)
80 (0.27-1.00)
80 (0.27-1.00)
80 (0.27-1.00)

80 (0.51-0.96)
87 (0.58-0.99)
93 (0.66-1.00)
93 (0.66-1.00)

CT: Computed tomography; EUS: Endoscopic ultrasonography; CE-EUS: Contrast-enhanced EUS; AUC: Area under the curve.

pathologically confirm whether MNs were actually
present in each case. Despite these limitations, CEEUS demonstrated effectiveness at diagnosing the
presence of MNs and in accurately measuring MN
height. Recent studies have already begun to adopt
MN height to inform treatment policy in BD-IPMN
[37]
cases . According to our results, CE-EUS is the
optimum modality for measuring the height of MNs.
If indications of resection in BD-IPMN cases can be
determined from both the presence of MNs and their
height as measured by CE-EUS, many unnecessary
surgeries can be avoided.
In conclusion, CE-EUS offers the potential to
accurately diagnose the presence of MNs in BDIPMN. According to our results, in cases of a diagnosis
of BD-IPMN with MNs, it is highly probable that the
pathological diagnosis will be HGD or IC, in which case
resection is indicated; this is consistent with ICG2012.
Furthermore, if the MN height, as measured by CEEUS, is 8.8 mm or greater, it is highly probable that the
pathological diagnosis will be indicative of IC, resulting
in a strong positive recommendation for resection. CEEUS not only diagnoses the presence of MNs but also
facilitates the measurement of MN height, thereby
playing an important role in differentiating benign
and malignant BD-IPMN. CE-EUS should therefore be
considered necessary for the accurate pre-surgical
evaluation of BD-IPMN.

1.0
MN height: 8.8 mm
Accuracy: 93%

Sensitivity

0.8

0.6

0.4

0.2

0

0

0.2

0.4
0.6
1-specificity

0.8

1

Figure 4 Receiver operating characteristic curve analysis. Based on the
receiver operating characteristic curve analysis, when 8.8 mm was utilized
as the cut-off value for MN height, as measured by CE-EUS, the diagnosis of
malignant BD-IPMN had an accuracy of 94%. BD-IPMN: Branch duct intraductal
papillary mucinous neoplasm; MN: Mural nodule; CE-EUS: Contrast-enhanced
endoscopic ultrasonography.

studies including CE-EUS have determined the optimal
imaging modality for measuring MN height. In this
study, the measurement error values, calculated as
the absolute values of the difference between the
MN height measured by specific imaging modalities
and that measured on pathological specimens, were
compared. The results indicated that the measurement
error values for CE-EUS were significantly lower
than those for CT or EUS, supporting our conclusion
that CE-EUS is the optimum imaging modality for
measuring MN height in BD-IPMN. CE-EUS most likely
both differentiates the mucosal fluid attached to MNs
and clarifies the structure of the cystic wall, making
it possible to accurately measure MN height. The
threshold value of 8.8 mm, which was determined
from a ROC curve related to the diagnosis of malignant
BD-IPMN based on MN height as measured by CE-EUS,
gave an excellent accuracy of 93%. CE-EUS accurately
measures MN height and has potential applicability in
differentiating benign and malignant BD-IPMN.
There were several limitations to our research.
Firstly, because this study was a retrospective study
with a limited cohort, there is the possibility of
selection bias. Secondly, the study involved patients
who underwent resection as well as those who were
merely monitored. As a result, it was not possible to
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COMMENTS
COMMENTS
Background

Intraductal papillary mucinous neoplasm (IPMN) represents one type of
pancreatic tumor. IPMN can be subdivided into main duct IPMN and branch
duct IPMN (BD-IPMN). Most BD-IPMNs are less invasive and can be routinely
monitored; thus, the differential diagnosis of benign and malignant BD-IPMN
must be accurate to indicate surgical resection.

Research frontiers

A meta-analysis demonstrated that the presence of mural nodules (MNs) is a
highly suspicious finding for malignant BD-IPMN. Furthermore, certain studies
have indicated that both the presence of MNs and their height may be risk
factors for malignant BD-IPMN.

Innovations and breakthroughs

This is the first study to demonstrate that contrast-enhanced endoscopic
ultrasonography (CE-EUS) is the optimal imaging modality for detecting the
presence of MNs and measuring MN height. CE-EUS enabled the detection of
MNs with an accuracy of 98%. CE-EUS measured MN height significantly better
than computed tomography or endoscopic ultrasonography (EUS). A receiver
operating characteristic curve analysis related to the diagnosis of malignant BDIPMN based on MN height as measured by CE-EUS was performed, and the
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cut-off value was determined to be 8.8 mm, which yielded an excellent accuracy
of 93%.

10

Applications

The results of this study suggest that using CE-EUS for the pre-surgical
evaluation of BD-IPMN will improve the diagnostic accuracy of malignant BDIPMN and will help patients avoid unnecessary surgery.

11

Terminology

Originally, a contrast-enhanced imaging technique was not available for EUS,
but a second-generation contrast agent now allows for the clinical use of CEEUS. Recently, many reports have noted the effectiveness of CE-EUS in the
diagnosis of pancreatic lesions.

12

Peer-review

The authors elucidated the role of CE-EUS in the differential diagnosis of
benign and malignant BD-IPMN. And the result of research is inspiring and
helpful for clinical practice to diagnose BD-IPMN.
13
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Abstract
AIM: To evaluate the efficacy of cap-assisted colo
noscopy (CAC) for detection of colorectal polyps
and adenomas according to the lesion location and
endoscopist training level.
METHODS: Patients 20 years or older, who underwent
their first screening colonoscopy in a single tertiary
center from May 2011 to December 2012 were enrolled
in this study. All patients underwent either CAC or
standard colonoscopy (SC), and all of the procedures
were performed by 11 endoscopists (8 trainees and
3 experts). All procedures were performed with highdefinition colonoscopes and narrow band imaging. The
eight trainees had experiences of performing 150 to 500
colonoscopies, and the three experts had experiences
of performing more than 3000 colonoscopies. A 4-mmlong transparent cap was attached to the end of a
colonoscope in the CAC group. We retrospectively
evaluated the number of polyps and adenomas, polyp
detection rate (PDR), and the number of adenomas
and adenoma detection rate (ADR) according to the
lesion location and endoscopist training level between
CAC and SC. We also evaluated the number of polyps
and adenomas according to their size between CAC and
SC.
RESULTS: Overall, PDR and ADR using CAC were
significantly higher than those using SC for both whole
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colon (48.5% vs 40.7%, P = 0.012; 35.7% vs 28.3%,
P = 0.012) and right-side colon (35.3% vs 26.6%, P
= 0.002; 27.0% vs 16.9%, P < 0.001). The number
of polyps and adenomas per patient using CAC was
significantly higher than that using SC for both the
whole colon (1.07 ± 1.59 vs 0.82 ± 1.31, P = 0.008;
0.72 ± 1.32 vs 0.50 ± 1.01, P = 0.003) and right-side
colon (0.66 ± 1.18 vs 0.41 ± 0.83, P < 0.001; 0.46 ±
0.97 vs 0.25 ± 0.67, P < 0.001). In the trainee group,
the PDR and ADR using CAC were significantly higher
than those using SC for both the whole colon (46.7%
vs 39.7%, P = 0.040; 33.9% vs 26.0%, P =0.012) and
right-side colon (34.2% vs 26.5%, P = 0.015; 25.3%
vs 15.9%, P = 0.001). In the expert group, the PDR
and ADR using CAC were significantly higher than those
using SC only for the right-side colon (42.1% vs 27.0%,
P =0.035; 36.8% vs 21.0%, P = 0.020).

[4]

colonoscopy is termed interval cancer . Many potential
causes of interval cancer have been considered.
Among these, missed lesions are considered to be the
[5]
main cause . A recent systemic review of tandem
colonoscopy studies reported that the rate of missed
[6]
polyps was 19% to 26% . Right-sided lesions, flat
lesions, and variable rates of adenoma detection
among endoscopists were considered to be the
[7]
main causes of missed lesions and interval cancer .
Additionally, the adenoma detection rate (ADR) is
reportedly an independent predictor of the risk of
[8]
interval CRC . Therefore, several new technologies
such as chromoendoscopy, narrow band imaging
(NBI), high-definition (HD) colonoscopy, wide-angle
colonoscopy, retrograde-viewing device, and capassisted colonoscopy (CAC) have been developed
[9]
to improve polyp and adenoma detection . Among
these technologies, CAC is particularly useful because
the cap can depress the semilunar folds, allowing
[10]
the endoscopist to inspect the blind mucosal area .
Although CAC can reduce the blind mucosal area,
and was originally expected to increase the rates of
polyp and adenoma detection, many studies have
produced conflicting results, raising doubt regarding
the effectiveness of CAC for polyp and adenoma
detection. Several studies have reported that CAC did
[11-14]
not improve the ADR
. Furthermore, one study
even showed that CAC was associated with a lower
[15]
ADR . In contrast, other studies have reported that
[10,16-22]
CAC improved the ADR
. Therefore, we aimed to
investigate the efficacy of CAC for polyp and adenoma
detection according to the size and location of the
polyps and adenomas, and the training level of the
endoscopists.

CONCLUSION: CAC is more effective than SC for
detection of colorectal polyps and adenomas, especially
when performed by trainees and when the lesions are
located in the right-side colon.
Key words: Colonoscopy; Cap-assisted colonoscopy;
Colonic polyps; Adenoma; Colorectal neoplasm
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Missed lesions are the main cause of interval
colon cancer. Cap-assisted colonoscopy (CAC) is one
of the procedures which can reduce the incidence of
missed lesion. Few studies have evaluated the efficacy
of CAC based on location and size of lesions or training
level of endoscopist. We evaluated the efficacy of CAC,
according to the location and size of lesions and the
training level of the endoscopists. We suggest that CAC
can improve the detection of lesions for trainees in the
whole colon and right-side colon, and even for experts
in the right-side colon.

MATERIALS AND METHODS
Study design

This single-center, retrospective case-control study
was conducted at Pusan National University Yangsan
Hospital (PNUYH). The study protocol was approved
by the Institutional Review Board of PNUYH (IRB No.
05-2014-050).

Kim DJ, Kim HW, Park SB, Kang DH, Choi CW, Hong JB, Ji
BH, Lee CS. Efficacy of cap-assisted colonoscopy according
to lesion location and endoscopist training level. World J
Gastroenterol 2015; 21(20): 6261-6270 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i20/6261.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i20.6261

Study population

A total of 1134 patients underwent their first
colonoscopy at PNUYH from May 2011 to December
2012. Of these patients, 1023 were enrolled in the
present study. Standard colonoscopy (SC) was
performed in 508 patients from May 2011 to December
2011, and CAC was performed in 515 patients from
May 2012 to December 2012. The inclusion criteria
were an age of ≥ 20 years and screening or evaluation
of mild symptoms as the reason for examination. The
exclusion criteria were a history of abdominal surgery
(excluding appendectomy), a history of colonoscopy,
active gastrointestinal bleeding, severe enterocolitis,
and a history of inflammatory bowel disease. Bowel

INTRODUCTION
Colonoscopy is an effective procedure for prevention
of colorectal cancer (CRC) because it allows for the
[1]
detection and removal of polyps and adenomas .
However, colonoscopy has certain limitations with
respect to prevention of CRC, because CRC may
be subsequently diagnosed even after negative
[2,3]
colonoscopy results have been obtained
. CRC
that has been diagnosed within 6 to 36 mo after
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preparation was evaluated and graded by the Aronchick
[23]
scale . Patients with a poor or inadequate rating on
the Aronchick scale were also excluded to eliminate
the influence of bowel preparation on the ability to
detect polyps and adenomas.

the polyp detection rate (PDR) and ADR in the whole
colon and right-side colon between the CAC and SC
groups. In this study, the right-side colon included
the cecum, ascending colon, hepatic flexure, and
transverse colon. The PDR and ADR constituted the
proportion of patients with at least one polyp and
at least one adenoma, respectively. The secondary
endpoint was comparison of the ADR and PDR in
the whole colon and right-side colon using the two
examination methods (CAC and SC) between experts
and trainees.

Colonoscopy procedure

All patients underwent either CAC or SC, and all
colonoscopies were performed by 11 endoscopists
(8 trainees and 3 experts). The eight trainees had
experience performing 150 to 500 colonoscopies,
and three experts had experience performing
more than 3000 colonoscopies. All trainees were
endoscopists who had performed more than 150
colonoscopies, because technical competence in
screening and diagnostic colonoscopy generally
requires experience performing more than 150 pro
[24]
cedures . HD colonoscopes and NBI were used in
all examinations (CF-H260AI; Olympus Optical Co.,
Ltd., Tokyo, Japan). Moderate sedation was induced
with a combination of intravenous midazolam and
meperidine. Cecal intubation was attempted in all
cases. If the trainees failed to accomplish cecal
intubation within 10 min or the patients complained of
intolerable pain, the experts attempted the intubation
instead of the trainees. When the experts successfully
reached the cecum with the colonoscope, the trainees
operated the colonoscope during the withdrawal
phase. As soon as the colonoscope reached the
cecum, the withdrawal time was measured with a
stopwatch. All endoscopists were aware that the
withdrawal time was recorded during the procedures.
The withdrawal time included not only the time for
inspection of the mucosa, but also time for fluid
suction, colonic mucosa cleansing, and polyp removal.
If possible, a retroflexion technique was implemented
in the rectum. The retroflexion technique was not
performed in the ascending colon.

Statistical analysis

Continuous variables are presented as mean ± SD.
The Student’s t-test was used to compare the means
of continuous variables between the CAC and SC
2
groups. The χ test was used to compare categorical
variables between the two groups. The Mann-Whitney
U test was used to compare ordered categorical
variables, such as bowel preparation between the
two groups. The Mann-Whitney U test was also used
to compare continuous variables with non-normal
distribution, such as number of detected lesions of
each colon segments in age ≥ 76 years. P values
of < 0.05 were considered to indicate a statistically
significant difference. All statistical analyses were
performed using PASW Statistics 18.0 for Windows
(SPSS Inc., Chicago, IL, United States).
The statistical methods of this study were reviewed
by Junhee Han from Research and Statistical Support,
Research Institute for Convergence of Biomedical
Science and Technology, Pusan National University
Yangsan Hospital.

RESULTS
Baseline characteristics

A total of 1134 patients underwent their first
colonoscopy at PNUYH from May 2011 to August
2012. Of these patients, 111 were excluded owing to
poor or inadequate bowel preparation (n = 96), active
gastrointestinal bleeding (n = 5), history of abdominal
surgery (n = 6) or diagnosis of inflammatory bowel
disease (n = 4). Therefore, 1023 patients were
enrolled in this study. CAC was performed in 515
patients, and SC was performed in the remaining 508
patients. In the CAC group, 76 patients underwent
CAC by experts and 439 patients underwent CAC by
trainees. In the SC group, 100 patients underwent SC
by experts and 408 patients underwent SC by trainees
(Figure 1). Evaluation of the baseline characteristics of
the patients showed no significant differences in age,
sex, or bowel preparation between the two groups.
The combined withdrawal time of both therapeutic
and non therapeutic (no biopsy or polypectomy)
colonoscopies was significantly longer in the CAC group
than in the SC group (14.67 ± 7.70 min vs 12.97 ±
7.20 min, P < 0.001). However, the withdrawal time of
only non therapeutic colonoscopies in the CAC was not

Cap-assisted colonoscopy

In the CAC group, a 4-mm-long transparent cap
(D-201-14304; Olympus Optical Co., Ltd., Tokyo,
Japan) was attached to the end of a colonoscope.

Polyps

Polyps that were detected during the examination
were evaluated with respect to size, morphology, and
location. Their sizes were estimated by the thickness
of a forcep. The polyps were removed by cold forcep
biopsy or hot snare polypectomy and pathologically
evaluated. Diminutive polyps were defined as ≤
5-mm polyps, and all such polyps were removed by
cold forcep biopsy. As recommended in another study,
multiple diminutive serrated-appearing lesions of the
[25]
sigmoid colon and rectum were not removed . All >
5-mm polyps were removed by hot snare polypectomy.

Outcome variables

The primary endpoint of this study was comparison of
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Table 1 Baseline characteristics of enrolled patients n (%)

st

1 Screening colonoscopy during study period (n = 1134)

Characteristics
Exclusion criteria (n = 111)

st

1 Screening colonoscopy (n = 1023)

Cap-assisted colonoscopy group
(n = 515)

Trainee
(n = 439)

Expert
(n = 76)

Standard colonoscopy group
(n = 508)

Trainee
(n = 408)

Expert
(n = 100)

PDR, ADR in the whole colon and right side colon

CAC

SC

P value
0.342
0.650

< 0.001

0.272

0.244

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy.

Figure 1 Patient enrollment. PDR: Polyp detection rate; ADR: Adenoma
detection rate.

P = 0.003 and 35.7% vs 28.3%, P = 0.011). The
number of adenomas per patient in the whole colon
was significantly higher in the CAC group than in the
SC group (0.72 ± 1.32 vs 0.50 ± 1.01, P = 0.003).
The total number of adenomas and the ADR in the
right-side colon were also significantly higher in the
CAC group than in the SC group (236 vs 129, P <
0.001 and 27.0% vs 16.9%, P < 0.001). The number
of adenomas per patient in the right-side colon was
significantly higher in the CAC group than in the SC
group (0.46 ± 0.97 vs 0.25 ± 0.67, P < 0.001). When
the adenomas were classified by location, the numbers
of adenomas in the ascending colon, hepatic flexure,
and splenic flexure were significantly higher in the CAC
group than in the SC group (129 vs 50, P < 0.001; 44
vs 18, P = 0.002 and 22 vs 6, P = 0.003) (Table 3).

significantly different than that in the SC (10.68 ± 3.09
min vs 10.33 ± 4.24 min, P = 0.272) (Table 1).

Polyp detection

In total, 967 polyps were detected in the whole colon
and 547 polyps were detected in the right-side colon.
The total number of polyps and the PDR in the whole
colon were significantly higher in the CAC group than
in the SC group (549 vs 418, P = 0.008 and 48.5% vs
40.7%, P = 0.012). The number of polyps per patient
in the whole colon was significantly higher in the CAC
group than in the SC group (1.07 ± 1.59 vs 0.82 ±
1.31, P = 0.008). The total number of polyps and
the PDR in the right-side colon were also significantly
higher in the CAC group than in the SC group (339
vs 208, P < 0.001 and 35.3% vs 26.6%, P = 0.002).
The number of polyps per patient in the right-side
colon was significantly higher in the CAC group than
in the SC group (0.66 ± 1.18 vs 0.41 ± 0.83, P <
0.001). When the polyps were classified by location,
the numbers of polyps in the ascending colon, hepatic
flexure, and splenic flexure were significantly higher in
the CAC group than in the SC group (179 vs 87, P <
0.001; 56 vs 24, P = 0.001; and 24 vs 6, P = 0.001)
(Table 2).

Total number of polyps and adenomas according to size

The total number of polyps and adenomas in the CAC
and SC groups were evaluated according to size (Table
4). Overall, 698 diminutive polyps were detected. The
total number of diminutive polyps in the CAC group
was significantly higher than that in the SC group (398
vs 300, P = 0.011). The total number of diminutive
adenomas in the CAC group was also significantly
higher than that in the SC group (253 vs 165, P =
0.003). On the other hand, the total numbers of larger
polyps and adenomas in the CAC groups were not
significantly higher than those in the SC group (151 vs
118, P = 0.168 and 117 vs 88, P = 0.178).

Adenoma detection

In total, 623 adenomas were detected in the whole
colon and 365 adenomas were detected in the rightside colon. The total number of adenomas and the
ADR in the whole colon were significantly higher in
the CAC group than in the SC group (370 vs 253,
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Total

Patients
1023
515
508
mean age ± SD
54.75 ± 10.52 55.06 ± 10.29 54.44 ± 10.74
Gender
Male
549 (53.7)
280 (54.4)
269 (53.0)
Female
474 (46.3)
235 (45.6)
239 (47.0)
Withdrawal time of
13.83 ± 7.50 14.67 ± 7.70 12.97 ± 7.20
total colonoscopies
(min)
No. of patients of non
566
265
301
therapeutic
colonoscopies
Withdrawal time
10.50 ± 3.75 10.68 ± 3.09 10.33 ± 4.24
of non therapeutic
colonoscopies (min)
Bowel preparation
(Aronchick scale)
Excellent
38 (3.7)
19 (3.7)
19 (3.7)
Good
646 (63.1)
316 (61.4)
330 (65.0)
Fair
339 (33.1)
180 (35.0)
159 (31.3)

PDR, ADR, and the number of polyps and adenomas per
patient based on age

We evaluated the PDR, ADR, and the number of polyps
and adenomas per patient of whole colon (Table 5) and
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Table 2 Polyp detection with cap-assisted colonoscopy vs
standard colonoscopy on the all ages and both genders n (%)

Table 4 Total number of polyps and adenomas according to
size

Total
CAC
SC
P value
(n = 1023)
(n = 515)
(n = 508)
Total polyps
967
549
418
0.008
Polyps per patient
0.95 ± 1.46
1.07 ± 1.59
0.82 ± 1.31 0.008
PDR
457 (44.7)
250 (48.5)
207 (40.7)
0.012
Right-side colon
Total (n = 1023) CAC (n = 515) SC (n = 508) P value
Whole colon

Total number

Total polyps
547
339
208
< 0.001
Polyps per patient
0.53 ± 1.03
0.66 ± 1.18
0.41 ± 0.83 < 0.001
PDR
317 (31.0)
182 (35.3)
135 (26.6)
0.002
Polyps of segment Total (n = 1023) CAC (n = 515) SC (n = 508) P value

Polyps < 5 mm, n
Per patient
Adenomas < 5 mm, n
per Patient
Polyps ≥ 5 mm, n
per Patient
Adenomas ≥ 5 mm, n
Per patient

Cecum
Ascending colon
Hepatic flexure
Transverse colon
Splenic flexure
Descending colon
Sigmoid colon
Rectum

85
266
80
116
30
65
223
102

42
179
56
62
24
31
105
50

43
87
24
54
6
34
118
52

0.888
< 0.001
0.001
0.560
0.001
0.683
0.406
0.804

CAC
(n = 515)

Total adenomas
623
370
Adenomas per
0.61 ± 1.18
0.72 ± 1.32
patient
ADR
328 (32.1)
184 (35.7)
Right-side colon
Total (n = 1023) CAC (n = 515)
Total adenomas
365
236
Adenomas per
0.36 ± 0.84
0.46 ± 0.97
patient
ADR
225 (22.0)
139 (27.0)
Adenomas of
Total (n = 1023) CAC (n = 515)
segment
Cecum
45
20
Ascending colon
179
129
Hepatic flexure
62
44
Transverse colon
79
43
Splenic flexure
28
22
Descending colon
46
23
Sigmoid colon
130
61
Rectum
54
28

SC
(n = 508)

P value

253
0.50 ± 1.01

0.003
0.003

20-49
Polyps per patient
PDR
Adenomas per patient
ADR,
50-65
Polyps per patient
PDR
Adenomas per patient
ADR
66-75
Polyps per patient
PDR
Adenomas per patient
ADR
≥ 76
Polyps per patient
PDR
Adenomas per patient
ADR

86 (16.9) < 0.001
SC (n = 508) P value
0.490
< 0.001
0.002
0.529
0.003
0.966
0.490
0.829

0.011
0.011
0.003
0.003
0.168
0.168
0.178
0.178

Total

CAC

SC

308
0.51 ± 1.07
94 (30.5)
0.26 ± 0.77
57 (18.5)
544
1.01 ± 1.47
260 (47.8)
0.67 ± 1.22
190 (34.9)
154
1.55 ± 1.84
91 (59.1)
1.04 ± 1.53
71 (46.1)
17
1.24 ± 1.20
12 (70.6)
1.00 ± 1.11
10 (58.8)

147
0.63 ± 1.32
51 (34.7)
0.37 ± 1.02
35 (23.8)
293
1.09 ± 1.57
146 (49.8)
0.76 ± 1.34
107 (36.5)
68
1.93 ± 1.91
47 (69.1)
1.28 ± 1.62
38 (55.9)
7
1.14 ± 0.90
6 (85.7)
0.71 ± 0.75
4 (57.1)

161
0.41 ± 0.77
43 (26.7)
0.16 ± 0.41
22 (13.7)
251
0.92 ± 1.34
114 (45.4)
0.57 ± 1.04
83 (33.1)
86
1.26 ± 1.74
44 (51.2)
0.85 ± 1.43
33 (38.4)
10
1.30 ± 1.41
6 (60.0)
1.20 ± 1.31
6 (60.0)

P value
0.078
0.128
0.013
0.022
0.194
0.305
0.068
0.400
0.024
0.024
0.084
0.030
0.959
0.338
0.502
1.000

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

the CAC group was significantly higher than that in the
SC group on the all ages except ≥ 75. The number
of polyps and adenomas per patient of transverse
and descending colon in the CAC was not significantly
different than that in the SC group on the all ages.

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; ADR:
Adenoma detection rate.

right-side colon (Table 6) based on age (20-49 years,
50-65 years, 66-75 years, > 76 years). In summary,
the number of polyps and adenomas per patient of
right-side colon in the CAC group was significantly
higher than that in the SC group, on all ages except ≥
75 years. On the age ≥ 75 years, none of PDR, ADR
and the number of polyps and adenomas per patient
in the CAC group was significantly higher than those
in the SC group, perhaps because the sample size of
the age ≥ 75 years was too small. When we analyzed
the number of polyps and adenomas per patient based
on each colon segment, which of ascending colon in
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300
0.59 ± 1.00
165
0.32 ± 0.71
118
0.23 ± 0.63
88
0.17 ± 0.56

Whole colon
Age (yr)

144 (28.3)
0.011
SC (n = 508) P value
129
< 0.001
0.25 ± 0.67 < 0.001

25
50
18
36
6
23
69
26

398
0.77 ± 1.27
253
0.49 ± 1.03
151
0.29 ± 0.76
117
0.23 ± 0.70

Table 5 Polyp detection rate, adenoma detection rate, and
the number of polyps and adenomas of whole colon based on
age n (%)

Table 3 Adenoma detection with cap-assisted colonoscopy vs
standard colonoscopy on the all ages and both genders n (%)
Total
(n = 1023)

698
0.68 ± 1.15
418
0.41 ± 0.89
269
0.26 ± 0.70
205
0.20 ± 0.64

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy.

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate.

Whole colon

Total
CAC
SC
P value
(n = 1023) (n = 515) (n = 508)

PDR, ADR, and the number of polyps and adenomas per
patient based on gender

We evaluated the PDR, ADR, and the number of polyps
and adenomas per patient of whole colon and rightside colon based on gender (Table 7). The number of
adenomas per patient and ADR of right-side colon in
the CAC group were significantly higher than those
in the SC group, based on the both genders. When
we analyzed the number of polyps and adenomas
per patient based on each colon segment, which of
ascending colon in the CAC group was significantly
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Table 6 Polyp detection rate, adenoma detection rate, and
the number of polyps and adenomas of right-side colon based
on age n (%)

Table 7 Polyp detection rate, adenoma detection rate, and
the number of polyps and adenomas based on gender n (%)
Gender

Right-side colon
Age (yr)
20-49
Polyps per patient
PDR
Adenomas per patient
ADR
50-65
Polyps per patient
PDR
Adenomas per patient
ADR
66-75
Polyps per patient
PDR
Adenomas per patient
ADR
≥ 76
Polyps per patient
PDR
Adenomas per patient
ADR

Total

CAC

SC

308
0.25 ± 0.82
49 (15.9)
0.13 ± 0.61
28 (9.1)
544
0.59 ± 1.00
194 (35.7)
0.41 ± 0.86
138 (25.4)
154
0.91 ± 1.31
86 (55.8)
0.62 ± 1.04
54 (35.1)
17
0.59 ± 1.00
6 (35.3)
0.41 ± 0.71
5 (29.4)

147
0.35 ± 1.09
30 (20.4)
0.20 ± 0.83
20 (13.6)
293
0.68 ± 1.13
110 (37.5)
0.50 ± 1.00
82 (28.0)
68
1.21 ± 1.38
38 (55.9)
0.81 ± 0.99
34 (50.0)
7
0.86 ± 1.06
4 (57.1)
0.57 ± 0.78
3 (42.9)

161
0.15 ± 0.45
19 (11.8)
0.06 ± 0.25
8 (5.0)
251
0.49 ± 0.82
84 (33.5)
0.31 ± 0.66
56 (22.3)
86
0.67 ± 1.21
30 (34.9)
0.47 ± 1.07
20 (23.3)
10
0.40 ± 0.96
2 (20.0)
0.30 ± 0.67
2 (20.0)

Male, n
Polyps per patient
PDR
Adenomas per patient
ADR
Female
Polyps per patient
PDR
Adenomas per patient
ADR

P value
0.030
0.039
0.033
0.008
0.025
0.322
0.009
0.129

Male
Polyps per patient
PDR
Adenomas per patient
ADR
Female
Polyps per patient
PDR
Adenomas per patient
ADR

0.012
0.009
0.043
0.001
0.167
0.162
0.362
0.593

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

CAC

Whole colon
549
280
1.25 ± 1.67 1.37 ± 1.84
300 (54.6)
158 (56.4)
0.81 ± 1.38 0.90 ± 1.53
219 (39.9)
114 (40.7)
474
235
0.60 ± 1.08 0.71 ± 1.14
157 (33.1)
92 (39.1)
0.38 ± 0.84 0.50 ± 0.98
109 (23.0)
70 (29.8)
Right-side colon
549
280
0.70 ± 1.20 0.87 ± 1.39
205 (37.3)
118 (42.1)
0.49 ± 1.00 0.60 ± 1.14
153 (27.9)
90 (32.1)
474
235
0.35 ± 0.73 0.41 ± 0.78
112 (23.6)
64 (27.2)
0.21 ± 0.56 0.29 ± 0.67
72 (15.2)
49 (20.9)

SC
269
1.12 ± 1.47
142 (52.8)
0.71 ± 1.20
105 (39.0)
239
0.49 ± 1.00
65 (27.2)
0.26 ± 0.67
39 (16.3)
269
0.52 ± 0.94
87 (32.3)
0.37 ± 0.82
63 (23.4)
239
0.28 ± 0.67
48 (20.1)
0.13 ± 0.42
23 (9.6)

P value

0.082
0.392
0.109
0.688
0.029
0.006
0.002
< 0.001

0.001
0.018
0.007
0.023
0.066
0.067
0.002
0.001

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

higher than that in the SC group on the both genders.
The number of polyps and adenomas per patient of
transverse and descending colon in the CAC was not
significantly different than that in the SC group on both
genders.

DISCUSSION
Colonoscopy is one of the most effective procedures
for prevention of CRC. However, colonoscopy has
certain limitations. According to two previous popu
lation-based studies, interval cancer may develop after
[2,3]
colonoscopy . New-onset CRC, incomplete polyp
resection, and missed lesions are considered to be
among the causes of interval cancer development;
of these, missed lesions are considered to be the
[5]
main cause . Additionally, interval colon cancers are
considered to be associated with localization in the
right-side colon, microsatellite instability, and CpG
[26,27]
island methylator phenotype-high
. Moreover, Rex
[25]
et al suggested that it is important to reduce the rate
of both missed serrated lesions and missed adenomas
to prevent right-side colon cancer. Therefore, increases
in both the PDR and ADR are thought to be critical for
the prevention of interval cancer.
Several new technologies have been developed to
reduce the incidence of missed lesions and improve
the PDR and ADR, including chromoendoscopy, NBI,
HD colonoscopy, wide-angle colonoscopy, retrograde[9]
viewing device, and CAC . Most of these techniques
are associated with increased procedure times
and higher costs. In contrast, CAC can be easily
implemented by simply attaching a transparent
rubber cap to the tip of the colonoscope, can reduce
the cecal intubation time, and is not associated with
[10,12,14,15]
a high cost
. Additionally, the cap maintains
an appropriate distance between the colonic mucosa

PDR and ADR of the whole colon and right-side colon
between trainees and experts

The PDR and ADR were evaluated according to the
endoscopists’ training level. When the procedures
were performed by the trainees, the PDR and ADR of
the whole colon in the CAC group were significantly
higher than those in the SC groups (46.7% vs 39.7%,
P = 0.040 and 33.9% vs 26.0%, P = 0.012). The PDR
and ADR of the right-side colon in the CAC group were
significantly higher than those in the SC group (34.2%
vs 26.5%, P =0.015 and 25.3% vs 15.9%, P = 0.001)
(Table 8). When the procedures were performed by
the experts, the PDR and ADR of the whole colon in
the CAC group were not significantly different from
those in the SC group (59.2% vs 45.0%, P = 0.062
and 46.1% vs 38.1%, P = 0.283). However, the PDR
and ADR of the right-side colon in the CAC group were
significantly higher than those in the SC group (42.1%
vs 27.0%, P = 0.035 and 36.8% vs 21.0%, P = 0.020)
(Table 9).

Complications

No significant complications such as perforation or
massive bleeding occurred in either group during the
study period.
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Table 8 Polyp detection rate and adenoma detection rate of
trainees n (%)
Trainees
Whole colon
PDR
ADR
Right-side colon
PDR
ADR

Table 9 Polyp detection rate and adenoma detection rate of
experts n (%)
Experts

SC
P value
(n = 408)

Total
(n = 847)

CAC
(n = 439)

367 (43.3)
255 (30.1)

205 (46.7)
149 (33.9)

162 (39.7)
106 (26.0)

0.040
0.012

258 (30.5)
176 (20.8)

150 (34.2)
111 (25.3)

108 (26.5)
65 (15.9)

0.015
0.001

Whole colon
PDR
ADR
Right-side colon
PDR
ADR

Total
(n = 176)

CAC
(n = 76)

SC
(n = 100)

P value

90 (51.1)
73 (41.5)

45 (59.2)
35 (46.1)

45 (45.0)
38 (38.0)

0.062
0.283

59 (33.5)
49 (27.8)

32 (42.1)
28 (36.8)

27 (27.0)
21 (21.0)

0.035
0.020

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

and lens of the colonoscope; this helps to prevent
red-out (the duration of time during which the lens of
colonoscope is obscured by contact with the mucosa),
improve the orientation of the lumen, and allows
the endoscopist to advance the colonoscope with
less air insufflation. All of these factors contribute to
[28]
shortening of the cecal intubation time .
The cap not only keeps the tip of the colonoscope
an adequate distance away from the colonic mucosa,
but also separates and depresses the semilunar folds.
Thus, the cap allows the endoscopist to maintain
a continuous visual field around the colonic bends
and to thoroughly inspect the blind mucosa (Figure
2), such as the proximal aspect of ileocecal valve,
[10,18,28]
flexures, haustral folds, and rectal valves
. These
advantages of CAC allow for improvement in the ADR
and PDR in the proximal colon, flexures, and whole
colon. The cap can also stretch or splay the colonic
mucosa, further contributing to improved detection
[19]
rates .
Eight previous studies reported that CAC was better
[10,16-22]
able to detect polyps or adenomas than was SC
.
However, our study differed from these previous
studies in several aspects. Three of these previous
studies did not evaluate bowel preparation between
[10,16,17]
the CAC and SC groups
. None of the remaining
five studies evaluated the efficacy of CAC according to
the training level of the endoscopists. In the present
study, we evaluated the grade of bowel preparation
in both the CAC and SC groups. We then confirmed
that there were no significant differences in bowel
preparation between the CAC and SC groups, and
we excluded patients with poor or inadequate bowel
preparation. We evaluated the location and size of the
detected polyps and adenomas, and we compared
the PDR and ADR obtained by both experienced and
inexperienced endoscopists.
Despite the benefits of CAC, there are conflicting
results regarding its PDR and ADR. Several studies
have reported that CAC did not improve polyp and
[11-14]
adenoma detection
. However, no studies have
evaluated polyp and adenoma detection according
to the training level of the endoscopists with a large
sample size while eliminating the influence of bowel
[14]
preparation and patient characteristics. Harada et al

did not evaluate the bowel preparation in the CAC
[13]
or SC group, and Tee et al
included patients with
poor bowel preparation and evaluated a small sample.
[11]
Although Dai et al
reported that CAC conducted
by trainees did not improve the PDR, their study
evaluated a small sample and patients in the SC group
were older than those in the CAC group, especially in
[12]
the trainee group. Finally, de Wijkerslooth et al
did
not evaluate the PDR and ADR associated with CAC
performed by trainees.
One study reported that CAC may decrease the
[15]
PDR and ADR. Lee et al
reported that the ADR in
the CAC group was lower than that in the SC group.
However, the bowel preparation was significantly less
satisfactory in the CAC group, the withdrawal time
was shorter in the CAC group, and the procedure was
performed with a mucosectomy cap. Mucosectomy
caps are longer at 10 mm in length; this increased
length may make them difficult to clean, and they may
impair the endoscopist’s vision because fecal matter
can more easily adhere to the longer cap. For these
reasons, their study showed a lower ADR in the CAC
group.
In contrast to previous studies, many of which reported
conflicting results, we excluded the influence of bowel
preparation and patients’ baseline characteristics and
evaluated the efficacy of CAC according to lesion size
and location and endoscopists’ training level. Our
sample was also sufficiently large. We found that CAC
can improve the PDR and ADR in the ascending colon,
hepatic flexure, splenic flexure, and whole colorectum
(Tables 2 and 3). The results of our study provide
evidence that CAC allows endoscopists to inspect the
blind mucosal surfaces of the flexures and haustral
folds. Additionally, the detection rates of diminutive
polyps and adenomas were higher in the CAC group
than in the SC group (Table 4). We found that CAC
performed by trainees was associated with a higher
PDR and ADR in the whole colorectum and rightside colon, although CAC performed by experts was
associated with a higher PDR and ADR only in the rightside colon (Tables 5 and 6). We assume that experts
can inspect the blind mucosa without the cap to some
extent, while trainees have difficulty performing this
inspection without the cap. Furthermore, even when
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Figure 2 Images of cap-assisted colonoscopy. A lesion was located in the proximal aspect of a haustral fold. The lesion was not observed before cap-assisted
colonoscopy depressed the haustral fold. When a cap depressed the haustral fold, the lesion was able to be observed.

experts perform the colonoscopy, we believe that the
cap would help to detect polyps and adenomas in the
right-side colon.
[29]
Rex et al
suggested that ADR must be at
least 25% for male and at least 15% for female,
and ADR is known to vary widely among providers
[30]
in both academic and community settings . Our
study reported higher PDR (40.7%) and high ADR
(28.3%) in SC group than previous studies. However,
recent studies reported the high PDR and ADR with
long withdrawal times, self-recording of withdrawal
time, HD colonoscope, fair bowel preparation and an
[31-35]
academic setting of improving ADR
. In our study,
the minimal withdrawal time of most procedures
was at least 7 min, all endoscopists were aware of
self-recording of withdrawal time and all procedures
were performed with HD colonoscopies and NBI, and
optimal or fair bowel preparation. Furthermore, quality
improvement program of colonoscopy was performed
at PNUYH every month. These are the reason that our
PDR and ADR in SC group were higher than those of
previous studies.
This study has several limitations. First, this study
was a single-center, retrospective, case-controlled
study. Second, four of the trainees performed the SC
from May 2011 to December 2011, and the other
four trainees performed CAC from May 2012 to
December 2012. Thus, there is a potential for selection
bias, and the sample performed by experts was
relatively small. Third, the combined withdrawal time
of both therapeutic and non therapeutic (no biopsy
or polypectomy) colonoscopies in the CAC group
was significantly longer than that in the SC group,
indicating that the withdrawal time is associated with
increase in PDR and ADR. However, although the
combined withdrawal time of both colonoscopies in
the CAC group was significantly longer than that in the
SC group, the withdrawal time of only non therapeutic
colonoscopies was not significantly different between
the CAC group and SC group. Moreover, more polyps
and adenomas were detected in CAC than SC.
Therefore, we concluded that the withdrawal time
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of CAC was longer than that of SC because more
lesions were detected in CAC than SC, and more
lesion removal time, such as cold forcep biopsy or hot
snare polypectomy, was needed in CAC than SC. We
believe that the inspection time of CAC was not longer
than that of SC, and the higher ADR of CAC was not
associated with the longer withdrawal time of CAC.
In conclusion, we believe that CAC can be very
helpful for trainees to detect lesions in the whole colon
and even for experts to detect lesions in the right-side
colon. Additionally, CAC can be very useful to prevent
interval colon cancer, especially when performed by
inexperienced endoscopists in patients with satisfactory
bowel preparation. We recommend the routine use of
CAC for screening colonoscopy.

COMMENTS
COMMENTS
Background

Colonoscopy is one of the most effective procedure for prevention of colorectal
cancer. However, colorectal cancer can be subsequently diagnosed after
negative colonoscopy, and it is called the interval cancer. The interval cancer
is known to be associated with missed lesions and right-side colon. Therefore,
to reduce the incidence of missed lesion and improve polyp detection rate
(PDR) and adenoma detection rate (ADR) are important to prevent the interval
cancer, especially in the right-side colon. Several new technologies have been
developed to improve the PDR and ADR, and cap-assisted colonoscopy (CAC)
is an inexpensive and simple method among these technologies. The authors
aimed to evaluate the efficacy of CAC based on location of lesions and training
level of endoscopists.

Research frontiers

This study did not only aim to evaluate the efficacy of CAC in the whole
colon, but also based on location and size of lesions, and training level of
endoscopists.

Innovations and breakthroughs

According to this study, CAC is more effective for experts than standard
colonoscopy for detection of lesions in the right-side colon. And CAC is also
more effective for trainees in the whole colon and right-side colon.

Applications

CAC is an effective procedure to reduce the incidence of missed lesion and
improve the detection rate of lesions for the trainees, and even for the experts.

Terminology

CAC: Cap-assisted colonoscopy. A 4-mm-long transparent cap is attached to
the end of a colonoscope, and the cap is able to separate and depress the
semilunar folds. Therefore, CAC allows the endoscopists to inspect the blind
mucosa of colon. SC: Standard colonoscopy. PDR: Polyp detection rate. PDR
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is usually defined as the proportion of patients in whom at least one polyp
was identified. ADR: adenoma detection rate. ADR is usually defined as the
proportion of patients in whom at least one adenoma was identified. ADR is
known as a quality indicator of colonoscopy.
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This study aimed to evaluate the efficacy of CAC based on location of lesions
and training level of endoscopists. CAC can be helpful to improve the detection
rate of lesions for trainees and even experts.
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Abstract
AIM: To assess the expression and prognostic value of
nicotinamide adenine dinucleotide phosphate oxidase
2 (NOX2) in gastric cancer, and its correlation with
vascular endothelial growth factor (VEGF) and epidermal
growth factor receptor (EGFR).
METHODS: Tumor and adjacent tissues were obtained
from 123 patients who underwent radical surgery for
gastric cancer at Renmin Hospital of Wuhan University
from 2008-2009. The expression of NOX2, VEGF,
EGFR and CD68 in tumor tissues was detected by
immunohistochemistry. The expression of NOX2 in
gastric cancer and adjacent tissues was detected by
’
Western blot analysis. Spearman s correlation was
performed to elucidate the relationship of NOX2 with
VEGF and EGFR. The Kaplan-Meier method was used to
calculate survival time, and the log-rank test was used
to evaluate differences in survival. Cox‘s proportional
hazards regression model was applied in a stepwise
manner to analyze the independent prognostic factors.
RESULTS: NOX2 exhibited positive expression in
47.2% (58/123) of the gastric cancer tissues. Western
blot analysis revealed that NOX2 was up-regulated in
tumor tissues compared to the adjacent tissue [39.0%
(48/123)]. Immunohistochemistry staining revealed
that CD68, which is a specific marker of macrophages,
and NOX expression presented a similar localization
and staining intensity. The expression of NOX2 was
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positively correlated with that of VEGF and EGFR.
Comparison of the 5-year survival rates of the NOX2
positive and NOX2 negative groups showed that the
NOX2 positive group presented a poor prognosis.

all the resources of ROS the nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase family is
[6]
the most important . The NADPH oxidase (NOX)
homologues include NOX1 to NOX5, DUOX1 and
DUOX2. These enzymes can transfer electrons from
NADPH to molecular oxygen, and in this process,
form ROS. Additionally, the NOX family can promote
angiogenesis and has been confirmed to be associated
[7]
with the metastatic potential of many solid tumor .
Within the NOX family, the NOX2 isoform can maintain
the cytoskeletal structure of the cell and prevents cell
[8]
apoptosis , in addition to potentially influencing tumor
proliferation.
Gastric cancer is the fourth most common type
of malignant tumor worldwide and the second most
[9]
common cause of cancer-related death . For advanced
gastric cancer patients, radical gastrostomy and lymph
node dissection with chemotherapy are the common
[10]
therapeutic methods . However, the prognosis of
gastric cancer patients is still poor. The 5-year survival
rate for advanced gastric cancer is approximately
5%-20%, and the median overall survival is less
[11,12]
than 1 year
. The reason for the poor outcome of
gastric cancer remains elusive, though the eutrophic
condition of gastric tumors has recently become a
research hot spot. Tumor angiogenesis is a key point
in the progression of solid tumors including gastric
cancer. Angiogenesis is a vital step in the metastasis of
[13]
tumors . Vascular endothelial growth factor (VEGF),
an endothelial cell-specific mitogen, can activate
vascular endothelial growth factor receptor 2 (VEGFR2),
a receptor tyrosine kinase (PTK) in endothelial cells
to promote proliferation and migration. Thus, VEGF
represents a key molecule in the angiogenesis of
[7]
tumors . The angiogenic effect of VEGF can stimulate
[14]
ROS such as superoxides . The major source of ROS
is the NOX family of enzymes, and NOX2 is related
to tumor-associated macrophages which are the key
[15]
modulators of tumor angiogenesis . Thus, NOX2 may
stimulate tumor angiogenesis through VEGF.
Epidermal growth factor receptor (EGFR) belongs
to the receptor tyrosine kinase family which plays
an important role in cellular processes, such as
cell proliferation, apoptosis, angiogenesis and
[16]
metastasis . In gastric cancer a high level of EGFR
expression is always associated with an increased risk
of invasion or metastasis, and EGFR positive gastric
[17]
cancer patients exhibit a worse prognosis . NOX2
also plays an important role in cellular processes and
can stimulate angiogenesis. NOX2 has been found
to be highly expressed in prostate cancer cells and
tissues, and a high level of NOX2 is correlated with the
[18]
progression of prostate cancer . However, whether
NOX2 is expressed in gastric cancer and its correlation
with the expression of VEGF and EGFR in gastric
cancer remain unexplored.
In this study, we examined the expression of NOX2
and its role in the processes of gastric cancer. Then,
we evaluated the prognostic value of NOX2 in gastric

CONCLUSION: NOX2 positively correlates with the
levels of VEGF and EGFR. NOX2 may be used as a new
biomarker and a potential therapeutic target for gastric
cancer.
Key words: NADPH oxidase 2; Macrophages; Vascular
endothelial growth factor; Epidermal growth factor
receptor; Prognosis; Survival time
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this article, the authors used immuno
histochemistry to analyze the expression of nicotinamide
adenine dinucleotide phosphate oxidase 2 (NOX2) in
formalin-fixed paraffin-embedded tissues from 123
gastric cancer patients. Western blot analysis was
employed to examine NOX2 expression in tumor and
adjacent tissues. NOX2 was up-regulated in tumor
tissues. NOX2 was positively correlated with vascular
endothelial growth factor and epidermal growth factor
receptor. The results also showed that patients who
were NOX2 positive clearly presented worse outcomes
than NOX2-negative patients. The expression of NOX2
could be used as a prognostic biomarker for gastric
cancer.
Wang P, Shi Q, Deng WH, Yu J, Zuo T, Mei FC, Wang WX.
Relationship between expression of NADPH oxidase 2 and
invasion and prognosis of human gastric cancer. World J
Gastroenterol 2015; 21(20): 6271-6279 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i20/6271.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i20.6271

INTRODUCTION
Reactive oxygen species (ROS) are considered toxic
by-products of various types of cellular aerobic
respirations. The role of ROS in vivo is to modulate
various cell functions, such as cell migration,
[1]
proliferation and phagocytosis . Recent studies
have shown that ROS are implicated in many human
diseases, including cancer, but the precise mechanisms
for ROS to regulate cancer remain elusive. ROS and
oxidative stress have been linked to cancer initiation
and progression through their propensity to induce
DNA mutations or DNA damage, genome instability
[2]
and cell proliferation , therefore, the chromosomal
imbalance theory and the DNA, RNA, or protein
damage theory are thought to be the key words.
Thus, ROS are believed to play an important role in
[3,4]
the activation of oncogene products . Enzymes are
[5]
the major sources of ROS generation , and among
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immunohistochemistry staining results. Positive expre
ssion of NOX2 was observed as yellow or brown staining
in the cytoplasm. Image-pro Plus 6.0 was used to
judge the area of staining and to obtain the density and
optical density values for the Immunohistochemsitry
(IHC) sections. According to the observed staining
intensity, the IHC results can be defined as 0 points, no
staining; 1 point, pale yellow staining; 2 points, yellow
staining; 3 points, brown staining. The percentage of
positive tumor cells was determined in at least 5 areas
under × 200 magnification and then averaged. The
mean percentage was subsequently divided into four
categories: 0, < 5%; 1, 5%-25%; 2, 26%-50%; and
3, 51%-100%. Finally, we combined the results for the
staining intensity and the percentage of positive tumor
cells as follows: 0-2 was defined as negative expression,
[20]
and 3-6 as positive expression .

MATERIALS AND METHODS
Patients and clinical specimens

A total of 123 patients who underwent a radical
operation for gastric cancer at Renmin Hospital of
Wuhan University from July 2008 to July 2009 were
included in this study. None of these patients received
preoperative and intraoperative chemotherapy or
radiotherapy. The gastric cancer tissues and adjacent
tissues were divided into two groups, one was used to
produce the paraffin-embedded tissue sections, and
the other was placed in liquid nitrogen for Western blot
analysis. Clinical-pathological data were collected from
all of the patients to analyze the relationship between
the expression of NOX2 and the clinical-pathological
data.

Western blot analysis

Follow-up of patients

The fresh gastric cancer tissue and the adjacent
tissue were homogenized in ice-cold lysis buffer in the
presence of protease inhibitor cocktail. Concentrations
of protein in the samples were determined using
the Bradford method with bovine serum albumin
as a standard. In brief, an equal amount of protein
samples were separated on 10% sodium dodecyl
sulfatepolyacrylamide gels and then transferred to a
PVDF membrane. The membrane was blocked with
5% skim milk in the TBST buffer (TBS containing
0.1% Tween-20) at room temperature for 2 h and
then incubated with the rabbit polyclonal anti-NOX2
antibody (1:1000, Abcam, United Kingdom) at 4  ℃
overnight. After extensive rinsing with TBST, the blots
were incubated with IRDye 800CW goat anti-rabbit
secondary antibody (926-32211 LI-COR, United States
1:10000) at room temperature for 1.5 h, and the
expression of NOX2 was detected with the Odyssey
imaging system.

No patients died during their hospital stay. All patients
were followed until July 2014 or death. The methods
employed for follow-up were out-patient review and a
telephone follow-up study.

Immunohistochemsitry staining analysis

Paraffin-embedded tissues were obtained from Renmin
Hospital of Wuhan University and were sectioned into
3 µm thick tissue sections. Immunohistochemical
analyses of NOX2, CD68, VEGF and EGFR were
performed using a standard strepavidin-peroxidase
[19]
(SP) method . Minor steps were changed as follows:
sections were deparaffinized and dehydrated using
a graded series of ethanol solutions. The slides were
immersed in 10 mmol/L citrate buffer (pH 6.0) and
boiled for 15 min in the microwave oven for the
antigen retrieval. Then the slides were allowed to cool
at room temperature. Hydrogen peroxidase (0.3%)
was used to halt the endogenous peroxidase activity
for 15 min at the room temperature. Non-specific
binding was blocked by the goat serum (5%) for 10
min. The primary antibody was a rabbit antibody
to NOX2 (1:100, abcam, United Kingdom), mouse
antibody to CD68 (1:100, abcam, United Kingdom),
rabbit antibody to VEGF (1:75, ZSGB-BIO, China), or
rabbit antibody to EGFR (1:100, ZSGB-BIO, China).
Sections were incubated with the primary antibody
overnight at 4  ℃ , then incubated with a second
antibody. The staining results was visualized using the
3,5-diaminobenzidine. In each immunohistochemistry
staining analysis, PBS instead of the primary antibody
was used as the negative control.

Statistical analysis

The data were analyzed with SPSS 19.0 statistical
2
software. The χ test and Fisher’s exact test were
used to assess the association of NOX2 expression
with the clinical-pathological characters. The KaplanMeier method was employed to calculate the survival
curve, and the log-rank test was employed to evaluate
the differences in survival. Cox’s regression model
was applied in a stepwise manner to analyze the
independent prognostic factors. The correlations
of NOX2 with VEGF and EGFR were evaluated via
Spearman’s rank correlation. A P-value less than 0.05
was considered to indicate statistical significance.

Evaluation of immunohistochemistry staining results

RESULTS

Two independent observers who were experienced in
examining immunohistochemistry results evaluated
the results. Both were blinded to the clinical
data of the patients. An OLYMPUS BX53 upright
microscope was used to obtain photographs of the

WJG|www.wjgnet.com

Immunohistochemical staining results for NOX2

NOX2 was overexpressed in the gastric cancer tissues
compared with the adjacent tissue. NOX2 expression
was observed in the gastric cancer cytoplasm. Among
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Figure 1 Immunohistochemical staining results for NADPH oxidase 2. A: Negative PBS control in gastric cancer; B: Weak expression of NADPH oxidase 2 (NOX2)
in gastric cancer, C: Strongly positive expression of NOX2 in gastric cancer, D: Negative expression of NOX2 in adjacent noncancerous tissue (× 200).

was 39.0% (48/123), and the expression of NOX2 in
gastric cancer tissues was higher than in the adjacent
cancer tissues (Figure 2).

NOX2

65 KD

b-actin

42 KD
A

B

1.0

Correlation between NOX2 expression and clinicalpathological characters in gastric cancer

a

The histological types of the gastric cancer tissues
from all the 123 patients were adenocarcinomas.
The adenocarcinomas were divided into highly
differentiated (22 patients), moderately differentiated
(34 patients), poorly differentiated (62 patients) and
undifferentiated (5 patients). The pathological TNM
staging of gastric cancer revealed stages Ⅰ + Ⅱ in
35 patients and stages Ⅲ + Ⅳ in 70 patients. In the
patients showing a poor histological grade and tumor
stage, NOX2 expression was higher than in those
with a good grade, and NOX2 expression showed no
significant correlation with age, sex or tumor size.
Information about the relationship between NOX2
expression and clinical-pathological character is shown
in Table 1.

NOX2/b-actin ratio

0.8

0.6

0.4

0.2

0.0

A

B

Figure 2 Western blot results for NADPH oxidase 2. A: Gastric cancer
tissue; B: Adjacent noncancerous tissue. aP < 0.05 vs group A.

Localization of NOX2 and CD68 staining

the gastric cancer tissues, 47.2% (58/123) were
positive for NOX2 expression. The rate of NOX2
expression in the adjacent tissue was 44.7% (55/123),
and the staining density in the adjacent tissue was
weaker than in the GC tissues (Figure 1).

The IHC staining results presented in Figure 3 show
that CD68 and the NOX expression presented similar
locations and staining intensities.

IHC staining results for VEGF and EGFR in gastric
cancer

Western blot results for NOX2

VEGF and EGFR expression was observed in gastric

The rate of NOX2 up-regulation in gastric cancer
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A

Table 1 Correlation between NADPH oxidase 2 expression
and clinical-pathological characters in gastric cancer n (%)
Clinical feature

2

Total number NOX2 positivity χ -value P -value
(n = 123)
negativity

Gender
Male

69

Female

54

Age (yr)
< 59

55

≥ 59

68

Position
Cardia and fundus

30

Body and antrum

93

Differentiation type
High

22

Moderate

34

Poor

62

Undifferentiation

5

Lymph node metastasis
Yes

53

No

70

Vascular invasion
Yes

60

No

63

Clinical stage
Early stage

32

Advanced stage

91

TNM
Ⅰ+ Ⅱ

35

Ⅲ+Ⅳ

88

30 (43.5)
39 (56.5)
28 (51.9)
26 (48.1)

0.852

0.229

27 (49.1)
28 (50.9)
31 (45.6)
37 (54.4)

0.150

0.419

8 (26.6)
22 (73.3)
50 (53.8)
43 (46.2)

6.683

0.008

6 (27.3)
16 (72.7)
16 (47.1)
18 (52.9)
34 (54.8)
28 (45.2)
2 (40)
3 (60)

5.062

0.042

34 (64.2)
19 (35.8)
24 (34.3)
46 (65.7)

10.796

0.001

Figure 3 Localization of NOX2 and CD68 staining. A: NOX2 expression in
gastric cancer; B: CD68 expression in gastric cancer (× 200).

35 (58.3)
25 (41.7)
23 (36.5)
40 (63.5)

5.875

0.012

coefficient, as shown in Figure 5, we found that the
expression of NOX2 was positively correlated with
VEGF (r = 0.763, P < 0.05) and EGFR (r = 0.710, P <
0.05).

9(28.1)
23(71.9)
49(53.8)
42(46.2)

6.285

0.010

Follow-up outcomes

10(28.6)
25(71.4)
48(68.6)
40(31.4)

6.779

0.008

100 mm

B

100 mm

No patients died during their hospital stay. All patients
were followed until July 1, 2014 or death. The follow-up
investigation of the 5-year survival study showed that
the patients who were NOX2 positive clearly presented
a worse outcome than the NOX2 negative patients
(Figure 6). Thus NOX2 may be a novel biomarker
of gastric cancer for estimating its prognosis. Based
on the univariate analysis of the clinical-pathological
features related to prognosis in the 123 gastric cancer
patients presented in Table 2, overall survival was
significantly correlated with clinical stage, lymph node
metastasis, vascular invasion, TNM stage, and NOX2
positivity. Furthermore, the association between
NOX2 positivity and survival was still significant
after controlling for other prognostic markers in
the multivariate analysis, while in the outcome of
the multivariate analysis, it was shown that the
differentiation type, lymph node metastasis, vascular
invasion and TNM stage were independent prognostic
factors as well (Table 3).

NOX2: NADPH oxidase 2.

cancer. Positive expression of VEGF and EGFR was
detected in the cytoplasm of the tumor tissues. The
expression of VEGF and EGFR in the cancers was
correlated with the clinical-pathological features. In
patients with a poor tumor stage and histological grade
the immunohistochemistry staining score was higher
than in those presenting a good grade and stage. In
Figure 4 strong positive expression of VEGF and weak
expression of VEGF are shown.

Expression of NOX2 is positively correlated with VEGF
and EGFR in gastric cancer

DISCUSSION

The mean IOD values of NOX2, VEGF and EGFR in
the gastric cancer tissues were measured. Based
on determination of the spearman rank correlation
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Oxidative stress has been demonstrated to play a
key role in many clinical phenomena, such as the
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A

B

100 mm

C

100 mm

D

100 mm

100 mm

Figure 4 Immuohistochemistry staining results for vascular endothelial growth factor and epidermal growth factor receptor in gastric cancer. A: Weakly
positive expression of vascular endothelial growth factor (VEGF) in gastric cancer; B: Strongly positive expression of VEGF in gastric cancer; C: Weakly positive
expression of epidermal growth factor receptor (EGFR) in gastric cancer; D: Strongly positive expression of EGFR in gastric cancer (× 200).

A

B

0.8

0.6
VEGF IOD value

VEGF IOD value

0.6

0.4

r = 0.763
P < 0.05
0.2

0.0

0.8

0.4

r = 0.710
P < 0.05
0.2

0.0

0.2

0.4
NOX2 IOD value

0.6

0.0

0.8

0.0

0.2

0.4
NOX2 IOD value

0.6

0.8

Figure 5 Expression of NADPH oxidase 2 was positively correlated with vascular endothelial growth factor and epidermal growth factor receptor in
gastric cancer. A: Spearman correlation between NOX2 and vascular endothelial growth factor; B: Spearman correlation between NOX2 and epidermal growth factor
receptor. VEGF: Vascular endothelial growth factor; EGFR: Epidermal growth factor receptor.
[21]

inflammatory response and the ageing process .
Recent studies have shown that the expression of
oxidative stress is higher in many malignancies,
including breast cancer, colon cancer and head neck
[22]
neoplasms . Oxidative stress is the major cause
of enhanced cell migration, and it can induce the
expression of oncogenes and suppress the activity
[23]
of anti-survival molecules . The level of oxidative
stress is associated with the intracellular ROS level,
and NADPH oxidase is a major source of the ROS.

WJG|www.wjgnet.com

NOX2 was the first identified member of the NADPH
[24]
oxidase family , and its role in the progression of
malignancies may be correlated with the promotion
[7]
of angiogenesis . In tumor progression, NADPH
oxidases can play the role of a mediator, and may
damage DNA within cells and activate oncogenic
[25]
transformation . In recent studies, it has been shown
[26]
that ROS can also induce apoptosis of tumor cells .
This repeated apoptosis of tumor cells may promote
the ability to resist apoptosis in tumor cells, which
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100

Table 2 Univariate analysis of clinicopathological features for
the prognosis in 123 gastric cancer patients

NOX2 (+)
NOX2 (-)

Overall survival (%)

80

60

40

P < 0.05

20

SE

Wald RR value (95%CI) P -value

Variable

Coef

Clinical stage
Differentiation type
Lymph node
metastasis
Vascular invasion
TNM
NOX2

0.531 0.221
0.363 0.193
0.971 0.213

5.7970 1.701 (1.104-2.620)
3.5250 1.438 (0.984-2.101)
20.857 0.379 (0.250-0.575)

0.016
0.060
0.000

0.926 0.198
0.638 0.214
1.080 0.212

21.854 0.396 (0.269-0.584)
8.9030 1.892 (1.245-2.876)
26.004 0.339 (0.224-0.514)

0.000
0.003
0.000

NOX2: NADPH oxidase 2.
0
0

20
40
Months after surgery

60

Table 3 Multivariate analysis of clinicopathological features
for the prognosis in 123 gastric cancer patients

Figure 6 Follow-up investigation of the 5-year survival study showed
that the patients who were NADPH oxidase 2 positive clearly presented a
worse outcome than the NADPH oxidase 2 negative patients.

could introduce mutations in these cells. Therefore,
in the present study, we examined the expression of
NOX2 in gastric cancer and its correlation with clinicalpathological characters. We included CD68 in analyses
because macrophages may one of the source of
NOX2. IHC staining for CD68 and NOX2 in the same
tissue sections showed that CD68 and NOX2 share
the same positive sites. Therefore, we deduced that
macrophages may be one of the sources of NOX2. We
determined VEGF and EGFR levels in different clinicalpathological gastric tumor tissues. Then, we studied
the correlation of NOX2 with VEGF and EGFR through
Spearman’s rank correlation. The Spearman’s rank
correlation coefficients for NOX2 with VEGF and EGFR
were 0.763 and 0.710, respectively, and NOX2 was
positively correlated with the levels of VEGF and EGFR
in gastric cancer. Thus, sections with a high level of
NOX2 always show high expression of VEGF and EGFR
in gastric cancer. NOX2 may play a key role in the
progression of gastric cancer.
This study reports the expression of NOX2, which
is the central component of NADPH oxidase in gastric
cancer for the first time. Based on the results of
IHC staining, it can be observed that the staining of
NOX2 occurs at similar sites to CD68 (Figure 2). This
finding indicates that NOX2 is closely associated with
inflammatory cells such as macrophages. Additionally,
macrophages could be a critical determinant of
[15]
angiogenesis and tumor progression . Thus, it follows
that NOX2 may also be associated with angiogenesis
and tumor progression, and a recent study implied
that NOX2 does, in fact, stimulate angiogenesis in
[27]
mouse models . Angiogenesis is widely accepted
as an important indicator of tumor metastasis
because without a blood supply the tumor itself may
degenerate. Thus, regulation of angiogenesis through
certain signaling pathways may promote the treatment
[28]
of tumors . Angiogenesis represents a key point in
the tumor blood supply. Therefore, if we can control

WJG|www.wjgnet.com

SE

Wald RR value (95%CI) P -value

Variable

Coef

Clinical stage
Differentiation type
Lymph node
metastasis
Vascular invasion
TNM
NOX2

0.670 0.236 8.0800 1.955 (1.230-3.103)
0.176 0.201 0.7710 1.193 (0.805-1.769)
0.760 0.232 10.725 0.468 (0.297-0.737)

0.004
0.380
0.001

1.061 0.220 23.330 0.346 (0.225-0.532)
0.519 0.229 5.1360 0.637 (0.406-0.999)
0.824 0.236 12.153 0.439 (0.276-0.697)

0.000
0.049
0.000

NOX2: NADPH oxidase 2.

angiogenesis, we can control the blood supply to the
tumor. ROS are the major cause of revascularization,
and NOX2 can stimulate the human body to produce
ROS. Increasing evidence has shown that ROS are
[29]
implicated in tumor metastasis . ROS can cause
[30]
the release of VEGF , which is important for the
angiogenesis of the tumor, and ROS can also stimulate
VEGF expression in vascular smooth muscle cells and
[31]
endothelial cells . EGFR, which is a major treatment
bio-target for gastric cancer, is an important biomarker
for the prognosis of gastric cancer. A high expression
level of EGFR may predict poor survival in gastric
cancer. Inhibition of EGFR may suppress the growth,
angiogenesis, and metastasis of gastric cancer cells.
In this study, we chose to use EGFR as a biomarker
for gastric cancer, and we subsequently applied
Spearman correlation to analyze the relationship
between NOX2 and EGFR levels in gastric cancer. The
result of Spearman correlation showed that NOX2 was
positively correlated with the level of EGFR. Therefore,
as the major source of ROS, NOX2 may also play
an important role in the progression of tumor and
cardiovascular diseases.
Gastric cancer is a common digestive system malig
nancy, and although the diagnosis of and therapeutic
strategies for gastric cancer have improved, it remains
[32]
one of the most dangerous human malignancies .
Gastric cancer is the second most common cause of
[9]
cancer-related death . The classification of advanced
gastric cancer is important for the prognosis of
patients. The classification determines the growth
and metastasis of the tumor cells and, thus, affects
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of a poor prognosis in patients with GC.

the prognosis of gastric cancer. Blood vessel and
lymphatic invasion are also important phenomena
[33]
regarding the prognosis of gastric cancer , and
among the factors related to blood vessel invasion,
VEGF is a core promoter. VEGF represents a key point
in the angiogenesis, which is the foundation for the
growth and metastasis of tumors, and anti-VEGF
[34]
therapy has been applied in clinical research . In the
present study, we examined VEGF expression in 123
patients with different clinical-pathological features.
Our data showed that positive expression of VEGF
occurred in 73.4% of the total gastric cancer cases,
and the immunohistochemical scores for patients
presenting a poor clinical-pathology were higher
than for those showing a good clinical-pathology.
The correlation between the expression of NOX2 and
VEGF was positive, with a correlation coefficient of
0.330. This result indicated that NOX2 could be used
as a new prognostic bio-marker of gastric cancer, and
anti-oxidative stress may be a new way to control the
initiation and progression of gastric cancer.
In summary, the present study demonstrated
that the expression level of NOX2 was increased in
gastric cancer tissue compared with para-carcinoma
tissue, and the obtained IHC scores were higher in
the poor clinical-pathology group compared with
the good clinical-pathology group. Based on these
findings, NOX2 may be used as a new bio-marker
of gastric cancer. As a key promoter of angiogenesis
and tumorigenesis, NOX2 may promote pro-tumor
processes. However, given the current paucity from the
field of this research in gastric cancer, further studies
must apply a logical and unifying approach to identify
cell-specific pathways influenced by NOX2 and the
underlying molecular mechanism in the progression
and prognosis of gastric cancer.

Applications

By studying the association of NOX2 with VEGF and EGFR and the prognosis
of GC, this work may stimulate other researchers to pay special attention to
the new biomarker NOX2. NOX2 could be included in the assessment of the
prognosis of GC patients.

Terminology

NOX2 belongs to the NADPH oxidase family. It was the first identified member
of the NADPH oxidase family, and its role in the progression of malignancy
may be correlated with the promotion of angiogenesis. VEGF represents a key
point in angiogenesis, which is the foundation for the growth and metastasis
of tumors. EGFR, which is a major treatment bio-target for many cancers, is
an important biomarker for the prognosis of tumors. A high expression level of
EGFR may predict poor survival in GC.

Peer-review

Through the immunohistochemical and western blot analyses of NOX2 in 123
GC tissues and corresponding adjacent tissues, the authors found that NOX2
was up-regulated in the GC tissues compared with the adjacent tissues. The
levels of NOX2 were positively correlated with VEGF and EGFR levels. The
relationship of NOX2 expression with the clinicopathological features and
prognosis of GC patients showed that NOX2 may present potential value in the
prognosis of GC.
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Significance of the preoperative neutrophil-to-lymphocyte
ratio in the prognosis of patients with gastric cancer
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neutrophil-to-lymphocyte ratio (NLR) in the prognosis
of patients with gastric cancer (GC).

Liang Yu, Cheng-Yu Lv, Ai-Hua Yuan, Wei Chen, An-Wei Wu,
Department of General Surgery, Nanjing First Hospital, Nanjing
Medical University, Nanjing 210006, Jiangsu Province, China
Author contributions: Lv CY designed the research; Yu L and
Wu AW performed the research; Yuan AH and Che W carried out
the data collection and analysis; Yu L drafted the manuscript; Lv
CY revised the manuscript critically for important intellectual
content.
Supported by Nanjing Science and Technology Project, No.
201106016.
Ethics approval: The study was reviewed and approved by the
Nanjing First Hospital, Nanjing Medical University Institutional
Review Board.
Informed consent: All study participants, or their legal guardian,
provided informed written consent prior to study enrollment.
Conflict-of-interest: The authors declare that there is no conflict
of interest to disclose.
Data sharing: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Cheng-Yu Lv, Professor, Department
of General Surgery, Nanjing First Hospital, Nanjing Medical
University, No. 68 Changle Road, Nanjing 210006, Jiangsu
Province, China. lcy_1234@aliyun.com
Telephone: +86-25-52271070
Fax: +86-25-52271081
Received: November 30, 2014
Peer-review started: November 30, 2014
First decision: January 8, 2015
Revised: February 2, 2015
Accepted: March 18, 2015
Article in press: March 19, 2015
Published online: May 28, 2015

METHODS: The clinical data of 291 GC patients were
analysed retrospectively; these patients were divided
into two groups according to their preoperative NLR: a
high-NLR group (NLR ≥ 3.5, 131 cases) and a low-NLR
group (NLR < 3.5, 160 cases). The clinicopathological
characteristics and five-year survival rates of the
two groups were compared. The NLR and other
clinicopathological factors were subjected to univariate
and multivariate survival analysis to evaluate the effects
of the NLR on the prognosis of GC patients.
RESULTS: The lowest preoperative NLR among
the 291 patients was 0.56, whereas the highest
preoperative NLR was 74.5. The mean preoperative
NLR was 5.99 ± 8.98. Age, tumour size, T staging,
tumour-node-metastasis (TNM) staging and platelet
count were significantly different between the highand low-NLR groups (P < 0.05). The five-year survival
rate of the high-NLR group was 17.0%, which was
significantly lower than that of the low-NLR group
(43.6%; 17.0% vs 43.6%, P < 0.05). The univariate
analysis results showed that the five-year survival rate
was related to age, tumour size, T staging, N staging,
TNM staging, carcinoembryonic antigen value and
NLR (P < 0.05). Multivariate analysis results showed
that the NLR was an independent risk factor that likely
affected the five-year survival rate of GC patients (P =
0.003, HR = 0.626, 95%CI: 0.460-0.852).
CONCLUSION: The preoperative NLR could be used as
a prognostic factor for GC patients; in particular, a high
NLR corresponded to poor prognosis of GC patients.
Key words: Gastric cancer; Neutrophil-to-lymphocyte
ratio; Prognosis; Inflammation; Survival rate
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December 2009 were selected. These patients were
not subjected to preoperative chemotherapy and were
not affected by infectious diseases. The intraoperative
situation confirmed that no distant metastasis was
present. The patients’ clinical and pathological data
were collected (Table 1). Postoperative regular
telephone or outpatient follow up was performed
for six months to five years; the follow-up rate was
91.1%. The clinicopathological staging of this research
was in accordance with the criteria of American Joint
th
[18]
Committee on Cancer Staging (7 edition) .

Core tip: This research preliminarily investigated the
relationship between the preoperative neutrophilto-lymphocyte ratio (NLR) and gastric cancer. The
results revealed that a high NLR corresponded to poor
prognosis of gastric cancer patients. Furthermore,
preoperative NLR could be used as a prognostic factor
for these patients.
Yu L, Lv CY, Yuan AH, Chen W, Wu AW. Significance of the
preoperative neutrophil-to-lymphocyte ratio in the prognosis
of patients with gastric cancer. World J Gastroenterol 2015;
21(20): 6280-6286 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i20/6280.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6280

Blood sampling

Neutrophil, lymphocyte and platelet counts and
carcinoembryonic antigen (CEA) values of the patients
were collected one week before these patients
underwent surgery. NLR was then calculated, and 3.5
was set as a critical value. The patients were then
divided into two groups: high-NLR group (NLR ≥ 3.5)
with 131 cases and low-NLR group (NLR < 3.5) with
160 cases.

INTRODUCTION
Gastric cancer (GC) is one of the most common types
of gastrointestinal cancer; the mortality of GC ranks
[1]
second among all malignancies . Although the
incidence of GC declined in recent years, prognosis has
not greatly improved, and the five-year accumulative
[2]
survival rate remains at approximately 25% . GC
is mainly treated by radical surgery; thus, factors
associated with the prognosis of GC should be deter
mined to effectively assist intervention therapy and to
improve patient outcomes. The body’s inflammatory
response plays an important role in tumour occurrence
[3]
and development . Inflammatory responses can inhibit
apoptosis, promote angiogenesis and damage DNA,
[4,5]
thereby promoting tumour growth and proliferation .
In cancer patients who are in the aggressive phase,
inflammatory response indicators, such as C-reactive
protein levels and platelet count, are usually higher
[6,7]
and are related to poor prognosis . Similarly, the
body’s inflammatory response can cause changes
in the peripheral white blood cell count, which is
reflected as an increased neutrophil count and reduced
[8]
lymphocyte count . Therefore, NLR could be used as
a good indicator of the systemic inflammatory state of
cancer patients. NLR is closely related to the prognosis
of various malignant tumours, such as liver cancer,
colorectal cancer, breast cancer, bladder cancer and
[9-14]
non-small cell lung cancer
. However, few studies
have investigated the relationships of NLR and prognosis
[15-17]
of GC patients
. This study aimed to investigate
the effects of preoperative NLR in the prognosis of
GC patients; our study also provided a reference for
diagnostic and treatment strategies for GC.

Statistical analysis

Data were statistically analysed using SPSS 20.0
statistical software. Counted data were subjected to a
χ 2 test. Variables likely to affect NLR were evaluated
by logistic regression. The survival rate was calculated
according to the Kaplan-Meier method. Survival rates
were then compared by performing log-rank tests.
Univariate and multivariate survival analyses were also
conducted using a Cox proportional hazards model, in
which P < 0.05 was considered statistically significant.

RESULTS
Relationships of preoperative NLR and other
clinicopathological factors

The lowest preoperative NLR of the 291 patients was
0.56, whereas the highest NLR was 74.5. The mean
NLR was 5.99 ± 8.98. The distributions of NLR were
listed as follows: NLR < 1.5, 35 cases; 1.5 ≤ NLR
< 2.5, 27 cases; 2.5 ≤ NLR < 3.5, 53 cases; 3.5 ≤
NLR < 4.5, 42 cases; 4.5 ≤ NLR < 5.5, 15 cases; and
NLR ≥ 5.5, 74 cases. The compared P values among
different survival-rate groups were as follows (Figure
1A): P = 0.953 (NLR < 1.5 and 1.5 ≤ NLR < 2.5); P
= 0.066 (1.5 ≤ NLR < 2.5 and 2.5 ≤ NLR < 3.5); P =
0.010 (2.5 ≤ NLR < 3.5 and 3.5 ≤ NLR < 4.5); P =
0.703 (3.5 ≤ NLR < 4.5 and 4.5 ≤ NLR < 5.5); and
P = 0.852 (4.5 ≤ NLR < 5.5 and NLR ≥ 5.5). On the
basis of these results (P = 0.010; 2.5 ≤ NLR < 3.5
and 3.5 ≤ NLR < 4.5), we selected NLR = 3.5 as the
threshold. The patients were then divided into a highNLR group (NLR ≥ 3.5) and a low-NLR group (NLR <
3.5).
Age, tumour size, T staging, tumour-node-metas
tasis (TNM) staging and platelet count significantly
differed between high- and low-NLR groups (P < 0.05).

MATERIALS AND METHODS
General information

A total of 291 GC cases treated and subjected to
radical surgery in the Department of General Surgery,
Nanjing First Hospital, China, from January 2005 to
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Table 1 Comparison of clinicopathological characteristics between high- and low-neutrophil-to-lymphocyte groups n (%)
Clinicopathological feature
Gender
Male
Female
Age
< 65 yr
≥ 65 yr
Tumor size
< 5 cm
≥ 5 cm
Differentiation degree
Middle and high differentiation
Low differentiation
T staging
T1
T2
T3
T4
N staging
N0
N1
N2
N3
TNM staging
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
platelet counting
< 300 × 109/L
9
≥ 300 × 10 /L
CEA
< 5 ng/mL
≥ 5 ng/mL

n

High-NLR group

Low-NLR group

χ2

P value

0.163

0.686

12.377

0.000

20.852

0.000

210
81

93 (44.3)
38 (46.9)

117 (55.7)
43 (53.1)

142
149

49 (34.5)
82 (55.0)

93 (65.5)
67 (45.0)

143
148

45 (31.5)
86 (58.1)

98 (68.5)
62 (41.9)

130
161

59 (45.4)
72 (44.7)

71 (54.6)
89 (55.3)

0.013

0.910

20
29
177
65

2 (10.0)
13 (41.4)
74 (41.8)
42 (64.6)

18 (90.0)
16 (58.6)
103 (58.2)
23 (35.4)

20.731

0.000

4.185

0.242

55
127
78
31

18 (32.7)
60 (47.2)
38 (48.7)
15 (48.4)

37 (67.3)
67 (52.8)
40 (51.3)
16 (51.6)
11.363

0.003

32
123
136

8 (25.0)
49 (39.8)
74 (54.4)

24 (75.0)
74 (60.2)
62 (45.6)
9.672

0.002

253
38

105 (41.5)
26 (68.4)

148 (58.5)
12 (31.6)
2.972

0.085

178
113

73 (41.0)
58 (51.3)

105 (59.0)
55 (48.7)

NLR: Neutrophil-to-lymphocyte ratio; CEA: Carcinoembryonic antigen.

By contrast, gender, differentiation degree, N staging
and CEA values were not significantly different (P >
0.05). As the tumour invasion depth increased and
clinicopathological staging progressed, the proportion
of patients with high NLR correspondingly increased.
The patients in the high-NLR group were older and
exhibited larger tumours and high platelet counts (Table
1).
Logistic regression analysis was performed to
evaluate the clinicopathological factors that likely
caused the increased NLR. The results showed that
age and tumour size were independent risk factors
that possibly increased the NLR (P < 0.05; Table 2).

patients (P < 0.05; Table 3).
Our data were subjected to further stratification
analysis. Our results showed that the five-year survival
rates of high- and low-NLR groups of stage Ⅰ patients
2
were not significantly different (χ = 0.732, P = 0.392;
Figure 1C). By contrast, the five-year survival rate of
the high-NLR group of stage Ⅱ and stage Ⅲ patients
was significantly lower than that of the low-NLR group
2
2
(χ = 12.299, P < 0.001; χ = 7.507, P = 0.006;
Figure 1D and E).

DISCUSSION
Abnormal phenotypes of malignant cancer cells
likely stimulate the accumulation of inflammatory
cells and destroy the tumour-surrounding tissues,
thereby causing a series of non-specific inflammatory
responses. As a tumour grows, these inflammatory
responses likely increase the peripheral blood
neutrophil count and decrease the lymphocyte count;
as a result, NLR increases. This result is consistent
[15,16,19]
with those of previous studies
. Our study further
found that the proportion of patients in the highNLR group increased as the tumour invasion depth
increased and the disease progressed; this finding is

Effects of NLR on the prognosis of GC patients

The five-year survival rate of the high-NLR group was
17.0%, which was significantly lower than that of
2
the low-NLR group (43.6%; χ = 32.818, P < 0.001,
Figure 1B). The univariate analysis results showed
that the five-year survival rate was related to age,
tumour size, T staging, N staging, TNM staging, CEA
value and NLR (P < 0.001). These parameters were
then subjected to multivariate analysis. The results
showed that TNM staging and NLR were independent
prognostic factors for the five-year survival rate of
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NLR < 1.5
1.5 ≤ NLR
2.5 ≤ NLR
3.5 ≤ NLR
4.5 ≤ NLR
NLR ≥ 5.5

1.0

Cumulative survival rate

0.8

<
<
<
<

B

2.5
3.5
4.5
5.5

1.0

0.6
0.4
0.2
0.0
10

20
30
40
Time after surgery (mo)

50

0.2

0

D

1.0

10

20
30
40
Time after surgery (mo)

50

60

NLR < 3.5
NLR ≥ 3.5

1.0
0.8

Cumulative survival rate

Cumulative survival rate

0.4

60

0.8
0.6
NLR < 3.5
NLR ≥ 3.5

0.4
0.2
0.0

0.6
0.4
0.2
0.0

0

E

0.6

0.0
0

C

NLR < 3.5
NLR ≥ 3.5

0.8
Cumulative survival rate

A

10

20
30
40
Time after surgery (mo)

50

60

50

60

0

10

20
30
40
Time after surgery (mo)

50

60

NLR < 3.5
NLR ≥ 3.5

1.0

Cumulative survival rate

0.8
0.6
0.4
0.2
0.0
0

10

20
30
40
Time after surgery (mo)

Figure 1 Five-year survival curves. A: All patients; B: High- and low-neutrophil-to-lymphocyte ratio groups; C: Stage Ⅰ patients; D: Stage Ⅱ patients; E: Stage Ⅲ
patients. NLR: Neutrophil-to-lymphocyte ratio.
[17]

also consistent with those in previous studies. Shimada
[15]
et al
performed a logistical regression analysis of
clinicopathological factors that likely influence the
increase in NLR and found that old age and high blood
platelet count are independent risk factors of high
NLR; the data of the present study showed that age
and tumour size were independent risk factors that
likely affected the increase in NLR.
High NLR is related to poor prognosis of patients
[9,10,12,14]
with various malignant tumours
. Hirashima et

WJG|www.wjgnet.com

al
revealed that NLR is related to the prognosis of
patients with GC in the early stage; however, they did
not further analyse whether NLR is an independent
factor affecting the prognosis of GC patients. Jung et
[16]
al
investigated patients with stage Ⅲ and Ⅳ GC
and found that the overall survival rate of the highNLR group (≥ 2.0) was significantly lower than that
of the low-NLR group. Indeed, NLR is an independent
factor affecting patient’s overall survival rate. Shimada
[15]
et al studied 1028 GC cases subjected to radical
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Table 2 Multivariate analysis of neutrophil-to-lymphocyte
ratio-associated risk factors
Clinicopathological feature
Gender (M/F)
Age (yr)
Tumor size
Differentiation degree
T staging
N staging
TNM staging
Platelet counting
CEA

HR

95%CI

P value

1.219
1.036
2.690
0.966
1.269
0.743
1.732
0.999
1.001

0.693-2.146
1.014-1.059
1.584-4.565
0.575-1.622
0.705-2.287
0.453-1.219
0.680-4.409
0.996-1.002
0.998-1.003

0.492
0.002
0.000
0.895
0.427
0.239
0.249
0.395
0.630

Table 3 Univariate and multivariate survival analysis results
Clinicopathological
feature
Gender
Male
Female
Age
< 65 yr
≥ 65 yr
Tumor size
< 5 cm
≥ 5 cm
Differentiation degree
Middle and high
differentiation
Low differentiation
T staging
T1
T2
T3
T4
N staging
N0
N1
N2
N3
TNM staging
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Platelet counting
< 300 × 109/L
9
≥ 300 × 10 /L
CEA
< 5 ng/mL
≥ 5 ng/mL
NLR
< 3.5
≥ 3.5

M/F: Male/female; CEA: Carcinoembryonic antigen; HR: Hazard ratio.

surgery and found that the five-year survival rate
of patients with high NLR (≥ 4.0) was significantly
lower than that of patients with low NLR. Similarly,
[15]
Shimada et al
found that NLR is an independent
factor affecting patient’s five-year survival rate. Other
[20,21]
scholars
also investigated patients with advanced
GC treated with chemotherapy and found that high
NLR is an independent risk factor influencing patient’s
disease-free survival period and overall survival rate.
In our study, the effect on five-year survival rate of the
patients with NLR ≥ 3.5 was apparent compared with
that of patients with NLR < 3.5 possibly because NLR
was related to the development of GC. Multivariate
analysis results showed that NLR was an independent
factor that likely affected the patient’s five-year
survival rate. Therefore, high preoperative NLR is an
indicator of the poor prognosis of patients with GC.
Several explanations have been provided regarding
the relationship of high NLR and poor prognosis. For
instance, high NLR corresponds to an enhanced response
of neutrophils to tumour inflammation; neutrophils
secrete angiogenic factors, such as vascular endo
thelial growth factor, thereby stimulating angiogenesis
[22]
and promoting tumour growth and metastasis .
Alternatively, peripheral blood lymphocytes are de
creased, leading to reduced lymphocyte-mediated
anti-tumour immune responses, which would acce
lerate disease progression. Furthermore, systemic
inflammation is closely related to nutritional status
and decreased organ function in cancer patients; thus,
[23]
poor prognosis is observed .
High preoperative NLR indicated poor cancer
prognosis; this result is very significant for cancer
prevention and treatment. Moreover, the effects of
anti-inflammatory drugs on tumour occurrence and
development have been investigated extensively.
For example, the prophylactic application of nonsteroidal anti-inflammatory drugs (NSAIDs) can
reduce the incidence of colon cancer by 40% to 50%;
NSAIDs elicit the same preventive effects on lung
[24,25]
cancer, oesophageal cancer and stomach cancer
.
In addition, vaccination has been administered to
promote an immune response of lymphocytes against

WJG|www.wjgnet.com

Univariate-analyzed
P value

Multivariate analysis

P value

HR (95%CI)

0.611

0.000

0.096
0.774 (0.573-1.046)
1.000

0.000

0.122
0.784 (0.576-1.067)
1.000

0.108

0.000

0.000

0.000

0.583
0.898
0.579
0.170
0.080
0.303
0.910
0.091
0.008
0.030
0.004

0.879 (0.122-6.338)
0.797 (0.358-1.776)
0.739 (0.480-1.138)
1.000
0.622 (0.252-1.535)
1.037 (0.556-1.934)
0.678 (0.433-1.063)
1.000
0.134 (0.022-0.822)
0.387 (0.204-0.735)
1.000

0.382

0.000

0.547
0.912 (0.675-1.231)
1.000

0.000

0.003
0.626 (0.460-0.852)
1.000

NLR: Neutrophil-to-lymphocyte ratio; CEA: Carcinoembryonic antigen;
HR: Hazard ratio.

[26]

tumours, thereby improving patient prognosis .
Indeed, patients with high preoperative NLR should
be considered as high-risk patients who should be
integrated with multi-mode anti-tumour therapies,
such as chemotherapy, radiotherapy and immune
therapy.
In summary, preoperative NLR was closely related
to the prognosis of GC; in particular, a high NLR was
an indicator that could be used to determine the
poor prognosis of patients with GC. NLR could be
determined using a simple, rapid and cost-effective
detection technique; this technique could be applied
efficiently to predict the prognosis of GC patients and
to provide a reference for the integrated treatment of
GC for broad applications.
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cancers; however, the prognosis of GC is poor. The body’s inflammatory
response plays an important role in tumour development. The neutrophil-tolymphocyte ratio (NLR), which indicates the systemic inflammatory state of the
body, is closely related to the prognosis of GC.
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Abstract
AIM: To investigate the relationship between gallstone
disease and nonalcoholic fatty liver disease (NAFLD) in
a large Asian population.
METHODS: A cross-sectional study including 17612
subjects recruited from general health check-ups at the
Seoul National University Hospital, Healthcare System
Gangnam Center between January 2010 and December
2010 was conducted. NAFLD and gallstone disease
were diagnosed based on typical ultrasonographic
findings. Subjects who were positive for hepatitis B or C,
or who had a history of heavy alcohol consumption (>
30 g/d for men and > 20 g/d for women) or another
type of hepatitis were excluded. Gallstone disease was
defined as either the presence of gallstones or previous
cholecystectomy, and these two entities (gallstones
and cholecystectomy) were analyzed separately.
Clinical parameters including body mass index, waist
circumference, hypertension, diabetes, smoking status,
and regular physical activity were reviewed. Laboratory
parameters, including serum levels of gamma-glutamyl
transpeptidase, alanine aminotransferase, aspartate
aminotransferase, fasting glucose, fasting insulin, total
cholesterol, triglycerides, and high-density lipoprotein,
were also reviewed.
RESULTS: The mean age of the subjects was 48.5
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± 11.3 years, and 49.3% were male. Approximately
30.3% and 6.1% of the subjects had NAFLD and
gallstone disease, respectively. The prevalence of
gallstone disease (8.3% vs 5.1%, P < 0.001), including
both the presence of gallstones (5.5% vs 3.4%, P
< 0.001) and a history of cholecystectomy (2.8% vs
1.7%, P < 0.001), was significantly increased in the
NAFLD group. In the same manner, the prevalence of
NAFLD increased with the presence of gallstone disease
(41.3% vs 29.6%, P < 0.001). Multivariate regression
analysis showed that cholecystectomy was associated
with NAFLD (OR = 1.35, 95%CI: 1.03-1.77, P = 0.028).
However, gallstones were not associated with NAFLD
(OR = 1.15, 95%CI: 0.95-1.39, P = 0.153). The
independent association between cholecystectomy and
NAFLD was still significant after additional adjustment
for insulin resistance (OR = 1.45, 95%CI: 1.01-2.08, P
= 0.045).

the most common liver diseases, with a prevalence
[1,2]
of 20%-35% in the general population . NAFLD
includes a spectrum of liver diseases, from simple
steatosis to nonalcoholic steatohepatitis, cirrhosis,
[3,4]
and hepatocellular carcinoma . As obesity, type
2 diabetes, dyslipidemia, and insulin resistance are
the underlying metabolic conditions that favor the
occurrence of NAFLD, NAFLD is regarded as the hepatic
[5]
manifestation of metabolic syndrome . Gallstone
disease is also common, and the prevalence of gall
[6,7]
stones varies between 5% and 25% . Increased
age, female sex, obesity, metabolic syndrome,
hypertriglyceridemia, diabetes, and insulin resistance
are considered to be the major risk factors for gall
[8,9]
stones .
As mentioned above, gallstone disease and NAFLD
are both prevalent in the general population and share
the same risk factors, including obesity and insulin
resistance. Therefore, several studies have investigated
the association between gallstone disease and NAFLD
and have demonstrated an independent association
[8,10]
between them
. One study demonstrated a dosedependent association between the severity of hepatic
inflammation or fibrosis and the prevalence of gallstone
[11]
disease . On the contrary, another study showed no
association between gallstone disease and the severity
[12]
of fibrosis in NAFLD patients . Recently, a populationbased study using the National Health and Nutrition
Examination Survey Ⅲ, evaluated gallstone disease by
separating patients according to the presence of either
gallstones or a history of cholecystectomy. This study
revealed an association between cholecystectomy and
NAFLD, but no association between gallstones and
NAFLD, suggesting that cholecystectomy has metabolic
[13]
consequences . As discussed above, previous studies
showed inconsistent results regarding the association
between gallstone disease and NAFLD.
Therefore, the purpose of this study was to inves
tigate the relationship between gallstone disease
(including gallstones and cholecystectomy) and NAFLD
in a large Asian population.

CONCLUSION: This study shows that cholecystectomy,
but not gallstones, is independently associated with
NAFLD after adjustment for metabolic risk factors.
These data suggest that cholecystectomy may be an
independent risk factor for NAFLD.
Key words: Fatty liver; Hepatic steatosis; Gallbladder;
Cholelithiasis; Gallbladder removal
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The relationship between gallstone disease
(gallstones and cholecystectomy, separately) and
ultrasonographically diagnosed nonalcoholic fatty
liver disease (NAFLD) was analyzed in a large Asian
population. The prevalence of gallstone disease
increased with the presence of NAFLD, and the
prevalence of NAFLD increased with the presence
of gallstone disease. Multivariate regression analysis
showed that cholecystectomy was associated with
NAFLD. However, gallstones were not associated
with NAFLD. The independent association between
cholecystectomy and NAFLD was still significant after
additional adjustment for insulin resistance. This study
showed that cholecystectomy, but not gallstones, is
independently associated with NAFLD after adjustment
for metabolic risk factors.

MATERIALS AND METHODS
Study population

Subjects who voluntarily visited the Seoul National
University Hospital, Healthcare System Gangnam
Center, for a health check-up between January 2010
and December 2010 were initially enrolled. Most of the
screenees routinely underwent hepatic ultrasonography
and blood sampling as part of their health care
program. Of the 24550 initially enrolled subjects,
patients with other causes of chronic liver disease were
excluded as follows: 267 for hepatitis C (diagnosed by
a positive hepatitis C antibody); 1186 for hepatitis B
(diagnosed by a positive hepatitis B surface antigen);
3926 for excessive alcohol consumption (defined as >
30 g/d for men and > 20 g/d for women); and 105 for

Kwak MS, Kim D, Chung GE, Kim W, Kim YJ, Yoon JH.
Cholecystectomy is independently associated with nonalcoholic
fatty liver disease in an Asian population. World J Gastroenterol
2015; 21(20): 6287-6295 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i20/6287.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6287

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of
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a history of other liver diseases (e.g., Wilson’s disease,
autoimmune hepatitis, primary biliary cirrhosis, and
hemochromatosis). We also excluded 697 subjects
who had taken drugs that can cause fatty liver within
the past year. Two subjects who were found to have
gallbladder cancer on abdominal ultrasonography
were also excluded. Additionally, 755 subjects who
did not answer the questionnaire regarding alcohol
drinking, smoking status, exercise, and past medical
history were excluded. Therefore, 17612 subjects
were finally included in this analysis. The study was
approved by the Institutional Review Board of Seoul
National University Hospital (H1309-019-518) and was
performed according to the ethical guidelines of the
1975 Declaration of Helsinki and its later amendments.
The need to obtain informed consent from the subjects
was waived by the Institutional Review Board of Seoul
National University Hospital. A corresponding author
and all the co-authors had access to the full data of
this study and reviewed and approved the manuscript.

using a tape placed at the midpoint between the iliac
crest and the lower costal margin. Height and weight
were measured using a digital scale, and body mass
index (BMI) was calculated using the following formula:
2
BMI = weight (kg)/height squared (m ). Systolic and
diastolic blood pressures were checked twice, and the
mean values of the two measurements were used.
Hypertension was defined as the current use of antihypertensive drugs, a systolic blood pressure over 140
mmHg, or a diastolic blood pressure over 90 mmHg.
The presence of diabetes was defined as the current
use of anti-diabetic drugs or a fasting glucose level
greater than or equal to 126 mg/dL. Current smokers
were defined as subjects who had smoked at least
100 cigarettes in their lifetime and who smoked either
every day or on some days during the previous year.
Ex-smokers were defined as subjects who reported
smoking at least 100 cigarettes in their lifetime and
who had not smoked during the previous year. Regular
physical activity was defined as regularly exercising
more than once per week.
Laboratory examinations included serum gammaglutamyl transpeptidase (GGT), alanine amino
transferase (ALT), aspartate aminotransferase
(AST), total cholesterol, triglycerides, high-density
lipoprotein (HDL), fasting glucose, HbA1c, fasting
insulin, antibodies against the hepatitis C virus, and
hepatitis B surface antigen. Blood sampling was
performed before 10 am after an overnight fast. All the
biochemical examinations were performed in the same
laboratory according to standard laboratory methods.
The homeostasis model assessment-estimated insulin
resistance (HOMA-IR) was used to assess insulin
resistance as follows: HOMA-IR = fasting plasma
glucose (mmol/L) × fasting plasma insulin (μIU/
[15]
mL)/22.5 .

Definition of NAFLD by ultrasonographic examination

Hepatic ultrasonography was performed by expe
rienced radiologists. At the time of the procedure,
the radiologists were blinded to the laboratory and
clinical data of the subjects. Fatty liver was diagnosed
by ultrasonographic findings (Acuson, Sequoia 512,
Siemens, Mountain View, CA, United States), based on
liver brightness, hepatorenal echo contrast, vascular
[14]
blurring, and deep attenuation .
NAFLD was defined as the presence of fatty liver by
ultrasonography without the presence of the following
other possible causes of chronic liver disease: (1)
excessive alcohol consumption (defined as > 30 g/d
for men and > 20 g/d for women); (2) positivity for
antibodies against the hepatitis C virus or the hepatitis
B surface antigen; (3) other known causes of chronic
liver disease; and (4) the use of drugs that can cause
fatty liver.

Statistical analysis

To compare the variables between subjects according
to gallstone disease status (control, gallstones,
cholecystectomy) and between subjects with and
without NAFLD, the Student’s t-test was used for
2
continuous variables and the χ -test was used for
categorical variables. Multivariate logistic regression
analysis was performed including previously
established risk factors and variables with a P value
< 0.05 in the unadjusted analyses. SPSS 19 (SPSS
Inc., Chicago, IL, United States) software was used. A
two-tailed P value < 0.05 was considered statistically
significant.
The statistical methods of this study were reviewed
by Seung-sik Hwang from Inje University School of
Medicine.

Definition of gallstone disease

Gallstone disease was diagnosed by experienced
radiologists using ultrasonography (Acuson, Sequoia
512, Siemens, Mountain View, CA, United States)
after the subjects had fasted for at least 8 h. Gall
stone disease was defined as the ultrasonographic
presence of gallstones or absence of the gallbladder
on ultrasonography due to a previous history of
cholecystectomy. Gallstones were diagnosed based
on the presence of movable hyper-echoic foci with
acoustic shadows.

Clinical and laboratory assessments

Each subject answered a questionnaire regarding
past medical history, including previous history of
cholecystectomy. Anthropometric measurements and
laboratory tests were performed on the same day.
Waist circumference was measured by a trained nurse

WJG|www.wjgnet.com

RESULTS
A total of 17612 individuals (8682 males and 8930
females, mean age, 48.5 years) were ultimately

6289

May 28, 2015|Volume 21|Issue 20|

Kwak MS et al . Cholecystectomy and NAFLD

A

Table 1 Baseline characteristics of control and nonalcoholic
fatty liver disease subjects

P < 0.001

9
8

P < 0.001

Control
NAFLD
(P = 12275) (P = 5337)

P value

47.4 ± 11.4
4839 (39.4)
80.3 ± 7.2
22.0 ± 2.6
111.3 ± 14.3

50.9 ± 10.5
3843 (72.0)
89.2 ± 6.9
25.4 ± 2.7
119.3 ± 13.2

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

71.4 ± 11.0

78.1 ± 10.5

< 0.001

1570 (12.8)
373 (3.0)
24.7 ± 31.3

1451 (27.2)
498 (9.3)
42.7 ± 39.8

< 0.001
< 0.001
< 0.001

6
5
3
1
0

19.1 ± 16.1

33.0 ± 23.5

< 0.001

20.7 ± 11.5

25.6 ± 12.8

< 0.001

191.6 ± 32.9
85.9 ± 50.0
57.6 ± 12.3
92.4 ± 12.7
5.7 ± 0.4
5.8 ± 3.4

200.5 ± 34.9
144.8 ± 84.1
48.9 ± 9.6
102.5 ± 19.8
6.0 ± 0.7
9.6 ± 5.5

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1.4 ± 1.0
421 (3.4)
207 (1.7)
628 (5.1)

2.5 ± 1.6
292 (5.5)
149 (2.8)
441 (8.3)

< 0.001
< 0.001
< 0.001
< 0.001

8300 (67.6)
1419 (11.6)
2556 (20.8)
8112 (66.1)

2365 (44.3)
1114 (20.9)
1858 (34.8)
3496 (65.5)

< 0.001

P < 0.001

4
2

NAFLD No NAFLD
Cholecystectomy

B

NAFLD No NAFLD
Gallstone

NAFLD No NAFLD
Gallstone disease

P < 0.001
P < 0.001
45

P < 0.001

40
35
Prevalence (%)

Age (yr)
Male
Waist circumference (cm)
Body mass index (kg/m2)
Systolic blood pressure
(mmHg)
Diastolic blood pressure
(mmHg)
Hypertension
Diabetes
Gamma-glutamyl
transpeptidase (IU/L)
Alanine aminotransferase
(IU/L)
Aspartate aminotransferase
(IU/L)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL-cholesterol (mg/dL)
Fasting glucose (mg/dL)
HbA1c (%)
Fasting insulin, μIU/mL
(n = 8622)
HOMA-IR index (n = 8622)
Gallstones
Cholecystectomy
Gallstone disease
Smoking
Never-smoker
Current smoker
Ex-smoker
Regular physical activity

Prevalence (%)

7

30
25
20
15
10
5
0

Control

Cholecystectomy

Gallstone Gallstone disease

Data are presented as the mean ± SD or n (%). NAFLD: Nonalcoholic fatty
liver disease; IR: Insulin resistance.

Figure 1 Prevalence of disease in subjects with or without nonalcoholic
fatty liver disease. A: Prevalence of cholecystectomy, gallstones, and gallstone
disease in subjects with and without nonalcoholic fatty liver disease (NAFLD).
Cholecystectomy, gallstones, and gallstone disease were more commonly
observed in subjects with NAFLD compared with subjects without NAFLD (P
< 0.001 for all); B: The prevalence of NAFLD in the control, cholecystectomy,
gallstone, and gallstone disease groups. NAFLD was significantly more likely
in the cholecystectomy, gallstone and gallstone disease groups compared with
the control group (all P < 0.001). NAFLD: Nonalcoholic fatty liver disease.

analyzed in this study. Of these, 5337 (30.3%) had
NAFLD. Table 1 shows the baseline characteristics of
the controls and subjects with NAFLD. The following
factors were significantly associated with NAFLD:
increased age; male sex; larger waist circumference;
higher BMI; higher blood pressure; the presence of
hypertension and diabetes; elevated levels of GGT, ALT,
AST, cholesterol, triglycerides, fasting glucose, HbA1c,
and HOMA-IR; and lower levels of HDL cholesterol (all
P < 0.001). The presence of gallstones (5.5% vs 3.4%,
P < 0.001) and a history of cholecystectomy (2.8% vs
1.7%, P < 0.001) were both significantly increased in
the NAFLD group (Figure 1A).
Table 2 shows the baseline characteristics of the
subjects according to their gallstone disease status
(control, gallstones, cholecystectomy, and gallstone
disease). Approximately 6.1% of subjects (n = 1069)
had gallstone disease. Compared with the control
group, subjects in the gallstone disease group were
older. They also had larger waist circumference, a
higher BMI, and elevated levels of GGT, ALT, AST,
triglycerides, fasting glucose, HbA1c, and HOMAIR, as well as lower levels of HDL cholesterol (all P

< 0.001). There were more subjects with diabetes
and hypertension in the gallstone disease group (P
< 0.001). Figure 1B shows that the rate of NAFLD
was increased in the gallstone (41.0% vs 29.6%, P
< 0.001), cholecystectomy (41.9% vs 29.6%, P <
0.001), and gallstone disease (41.3% vs 29.6%, P <
0.001) groups.
When we analyzed the association between gallstone
disease and NAFLD, gallstone disease (OR = 1.67,
95%CI: 1.47-1.90, P < 0.001), cholecystectomy (OR
= 1.67, 95%CI: 1.35-2.07, P < 0.001), and gallstones
(OR = 1.65, 95%CI: 1.42-1.92, P < 0.001) were
significantly associated with NAFLD in the unadjusted
analyses. Gallstone disease was independently
associated with NAFLD after adjustment for age and
sex (OR = 1.47, 95%CI: 1.28-1.68, P < 0.001).
Cholecystectomy (OR = 1.46, 95%CI: 1.16-1.83,
P = 0.001) and gallstones (OR = 1.46, 95%CI:
1.24-1.72, P < 0.001) were also independently
associated with NAFLD in the age- and sex-adjusted
model. In the multivariate model, after adjusting
for other covariates such as BMI, smoking, physical
activity, hypertension, diabetes, total cholesterol,

WJG|www.wjgnet.com
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Table 2 Baseline characteristics of the subjects according to gallstone disease status
Control (n = 16543) Gallstone disease (n = 1069)

Gallstone disease (n = 1069)
Gallstones (n = 713) Cholecystectomy (n = 356)

Age (yr)
Male
Waist circumference (cm)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Hypertension
Diabetes
Gamma-glutamyl transpeptidase (IU/L)
Alanine aminotransferase (IU/L)
Aspartate aminotransferase (IU/L)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL-cholesterol (mg/dL)
Fasting glucose (mg/dL)
HbA1c (%)
Fasting insulin, μIU/mL (n = 8622)
HOMA- IR index (n = 8622)
NAFLD
Smoking
Never-smoker
Current smoker
Ex-smoker
Regular physical activity

48.1 ± 11.1
8122 (49.1)
82.8 ± 8.2
23.0 ± 3.1
113.5 ± 14.4
73.3 ± 11.3
2710 (16.4)
771 (4.7)
29.8 ± 32.9
23.1 ± 19.8
22.1 ± 12.2
194.4 ± 33.7
103.2 ± 68.0
55.1 ± 12.2
95.2 ± 15.5
5.8 ± 0.5
6.9 ± 4.4
1.7 ± 1.3
4896 (29.6)

54.5 ± 11.4a
560 (52.4)a
86.4 ± 8.5a
24.1 ± 3.2a
116.3 ± 15.2a
75.2 ± 11.4a
311 (29.1)a
100 (9.4)a
34.6 ± 48.8a
25.9 ± 18.6a
23.2 ± 11.1a
193.4 ± 33.7
111.1 ± 62.3a
53.2 ± 12.1a
99.6 ± 20.4a
5.9 ± 0.7a
8.3 ± 6.2a
2.1 ± 1.7a
441 (41.3)a

53.8 ± 11.2b
377 (52.9)b
86.3 ± 8.2b
24.0 ± 3.1b
117.0 ± 15.0b
75.2 ± 11.2b
205 (28.8)b
67 (9.4)b
35.7 ± 58.8b
26.0 ± 17.9b
23.6 ± 10.7b
192.5 ± 33.6
112.9 ± 65.9b
53.3 ± 12.2b
99.6 ± 20.8b
5.9 ± 0.6b
8.3 ± 6.0b
2.1 ± 1.7b
292 (41.0)b

55.8 ± 11.5c
183 (51.4)
86.3 ± 7.7c
23.9 ± 2.9c
118.4 ± 14.5c
75.2 ± 10.6c
106 (29.8)c
33 (9.3)c
38.0 ± 75.0c
26.1 ± 16.4c
24.5 ± 9.9c
190.6 ± 33.4c
116.4 ± 72.5c
53.7 ± 12.6c
99.5 ± 17.0c
6.0 ± 0.5c
8.3 ± 5.7c
2.2 ± 1.7c
149 (41.9)c

10042 (60.7)
2398 (14.5)
4103 (24.8)
10835 (65.5)

623 (58.3)a
135 (12.6)a
311 (29.1)a
773 (72.3)a

419 (58.8)
95 (13.3)
199 (27.9)
521 (73.1)b

204 (57.3)c
40 (11.2)c
112 (31.5)c
252 (70.8)c

Data are presented as the mean ± SD or n (%). aP < 0.05, control vs gallstone disease; bP < 0.05, control vs gallstone; cP < 0.05, control vs cholecystectomy.
NAFLD: Nonalcoholic fatty liver disease; GSD: Gallstone disease; IR: Insulin resistance.

triglycerides, and HDL cholesterol, in addition to
age and sex, subjects with gallstone disease had
an increased risk of NAFLD (OR = 1.22, 95%CI:
1.04-1.43, P = 0.016). When cholecystectomy and
gallstones were analyzed separately, cholecystectomy
was independently associated with NAFLD in the
multivariate model (OR = 1.35, 95%CI: 1.03-1.77,
P = 0.028). In other words, subjects who underwent
cholecystectomy had a 35% higher risk of NAFLD
compared with subjects who had not undergone
cholecystectomy. However, the presence of gallstones
was not independently associated with NAFLD after
adjusting for known metabolic risk factors (OR = 1.15,
95%CI: 0.95-1.39, P = 0.153) (Table 3). Similarly,
when waist circumference, which is a surrogate marker
for visceral obesity, was additionally accounted for in
the multivariate analysis, cholecystectomy, but not
gallstones, was independently associated with NAFLD
(data not shown).
A subgroup analysis was conducted in 8622 sub
jects in whom fasting insulin was examined. The
baseline characteristics of subjects with or without
fasting insulin measurements are shown in Table 4. In
the group whose fasting insulin levels were checked,
there were more older subjects and male subjects
with hypertension or diabetes. Gallstone disease
was associated with NAFLD (at a marginal level of
significance) after adjusting for insulin resistance in
addition to metabolic risk factors (OR = 1.25, 95%CI:
1.00-1.55, P = 0.052) (Table 5). Cholecystectomy was

WJG|www.wjgnet.com

independently associated with NAFLD in the multivariate
model (OR = 1.45, 95%CI: 1.01-2.08, P = 0.045), but
gallstones were not (OR = 1.14, 95%CI: 0.87-1.50, P
= 0.336).

DISCUSSION
This study demonstrated that gallstone disease
is associated with NAFLD, independent of wellestablished, common metabolic risk factors. This
association was mainly attributable to a history of
cholecystectomy, not the presence of gallstones.
Subjects who underwent cholecystectomy had a 35%
higher prevalence of NAFLD. However, gallstones were
not independently associated with NAFLD.
The association between gallstone disease and
NAFLD has been evaluated in several studies;
however, most previous studies did not differentiate
[8,11,16]
between gallstones and cholecystectomy
.
Therefore, the effect of cholecystectomy itself has not
been fully investigated. An in vivo study suggested
that cholecystectomy has metabolic consequences
by demonstrating that cholecystectomized mice had
increased levels of hepatic and serum triglycerides and
[17]
[13]
very low-density lipoprotein . Recently, Ruhl et al
reported an independent association between NAFLD
and cholecystectomy, but not between NAFLD and
gallstones, indicating cholecystectomy per se is a risk
factor for NAFLD in the United States. However, it is
hard to apply this result directly to Asian populations
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Table 3 Univariate and multivariate analyses for the presence of nonalcoholic fatty liver disease according to gallstone disease status
Variable

Univariate model

Gallstone disease
Control (n = 16543)
Gallstone disease (n = 1069)
Cholecystectomy
Control
Cholecystectomy (n = 356)
Gallstones
Control
Gallstones (n = 713)

Age, sex-adjusted model

Multivariate model

1

OR (95%CI)

P value

OR (95%CI)

P value

OR (95%CI)

P value

1
1.67 (1.47-1.90)

< 0.001

1
1.47 (1.28-1.68)

< 0.001

1
1.22 (1.04-1.43)

0.016

1
1.67 (1.35-2.07)

< 0.001

1
1.46 (1.16-1.83)

0.001

1
1.35 (1.03-1.77)

0.028

1
1.65 (1.42-1.92)

< 0.001

1
1.46 (1.24-1.72)

< 0.001

1
1.15 (0.95-1.39)

0.153

1

The multivariate model was adjusted for age, sex, hypertension, diabetes, body mass index, smoking, physical activity, total cholesterol, triglycerides and
HDL cholesterol. NAFLD: Nonalcoholic fatty liver disease; OR: Odds ratio.

Table 4 Comparison of characteristics between subjects who underwent fasting insulin testing and those who did not

Age (yr)
Male
Waist circumference (cm)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Hypertension
Diabetes
Gamma-glutamyl transpeptidase (IU/L)
Alanine aminotransferase (IU/L)
Aspartate aminotransferase (IU/L)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL-cholesterol (mg/dL)
Fasting glucose (mg/dL)
HbA1c (%)
NAFLD
Gallstone
Cholecystectomy
Gallstone disease
Smoking
Never-smoker
Current smoker
Ex-smoker
Regular physical activity

Fasting insulin absent (n = 8990)

Fasting insulin available (n = 8622)

P value

45.8 ± 11.8
4808 (46.5)
82.8 ± 8.3
23.0 ± 3.1
113.2 ± 14.2
73.3 ± 11.3
1300 (14.5)
356 (4.0)
30.1 ± 30.7
23.1 ± 19.4
21.8 ± 12.4
193.0 ± 33.3
105.0 ± 70.2
55.0 ± 12.0
95.4 ± 14.9
5.77 ± 0.51
2619 (29.1)
336 (3.7)
160 (1.8)
496 (5.5)

51.2 ± 9.9
4748 (55.1)
83.3 ± 8.1
23.1 ± 3.0
114.3 ± 14.6
73.9 ± 11.3
1721 (20.0)
515 (6.0)
30.3 ± 39.0
23.5 ± 20.0
22.6 ± 11.8
195.6 ± 34.1
102.5 ± 65.5
55.0 ± 12.5
95.6 ± 16.9
5.84 ± 0.56
2718 (31.5)
377 (4.4)
196 (2.3)
573 (6.6)

< 0.001
< 0.001
< 0.001
0.167
< 0.001
0.020
< 0.001
< 0.001
0.732
0.142
< 0.001
< 0.001
0.017
0.693
0.606
< 0.001
0.001
0.033
0.020
0.002
< 0.001

5300 (59.0)
1440 (16.0)
2250 (25.0)
5559 (61.8)

5365 (62.2)
1093 (12.7)
2164 (25.1)
6049 (70.2)

< 0.001

Data are presented as the mean ± SD or n (%). NAFLD: Nonalcoholic fatty liver disease; IR: Insulin resistance.

because the prevalence of and risk factors for gallstone
[9,18,19]
disease vary across ethnicities
. In general, BMI,
one of the risk factors for gallstones, is lower in Asians
compared with Western populations; however, Asians
have a higher risk of visceral obesity than Caucasian
[20,21]
populations with the same BMI
. Thus, differences
in general obesity, as assessed by BMI and visceral
obesity, may have some effect on the association
between gallstone disease and NAFLD. To date, studies
evaluating the association between gallstone disease
and NAFLD in Asian populations are scarce. This is the
largest study confirming the independent association
between cholecystectomy, but not gallstones, and
NAFLD in an Asian population. This study supports the
idea that cholecystectomy may have some effect on
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the development of NAFLD.
There are several possible mechanisms for this
relationship: (1) Because the gallbladder regulates bile
acid homeostasis, alterations in bile acid metabolism
after cholecystectomy may alter glucose and lipid
[22,23]
metabolism, causing NAFLD
. Bile acids exercise
their action by binding to nuclear receptors, such as
the farnesoid X receptor and TGR5, leading to gene
[24,25]
expression changes in the liver
. The farnesoid
X receptor plays an important role not only in
maintaining cholesterol and bile acid homeostasis,
but also in the regulation of many metabolic enzymes
[26]
and transporters . TGR5 also plays crucial roles
in lipid metabolism, glucose homeostasis, and
[27]
energy expenditure . Thus, it can be inferred that
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Table 5 Univariate and multivariate analyses for the presence of nonalcoholic fatty liver disease according to gallstone disease status
in subjects in whom fasting insulin testing was performed
Variable

Univariate model

Gallstone disease
Control (n = 8049)
Gallstone disease (n = 573)
Cholecystectomy
Control
Cholecystectomy (n = 196)
Gallstones
Control
Gallstones (n = 377)

Age, sex-adjusted model

Multivariate model 1

1

Multivariate model 2

2

OR (95%CI)

P value

OR (95%CI)

P value

OR (95%CI)

P value

OR (95%CI)

P value

1
1.67 (1.41-1.99)

< 0.001

1
1.51 (1.26-1.82)

< 0.001

1
1.27 (1.03-1.58)

0.029

1
1.25 (1.00-1.55)

0.052

1
1.76 (1.32-2.35)

< 0.001

1
1.59 (1.17-2.16)

0.003

1
1.45 (1.01-2.07)

0.044

1
1.45 (1.01-2.08)

0.045

1
1.63 (1.32-2.01)

< 0.001

1
1.48 (1.18-1.85)

0.001

1
1.18 (0.91-1.54)

0.21

1
1.14 (0.87-1.50)

0.336

1

The multivariate model 1 was adjusted for age, sex, hypertension, diabetes, body mass index, smoking, physical activity, total cholesterol, triglycerides
and high-density lipoprotein cholesterol; 2The multivariate model 2 was adjusted for multivariate model 1 in addition to insulin resistance as assessed by
HOMA-IR. NAFLD: Nonalcoholic fatty liver disease; IR: Insulin resistance; OR: Odds ratio; HOMA-IR: Homeostasis model assessment-estimated insulin
resistance.

cholecystectomy may alter the circulation of bile
acid, the activation of bile acid receptors, and the
downstream signaling pathways related to hepatic
lipid and glucose metabolism, thereby contributing
to the development of NAFLD; (2) Gallbladderrelated hormonal effects represent another plausible
explanation, whereby fibroblast growth factor 19
(FGF 19), which is secreted from the gallbladder
mucosa and regulates the synthesis of bile salts, has a
[28]
beneficial effect on the metabolic syndrome . In vitro
and in vivo studies have demonstrated the inhibitory
[29,30]
effect of FGF-19 on hepatic fatty acid synthesis
.
Lower serum FGF-19 levels were reported in NAFLD
[31]
patients , and cholecystectomy reduces FGF-19
[32]
levels . Therefore, it can be inferred that decreased
FGF-19 levels after cholecystectomy may increase the
hepatic triglyceride content, thereby exerting some
[13,33]
effect on the development of NAFLD
. Although
insulin resistance is a well-known risk factor for
both gallstones and NAFLD, the association between
NAFLD and cholecystectomy persisted with only a
minimal change after additional adjustment for insulin
resistance. This is similar to the results of previous
[13,34]
studies
; and (3) There may be an association
between pain or inflammatory symptoms, which
are associated with gallbladder pathology, before
[35]
cholecystectomy and the occurrence of NAFLD . A
[13]
recent population-based study
demonstrated that
cholecystectomy in subjects with pain had a lower
OR for NAFLD than cholecystectomy in subjects
without pain. As we did not have any data concerning
abdominal pain or biliary colic due to our study
design, we could not evaluate the effect of pain on
the association between cholecystectomy and NAFLD.
Further prospective studies should be conducted to
investigate the exact mechanism of the association
between cholecystectomy and NAFLD.
In contrast to our study, several previous studies
have demonstrated an independent association
[8,10,36]
between gallstones and NAFLD
. This contradiction
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may be due to different definitions of NAFLD or
insufficient adjustment for NAFLD risk factors. In
other studies, NAFLD was defined by AST/ALT levels,
which often underestimate and misclassify NAFLD. In
our study, we defined NAFLD by ultrasonography and
sufficiently adjusted for metabolic risk factors, including
insulin resistance. Another plausible explanation is that
ethnic differences may affect the association between
gallstones and NAFLD. Ethnic differences are observed
in the prevalence of gallstone disease; specifically,
the prevalence of gallstones is reported to be as high
as 60% to 70% in American Indians, 25% to 30% in
Hispanic populations in Central and South America,
and 10% to 15% in Caucasian adults in developed
countries. A low prevalence is reported in African
[9,37]
Americans and East Asians
. In Asia, the prevalence
of gallstone disease was reported to be 3.2% in Japan,
[10,38,39]
3.1% in India, and 10.7% in Taiwan
. Similar
to other Asian countries, the prevalence of gallstone
disease in this Korean population was 6.1%.
This study has strengths compared with previous
studies. First, the subjects in this study were repre
sentative of the general population, considering the
nature of the health screenings. Thus, due to the
sufficiently large sample size, we could provide more
definitive evidence for an independent association
between cholecystectomy itself and NAFLD, consistent
[13]
with a previous report . Second, this study confirmed
the independent association between cholecystectomy
and NAFLD in an Asian population, which may have
different characteristics to a Western population.
This study also has several limitations. First, it
was a cross-sectional study; thus, the temporal
relationship between cholecystectomy and NAFLD
could not be evaluated. Second, we diagnosed NAFLD
by ultrasonography without histological confirmation,
which is considered the gold standard for diagnosing
NAFLD. However, histological diagnosis of NAFLD is
difficult to accomplish in a large general population
and creates the risk of certain complications. Third,
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insulin resistance was not evaluated in all patients due
to the retrospective design of our study. Fourth, the
type of cholecystectomy (open or laparoscopic) and
the conversion rate of cholecystectomy (laparoscopic
to open), which may have affected its association with
NAFLD, were not reviewed in this study, because the
previous history of cholecystectomy, not the type of
cholecystectomy were only available due to our study
[40]
design .
In conclusion, this study showed an independent
association between previous cholecystectomy and
NAFLD, independent of other established metabolic
risk factors, in a large Asian population. However,
gallstones were not independently associated with
NAFLD. This result suggests that cholecystectomy may
increase the risk of NAFLD. Further prospective studies
are warranted to confirm these observations.
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AIM: To evaluate the outcomes of patients with endstage biliary disease (ESBD) who underwent liver
transplantation, to define the concept of ESBD, the
criteria for patient selection and the optimal operation
for decision-making.
METHODS: Between June 2002 and June 2014,
43 patients with ESBD from two Chinese organ
transplantation centres were evaluated for liver
transplantation. The causes of liver disease were
primary biliary cirrhosis (n = 8), cholelithiasis (n =
8), congenital biliary atresia (n = 2), graft-related
cholangiopathy (n = 18), Caroli’s disease (n = 2),
iatrogenic bile duct injury (n = 2), primary sclerosing
cholangitis (n = 1), intrahepatic bile duct paucity (n =
1) and Alagille’s syndrome (n = 1). The patients with
ESBD were compared with an end-stage liver disease
(ESLD) case control group during the same period, and
the potential prognostic values of multiple demographic
and clinical variables were assessed. The examined
variables included recipient age, sex, pre-transplant
clinical status, pre-transplant laboratory values,
operation condition and postoperative complications,
as well as patient and allograft survival rates. Survival
analysis was performed using Kaplan-Meier curves,
and the rates were compared using log-rank tests. All
variables identified by univariate analysis with P values
< 0.100 were subjected to multivariate analysis. A
Cox proportional hazard regression model was used to
determine the effect of the study variables on outcomes
in the study group.
RESULTS: Patients in the ESBD group had lower model
for end-stage liver disease (MELD)/paediatric end-stage
liver disease (PELD) scores and a higher frequency of
previous abdominal surgery compared to patients in
the ESLD group (19.2 ± 6.6 vs 22.0 ± 6.5, P = 0.023
and 1.8 ± 1.3 vs 0.1 ± 0.2, P = 0.000). Moreover, the
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operation time and the time spent in intensive care
were significantly higher in the ESBD group than in the
ESLD group (527.4 ± 98.8 vs 443.0 ± 101.0, P = 0.000,
and 12.74 ± 6.6 vs 10.0 ± 7.5, P = 0.000). The patient
survival rate in the ESBD group was not significantly
different from that of the ESBD group at 1, 3 and 5
years (ESBD: 90.7%, 88.4%, 79.4% vs ESLD: 84.9%,
2
80.92%, 79.0%, χ = 0.194, P = 0.660). The graftsurvival rates were also similar between the two groups
at 1, 3 and 5 years (ESBD: 90.7%, 85.2%, 72.7% vs
2
ESLD: 84.9%, 81.0%, 77.5%, χ = 0.003, P = 0.958).
Univariate analysis identified MELD/PELD score (HR =
1.213, 95%CI: 1.081-1.362, P = 0.001) and bleeding
volume (HR = 0.103, 95%CI: 0.020-0.538, P = 0.007)
as significant factors affecting the outcomes of patients
in the ESBD group. However, multivariate analysis
revealed that MELD/PELD score (HR = 1.132, 95%CI:
1.005-1.275, P = 0.041) was the only negative factor
that was associated with short survival time.

INTRODUCTION
Liver transplantation (LT) has rapidly evolved from
a high-risk experimental procedure to a mainstream
therapy for patients with end-stage liver disease
[1]
(ESLD) . Currently, LT is primarily performed in pati
ents with benign ESLD and hepatocellular carcinoma
[2]
(HCC). However, LT for biliary diseases is not rare . In
[3]
1963, Starzl et al completed the first clinical LT, for
an indication of congenital biliary atresia. However,
equitable organ allocation to patients with biliary
disease awaiting LT has been controversial in the
[4]
model for end-stage liver disease (MELD) era .
[5]
Huang et al proposed the concept of end-stage
biliary disease (ESBD) in 2002 to distinguish ESBDassociated diseases from ESLD caused by hepatocyte
damage due to hepatitis and liver cirrhosis. Currently,
the indications for LT, the optimal timing of the
operation, the surgical method, and the clinical
outcomes for the concept of ESBD remain ambiguous.
Therefore, in this study, data of 43 patients with
ESBD who underwent LT from June 2002 to June
2014 in two LT centres in China were retrospectively
analyzed. This study aimed to evaluate the clinical
characteristics of ESBD and the efficacy of the LT
treatment modality through a retrospective analysis
of a multi-institutional cohort. The outcomes of this
cohort were also compared with those of a group of
patients with ESLD who underwent LT.

CONCLUSION: MELD/PELD criteria do not adequately
measure the clinical characteristics and staging of
ESBD. The allocation system based on MELD/PELD
criteria should be re-evaluated for patients with ESBD.
Key words: Liver transplantation; End-stage biliary
disease; Model for end-stage liver disease; Paediatric
end-stage liver disease; Complication
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: In this work, we evaluated the clinical
characteristics of end-stage biliary disease (ESBD) and
demonstrated that ESBD comprises a subset of disease
that significantly differs from end-stage liver disease
(ESLD), which is caused by hepatitis and cirrhosis.
However, previous research on ESBD has been classified
within the category of ESLD. The model for end-stage
liver disease (MELD) does not adequately measure the
clinical characteristics and stages of patients with ESBD
before liver transplantation. Patients with ESBD would
be less likely to receive priority for liver transplantation,
and thus, the allocation system based on the MELD
score is inappropriate and should be re-evaluated
for patients with ESBD. In addition, the concept of
ESBD and the indications for liver transplantation are
established in this paper.

Between June 2002 and June 2014, 43 patients
with ESBD caused by primary or secondary biliary
disease underwent LT at the Department of Liver
Transplantation Centre of PLA General Hospital in Beijing
and at Southwest Hospital in Chongqin. All operations
were performed by two surgical teams under the
direction of the same senior surgeon (Dong JH).
The data that were obtained from the two trans
plant centres were combined in a retrospective cohort
study. Patients with ESBD who underwent LT were
compared with the case controls with ESLD during the
same time. Two controls were randomly selected and
matched by sex, age (± 5 years), allograft type, and
transplant year (± 5 years). Similar exclusions were
used for the case-control group. The demographic
distributions of the two patient groups at the two
centres were similar. Patients were excluded if they
had concomitant liver malignancies, had undergone
multi-organ transplantation, or were lost to followup. Complications were analysed using the Clavien[6]
Dindo classification . Patients with complications of
degree Ⅲ and higher were enrolled in this study. The
examined variables included recipient age, sex, pre-

Lai YH, Duan WD, Yu Q, Ye S, Xiao NJ, Zhang DX, Huang
ZQ, Yang ZY, Dong JH. Outcomes of liver transplantation for
end-stage biliary disease: A comparative study with end-stage
liver disease. World J Gastroenterol 2015; 21(20): 6296-6303
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6296.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6296
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Table 1 Aetiologies of liver transplantation in the two groups
Aetiology of liver transplant
ESBD
Primary sclerosing cholangitis
Intrahepatic bile duct paucity
Alagille’s syndrome
Congenital biliary atresia
Caroli’s disease
Iatrogenic bile duct injury
Primary biliary cirrhosis
Cholelithiasis
Graft cholangiopathy
ESLD
Autoimmune cirrhosis
Drug-related cirrhosis
Hepatitis C virus-related cirrhosis
Wilson’s disease
Alcoholic cirrhosis
Hepatitis B virus-related cirrhosis

Table 2 Comparison of patient characteristics before surgery
in the two groups

Number
ESBD group (n = 43) ESLD group (n = 86) P value

Index

43
1
1
1
2
2
2
8
8
18
86
3
3
3
4
6
67

Age (yr)1
40.2 ± 15.5 (0.5-65)
Gender (M:F)2
28:15 (65%:35%)
WBC (× 109/L)1
6.7 ± 4.3 (1.1-23.4)
Hb (g/L)1
103.3 ± 22.6 (47.2-149)
Plt (× 109/L)1
126.0 ± 59.6 (37-247)
TBIL (mg/dL)1 17.0 ± 13.8 (1.29-47.57)
INR1
1.3 ± 0.4 (0.86-2.35)

0.105
1.000
0.178
0.798
0.000
0.030
0.000

Cr (mg/dL)1
Alb (g/L)1
ALT (U/L)1

0.042
0.016
0.156

1

g-GT (U/L)
MELD/PELD
score1
Previous
surgery1

ESBD: End-stage biliary disease; ESLD: End-stage liver disease.

43.2 ± 15.3 (5-65)
56:30 (65%:35%)
6.1 ± 4.5 (1.3-24.5)
102.3 ± 20.1 (55-154)
91.0 ± 74. 6 (11-379)
9.4 ± 5.4 (0.96-22.16)
1.829 ± 0.648
(1.12-5.57)
0.9 ± 0.8 (0.15-3.92)
1.1 ± 0.8 (0.35-5.06)
35.1 ± 4.7 (26-50.5)
33.4 ± 3.4 (28-44.3)
122.6 ± 96.3 (28-399)
112.9 ± 167.2
(26.5-1400)
515.7 ± 578.2 (17-2374) 119.9 ± 119.6 (11.7-588)
19.2 ± 6.6 (8-39)
22.0 ± 6.5 (11-38)
1.8 ± 1.3 (0-5)

0.1 ± 0.2 (0-1)

0.000
0.023
0.000

1

Data are presented as the mean ± SD; ranges are provided in the
parentheses; 2Data are presented as the n (%). MELD risk score = [0.957 ×
log (creatinine; mg/L) + 0.378 × log (bilirubin; mg/dL) + 1.120 × log (INR)
+ 0.643] × 10. Used for patients aged 12 years and older. Laboratory values
less than 1.0 were set to 1.0 to calculate the MELD score. PELD risk score =
[0.48 × log (bilirubin; mg/dL) + 1.857 × log (INR) - 0.687 × log (albumin) +
infants less than 1 year 0.436 + growth failure 0.667] × 10. Used for patients
aged 11 years and younger. Laboratory values less than 1.0 were set to
1.0 to calculate the PELD score. WBC: White blood cell; Hb: Hemoglobin;
PLT: Platelets; TBIL: Total bilirubin; INR: International normalised ratio;
Cr: Serum creatinine; Alb: Albumin; ALT: Alanine transarninase; r-GT:
Glutamyl transpeptidase; MELD: Model for end-stage liver disease; PELD:
Paediatric end-stage liver disease.

transplant clinical status, and pre-transplant laboratory
values, as well as the survival rates of the patients and
allografts.
The patients were assessed regularly by specialists
at the two centre registries. The database prospectively
collected pre-transplant data, transplant, and followup data for all individuals considered for LT at the two
centres. All demographic data for the recipients, the
statuses of the patients and their laboratory values,
and the survival data for the patients and allografts
were obtained from the database.

a significantly higher rate of previous surgery than
patients in ESLD group (P < 0.05). The pre-transplant
laboratory values for both groups are summarised in
Table 2. Patients in the ESBD group had significantly
higher platelet (PLT) counts, total bilirubin (TBIL)
levels, glutamyl transpeptidase (r-GT) levels, and
serum albumin (Alb), whereas serum creatinine levels,
MELD/Paediatric End-Stage Liver Disease (PELD)
scores, and international normalised ratios (INR)
were significantly lower in patients in the ESBD group
compared with patients in the ESLD group (P < 0.05).
A significant difference in operation time was
observed between the two groups (P < 0.05), but
intra-operative blood loss was similar in the ESBD
and ESLD groups (P > 0.05). The overall incidence of
complications in the ESBD group was 17 (39.5%), of
which 10 (23.3%) were Clavien-Dindo grade Ⅲ and
7 (16.3%) were Clavien-Dindo grade Ⅳ to Ⅴ. The
overall incidence of complications in the ESLD group
was 27 (31.4%), of which 13 (15.1%) were ClavienDindo grade Ⅲ and 14 (16.3%) were Clavien-Dindo
grade Ⅳ to Ⅴ. Overall, the incidence of complications
in the two groups was similar (P > 0.05). The data for
complications after LT are presented in Table 3.
Kaplan-Meier analysis was used to estimate the
overall patient survival rates with a median patient
follow-up time of 43 mo (range: 1-130 mo). The 1-, 3-,

Statistical analysis

Continuous variables were compared as means by using
Student’s t-test or the Mann-Whitney non-parametric
test. Categorical variables were compared using
2
Pearson’s χ test. Survival analysis was performed
using Kaplan-Meier curves, and the different survival
rates were compared using log-rank tests. A Cox
proportional hazard regression model was used to
determine the effects of the study variables on the
outcomes in the study group. All variables identified
through the univariate analysis with P values < 0.100
were subjected to multivariate analysis. SPSS 18.0
(SPSS Corp., Chicago, IL, United States) was used
for all statistical analyses. Statistical significance was
defined as a P < 0.05 for all tests.
The statistical methods of this study were reviewed
by Xin-Yuan Tong from Chinese PLA General Hospital,
Chinese PLA Postgraduate Medical School.

RESULTS
A total of 129 patients were enrolled in this study. The
aetiologies for LT are presented in Table 1. Based on
the study design, the following recipient variables were
similar in the two groups: age, sex, allograft type,
and transplant year. Patients in the ESBD group had
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Table 3 Comparison of operation conditions and postoperative hospital stay in the two groups
ESBD group

ESLD group

P value

527.4 ± 98.8 (300-720)
3062.8 ± 2632.9 (200-12000)
17 (39.5)

443.0 ± 101.0 (300-660)
2745.3 ± 1893.1 (500-10000)
27 (31.4)

0.000
0.751
0.358

2
1
4
0
0
1
2

0
3
7
1
1
1
0

3
4
12.74 ± 6.6 (6-41)
32.53 ± 7.5 (20-50)

5
9
10.0 ± 7.5 (5-52)
30.42 ± 6.9 (18-52)

Index
Operative time (min)1
Intraoperative blood loss (mL)1
Total complications2
Clavien-Dindo grade Ⅲ
Hepatic artery embolisation
Re-operation for bile leakage
Intraabdominal bleeding
Hepatic vein stenosis
Bile duct stenosis
Portal vein embolisation
Intestinal fistula
Clavien-Dindo grade Ⅳ-Ⅴ
Acute kidney failure
MODS
Intensive care time (d)1
Hospital stays (d)1

0.000
0.079

Data are presented as the mean ± SD, ranges are provided in parentheses; 2Data are presented as n (%). MODS:
Multiple organ dysfunction syndrome.
1

Table 4 Causes of death after liver transplantation for patients in the end-stage biliary disease and
end-stage liver disease groups
Cause of death
Graft failure
Recurrent hepatitis
Biliary complication
Portal vein thrombosis
Multisystem organ failure
Cardiovascular
Myocardial infarction
Arrhythmia
Graft-vs-host disease
Upper gastrointestinal haemorrhage
Central nervous system
Epilepsy
Intracranial haemorrhage
Brain infarction
Lung cancer
Total

ESBD group

ESLD group

n

Total deaths (%)

n

Total deaths (n )

3
0
2
1
4
0
0
0
0
0
1
1
0
0
1
9

7.0
0.0
4.7
2.3
9.3
0.0
0.0
0.0
0.0
0.0
2.3
2.3
0.0
0.0
2.3
20.9

4
2
2
0
10
2
1
1
1
1
2
0
1
1
0
20

4.7
2.3
2.3
0.0
11.6
2.4
1.2
1.2
1.2
1.2
2.3
0.0
1.2
1.2
0.0
23.3

Some percentages do not sum to the correct totals because they were rounded up or down. LT: Liver transplantation;
ESBD: End-stage biliary disease; ESLD: End-stage liver disease.

and 5-year patient survival rates were 90.7%, 88.4%,
and 79.4%, respectively, for the 43 patients with ESBD
and 84.9%, 80.92% and 79.0%, respectively, for
the matched ESLD group. The log-rank test revealed
that the difference between the two groups was
2
not statistically significant (χ = 0.194, P = 0.660).
Kaplan-Meier estimates of allograft survival revealed 1-,
3-, and 5-year survival rates of 90.7%, 85.2%, and
72.7%, respectively, in the ESBD group and 84.9%,
81.0%, and 77.5%, respectively, in the ESLD group.
The log-rank test indicated that the difference between
2
the two groups was not statistically significant (χ =
0.003, P = 0.958). The graft losses were primarily due
to the death of the patients. The causes of death in
both groups are listed in Table 4.
Univariate analysis was performed to determine

WJG|www.wjgnet.com

the effect of individual variables on the survival of the
patients in the study group. Demographic parameters
such as age, sex and blood type did not affect survival.
Pre-transplant medical conditions (e.g., previous
abdominal surgery, allograft type, re-transplantation,
Hb, PLT, serum ALT level, γ-GT level, Alb level, and
INR) had no effect on survival. Univariate analysis
revealed that bleeding volume and MELD/PELD score
had a significant negative effect on survival after LT.
White blood cell (WBC) count exhibited a trend toward
poorer survival, but this trend was not statistically
significant.
The variables identified by univariate analysis with
P values < 0.100 (i.e., WBC count, MELD/PELD score,
and bleeding volume) were subjected to multivariate
analysis. In this model, the MELD/PELD score exhibited
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Table 5 Univariate and multivariate analyses of post-transplant survival with a Cox proportional hazard regression model for
patients who underwent liver transplantation for end-stage biliary disease
Study variable

Univariate analysis

MELD/PELD score
WBC count
Blood loss

Multivariate analysis

HR

95%CI

P value

HR

95%CI

P value

1.213
0.761
0.103

1.081-1.362
0.553-1.046
0.020-0.538

0.001
0.093
0.007

1.132
0.823
0.171

1.005-1.275
0.563-1.203
0.026-1.146

0.041
0.314
0.069

MELD: Model for end-stage liver disease; PELD: Paediatric end-stage liver disease; WBC: White blood cell.
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Figure 1 Kaplan-Meier survival curves for patients (A) and allografts (B). Forty-three patients who underwent LT for end-stage biliary disease and eighty-six
case-matched end-stage liver disease patients are compared. LT: Liver transplantation; ESBD: End-stage biliary disease; ESLD: End-stage liver disease.

Concept of ESBD

a significant and independent effect on outcomes.
These findings are summarised in Table 5; whereas
the survival curves for the patients and allografts from
the two groups are shown in Figure 1.

Based on the present study, we observed that ESBD
differs from ESLD. Although ESBD and ESLD share
several clinical characteristics, these disease categories
should not be confused with each other. Patients
with ESBD occasionally also present with cirrhosis
and symptoms of portal hypertension, which are
typically ESLD-specific symptoms. In addition, most
patients with ESBD do not exhibit complete loss of
liver parenchymal function. Although MELD scores
accurately predict the 3-mo mortality of patients on
the LT waitlist, the scores of patients with conditions
[8]
such as PSC do not . In this study, the MELD/PELD
score of patients with ESBD was significantly lower
than that of patients in the control group (P < 0.05).
Assessment of ESBD using classical evaluation criteria
does not fully describe the characteristics and severity
of the disease, and thus, a clear concept and position
of ESBD would be clinically significant.
The concept of ESBD has not yet been defined.
As previously described, we maintain that ESBD
primarily refers to benign biliary tract disease. In
the end-stage of these type of diseases, irreversible
changes appear in the diffused liver and biliary system.
Without effective treatment, patients typically die of
[5]
hepatobiliary failure within a short period of time .
The current debate focuses on whether ESBD should

DISCUSSION
LT has been studied comprehensively as a treatment
for benign ESLD. Evaluation and treatment have
gradually been subject to more specifications after
establishing the MELD system in organ allocation.
Biliary diseases are an important indication for LT.
Biliary disease is a common indication for LT in
European countries and has accounted for 15% of all
LTs over the last decade, including primary sclerosing
cholangitis (PSC) (5%), primary biliary cirrhosis (PBC)
(4%), secondary biliary cirrhosis (1%), congenital
biliary disease (4%), and biliary tract carcinoma
[7]
(0.5%) . A considerable number of patients with
advanced biliary diseases have been observed in
China; thus, the role of LT in biliary surgery has gained
increasing attention. The present study indicated
that ESBD has unique characteristics that differ from
those of ESLD; however, standard LT for ESBD has
not yet been established, and this concept remains
ambiguous. Therefore, this study examined several
aspects of ESBD.
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include malignant biliary tumours and the diagnosis
standards for ESBD. When the developmental process
of the disease and the prognosis are considered,
some cholangiocarcinomas caused by benign biliary
diseases such as cholelithiasis or PSC are chronic,
long-term, and gradually progressive. Moreover, the
prognosis of malignant biliary tumours is relatively
worse than that of HCC because of the difficulty in
[9]
early diagnosis and the high degree of malignancy .
Thus, cholangiocarcinoma belongs in the end-stage
disease category when considered from a prognostic
perspective. Moreover, we considered ESBD as a
related concept to benign ESLD; the exclusion of
malignant biliary disease provides a more effective
indication of the clinical characteristics of this disease.
Therefore, we define ESBD as a group of benign
diseases from primary or secondary causes that leads
to irreversibly diffuse lesions in the bile duct tree
combined with lipid metabolic disorders, presenting
with persistent jaundice, recurrent cholangitis, and
biliary sludge, cast or stones. This condition eventually
causes liver fibrosis and liver failure.

we dissociated and blocked the blood flow of the
first hepatic portal (including the portal vein), and
then we dissociated and excised the diseased liver,
simultaneously reducing bleeding, shortening the
[15]
operation time, and improving safety . Although the
difficulty of surgery in patients in the ESBD group was
significantly increased, no significant difference was
observed between the two groups with respect to the
amount of blood loss and post-operative complications
(P > 0.05).

Optimal timing of LT for the treatment of ESBD

LT has been the final choice for patients with ESBD
because traditional surgery has limited effectiveness.
The optimal selection of the operation time for patients
with ESBD is very important because of the severe
shortage of liver donors, the high risks associated with
LT, and the high cost of the operation. In contrast to
ESBD, a standard operation time has been established
for patients with ESLD. The MELD scoring system can
dynamically monitor changes in patients with ESLD,
and the optimal time for LT can be quantitatively
evaluated. The MELD scoring system was adopted
in the United States on February 28, 2002, as a liver
allocation tool for patients with chronic liver disease
who are candidates for LT. Patients with high MELD
[16]
scores are prioritised for LT . However, whether
patients with ESBD should be an exception to the use
of the MELD scoring system remains controversial.
Several studies have considered conferring additional
scores to patients with biliary disorders to fit the
characteristics of recurrent infective cholangitis and
[17,18]
[19]
intractable pruritus
. However, Goldberg et al
speculated that the prioritisation of patients with
cholangitis for LT is not necessary because morbidity
during this period is similar in patients with and
without cholangitis. In the present study, we observed
that the main characteristics of ESBD are recurrent
cholangitis, intractable pruritus, and frequent hos
pital admissions. Because resolving pruritus is very
[20]
difficult , the occurrence of intractable pruritus may
[21]
be an indication for LT . Moreover, the curative effect
of repeated surgical treatment is very limited for
patients with ESBD. However, the MELD score mainly
comprises parameters that indicate the synthetic
and detoxification functions of the liver, of which only
bilirubin is associated with biliary diseases. Moreover,
bilirubin is a low-weighted coefficient in the formula
[22]
that determines the MELD score . Thus, the MELD
score does not reflect the main characteristics of
biliary diseases. Although the MELD score is more
accurate for the prediction of wait-list mortality than
post-transplant survival, it is a risk factor for death
[23,24]
after LT
. In our study, multivariate analysis
indicated that the MELD/PELD score was the only
independent risk factor for poor outcomes. Moreover,
the MELD/PELD score of patients in the ESBD group
was significantly lower than that of patients in the

Indications and safety for treatment of ESBD with LT

Benign ESBD, including biliary atresia, cystic fibrosis,
PBC, and graft cholangiopathy, is recognised as an
[10,11]
appropriate indication for LT
. ESBD has a lower
risk of recurrence than viral-related hepatitis and
malignant liver tumours. In the present study, all
patients in the ESBD group except three died during
the peri-operative period, whereas the remaining
patients recovered well after the surgery. The overall
5-year patient survival rate of patients in the ESBD
group was 79.4%, which was similar to that of patients
in the ESLD group (P > 0.05). The classification of PSC
as a relapsing form of ESBD remains controversial.
The current 1- and 5-year patient survival rates for
PSC after LT are 83% to 97.2% and 75% to 95.4%,
[12]
respectively . Acute cellular rejection and recurrence
[13]
are considered major risks of LT . Recurrence occurs
in 23.5% of patients an average of 4.6 years after
[14]
LT . Due to the limited sample size of patients with
PSC, this finding could not be confirmed in our series.
With advances in LT techniques, surgical safety for
patients with ESBD has further improved. However, LT
in cases of ESBD is more challenging for surgeons than
that for ESLD. We observed that patients with ESBD
were more likely to have undergone abdominal surgery
prior to LT than patients in the ESLD group (P < 0.05).
In addition to portal hypertension and varicose veins,
the surgical risk is mainly due to severe abdominal
adhesions caused by repeated abdominal surgeries
and biliary tract infections. These factors all increase
the possibility of causing haemorrhage and damage
to the surrounding organs during the removal of the
liver. To reduce intra-operative bleeding, we used an
innovative method known as “dry blood hepatectomy”
to optimize the procedure for liver resection. First,
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control group. When MELD criteria are used, patients
with ESBD will be less likely to be prioritised for LT.
Our study also indicated a higher risk associated
with surgery in patients with ESBD, primarily during
the peri-operative period. In the ESBD group, three
patients died during the early post-operative period,
two experienced liver failure prior to surgery and had
a MELD score > 20, whereas the remaining patient
developed a recurrent biliary infection that resulted
in MODS. This result demonstrates that the risks
associated with LT increase when ESBD develops into
decompensated biliary cirrhosis or hepatic failure.
Safeguards of the MELD scoring system must be
developed to avoid futile transplants in recipients with
[25]
high MELD scores . Therefore, the MELD scoring
system is inappropriate for the evaluation of patients
with ESBD. An allocation system based on a “sickest
patient first” policy is evidently unfair for patients with
ESBD and could also contribute to a reduction in preLT mortality, worsen post-LT results, and an increase in
organ waste. The MELD-based graft allocation system
[26]
has failed to improve the efficacy of LT
and should
[27-29]
be re-evaluated and modified
. According to data
from the Organ Procurement and Transplantation
Network, as of 2011, 12.2% of LT recipients with
PSC received exception points. Since the publication
of consensus recommendations that state that
exception points be granted to patients with PSC and
bacterial cholangitis, no systematic evaluation of their
[19]
outcome
and standardization of exception points
[8,30]
for patients have been established
. Thus, further
studies should be performed to establish a model
that precisely demonstrates the degree of severity
and the clinical stages of ESBD. We proposed that LT
should be performed in patients with ESBD to achieve
optimal therapeutic effectiveness in the following
cases: recurrence of cholangitis or intractable pruritus,
when medical and surgical treatment cannot alleviate
the condition, and when symptoms of presence of
decompensated biliary cirrhosis are present.
In conclusion, this study analyzed the clinical
characteristics of ESBD and demonstrated that ESBD
is a group of diseases that are independent of ESLD.
LT provides satisfactory long-term patient and graft
survival rates in patients with liver-biliary failure
caused by irreversible biliary disease. In this study, the
MELD/PELD score was the only independent risk factor
for poor outcome but this score does not adequately
measure the clinical characteristics of ESBD. However,
our observations have several limitations. The data
obtained were retrospective in nature, and we were
reliant on the accuracy of the documentation in the
medical records for our data. Furthermore, data from
a large, prospective, multi-centre trial are needed to
confirm our findings at a national and international
level. The evaluation of ESBD and the clinical standards
of staging will be particularly beneficial for scientific
decision-making and the improvement of therapeutic
effectiveness.
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End-stage biliary disease (ESBD), a novel concept that we developed, is one
of the main indications for liver transplantation (LT) in China. However, previous
research on ESBD has been classified into the category of end-stage liver
disease (ESLD). Moreover, the use of an organ allocation system based on
the model for end-stage liver disease (MELD) criteria remains controversial for
ESBD.

Research frontiers

Studies have noted that the MELD-based graft allocation system has failed to
improve the efficacy of LT, and disputes about the modification of the MELD
scoring system have continued to arise. Difference among diseases must be
considered when allocation systems are used.

Innovations and breakthroughs

In this work, the authors demonstrated that ESBD comprises a subset of
diseases that significantly differs from ESLD caused by hepatitis and cirrhosis.
However, previous research on ESBD has been classified into the category of
ESLD. The MELD scoring system does not adequately measure the clinical
characteristics and staging of ESBD before LT. Patients with ESBD are less
likely to be prioritized for LT, and therefore an allocation system based on MELD
scores is unfair and should be re-evaluated for patients with ESBD. In addition,
the concept of ESBD and indications for LT are established in this paper.

Applications

The MELD scoring system does not adequately measure the clinical
characteristics and stages of ESBD before LT. The authors propose that LT
should be performed in patients with ESBD to achieve optimal therapeutic
effectiveness in the following cases: recurrence of cholangitis or intractable
pruritus, when medical and surgical treatment cannot alleviate the condition,
and when symptoms of decompensated biliary cirrhosis are present. This
study provides evidence for the establishment of a model that, in the future, will
precisely demonstrate the degree of severity and the clinical stages of ESBD.

Terminology

ESBD, a novel concept that we developed to distinguish these diseases from
ESLD caused by hepatitis and cirrhosis, is a group of benign diseases from
primary or secondary causes. These diseases lead to irreversible, diffuse
lesions in the bile duct tree combined with persistent jaundice, recurrent
cholangitis, and biliary sludge, cast or stones. This condition eventually causes
liver fibrosis and failure of liver function.

Peer-review

In this article, the authors demonstrate that ESBD is a subset of diseases that
significantly differs from ESLD caused by hepatitis and cirrhosis; however,
previous research on ESBD has been classified into the category of ESLD. The
concept of ESBD is defined, and the indication for LT is established. This study
provides evidence supporting the modification of the MELD system.
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METHODS: Thirty-one intensive care unit (ICU)
patients with hyperlipidemic severe acute pancreatitis
treated at the Second Affiliated Hospital of Harbin
Medical University were divided into either a study
group (n = 15; July 1, 2012 to June 30, 2014) or
a control group (n = 16; July 1, 2010 to June 30,
2012) based on the implementation of sequential
blood purification therapy. The control group received
continuous venous-venous hemofiltration (CVVH) on the
basis of conventional treatments, and the therapeutic
dose of CVVH was 30 mL/kg per hour. The study group
received sequential plasma exchange and CVVH on the
basis of conventional treatments. The anticoagulation
regimen of CVVH is the regional citrate anticoagulation.
Mortality rate on day 28, rates of systemic and local
complications, duration of ICU, and time to target serum
lipid level, as well as physiologic and laboratory indices
were compared between the two groups.
RESULTS: The mortality rate on day 28 was signi
ficantly lower in the study group than in the control
group (13.33% vs 37.50%; P < 0.05). The duration of
ICU stay was significantly shorter in the study group
than in the control group (7.4 ± 1.35 d vs 9.19 ±
2.99 d, P < 0.05). The time to target serum lipid level
was significantly shorter in the study group than in
the control group (3.47 ± 0.52 d vs 7.90 ± 1.14 d, P
< 0.01). There were no significant differences in the
rates of systemic complications and local complications
between the two groups (60% vs 50% and 80% vs
81%, respectively). In the comparisons of physiologic
and laboratory indices, serum albumin and C-reactive
protein were significantly better in the study group than
in the control group after treatment (37.8 ± 4.6 g/L
vs 38.9 ± 5.7 g/L, and 20.5 ± 6.4 mg/L vs 28.5 ± 7.1
mg/L, respectively, both P < 0.05). With the exception
of plateletcrit, no other indices showed significant
differences between the two groups.

Abstract
AIM: To evaluate the efficacy of sequential blood
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CONCLUSION: Sequential blood purification therapy
is effective in the treatment of ICU patients with
hyperlipidemic severe acute pancreatitis and can
improve patient prognosis.

has a key role in the critical care of SAP.
The most common causes of AP include gallstone
diseases, excessive alcohol consumption, and pregnancy.
Hyperlipidemic AP, which occurs when the triglyceride
level is > 1000 mg/dL, accounts for only 1%-4% of
[8,9]
cases . At present, it is believed that hyperlipidemic
AP is related to pancreatic tissue (pancreatic ducts and
acini cells) injury and microcirculation disturbance caused
by free fatty acids that are produced by pancreatic
lipase-catalyzed decomposition of triglycerides. With
the progression of the disease, the enzymes, fatty
acids, and inflammatory mediators in pancreatic tissue
enter into the systemic circulation and participate in
the development of multiple organ dysfunction, thus
[2,10]
leading to the failure of one or multiple organs
.
There is evidence that multiple organ failure subsequent
to systemic inflammatory response syndrome caused
by pancreatic inflammation is the main cause of death
in patients with pancreatitis.
In the past few years, the use of blood purification
technology in the treatment of ICU patients with AP
has progressively increased. Continuous venousvenous hemofiltration (CVVH) is one of the most
commonly used blood purification procedures in ICU
patients, and it can selectively remove inflammatory
factors in the body and effectively eliminate the
inflammatory cytokine storm. For acute kidney injury
patients, CVVH can remove toxins in the body and
reduce water retention. In patients with hyperlipidemic
AP, the application of plasma exchange (PE) allows
for rapid and efficient removal of serum lipids, and
reduces triglyceride levels and the production of free
fatty acids, thus weakening pancreatic self-digestion by
trypsin. In addition, PE can improve pancreatic tissue
microcirculation and relieve a high blood coagulation
state, ultimately achieving the goal of treatment of
AP. In theory, PE is very beneficial for the treatment of
[11-13]
hyperlipidemic SAP
.
So far, there have been many small samplesized clinical studies confirming that PE and CVVH
are conducive to improving mortality in patients with
either SAP or hyperlipidemic SAP. Moreover, a recent
study demonstrated that combined use of PE and
[14-16]
CVVH has more advantages in patients with SAP
.
However, despite a large number of existing clinical
studies, there have been no standardized criteria for
the combination of PE and CVVH for SAP, and this has
led to conflicting conclusions. In addition, because the
patients were selected randomly in many previous
studies, they could not effectively evaluate the clinical
efficacy of the combination therapy of PE and CVVH.
The present study was designed to further evaluate
the clinical efficacy of PE combined with CVVH in the
treatment of ICU patients with hyperlipidemic SAP.

Key words: Continuous venous-venous hemofiltration;
Hyperlipidemic severe acute pancreatitis; Sequential
blood purification; Plasma exchange
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Plasma exchange and continuous venousvenous hemofiltration have certain clinical effects in the
treatment of hyperlipidemia acute severe pancreatitis,
but there is currently no standardized combination
therapy. Based on the 2012 Atlanta International
Pancreatitis Consensus, we designed a sequential
mode of combined application of plasma exchange
and continuous venous-venous hemofiltration for the
treatment of hyperlipidemia severe acute pancreatitis.
This sequential blood purification therapy was found
to be effective in the treatment of intensive care unit
patients with hyperlipidemic severe acute pancreatitis
and improved patient prognosis, and should therefore
become the standardized treatment process.
Wang HL, Yu KJ. Sequential blood purification therapy for
critical patients with hyperlipidemic severe acute pancreatitis.
World J Gastroenterol 2015; 21(20): 6304-6309 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i20/6304.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i20.6304

INTRODUCTION
Acute pancreatitis (AP) is divided into three categories
according to the 2012 Atlanta classification: mild,
[1]
moderate, and severe . In contrast to the low
mortality of mild AP, severe AP (SAP) is associated
not only with a high mortality rate, but also with a
[2]
high rate of complications . So far, many treatment
strategies for AP have been developed. In addition
to common surgical treatment, peritoneal lavage,
organ support therapy, and endoscopic retrograde
cholangiopancreatography, blood purification therapy
is also a promising treatment. Despite these therapies,
the treatment of SAP is still a great challenge, and its
[3]
mortality rate can still reach 15%-25% .
SAP is characterized by persistent organ failure, and
the risk of death is especially higher in the first several
[4-6]
days of organ failure (36%-50%) . Therefore, there
is an urgent need to further improve the survival rate
of patients with SAP. Currently, the utility of a paradigm
involving a multidisciplinary team typically including
general surgeons, gastroenterologists, radiologists, and
intensive care unit (ICU) physicians is advocated in the
[7]
clinical treatment of SAP . Organ support technology,
especially continuous renal replacement therapy(CRRT),
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the implementation of sequential blood purification
therapy. The patients (n = 16) treated from July
1, 2010 to June 30, 2012 underwent conventional
treatments and CVVH and were included in the control
group, and those (n = 15) treated from July 1, 2012 to
June 30, 2014 received conventional treatments with
sequential blood purification therapy and comprised
the study group.
Inclusion criteria were: (1) diagnosis of pancreatitis
(meeting at least two of the following three criteria):
abdominal pain typical of pancreatitis; serum amylase
and/or lipase levels ≥ three times the upper limit
of normal; evidence of pancreatitis upon abdominal
imaging; (2) diagnosis of severe pancreatitis: Marshall
score ≥ 2; and (3) diagnosis of hyperlipidemic
pancreatitis: serum triglycerides > 1000 mg/dL.
Exclusion criteria were: (1) pancreatic cancer; (2)
gallstones; (3) > five-year history of heavy drinking (>
50 g/d); (4) younger than 18 years or older than 60
years; and (5) not receiving PE/CVVH within 5 h after
admission to ICU. The withdrawal criterion was that
the patient himself/herself or the authorized person
requested withdrawl from the study. Indications for
discontinuation of therapy were: (1) disappearance of
specific abdominal symptoms; (2) Marshall score < 2;
[17]
and (3) serum triglycerides < 500 mg/dL .

oxygen therapy, gastrointestinal decompression,
somatostatin, and organ support therapy.

Clinical parameters

The primary outcome measure was mortality on day
[14]
[15]
28 , and secondary outcome measures
were rate
of systemic complications, rate of local complications,
duration of ICU stay, and time to target serum
triglyceride level (< 500 mg/dL). Systemic complications
included: (1) pulmonary insufficiency (PaO2 < 8 kPa); (2)
renal insufficiency (Cr > 2 mg/dL); (3) shock (systolic
blood pressure < 12 kPa, systolic blood pressure was
decreased > 40 mmHg compared with the baseline);
and (4) upper gastrointestinal bleeding > 500 mL/24
h. Local complications included pylorus dysfunction,
peripancreatic effusion, pancreatic pseudocyst, spleen
vein and portal vein thrombosis, colon necrosis,
necrotic collection, and walled-off necrosis. In
addition, physiologic and laboratory indices were also
compared after treatment between the two groups.
The physiologic indices included body temperature
(°C), heart rate (beats/min), blood pressure (mm
Hg), RR interval (beats/min), mean arterial pressure
(mmHg), and PaO2/FiO2. Laboratory indices included
9
9
WBC (10 /L), plateletcrit (10 /L), albumin (g/L), alanine
transaminase (U/L), total bilirubin (mmol/L), blood urea
2+
nitrogen (mmol/L), serum creatinine (mmol/L), Ca
(mmol/L), bicarbonate (mmol/L), serum amylase (U/L),
urine amylase (U/L), C-reactive protein (mg/L), and
procalcitonin (ng/mL).

Research scheme

The study group received sequential blood purifi
cation therapy, which involved the initial PE with
freshly frozen plasma (≥ 3000 mL/d) until serum
triglycerides < 500 mg/dL and subsequent CVVH until
the disappearance of specific abdominal symptoms
and Marshall score < 2. The control group received
conventional treatments and CVVH, i.e., lipid-lowering
drugs (simvastatin with fenofibrate, 20 + 200 mg/
[17]
d ) plus CVVH, until the disappearance of specific
abdominal symptoms, Marshall score < 2, and serum
triglycerides < 500 mg/dL.

Statistical analysis

Measurement data are expressed as mean ± SD,
and count data are expressed as number of cases
(or percentage). Survival analysis was performed
using the Kaplan-Meier method. Mortality on day 28,
secondary indices (systemic complications, rate of
local complications, duration of ICU stay, and time to
target serum triglyceride level), as well as physiologic
and laboratory indices after treatment were compared
between the two groups using the t test. Statistical
analyses were performed using SAS 9.1.3 statistical
software (SAS Institute Inc., Cary, NC, United States),
and P < 0.05 were considered statistically significant.

CRRT settings

PE was performed using a FLEX system with the TPE
2000 set via a polysulfone filter, and the velocity was set
at 30 mL/min. CVVH was performed using a FLEX system
with the M100 set via an AN69 filter, and the parameters
were as follows: therapeutic dose, 30 mL/kg per hour;
blood flow velocity, 150-180 mL/min; dilution mode,
pre-dilution 100%; frequency of filter replacement,
8-12 h (depending on transfilter pressure); permissible
transfilter pressure, 0-300 mmHg; anticoagulation
regimen, regional citrate anticoagulation (4% sodium
citrate and 100 mmol/L calcium chloride); detection
2+
range for free Ca ion before filter, 0.25-0.35 mmol/
2+
L; and detection range for free Ca ion after filter,
[18,19]
1.12-1.20 mmol/L
.

RESULTS
Table 1 shows the baseline characteristics of patients in
the study and control groups. There were no significant
differences in the baseline characteristics between the
two groups.
Kaplan-Meier survival analysis showed that the
mortality rate on day 28 was 13.33% and 37.50% in
the study group and control group, respectively. As
time went on, the mortality rate was significantly lower
in the study group than in the control group (P < 0.05)
(Figure 1).
For secondary outcome measures, the duration
of ICU stay and the time to target serum lipid level

Conventional treatments

Conventional treatments applied to the study and
control groups included fasting, fluid resuscitation,
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Table 1 Baseline characteristics of patients in the two groups
Characteristic

Study group
(n = 15)

Age (yr)
BMI (kg/m2)
Sex (male/female), n
Bacterial culture positive, n
Marshall score
APACHE II score
Upper gastrointestinal
bleeding, n
ARDS, n
Heart failure/pulmonary
edema, n
DIC, n
Surgical debridement, n
Use of vasopressors, n
Mechanical ventilation, n

Table 2 Comparison of secondary outcome measures

Control group P value
(n = 16)

42.6 ± 9.9
27.4 ± 4.1
10/5
3
2.6 ± 1.7
21.3 ± 2.9
7

40.9 ± 12.6
28.5 ± 3.7
11/5
4
2.5 ± 1.4
22.5 ± 2.1
8

0.6806
0.4387
1.0000
1.0000
0.8590
0.1952
1.0000

12
3

13
2

1.0000
0.6539

1
1
15
10

2
1
16
10

1.0000
1.0000
1.0000
1.0000

Duration of ICU stay (d)
Time to target TG (d)
Systemic complications, n (%)
Local complications, n (%)

The cumulative survival rate

9.19 ± 2.99
7.90 ± 1.14
8 (50.00)
13 (81.25)

0.0420
< 0.0001
0.7224
1.0000

Table 3 Comparison of physiologic variables
Variable

Study group
(n = 15)

Control group
(n = 16)

Body temperature (℃)
Heart rate (beats/min)
RR interval (beats/min)
Mean arterial pressure (mmHg)
PaO2/FiO2

37.5 ± 0.6
86 ± 14
16 ± 4
70.2 ± 9.3
179.1 ± 41.9

37.3 ± 0.4
90 ± 19
18 ± 5
67.9 ± 6.0
167.7 ± 38.9

Table 4 Comparison of laboratory variables

1.0
0.8
0.6
0.4
Group A
Group B

0.2
0.0
0

A
B
Overall

7.40 ± 1.35
3.47 ± 0.52
9 (60.00)
12 (80.00)

ICU: Intensive care unit; TG: Triglyceride level.

ARDS: Acute respiratory distress syndrome; BMI: Body mass index; DIC:
Disseminated intravascular coagulation.

Group

Study group Control group P value

Variable

4

8
12
16
20
Survival time (d)
Mean

25.400
20.063
22.645

24

28

SE

1.717
2.606
1.652

95%CI
Lower

Upper

22.034
14.954
19.407

28.766
25.171
25.883

Study group
(n = 15)

Control group
(n = 16)

WBC (109/L)
PLT (109/L)
ALB (g/L)
ALT (U/L)
TBIL (mmol/L)
BUN (mmol/L)
Scr (mmol/L)
Ca2+ (mmol/L)
Serum amylase (U/L)
Urine amylase (U/L)
CRP (mg/L)
PCT (ng/mL)

11.5 ± 2.3
196.5 ± 40.5
37.8 ± 4.6a
54.3 ± 20.4
20.1 ± 3.9
7.8 ± 2.6
149.8 ± 30.2
2.1 ± 0.5
74.4 ± 28.3
399.7 ± 59.7
20.5 ± 6.4a
1.33 ± 0.42a

13.1 ± 2.9
199.6 ± 58.7
38.9 ± 5.7
59.7 ± 23.1
25.3 ± 4.2
9.7 ± 2.8
139.3 ± 37.5
2.0 ± 0.3
82.1 ± 20.7
387.1 ± 51.4
28.5 ± 7.1
1.71 ± 0.61

a
P < 0.05 vs control group. ALB: Albumin; ALT: Alanine transaminase; BUN:
Urea nitrogen; CRP: C-reactive protein; PCT: Procalcitonin; PLT: Platelet;
Scr: Serum creatinine; TBIL: Total bilirubin; WBC: White blood cell.

DISCUSSION

Figure 1 Kaplan-Meier survival curve. Study group = Group A; Control group
= Group B.

Hyperlipidemic SAP is clinically characterized by severe
symptoms, many complications, easy recurrence,
and poor prognosis. It is common in obese, young,
or middle-aged men, most of which have bad living
habits such as a high-fat diet. Evidence has shown
that control of serum triglyceride < 500 mg/dL can
[17]
prevent further progression of pancreatitis . It is
well known that hyperlipidemia causes AP mainly
through the complex interplay among high serum
triglyceride level, increased free fatty acids, reduced
activity of trypsin, and activated inflammatory factors
to eventually lead to pancreatic tissue inflammation.
A high level of serum triglyceride destroys the pro
tectional function of the pancreas, causes abnormal
pancreatic enzyme activation and pancreatic selfdigestion, and results in the release of a large amount
of various proinflammatory factors, thereby causing
[10]
a cascade effect . Therefore, lowering the serum

were significantly shorter in the study group than in
the control group (both P < 0.05) (Table 2). The rate
of systemic complications was 60% for the study
group and 50% for the control group. The rate of
local complications was 80% for the study group and
81% for the control group. There were no significant
differences in the rates of systemic complications and
local complications between the two groups (Table 2).
The comparisons of physiologic and laboratory
indices between the two groups are shown in Tables 3
and 4. After treatment, serum albumin and C-reactive
protein were significantly better in the study group
than in the control group (both P < 0.05). With
exception of procalcitonin, none of the other indices
were significantly different between the two groups.
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[25,26]

triglyceride level is the primary goal for early treatment
of hyperlipidemic SAP.
To lower high serum triglyceride levels in patients
with pancreatitis, oral lipid-lowering drugs (typically
fibrates) are usually used in clinical settings. Meanwhile,
fat-free parenteral nutrition preparations are often
administered. When patients with hyperlipidemic SAP
become seriously ill and are transferred to the ICU,
physicians may utilize the PE technology to rapidly
lower serum triglyceride levels so as to prevent
the progression of pancreatic inflammation. When
hyperlipidemia is effectively relieved, the cause of
disease progression and aggravation is effectively
eliminated. Previous clinical studies on the use of PE in
the treatment of hyperlipidemic SAP have demonstrated
that PE has a good curative effect (especially for
[20,21]
lowering serum lipid) and is safe
. The present
study compared the time to target serum triglyceride
level (< 500 mg/dL) between PE and use of oral lipidlowering drugs and found that the former has certain
advantages.
When serum triglyceride levels in pancreatitis
patients are effectively controlled, the clinical
treatment goal shifts to regulating the body’s
inflammatory response and volume status. CVVH
achieves the purpose of treatment by regulating
fluid balance and removing inflammatory mediators
[22]
and toxins . PE combined with CVVH for the
treatment of hyperlipidemic SAP can improve
the clinical effects of PE alone in terms of rapidly
decreasing the body’s inflammatory factors and, at
the same time, adjusting and optimizing the patient’
[23,24]
s circulatory status
. For this reason, the present
study sequentially utilized PE to lower lipid levels
and then CVVH to effectively reduce the systematic
inflammatory response syndrome and optimize the
circulatory status. In addition, application of CVVH
can clear allergic reactions related to antigens and
antibodies generated during PE treatment due to the
transfusion of allogeneic plasma, and further optimize
the therapeutic effect, thus ensuring the safety of the
treatment. Fortunately, no allergic transfusion reactions
occurred in our patients, thus reducing the impact on
the implementation of PE. In view of this, although
the rate of systemic complications (60%) in the study
group was higher than that in the control group (50%),
the duration of ICU stay was significantly shorter in the
study group than in the control group.
Although this study is not a randomized controlled
trial, its design is different from that of many previous
studies with arbitrarily selected patients, in which
the duration of blood purification treatment as well
as the combination of blood purification therapies
are arbitrary. In the present study, a target oriented
sequential therapy protocol was used. This allowed
us to monitor the relatively complete clinical course
of patients with hyperlipidemic SAP, thus ensuring the
credibility of subsequent evaluation of disease outcome
and prognosis. However, given that hyperlipidemic SAP
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is not relatively common
, recruitment of many
more patients is somewhat difficult. Future larger
sample-sized, randomized controlled, multicenter
clinical studies are expected. In addition, despite
many unpredictable variations in clinical trials and that
there were no significant differences in the secondary
outcome measures between the two groups, the
sequential treatment group was associated with a
better survival rate and some significantly improved
laboratory indices, such as C-reactive protein,
suggesting that the application of sequential blood
purification treatment in the management of ICU
patients with hyperlipidemic SAP is feasible, effective,
and safe.
Hyperlipidemia is either one of the causes or a
[27-30]
consequence of AP
, and even may be both in
some cases. However, there is still controversy over
this point of view. The pathogenesis of hyperlipidemiainduced AP is still under study, and signaling pathways
that have an exact association with hyperlipidemic SAP
are being explored. Future treatment of pancreatitis
may be based on targeted therapies that can block
hyperlipidemia-induced pancreatic injury. Currently,
there have been no standardized criteria for the
selection of blood purification procedures and
parameters for ICU patients with different stages
of pancreatitis. These will be our future important
research topics and directions. It is currently well
recognized that the treatment of hyperlipidemic SAP
relies greatly on early, rapid lowering of blood lipid
levels in combination with routine therapies for AP.
For early lipid-lowering effects, plasma exchange
has better efficacy than the use of lipid-lowering
drugs. The subsequent application of blood filtration
technology and conventional treatments for AP is the
current practice for the treatment of ICU patients
with AP.
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Hyperlipidemia is a common cause of acute pancreatitis, and leads to
pancreatic tissue inflammation. The pancreatic tissue inflammation can lead
to secondary systemic inflammatory response syndrome and multiple organ
failure. Multiple organ failure is the main cause of death in patients with
severe acute pancreatitis (SAP). Many studies showed that plasma exchange
(PE) combined with continuous venous-venous hemofiltration (CVVH) in the
treatment of SAP had certain clinical benefits. However, many clinical studies
did not have the standardized treatment. Therefore, we cannot assess the
validity of their study.

Research frontiers

In the past few years, the use of blood purification treatment of pancreatitis in
the intensive care unit (ICU) has progressively increased. In the treatment of
hyperlipidemic pancreatitis, the current research focus is how to reduce the
mortality and improve the prognosis of patients with the combined application of
PE and CVVH.
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Based on the 2012 Atlanta International Pancreatitis Consensus, the authors
designed a sequential application of PE and CVVH for the treatment of
hyperlipidemic SAP. Compared with the past research, the authors designed
a relatively reasonable treatment process for improving hyperlipidemic SAP
patients’ prognosis.
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Applications

14

This sequential blood purification therapy is effective for the treatment of ICU
patients with hyperlipidemic SAP and can improve their prognosis.

Terminology

SAP is refers to acute pancreatitis with more than 48 h persistent multiple organ
failure (Marshall Score = 2). Hyperlipidemic acute pancreatitis refers to acute
pancreatitis with triglyceride levels > 1000 mg/dL.
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This observational study is a very interesting manuscript evaluating the efficacy
of sequential blood purification therapy for ICU patients with hyperlipidemic
SAP and its impact on prognosis.

17
18

REFERENCES
1

2

3
4
5

6
7
8
9

10
11

12

13

Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson
CD, Sarr MG, Tsiotos GG, Vege SS. Classification of acute
pancreatitis--2012: revision of the Atlanta classification and
definitions by international consensus. Gut 2013; 62: 102-111
[PMID: 23100216 DOI: 10.1136/gutjnl-2012-302779]
Tenner S, Baillie J, DeWitt J, Vege SS. American College of
Gastroenterology guideline: management of acute pancreatitis.
Am J Gastroenterol 2013; 108: 1400-115; 1416 [PMID: 23896955
DOI: 10.1038/ajg.2013.218]
Mao EQ, Tang YQ, Zhang SD. Effects of time interval for
hemofiltration on the prognosis of severe acute pancreatitis. World
J Gastroenterol 2003; 9: 373-376 [PMID: 12532470]
Buter A, Imrie CW, Carter CR, Evans S, McKay CJ. Dynamic
nature of early organ dysfunction determines outcome in acute
pancreatitis. Br J Surg 2002; 89: 298-302 [PMID: 11872053]
Mofidi R, Duff MD, Wigmore SJ, Madhavan KK, Garden OJ,
Parks RW. Association between early systemic inflammatory
response, severity of multiorgan dysfunction and death in acute
pancreatitis. Br J Surg 2006; 93: 738-744 [PMID: 16671062]
Johnson CD, Abu-Hilal M. Persistent organ failure during the first
week as a marker of fatal outcome in acute pancreatitis. Gut 2004;
53: 1340-1344 [PMID: 15306596]
Frossard JL, Steer ML, Pastor CM. Acute pancreatitis. Lancet 2008;
371: 143-152 [PMID: 18191686 DOI: 10.1016/S0140-6736(08)60107-5]
Shimada M. A challenging case of severe acute hypertriglyceridemiainduced pancreatitis. South Med J 2009; 102: 999-1000 [PMID:
19738534 DOI: 10.1097/SMJ.0b013e3181b4c29a]
Reper P, Attou R, Gucciardo L, Gottignies P, Devriendt J,
Massaut J. Early plasmapheresis as a successful treatment in
hypertriglyceridemia-induced acute pancreatitis in first trimester
pregnancy following in vitro fertilization. Eur J Obstet Gynecol
Reprod Biol 2014; 179: 257-258 [PMID: 24813086 DOI: 10.1016/
j.ejogrb.2014.04.018]
Stefanutti C, Labbadia G, Morozzi C. Severe hypertriglyceridemiarelated acute pancreatitis. Ther Apher Dial 2013; 17: 130-137
[PMID: 23551669 DOI: 10.1111/1744-9987.12008]
Yu C, Liu ZH, Chen ZH, Gong DH, Ji DX, Li LS. Improvement
of monocyte function and immune homeostasis by high volume
continuous venovenous hemofiltration in patients with severe
acute pancreatitis. Int J Artif Organs 2008; 31: 882-890 [PMID:
19009506]
Lentini P, Cruz D, Nalesso F, de Cal M, Bobek I, Garzotto F,
Zanella M, Brendolan A, Piccinni P, Ronco C. [A pilot study
comparing pulse high volume hemofiltration (pHVHF) and coupled
plasma filtration adsorption (CPFA) in septic shock patients]. G
Ital Nefrol 2009; 26: 695-703 [PMID: 19918752]
Hirasawa H. Indications for blood purification in critical care.
Contrib Nephrol 2010; 166: 21-30 [PMID: 20472988 DOI:
10.1159/000314847]

19

20

21
22

23
24

25
26
27

28
29

30

He C, Zhang L, Shi W, Liang X, Ye Z, Zhang B, Liu S. Coupled
plasma filtration adsorption combined with continuous venovenous hemofiltration treatment in patients with severe acute
pancreatitis. J Clin Gastroenterol 2013; 47: 62-68 [PMID:
23090044 DOI: 10.1097/MCG.0b013e318266f455]
Chen JH, Yeh JH, Lai HW, Liao CS. Therapeutic plasma exchange
in patients with hyperlipidemic pancreatitis. World J Gastroenterol
2004; 10: 2272-2274 [PMID: 15259080]
Kadikoylu G, Yavasoglu I, Bolaman Z. Plasma exchange in severe
hypertriglyceridemia a clinical study. Transfus Apher Sci 2006; 34:
253-257 [PMID: 16798091]
Yadav D, Pitchumoni CS. Issues in hyperlipidemic pancreatitis. J
Clin Gastroenterol 2003; 36: 54-62 [PMID: 12488710]
Tovey L, Dickie H, Gangi S, Terblanche M, McKenzie C, Beale R,
Treacher D, Ostermann M. Beyond the randomized clinical trial:
citrate for continuous renal replacement therapy in clinical practice.
Nephron Clin Pract 2013; 124: 119-123 [PMID: 24281234 DOI:
10.1159/000355550]
Morabito S, Pistolesi V, Tritapepe L, Zeppilli L, Polistena
F, Fiaccadori E, Pierucci A. Regional citrate anticoagulation
in CVVH: a new protocol combining citrate solution with a
phosphate-containing replacement fluid. Hemodial Int 2013; 17:
313-320 [PMID: 22882732 DOI: 10.1111/j.1542-4758.2012.00730.
x]
Stefanutti C, Di Giacomo S, Vivenzio A, Labbadia G, Mazza F,
D’Alessandri G, Russi G, De Silvestro G, Marson P. Therapeutic
plasma exchange in patients with severe hypertriglyceridemia:
a multicenter study. Artif Organs 2009; 33: 1096-1102 [PMID:
20091936]
Yeh JH, Chen JH, Chiu HC. Plasmapheresis for hyperlipidemic
pancreatitis. J Clin Apher 2003; 18: 181-185 [PMID: 14699594]
Cole L, Bellomo R, Hart G, Journois D, Davenport P, Tipping P,
Ronco C. A phase II randomized, controlled trial of continuous
hemofiltration in sepsis. Crit Care Med 2002; 30: 100-106 [PMID:
11902250]
Bellomo R, Tetta C, Ronco C. Coupled plasma filtration
adsorption. Intensive Care Med 2003; 29: 1222-1228 [PMID:
12830374]
Abdul Cader R, Abdul Gafor H, Mohd R, Yen Kong W, Arshad
N, Kong N. Coupled Plasma Filtration and Adsorption (CPFA):
A Single Center Experience. Nephrourol Mon 2013; 5: 891-896
[PMID: 24350088 DOI: 10.5812/numonthly.11904]
Qihui C, Xiping Z, Xianfeng D. Clinical study on acute
pancreatitis in pregnancy in 26 cases. Gastroenterol Res Pract
2012; 2012: 271925 [PMID: 23213326 DOI: 10.1155/2012/2719]
Mao EQ, Tang YQ, Zhang SD. Formalized therapeutic guideline
for hyperlipidemic severe acute pancreatitis. World J Gastroenterol
2003; 9: 2622-2626 [PMID: 14606112]
Chen TZ, Xie SL, Jin R, Huang ZM. A novel lipoprotein
lipase gene missense mutation in Chinese patients with severe
hypertriglyceridemia and pancreatitis. Lipids Health Dis 2014; 13:
52 [PMID: 24646025 DOI: 10.1186/1476-511X-13-52]
Brahm A, Hegele RA. Hypertriglyceridemia. Nutrients 2013; 5:
981-1001 [PMID: 23525082 DOI: 10.3390/nu5030981]
Bălănescu NR, Topor L, Ulici A, Djendov FB. Acute pancreatitis
secondary to hyperlipidemia in an 11-year-old girl: a case
report and review of literature. J Med Life 2013; 6: 2-6 [PMID:
23599811]
Sandhu S, Al-Sarraf A, Taraboanta C, Frohlich J, Francis GA.
Incidence of pancreatitis, secondary causes, and treatment
of patients referred to a specialty lipid clinic with severe
hypertriglyceridemia: a retrospective cohort study. Lipids Health
Dis 2011; 10: 157 [PMID: 21906399 DOI: 10.1186/1476-511X-10
-157]
P- Reviewer: Fischer A, Miyoshi E S- Editor: Yu J
L- Editor: AmEditor E- Editor: Zhang DN

WJG|www.wjgnet.com

6309

May 28, 2015|Volume 21|Issue 20|

World J Gastroenterol 2015 May 28; 21(20): 6310-6316
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i20.6310

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Randomized Controlled Trial

Modified sequential therapy vs quadruple therapy as initial
therapy in patients with Helicobacter infection
Xiao-Min Liao, Gao-Hui Nong, Mei-Zu Chen, Xue-Ping Huang, Yun-Yan Cong, Yi-Ying Huang, Bai-He Wu,
Jin-Qi Wei
Correspondence to: Jin-Qi Wei, MD, Department of
Gastroenterology, the 5 th Affiliated Hospital of Sun Yat-sen
University, No. 52, Meihua Dong Road, Zhuhai 519000,
Guangdong Province, China. liaoxm3@mail2.sysu.edu.cn
Telephone: +86-756-2528840
Received: December 31, 2014
Peer-review started: January 2, 2015
First decision: January 22, 2015
Revised: February 14, 2015
Accepted: March 18, 2015
Article in press: March 19, 2015
Published online: May 28, 2015

Xiao-Min Liao, Yi-Ying Huang, Bai-He Wu, Jin-Qi Wei,
Department of Gastroenterology, the 5th Affiliated Hospital of
Sun Yat-sen University, Zhuhai 519000, Guangdong Province,
China
Gao-Hui Nong, Department of Microbiology, Zhuhai Health
School, Zhuhai 519000, Guangdong Province, China
th
Mei-Zu Chen, Department of Respiratory, the 5 Affiliated
Hospital of Sun Yat-sen University, Zhuhai 519000, Guangdong
Province, China
Xue-Ping Huang, Yun-Yan Cong, Department of Oncology, the
5th Affiliated Hospital of Sun Yat-sen University, Zhuhai 519000,
Guangdong Province, China
Author contributions: Wei JQ and Cong YY designed the
study; Cong YY and Liao XM performed the research; Liao
XM, Nong GH, Chen MZ, Huang XP, Cong YY, Huang YY, Wu
BH and Wei JQ contributed technical support; Wei JQ critically
revised the manuscript; and Liao XM analyzed the data and
wrote the paper.
Ethics approval: This study was reviewed and approved by the
5th Affiliated Hospital of Sun Yat-sen University Institutional
Review Board.
Clinical trial registration: This study is registered at http://
app1.sfda.gov.cn/datasearch/face3/base.jsp. The registration
identification number is 2007S00884.
Informed consent: All study participants, or legal guardians
where applicable, provided informed written consent prior to
study enrollment.
Conflict-of-interest: Jin-Qi Wei has received fees for serving as
an Associate Professor for the 5th Affiliated Hospital of Sun Yatsen University. Jin-Qi Wei has received research funding from the
5th Affiliated Hospital of Sun Yat-sen University. Jin-Qi Wei is an
employee of the 5th Affiliated Hospital of Sun Yat-sen University.
Jin-Qi does not own shares in the 5th Affiliated Hospital of Sun
Yat-sen University.
Data sharing: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

WJG|www.wjgnet.com

Abstract
AIM: To evaluate the efficacy and safety of modified
sequential therapy and to compare modified sequential
therapy with standard quadruple therapy for Helicobacter
pylori (H. pylori ) eradication.
METHODS: In total, 200 consecutive patients who
were diagnosed with H. pylori -infected chronic gastritis
by electronic endoscopy and rapid urease testing from
December 2012 to October 2013 were enrolled in this
study. The patients had not previously received H.
pylori eradication treatment, and were randomized into
two groups. The patients in Group A (n = 101) were
treated with ilaprazole + bismuth potassium citrate +
amoxicillin and clavulanate potassium + levofloxacin,
and the patients in Group B (n = 99) were administered
a modified sequential therapy composed of ilaprazole at
5 mg bid and amoxicillin and clavulanate potassium at
914 mg for the first five days followed by ilaprazole at
5 mg bid , furazolidone at 100 mg bid and levofloxacin
at 500 mg qid for the next five days. Four to six weeks
after the end of treatment, a 14C-urea breath test was
performed for all the subjects to confirm the eradication
of H. pylori . The intention-to-treat and per-protocol
eradication rates were determined.
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RESULTS: A total of 190 of the 200 patients completed
the study. All 200 patients were included in the
intention-to-treat analysis, whereas 190 patients were
included in the per-protocol analysis. In the intentionto-treat analysis, the rates of H. pylori eradication in
Groups A and B were 85.15% (86/101) and 81.82%
(81/99), respectively. In the per-protocol analysis, the
H. pylori eradication rates in Groups A and B were
88.66% (86/97) and 87.09% (81/93), respectively.
2
No significant difference was observed (χ = 0.109,
P = 0.741) in the eradication rate between Groups A
and B. The rates of adverse effects observed in the
groups were similar at 6.19% (6/97) for Group A and
7.53% (7/93) for Group B (P > 0.05). No mortality or
major morbidities were observed in any of the patients.
Symptomatic improvements in the presentation of
stomachache, acid regurgitation, and burning sensation
were not significantly different between the two groups.

gastric mucosa-associated lymphoid tissue (MALT)
lymphomas. Additionally, H. pylori is related to
unexplained iron deficiency anemia, chronic idiopathic
thrombocytopenic purpura, Alzheimer’s disease,
colorectal adenomas and colon cancer and is possibly
related to atherosclerosis, diabetes, hypertension,
[2]
obesity and other diseases . The eradication of
H. pylori facilitates the control of H. pylori-related
diseases. However, as the prevalence of antibioticresistant H. pylori has increased in recent years, the
eradication rate of H. pylori has declined yearly. In
2012, the Chinese Consensus Report showed that
the resistance rates to metronidazole, clarithromycin,
and levofloxacin were 60%-70%, 20%-38%, and
30%-38%, respectively; however, the resistance rates
to amoxicillin, furazolidone and tetracycline remained
low (1%-5%). According to a 2013 antibiotic resistance
study in Guangdong province in China, the resistance
rates to metronidazole, furazolidone, amoxicillin,
clarithromycin and levofloxacin were 88.4%, 61.1%,
[3]
47.4%, 42.1% and 21.1%, respectively . In 2014, a
review noted that the lack of therapeutic compliance
and the incidence of side effects might lead to the
development of antibiotic resistance. Resistance to
metronidazole has reached approximately 40% in
developed countries and exceeds 90% in developing
countries. The resistance to clarithromycin has been
increasing, reaching more than 20% in southern
[4]
Europe . The Fourth Chinese National Consensus
[1]
Report showed that the eradication rate of the
standard triple therapy [proton pump inhibitor (PPI)
+ clarithromycin + amoxicillin or PPI + clarithromycin
+ metronidazole] is lower or far lower than 80%.
Increasing the duration of the standard triple therapy
from 7 to 10 or 14 d could increase the eradication
rate by 5%. To improve the H. pylori eradication rate,
several regimens of H. pylori eradication therapy
have been recommended internationally, including
sequential therapy (5 d of PPI + amoxicillin followed by
5 d of PPI + clarithromycin + metronidazole, for a total
of 10 d), concomitant therapy (PPI + clarithromycin
+ amoxicillin + metronidazole taken simultaneously)
and levofloxacin triple therapy (PPI + levofloxacin
+ amoxicillin). There has been no controlled study
comparing the efficacy of the PPI + amoxicillin +
fluoroquinolone regimen with and without the addition
of bismuth; however, the use of PPI + amoxicillin +
fluoroquinolone + bismuth quadruple therapy as a
rescue therapy was shown to be safe and effective in
[1]
several studies .
In this randomized controlled trial, we selected 200
patients with H. pylori-positive chronic gastritis who
had never received H. pylori eradication treatment.
These patients were treated for 10 days with ilaprazole
+ bismuth potassium citrate + amoxicillin and
clavulanate potassium + levofloxacin or ilaprazole +
amoxicillin and clavulanate potassium + levofloxacin
+ furazolidone. The aim of the study was to better
characterize the safety and efficacy of the modified

CONCLUSION: Ilaprazole-based 10-d standard
quadruple therapy does not offer an incremental benefit
over modified sequential therapy for the treatment of H.
pylori infection, as both treatment regimens appear to
be effective, safe, and well-tolerated as initial treatment
options.
Key words: Helicobacter pylori ; Chronic gastritis;
Sequential therapy; Quadruple therapy; Initial therapy;
Ilaprazole
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As the prevalence of antibiotic-resistant

Helicobacter pylori (H. pylori ) has increased in
recent years, the eradication rate of H. pylori has

simultaneously declined each year. The aim of this
randomized controlled clinical trial was to better
characterize the safety and efficacy of a modified
sequential therapy regimen for the initial treatment of
H. pylori and to compare this treatment regimen with
a 10-d standard quadruple treatment regimen for the
eradication of H. pylori .
Liao XM, Nong GH, Chen MZ, Huang XP, Cong YY, Huang
YY, Wu BH, Wei JQ. Modified sequential therapy vs quadruple
therapy as initial therapy in patients with Helicobacter infection.
World J Gastroenterol 2015; 21(20): 6310-6316 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i20/6310.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i20.6310

INTRODUCTION
Helicobacter pylori (H. pylori) infection is widespread in
humans. An epidemiological study has indicated that
the prevalence of H. pylori infection in China remains
[1]
high, reaching 40%-60% in adults . H. pylori is
involved in chronic gastritis, non-ulcerative dyspepsia,
peptic ulcer disease, gastric adenocarcinoma and
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sequential therapy regimen for the initial treatment of
H. pylori and compare it with the standard quadruple
treatment for H. pylori eradication.

was performed 4-6 wk after the end of the course of
treatment. None of the patients used antibacterial
drugs, PPIs, H2 receptor antagonists, or bismuth after
the treatment until a review was conducted regarding
14
the C-urea breath test after H. pylori infection.
A technician who was blinded to the assigned
14
protocol performed all of the C-urea breath tests.

MATERIALS AND METHODS
This was a prospective study. The protocol was
approved by the Ethical Investigation Committee of
our institution, and informed consent was obtained
from all the patients after a full informative session. All
patients were managed by a single gastroenterologist,
and their details were recorded.
The inclusion criteria were as follows: 200 consecutive
patients from December 2012 to October 2013 who
visited our hospital clinic for upper abdominal pain,
heartburn, acid reflux and other gastrointestinal
symptoms, aged 18-65 years old, male or female, and
H. pylori-positive with chronic gastritis confirmed by
electronic endoscopy and a rapid urease test.
The exclusion criteria were as follows: (1) pregnant
or breast-feeding women; (2) merged ulcers and ulcer
complications; (3) cancer patients; (4) previous upper
gastrointestinal surgery; (5) therapy with PPIs, H2
receptor antagonists, bismuth, or antimicrobial drugs 2
wk before treatment; (6) a history of previous H. pylori
eradication therapy; (7) significant organ dysfunction
(hepatic, cardiorespiratory, renal diseases, neoplastic
diseases, or coagulopathy); (8) allergy to any of the
drugs used in the study or similar drugs; and (9) other
cases of interference studies.
A total of 200 patients participated in the study
and were randomized into 2 groups. The patients
in Group A were treated with standard quadruple
therapy (n = 101) consisting of AIBL (amoxicillin and
clavulanate potassium at 914 mg bid, ilaprazole at
5 mg bid, bismuth potassium citrate at 220 mg bid,
and levofloxacin at 500 mg qid for 10 d). The patients
in Group B (n = 99) were administered a modified
sequential therapy composed of ilaprazole at 5 mg
bid, amoxicillin and clavulanate potassium at 914
mg bid, for the first 5 d followed by ilaprazole at 5
mg bid, furazolidone at 100 mg bid and levofloxacin
at 500 mg qid, for the next five days. The proton
pump inhibitor and bismuth potassium citrate were
administered 30 min before meals, whereas the
antibiotics were administered after meals. These drugs
were prescribed to the patient one time, and a specific
gastroenterologist contacted the patients by telephone
to ask them to take the prescribed medication and to
inquire whether adverse drug reactions occurred at
a fixed time daily. The patients were advised of the
possibility of experiencing nausea, taste disturbance,
diarrhea, vomiting, dizziness and headaches during
the treatment period. The patients were asked to
return at the end of eradication therapy to assess
the side effects and compliance with the therapy.
The incidence of adverse effects was evaluated by
a specific questionnaire. Eradication was defined as
14
a negative result on the C-urea breath test which
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Statistical analysis

The eradication rates in the intention-to-treat (ITT) and
per-protocol (PP) analyses were calculated (Figure 1).
The patients who took at least one dose of drugs were
included in the ITT analysis, whereas the patients who
completed the entire therapy period and completed
the follow-up were considered in the PP analysis. The
2
data were analyzed using SPSS 13.0 software. The χ
test was used for a comparison between the groups,
and values of p < 0.05 were considered significant.

RESULTS
A total of 200 patients were included in the ITT
analysis, whereas 190 patients were considered in
the PP analysis. A total of 97 patients were included in
Group A, and 55.67% and 44.33% of these patients
were male and female, respectively. The mean age
± SD of the patients in Group A was 40.91 ± 12.10
years. A total of 93 patients were included in group
B; 51.61% were male, and 48.39% were female. The
mean age ± SD of the Group B patients was 42.88 ±
11.59 years. Of the Group A patients, 23 smoked and
32 used alcohol; in Group B, 25 patients smoked and
30 patients used alcohol. No significant differences
between the two groups in terms of drinking, smoking,
gender or age were detected (p > 0.05). According
to the ITT analysis, H. pylori eradication was achieved
in 86 of the 101 patients in the standard quadruple
treatment group (Group A) and in 81 of the 99 patients
in the modified sequential treatment group (Group B).
The ITT eradication rates of the standard quadruple
therapy and sequential therapy were 85.15% and
81.82%, respectively (p = 0.741). The PP eradication
rates of the standard quadruple therapy and sequential
therapy were 88.66% and 87.09%, respectively (p
= 0.741). The reported side effects included diarrhea
(three patients in total), nausea (one patient in total),
dizziness or headache (four patients in total), insomnia
(three patients in total), nausea (five patients in total),
vomiting (one patient in total), taste disturbance (six
patients in total), menstrual period extension (two
patients in total); some patients experienced multiple
side effects. However, the extent of the mild adverse
reactions could be tolerated and disappeared after
treatment. Only 10 patients showed poor compliance
(four patients in group A and six patients in group
B), and 4 patients (two patients in group A and two
patients in group B) were lost to follow-up because of
job transfers. The rates of adverse effects for the two
groups were similar at 6.19% (6/97) for Group A and
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Total eligible patients (n = 200)

Group A
(n = 101)

Group B
(n = 99)

Intention-to-treat efficacy
85.15%

Completed
(n = 97)

Intention-to-treat efficacy
81.82%

Unevaluable
Lost of follow up: 4
Adverse effect: 6

Completed
(n = 93)

Per-protocol efficacy 88.66%

Unevaluable
Lost toof follow up: 6
Adverse effect: 7

Per-protocol efficacy 87.09%

Figure 1 Flow chart to illustrate the study design used in our trial.

strains of smaller virulence, and cure rates seem to
be higher for patients with cagA+/vacA s1 H pylori
[7,8]
[9]
strains . A previous randomized open trial showed
that smoking significantly decreased the cure rate of
H. pylori infection, while another study suggested that
smoking and drinking habits when analyzed jointly
are more useful for predicting the outcome of H.
[10]
pylori eradication than when analyzed separately .
Because of the decreased eradication rate, the search
for more effective treatment programs or the use
of new alternative drugs for H. pylori eradication
[1,11]
therapy has become imperative. Recently
, H.
pylori treatment with bismuth-containing quadruple
therapy or sequential therapy was recommended as
[12]
the first-line treatment. A review article showed that
quadruple therapy should be considered the first-line
treatment in areas of high clarithromycin resistance.
A 10-d sequential therapy as a novel therapy shows
an impressive eradication rate greater than 90%. The
rationale for sequential therapy includes the following:
(1) amoxicillin would decrease the bacterial load and
the risk of the selection of a clarithromycin-resistant
mutant strain; and (2) amoxicillin might disrupt the
efflux pump, preventing clarithromycin resistance. Choi
[13]
et al
performed a meta-analysis (8 Italian studies)
that showed a trend in preferring sequential therapy
to triple therapy. Others have suggested that there is
insufficient data to recommend sequential therapy as
an alternative first-line therapy for H. pylori therapy in
[14]
Asia .
This trial was conducted to establish simple and
short-term regimens with effective and nontoxic
agents for an applicable initial therapy for H. pylori
eradication in China. Our study showed that 10-d
standard quadruple ilaprazole and modified sequential
therapy were satisfactory and safe, and they appear

Table 1 Adverse events resulting from antibiotic therapy in
the study population n (%)
Side effects
Nausea
Taste disturbance
Vomiting
Diarrhea
Dizziness, headache
Insomnia
Menstrual period extension

13 (6.8)
5 (2.6)
6 (3.2)
1 (0.5)
3 (1.6)
4 (2.1)
3 (1.8)
2 (1.1)

7.53% (7/93) for Group B (p > 0.05). No mortality or
major morbidity was recorded in the study (Table 1).

DISCUSSION
Over the past decade, eradication programs regarding
H. pylori-related diseases have been based on
standard triple therapy worldwide. However, the
eradication rate of the standard triple therapy (PPI +
clarithromycin + amoxicillin or PPI + clarithromycin
+ metronidazole) is lower or far lower than 80% with
the increase in drug-resistant H. pylori. Increasing the
duration of standard triple therapy from 7 to 10 or 14
[1]
d could increase the eradication rate by 5% . The cure
rates of H. pylori infection are influenced by several
factors such as antibiotic susceptibility, insufficient
inhibition of acid secretion [e.g., the cytochrome P450
2C19 (CYP2C19) genotype, the PPI dose, and the PPI
treatment schedule], bacterial genotypes that reduce
virulence (e.g., cagA-negative strains and the vacA
s2 genotype), the environment (e.g., smoking), and
[5,6]
protocol compliance . Reports indicated that the
effectiveness of eradication can be influenced by the
genetic type of H. pylori, better effects of eradicative
treatment can be expected if one is infected with the

WJG|www.wjgnet.com

6313

May 28, 2015|Volume 21|Issue 20|

Liao XM et al . Modified sequential therapy vs quadruple therapy
to be well tolerated for initial therapy. In this trial, we
used a new PPI, ilaprazole [the compound designated
as IY-81149,2 {[(4-methoxy-3-methyl)-2-pyridinyl]ethylsulfinyl}-5-(1H-pyrrol-1-lyl) 1H-benzimidazole],
which belongs to a class of substituted benzimidazole
molecules that are chemically related to omeprazole
and lansoprazole. The mechanism of action for the
suppression of gastric acid secretion is almost identical
in ilaprazole and omeprazole. For both drugs, the
protonated substituted benzimidazoles suppress gastric
acid secretion through the inhibition of H+/K+-ATPase
[15]
at the secretory surfaces of the gastric parietal cells .
Pre-clinical studies and both national and international
phase I and Ⅱ clinical trials showed that ilaprazole is
a strong, stable, long-lasting inhibitor of gastric acid
secretion. A multicenter, randomized, double-blinded,
positive-controlled clinical trial which was conducted
at 20 hospitals in China concluded that ilaprazole
[16]
was not affected by CYP2C19 polymorphisms . An
additional article reported that ilaprazole provided
a higher suppression of gastric acid secretion in a
dose-dependent manner, a longer half-life, higher
bacteriostasis, and a safety profile similar to that of
[16]
omeprazole . In agreement with an open randomized
[17]
[18]
crossover study
and a previous review , which
indicated that the metabolism of ilaprazole was not
related to CYP2C19 and showed that ilaprazole at
5 mg resulted in an effect comparable to 20 mg of
omeprazole, 10 mg and 20 mg of ilaprazole provided
a significantly greater and prolonged suppression of
gastric acid. The resistance of H. pylori to antimicrobial
drugs is an important reason for the low eradication
[19,20]
rate
. Amoxicillin and clavulanic acid are two
antibiotics that are frequently used in the treatment
of H. pylori. Amoxicillin is a semi-synthetic β-lactam
antibiotic with high selectivity and low toxicity, whereas
clavulanic acid is a β-lactamase inhibitor that blocks
the activity of the β-lactamase produced by bacteria.
Clavulanic acid can reduce bacterial resistance and
enhance the antibacterial effect of amoxicillin when
used in combination with amoxicillin and other β-lactam
[21]
antibiotics . Although H. pylori does not produce
[21]
β-lactamase, others
have shown that an amoxicillin
and clavulanate potassium-containing eradication
regimen is safe and effective; therefore, we selected
amoxicillin and clavulanate potassium for our study.
In this study, we included amoxicillin, levofloxacin
and furazolidone in the treatment regimens according
to a 2013 antibiotic resistance study in Guangdong
province in China which showed that the resistance
rates against metronidazole and clarithromycin were
88.4% and 42.1%, respectively, which were relatively
lower than the resistance rates for amoxicillin and
[3]
clavulanate potassium, levofloxacin and furazolidone ;
the difference in resistance rate between Guangdong
province and the entire country might have been
related to the specific geography, ethnicity, economic
level, drug habits and time span in Guangdong
[22]
province. A previous randomized controlled trial
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indicated that bismuth salts had a synergistic effect on
antibiotics by destroying bacteria in the manner of an
[23]
antiseptic. A meta-analysis
concluded that bismuth
for the treatment of H. pylori is safe and well-tolerated,
the only adverse event occurring significantly more
[24]
commonly was dark stools. Recently, a study
including one hundred and forty-two H. pylori-positive
patients in Turkey showed that the 14-d modified
sequential treatment, including bismuth, achieved a
significantly high eradication rate in patients with H.
pylori infection, with satisfactory patient compliance
and minor side effects. Therefore, we added this agent
to the initial therapy regimen.
In this clinical study, 200 consecutive patients
with H. pylori-positive chronic gastritis who had
never received H. pylori eradication treatment were
randomized into two groups and administered
ilaprazole + bismuth + amoxicillin and clavulanate
potassium and levofloxacin in a 10-d standard
quadruple treatment or amoxicillin and clavulanate
potassium + levofloxacin and furazolidone for 10
d in a modified sequential program. The results
showed that the ITT eradication rates with the
standard quadruple therapy and modified sequential
therapy were 85.15% and 81.82%, respectively (p
= 0.741). The PP eradication rates with the standard
quadruple therapy and modified sequential therapy
were 88.66% and 87.09%, respectively (p = 0.741).
The H. pylori eradication rates in both groups were
significantly higher than those in patients in this
region who received H. pylori eradication treatment
containing ilaprazole or esomeprazole + amoxicillin
and clavulanate potassium and furazolidone in a 7-d
standard triple therapy or amoxicillin and clavulanate
potassium + clarithromycin and furazolidone in a 10-d
[25]
sequential therapy . The eradication rates for both of
our study groups were also higher than the eradication
rates reported in a national multicenter study
evaluating bismuth-containing ilaprazole + amoxicillin
[26]
and clarithromycin in a 7-d quadruple therapy .
These findings suggest that the experimental therapy
used in the present study is reasonable regarding
the antimicrobial resistance in this region and
that antimicrobial drugs and prolonged treatment
would improve H. pylori eradication by ilaprazole in
combination with bismuth quadruple and sequential
programs. The rates of side effects in both groups were
similar (6.19% vs 7.53%, p > 0.05), which indicated
that ilaprazole in the 10-d standard quadruple and
modified sequential regimen had a better safety
profile in the treatment of H. pylori-positive patients
with chronic gastritis and offered a clinical basis for
H. pylori-positive treatment programs in the region.
Regarding the sequential therapy, our results are
similar to a previous randomized, double-blinded,
comparative clinical trial in China which reported
that the eradication rate with sequential therapy (20
mg of omeprazole bid and 1000 mg of amoxicillin
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Applications

for 5 d followed by 20 mg of omeprazole, 500 mg
of metronidazole, and 500 mg of clarithromycin
[27]
for an additional 5 d) was 88.89% . In the same
year, 2012, a randomized study in Japan reported
that the eradication rate of non-bismuth quadruple
therapy (lansoprazole at 30 mg, amoxicillin at 750
mg, clarithromycin at 200 mg and metronidazole at
250 mg, twice daily for 7 d) was 94.9% and 98.3%,
[28]
respectively, by ITT analysis and PP analysis .
Recently, a Korean article reported that 7-d and 14-d
quadruple therapy with PPI, tripotassium dicitrato
bismuthate, tetracycline, and metronidazole showed
eradication rates of 66.4% and 71.1%, respectively, by
an ITT analysis and 76.5% and 83.8%, respectively,
[29]
by PP analysis .
This study has two limitations. The eradication rate
with these two regimens did not achieve the desirable
[30]
eradication rate of 90% . Selecting the modified
sequential therapy as an initial treatment, which
requires three antibiotic drugs, has the possibility of
increasing the adverse reactions of the drugs and
reducing the availability of antibiotic drugs when
therapeutic failure occurs.
In conclusion, our study suggests that for H. pylori
patients in the Guangdong province, China, ilaprazolebased 10-d standard quadruple therapy does not
offer an incremental benefit over modified sequential
therapy, as both regimens appear to be effective,
safe, and well-tolerated as initial treatment options.
Additional studies comparing the treatment dose and
duration are needed to further evaluate these two
regimens as initial therapy protocols in our population.

The results of this study suggest that ilaprazole-based 10-d standard quadruple
therapy does not offer an incremental benefit over modified sequential therapy
for the treatment of H. pylori patients, as both regimens are effective, safe, and
well-tolerated as initial treatment options.

Terminology

H. pylori infection is widespread in humans. H. pylori is involved in
chronic gastritis, non-ulcerative dyspepsia, peptic ulcer disease, gastric
adenocarcinoma and gastric mucosa-associated lymphoid tissue (MALT)
lymphomas. Additionally, H. pylori is related to idiopathic iron deficiency anemia,
chronic idiopathic thrombocytopenic purpura, Alzheimer’s disease, colorectal
adenomas and colon cancer, and may be related to atherosclerosis, diabetes,
hypertension, and obesity among other diseases. The eradication of H. pylori
could ameliorate many of these H. pylori-related diseases.

Peer-review

This is a well-designed, performed and written clinical trial study to compare the
efficacy and safety of a modified sequential therapy with the standard quadruple
treatment for H. pylori eradication in 200 consecutive patients who were
diagnosed with H. pylori-infected chronic gastritis in China were the eradication
rate of H. pylori has yearly declined.
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SYSTEMATIC REVIEWS

Integrative analysis of aberrant Wnt signaling in hepatitis B
virus-related hepatocellular carcinoma
Shan-Long Ding, Zi-Wei Yang, Jie Wang, Xiao-Lei Zhang, Xiang-Mei Chen, Feng-Min Lu
METHODS: This study was retrospective. The HCC
tissue specimens used in this research were obtained
from patients who underwent liver surgery. The
Catalogue of Somatic Mutations in Cancer (COSMIC)
database was searched for the mutation statuses of
CTNNB1 , TP53 , and protein degradation regulator
genes of CTNNB1 . Dual-luciferase reporter assay was
performed with TOP/FOP reporters to detect whether
TP53 gain-of-function (GOF) mutations could enhance
the transcriptional activity of Wnt signaling. Methylation
sensitive restriction enzyme-quantitative PCR was
used to explore the methylation status of CpG islands
located in the promoters of APC , SFRP1 , and SFRP5
in HCCs with different risk factors. Finally, nestedreverse transcription PCR was performed to examine
the integration of HBx in front of LINE1 element and
the existence of HBx-LINE1 chimeric transcript in
Hepatitis B virus-related HCC. All results in this article
were analyzed with the software SPSS version 19.0 for
2
Windows, and different groups were compared by χ
test as appropriate.
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RESULTS: Based on the data from COSMIC database,
compared with other solid tumors, mutation frequency
of CTNNB1 was significantly higher in HCC (P < 0.01).
The rate of CTNNB1 mutation was significantly less
frequent in Hepatitis B virus-related HCC than in other
etiologies (P < 0.01). Dual-luciferase reporter system
and TOP/FOP reporter assays confirmed that TP53 GOF
mutants were able to enhance the transcriptional ability
of Wnt signaling. An exclusive relationship between the
status of TP53 and CTNNB1 mutations was observed.
However, according to the COSMIC database, TP53
GOF mutation is rare in HCC, which indicates that
TP53 GOF mutation is not a reason for the aberrant
activation of Wnt signaling in HCC. APC and AXIN1
were mutated in HCC. By using methylation sensitive
restriction enzyme-quantitative PCR, hypermethylation
of APC was detected in HCC with different risk factors,
whereas SFRP1 and SFRP5 were not hypermethylated
in any of the HCC etiologies, which indicates that

Abstract
AIM: To comprehensively understand the underlying
molecular events accounting for aberrant Wnt signaling
activation in hepatocellular carcinoma (HCC).
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the mutation of APC and AXIN1 , together with the
methylation of APC could take part in the overactivation
of Wnt signaling. Nested-reverse transcription PCR
failed to detect the integration of HBx before the LINE1
element, or the existence of an HBx-LINE1 chimeric
transcript, suggesting that integration could not play a
role in the aberrant activation of Wnt signaling in HCC.

pathway, which plays key roles in development
and adult tissue homeostasis, is highly conserved
throughout evolution. Abnormal activation of this
pathway could induce different diseases, especially
[4]
tumors . When Wnt signaling is activated, canonical
Wnt signals are transduced through Frizzled family
receptors and LRP5/LRP6 co-receptors located on
the cell membrane, initiating the β-catenin signaling
[5]
cascade . β-catenin is the core component of the
Wnt/β-catenin pathway and is sequestered in the
cytoplasm by the “destruction complex”, which includes
Axin, glycogen synthase kinase 3, and adenomatous
polyposis coli (APC). This multi-protein destruction
complex could target the proto-oncogene β-catenin for
[6,7]
ubiquitin-mediated proteolysis . Activation of the wnt
signaling could prevent glycogen synthase kinase 3β
(GSK-3β)-mediated β-catenin degradation, leading to
[8]
accumulation and nuclear translocation of β-catenin .
The nuclear accumulated β-catenin could then combine
with T-cell factor/lymphoid enhancer factor, and thereby
promote the transcription of downstream target genes,
including FGF20, DKK1, WISP1, MYC, CCND1, and so
on. It has been shown that 50%-70% of HCC tissues
[9,10]
have abnormal β-catenin protein accumulation
.
Furthermore, β-catenin expression, especially in poorly
differentiated tumors, is an indicator of poor prognosis,
as HCC patients with β-catenin positive grade Ⅲ tumors
[11]
have a significantly poorer prognosis . Therefore,
β-catenin could play important roles in the development
and prognosis of HCC.
Many mechanisms have been shown to be involved
in the aberrant activation of Wnt signaling. First,
mutation of the β-catenin coding gene CTNNB1 causes
aberrant activation of Wnt signaling in many tumors,
[12]
including sporadic colorectal cancer , anaplastic
[13]
[14]
[15]
thyroid carcinoma , gastric cancer , and HCC .
Second, aberration of several constitution molecules
such as APC, AXIN, secreted Frizzled related protein
(SFRP) 1 and SFRP5 in Wnt signaling could also affect
the activation of Wnt signaling. In addition, TP53
gain-of-function (GOF) mutations were reported to
[16]
activate Wnt signaling . However, whether all these
mechanisms play important roles in HCC, especially in
the HBV-related HCC, have not been fully understood.
Furthermore, a recent study reported that HBx could
integrate into human genome and form an HBxLINE1 chimeric transcript, and this transcript could
[17]
activate Wnt signaling as an long noncoding RNA .
Through literature review and experimental detection,
the possible presence of HBx-LINE1 in primary live
tumor was also addressed. In this study, by integrative
analysis of these potential factors, we summarize the
known molecular mechanisms of aberrant activation of
Wnt signaling in HCC.
The aim of the study was to understand the under
lying molecular events accounting for aberrant Wnt
signaling activation in HCC, particularly in the HCC with
background of chronic HBV infection.

CONCLUSION: In HCC, genetic/epigenetic aberration
of CTNNB1 and its protein degradation regulators are
the major cause of Wnt signaling overactivation.
Key words: β-catenin; CTNNB1; Hepatitis B virus;
Hepatocellular carcinoma; TP53; Wnt signaling
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Abnormal activation of Wnt/β-catenin signaling
can be detected in approximately 50%-70% of
hepatocellular carcinoma (HCC). It is necessary to take
the analysis about the cause of Wnt/β-catenin signaling
pathway aberration with the etiologic differences into
consideration. In this review, the suggested genetic/
epigenetic aberrations and their involvement in the
abnormal Wnt/β-catenin overactivation in HCC were
comprehensively analyzed, with focus on the cause of
hepatitis B virus-related HCC. We suggest that genetic/
epigenetic aberration of CTNNB1 and its protein
degradation regulators are the major cause of Wnt
signaling overactivation. TP53 gain-of-function mutation
is seldom involved, and HBx-LINE1 chimeric transcripts
created by viral integration may not be present.
Ding SL, Yang ZW, Wang J, Zhang XL, Chen XM, Lu FM.
Integrative analysis of aberrant Wnt signaling in hepatitis B
virus-related hepatocellular carcinoma. World J Gastroenterol
2015; 21(20): 6317-6328 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i20/6317.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6317

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and the third most deathly
[1]
human malignancy . The leading causative factors
of HCC include chronic hepatitis B virus (HBV) or
hepatitis C virus (HCV) infection, exposure to aflatoxincontaminated food and alcohol consumption. Chronic
HBV carriers have a 5-15-fold increased risk of HCC
[2]
compared with the general population . China alone
accounts for more than half of the world’s annually
diagnosed new HCC cases, predominately due to high
[3]
prevalence of HBV infection and consequent cirrhosis .
The development of HCC is a multistage process,
during which numerous genetic/epigenetic abnor
malities are involved. The Wnt/β-catenin signaling
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Table 1 CTNNB1 mutation case resources in each article
PubMed ID
9635572
9671767
10487827
10595907
10665646
10700176
10980116
11282485
11375957
11429783
11443619
11477549
11570580
12101426
12375019
12439747
12845670
14999698
15067328
15151624
15288479
15305374
15814635
17187432
17393110
17510384
17531558
18171349
18282277
18358501
18467159
18701503
19101982
20347502
20923573
20963515
21457159
21822264
22561517
25021421

Total cases

HBV infection cases

HCV infection cases

HBV and HCV coinfection cases

Non-viral infection cases

14/75
8/31
14/32
13/22
9/38
13/100
57/421
6/32
26/137
0/22
7/60
1/14
15/34
14/73
10/57
184/1123
24/100
3/61
10/89
1/61
2/16
44/781
37/265
34/120
7/29
13/81
4/42
1/36
11/52
4/54
47/223
28/81
10/32
1/1
7/15
2/20
19/44
28/139
42/149
53/176

NA/NA
NA/NA
2/5
0/0
NA/NA
NA/NA
27/265
NA/NA
3/33
0/0
5/48
0/1
NA/NA
NA/NA
0/0
NA/NA
5/26
0/29
NA/NA
NA/NA
0/0
NA/512
NA/161
NA/NA
NA/NA
2/13
0/7
0/21
NA/NA
3/43
NA/NA
0/0
0/0
0/0
1/4
2/20
3/11
5/50
3/32
13/78

NA/NA
NA/NA
2/13
13/22
NA/NA
NA/NA
23/95
NA/NA
12/31
0/0
0/2
1/12
NA/NA
NA/NA
10/57
NA/NA
16/51
0/7
NA/NA
NA/NA
0/4
NA/151
NA/53
NA/NA
NA/NA
8/44
4/23
0/4
NA/NA
0/1
NA/NA
28/81
3/6
1/1
4/10
0/0
10/23
13/43
7/24
NA/NA

NA/NA
NA/NA
0/0
0/0
NA/NA
NA/NA
3/44
NA/NA
0/9
0/0
0/0
0/0
NA/NA
NA/NA
0/0
NA/NA
0/0
0/1
NA/NA
NA/NA
0/0
NA/52
NA/26
NA/NA
NA/NA
1/2
0/3
0/0
NA/NA
0/2
NA/NA
0/0
0/0
0/0
0/0
0/0
1/2
1/2
1/4
NA/NA

NA/NA
NA/NA
10/13
0/0
NA/NA
NA/NA
4/17
NA/NA
11/41
0/22
2/10
0/1
NA/NA
NA/NA
0/0
NA/NA
3/23
0/0
NA/NA
NA/NA
2/6
NA/66
NA/25
NA/NA
NA/NA
2/18
0/9
1/11
NA/NA
1/8
NA/NA
0/0
7/26
0/0
2/2
0/0
5/8
9/44
31/89
NA/NA

Data are presented as the number of mutation cases/category total. HBV: Hepatitis B virus; HCV: Hepatitis C virus; NA: Not available.

HCC tissue samples

MATERIALS AND METHODS

HCC tissue samples were obtained from patients
who underwent routine curative surgery at Henan
Oncology Hospital in Zhengzhou, Henan Province of
China. This study was retrospective, and all tissues
were obtained during surgeries. All patients were HBVpositive, which was indicated with serum HBsAg or
HBV-DNA presence. For detecting the methylation
status of APC, SFRP1, and SFRP5, seven pairs of
tissue specimens from HCC patients with serum antiHCV-positive and ten pairs of tissue specimens from
HCC patients without HBV/HCV viral infection were
collected. Six tumor-free tissues from patients with
hepatic hemangioma were used as controls. All tissues
were snap frozen in liquate nitrogen until use. The
study was approved by the Ethics Committee in the
university, and the informed consents were obtained

Database resources

Catalogue of Somatic Mutations in Cancer (COSMIC)
database (http://cancer.sanger.ac.uk/) was searched
for summarizing the mutation statuses of CTNNB1,
APC, AXIN1, AXIN2, and TP53. TP53 GOF mutants
were defined including S127Y, P151S, R156P, Y163N,
Y163C, V173L, R175H, C176Y, H179R, L194R, Y205C,
H214R, Y220C, Y234C, M237I, S241F, G245C, G245S,
G245V, G245D, R248W, R248G, R248Q, R273C,
R273L, R273H, R273P, C275Y, D281G, and R282W, as
[16]
suggested . For investigating the link between gene
mutation and etiology, we also consulted the articles
referred by the COSMIC database, and determined the
etiology of each case. The mutation data of CTNNB1,
AXIN1, and TP53 is listed in Tables 1-9.
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Table 2 AXIN1 mutation case resources in each article
PubMed ID
10700176
11375957
12101426
15067328
18171349
21499249
22561517
25021421

Total cases

HBV infection cases

HCV infection cases

HBV and HCV coinfection cases

Non-viral infection cases

9/100
12/112
4/56
25/89
9/36
1/1
19/149
25/176

NA/NA
8/32
0/9
NA/NA
5/21
0/0
5/32
13/78

NA/NA
0/31
0/5
NA/NA
3/4
1/1
5/24
NA/NA

NA/NA
2/9
0/2
NA/NA
0/0
0/0
1/4
NA/NA

NA/NA
2/40
4/40
NA/NA
1/11
0/0
8/89
NA/NA

Data are presented as the number of mutation cases/category total. HBV: Hepatitis B virus; HCV: Hepatitis C virus; NA: Not available.

from all patients and donors before the start of the
study.

lab, which covers the coding sequence of TP53
and contains a myc tag. Using this vector as a
template, three different GOF mutation sites were
precisely mutated. The primers used: R273C,
F-AACAGCTTTGAGGTGTGTGTTTGTGCCTGTCCTGGG and
R-GACAGGCACAAACACACACCTCAAAGCTGTTCCGTC;
R273H, F-AACAGCTTTGAGGTGCATGTTTGTGCC
TGTCCTGGG and R-GACAGGCACAAACATGCACCTC
AAAGCTGTTCCGTC; Y220C, F-GTGTGGTGGTGCCCTG
TGAGCCGCCTGAGGTTGGCT and R-A C C TC A G G
CGGCTCACAGGGCACCACCACACTATGT.

DNA methylation detection

DNA was extracted from tissues by digestion of frozen
samples with 1% proteinase K, followed by standard
phenol/chloroform and ethanol precipitation. The DNA
methylation status was detected by DNA methylationsensitive restriction endonuclease digestion, followed
by subsequent quantitative (q)PCR assay as described
[18]
previously . In brief, 2 µg DNA was treated with HhaI
methylation-sensitive enzyme at 37  ℃ for 16 h. HhaI
can digest the GCGC sequence if the cytosine is not
methylated. Then, qPCR was performed to amplify
the target template with primers between which
HhaI cutting sites were located. The reaction was
performed in a 96-well plate on Roche Lightcyler 480
Ⅱ Real-Time PCR System (Roche, Basel, Switzerland).
Methylation intensity was quantified between 0%
and 100% by calculating Ct values of tissues treated
either with or without HhaI digestion. Primers used
for APC, SFRP1, and SFRP5 methylation detection
are: APC, F-CGGACCAGGGCGCTCCCCATTCC and
R-TGACACCCTGGCGGGCTGCACCAA; SFRP1, F-TC
GCCCCGCCGGGAGCTGATTG and R-GGCTGGA
GTGCGCGGGGCTCCT; SFRP5 F-CCAGTGCAG
CGCCCCCAGCAGCA and R-CGCGGCGCGCACCT
GGAGAG.

Luciferase reporter assays

The TOP/FOP reporter plasmids were co-transfected
with Renilla luciferase vector into HEK 293T, SMMC
7721, and Huh-7 cell lines using Lipofectamine 2000
(Invitrogen). Twenty-four hours after transfection,
cells were washed twice with PBS and lysed in passive
lysis buffer. PGL3-basic vector was used as a negative
control. Luciferase activity was analyzed using a
luminometer and a dual luciferase assay kit according
to the manufacturer (Promega Corp., Madison, WI,
United States). Luciferase counts were normalized
using Tk-Renilla-luciferase (Promega).

Statistical analysis

All analyses were performed with the software SPSS
version 19.0 (IBM, Armonk, NY, United States).
2
Different groups were compared by χ tests as
appropriate. All statistical tests were two-sided, and P
< 0.01 was considered as statistically significant.

Reverse transcription-PCR assay

Total RNA was extracted with TRI-Reagent (Invitrogen
of Thermo Fisher Scientific, Waltham, MA, United
States) according to the manufacturer’s protocol,
and reverse transcription was then performed using
Reverse Transcription Kit (Thermo Fish Scientific).
Nested-PCR was performed to detect HBx-LINE1
transcript (primers: first round: F-TCCCCGTCTGTGCCTTCTC
and R-TAGTGCTGCAATAAACATGGGA; second round:
F-ACGCGGTCTCCCCGTCTGT and R-GCTGGATCATATGG
AAGCTCTGG). β-actin was used as the calibrator
gene (primers: F-CTACAGCTTCACCACCACGG and
R-TCAGGCAGCTCGTAGCTCTTC).

RESULTS
CTNNB1 mutation is a major causative factor of aberrant
Wnt signaling activation in HCC

CTNNB1 mutation, especially mutation at the
phosphorylation sites in N-terminal domain, could
affect β-catenin protein stability and its combining
capability with APC and AXIN. Firstly, we summarized
the mutation frequency of CTNNB1 in different tumors,
including HCC, stomach, lung, ovary, colon tumor
and esophageal squamous cell carcinoma, based on
the information collected from COSMIC database.
As shown in Figure 1A, the CTNNB1 mutation rate

Plasmid construction

PcDNA3.1-TP53 expression vector was kept in our
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Table 3 TP53 mutation case resources in each article
PubMed ID
1311638
1327523
1655254
1672732
1849234
7903205
8093350
8093978
8100480
8108145
8261444
8290606
8302580
8380058
8382111
8384081
8389246
8390289
8390407
8393166
8407553
8565124
8655704
8655958
8672994
8895490
9012469
9270015
9463584
9699537
9781942
10389750
10389978
10564952
10662591
10699891
10743047
11051249
11191353
11282486
11375957
11704835
12483005
12640682
12759240
12845670
14499690
14675778
14687797
15017592
15126338
15943041
16078640
16570275
16685387
16697535
17066440
17266182
17350822
17510384
17531558
21499249
21760996
21822264
22561517
22634756
22922871

Total cases

HBV infection cases

HCV infection cases

HBV and HCV coinfection cases

Non-viral infection cases

0/21/36
3/20/61
2/9/43
0/5/10
0/8/16
2/20/35
1/17/53
0/3/20
1/3/20
2/6/15
5/12/16
0/19/80
1/6/22
0/2/15
0/12/38
0/4/45
0/11/34
0/10/15
0/1/18
1/1/7
3/19/63
0/2/12
3/10/38
2/2/20
0/1/18
0/9/12
0/8/16
2/26/105
0/2/8
2/6/97
1/2/15
0/17/31
0/12/24
2/9/11
0/5/27
4/11/18
0/35/40
2/21/83
0/14/55
2/6/22
1/36/137
8/30/71
3/7/34
0/2/18
2/16/33
0/14/100
0/18/68
0/5/22
3/9/80
4/22/50
3/27/48
8/8/20
2/7/41
1/11/40
0/28/55
0/7/23
0/5/51
1/28/50
4/16/83
0/25/81
2/7/42
0/1/1
0/9/26
4/39/139
0/26/149
3/14/27
1/1/10

0/21/36
3/12/37
NA/NA/NA
0/5/8
NA/NA/NA
2/15/28
0/3/7
0/NA/17
NA/NA/NA
2/6/15
1/2/3
0/8/28
NA/NA/NA
0/NA/NA
0/NA/NA
0/4/28
0/NA/NA
0/8/13
0/0/3
NA/NA/NA
2/10/16
0/0/3
NA/NA/19
1/1/4
0/NA/NA
0/0/0
0/1/8
2/24/78
0/NA/NA
NA/NA/16
0/0/0
0/11/17
0/10/19
NA/NA/NA
NA/NA/NA
0/0/0
0/33/38
0/14/50
0/NA/45
NA/NA/NA
1/15/33
NA/NA/NA
2/5/27
0/1/5
2/16/33
0/4/26
0/NA/52
0/0/0
2/7/NA
NA/NA/13
NA/NA/NA
8/8/20
NA/NA/1
1/4/22
0/NA/49
0/7/23
0/0/14
1/24/41
NA/2/13
0/5/13
1/1/7
0/0/0
0/6/13
2/20/50
0/9/32
3/7/11
1/1/10

0/0/0
0/4/17
NA/NA/NA
0/0/NA
NA/NA/NA
0/NA/NA
NA/NA/NA
0/NA/NA
NA/NA/NA
0/0/0
4/8/10
0/NA/NA
NA/NA/NA
0/NA/NA
0/NA/NA
0/0/11
0/NA/NA
0/NA/NA
0/0/5
NA/NA/NA
1/4/15
0/0/2
NA/NA/10
NA/NA/NA
0/NA/NA
0/1/3
0/NA/NA
0/NA/NA
0/NA/NA
NA/NA/NA
1/2/15
0/NA/NA
0/NA/NA
NA/NA/NA
NA/NA/NA
0/0/0
0/NA/NA
1/6/16
0/NA/NA
NA/NA/NA
0/10/31
NA/NA/NA
0/1/3
0/1/8
0/0/0
0/7/51
0/NA/2
0/5/22
0/1/NA
NA/NA/33
NA/NA/NA
0/0/0
NA/NA/26
0/2/5
0/NA/NA
0/0/0
0/4/30
0/NA/NA
NA/13/64
0/15/44
1/4/24
0/1/1
0/2/4
1/10/43
0/7/24
0/7/14
0/0/0

0/0/0
0/3/4
NA/NA/NA
0/0/NA
NA/NA/NA
0/NA/NA
NA/NA/NA
0/NA/NA
NA/NA/NA
0/0/0
0/1/2
0/NA/NA
NA/NA/NA
0/NA/NA
0/NA/NA
0/0/2
0/NA/NA
0/NA/NA
0/0/1
NA/NA/NA
0/0/0
0/0/1
NA/NA/5
NA/NA/NA
0/NA/NA
0/2/3
0/NA/NA
0/NA/NA
0/NA/NA
NA/NA/NA
0/0/0
0/NA/NA
0/NA/NA
NA/NA/NA
NA/NA/NA
0/0/0
0/NA/NA
0/0/0
0/NA/NA
NA/NA/NA
0/3/9
NA/NA/NA
0/0/0
0/0/4
0/0/0
0/0/0
0/0/0
0/0/0
0/0/NA
NA/NA/3
NA/NA/NA
0/0/0
NA/NA/NA
0/2/5
0/NA/NA
0/0/0
0/0/0
0/NA/NA
NA/0/2
0/2/2
0/1/2
0/0/0
0/0/0
0/2/2
0/2/4
0/0/0
0/0/0

0/0/0
0/1/3
NA/NA/NA
0/0/NA
NA/NA/NA
0/NA/NA
NA/NA/NA
0/NA/NA
NA/NA/NA
0/0/0
0/1/1
0/NA/NA
NA/NA/NA
0/NA/NA
0/NA/NA
0/0/4
0/NA/NA
0/NA/NA
0/1/9
NA/NA/NA
0/5/32
0/2/6
NA/NA/4
NA/NA/NA
0/NA/NA
0/3/6
0/NA/NA
0/NA/NA
0/NA/NA
NA/NA/NA
0/0/0
0/NA/NA
0/NA/NA
NA/NA/NA
NA/NA/NA
4/11/18
0/NA/NA
1/1/17
0/NA/NA
NA/NA/NA
0/8/41
NA/NA/NA
1/1/4
0/0/1
0/0/0
0/3/23
0/NA/14
0/0/0
1/1/NA
NA/NA/1
NA/NA/NA
0/0/0
NA/NA/NA
0/3/8
0/NA/NA
0/0/0
0/1/7
0/NA/NA
NA/1/4
0/3/18
0/1/9
0/0/0
0/0/4
1/7/44
0/8/89
0/0/2
0/0/0

Data are presented as the number of gain-of-function mutation cases/number of mutations/category total. HBV: Hepatitis B virus; HCV: Hepatitis C virus;
NA: Not available.
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Table 4 Mutation case numbers and rates of CTNNB1 in
different tissues
Mutation cases Total cases Mutation rate P value
(n )
(n )
(%)

Cancer type
HCC
Colon
Adenocarcinoma
Ovary carcinoma
Stomach
Adenocarcinoma
Lung
Adenocarcinoma
ESCC

Table 6 Mutation case numbers and rates of AXIN1 in
different tissues
1

671
126

3720
1318

18.04
9.56

< 0.001

102
54

1599
1137

6.38
4.75

< 0.001
< 0.001

38

1219

3.12

< 0.001

5

347

1.44

< 0.001

Cancer type
Hepatocellular carcinoma
Colon adenocarcinoma
Ovary carcinoma
Stomach adenocarcinoma
Lung adenocarcinoma
Esophageal squamous cell
carcinoma

The P value vs HCC. ESCC: Esophageal squamous cell carcinoma; HCC:
Hepatocellular carcinoma.

Viral background Mutation cases
(n )

Table 5 Mutation case numbers and rates of CTNNB1 in
hepatocellular carcinoma etiologies

HBV
HCV
HBV and HCV
Non-viral

74
155
7
90

686
554
69
348

10.79
27.98
10.14
25.86

HBV
HCV
HBV and HCV
non-viral

1

872
513
749
377
697
130

8.60
3.90
0.40
4.77
0.86
2.31

31
9
3
15

Total cases Mutation rate P value
(n )
(%)
172
65
15
180

18.02
13.85
20.00
8.33

1

0.964
0.999
0.122

1

The P value vs HBV. HBV: Hepatitis B virus; HCV: Hepatitis C virus.

< 0.001
0.999
< 0.001

pathway in HCC, we performed a TOP/FOP luciferase
assay by overexpressing Y220C, R273C, and R273H
TP53 GOF mutants in HEK 293T, SMMC7721, and
Huh-7 cell lines. Compared with wild-type p53, Y220C
enhanced the TOP/FOP value in Huh-7 cells, whereas
R273H and R273C enhanced the TOP/FOP value in
SMMC 7721 cells. As a positive control, all three GOF
mutations enhanced TOP/FOP values in HEK 293T cells
(Figure 2A). The effect of p53 GOF mutants in those
hepatic origin cells was insignificant and inconsistent.
Consistent with the results of the in vitro analysis,
searching of the COSMIC database revealed that,
though the total TP53 mutation rate in HCC was as
high as 29.33%, the rate of TP53 GOF mutation in
HCCs was only 4.27%, substantially lower than that
observed in other tumors (Figure 2B and Table 8).
Furthermore, such a low rate of TP53 GOF mutation
was constantly present among HCCs of different
etiologies (Figure 2B). Taken together, although TP53
GOF mutants activate Wnt signaling in HCC cell lines
in vitro, they seldom occur in HCC and likely do play
a major role in aberrant activation of Wnt signaling
commonly present in HCC.

1

The P value vs HBV. HBV: Hepatitis B virus; HCV: Hepatitis C virus.

in HCC was 18.04%, which was significantly higher
than the mutation rates in other tumors (Table 4),
implicating that CTNNB1 mutation could be one of the
major reasons for aberrant activation of Wnt signaling
commonly seen in HCC. Next, the HCC patients
were classified into different groups according to the
background of viral infection, and then we compared
the rates of CTNNB1 mutation among different HCC
groups. As shown in Figure 1B, the CTNNB1 mutation
rate in chronic HBV-related HCC was 10.79%, which
was similar to that in HBV/HCV coinfection-related
HCC, but significantly lower than those with HCVrelated HCC or non-viral HCC (Table 5). Nevertheless,
the CTNNB1 mutation rate in chronic HBV-related
HCC was still higher than that in several other human
tumors such as esophageal squamous cell carcinoma,
lung cancer, and gastric cancer.

TP53 GOF mutants may not contribute to aberrant Wnt
signaling activation in HCC

Frequent genetic/epigenetic aberrations in negative
regulators involved in Wnt signaling activation in HCC

Tumor suppressor gene TP53 is the most frequently
mutated gene in cancer. Among these p53 mutants,
some mutations not only lose the tumor suppressive
functions, but also gain novel oncogenic activities,
including promotion of tumor cell proliferation, survival,
metabolic changes, angiogenesis, and metastasis,
[19]
which were defined as p53 GOF activities . It has
been reported that β-catenin expression and the Wnt
signaling pathway are highly activated in tumors
[16]
harboring GOF p53 mutants . To investigate whether
TP53 GOF mutant could activate the Wnt signaling
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75
20
3
18
6
3

Table 7 Mutation case numbers and rates of AXIN1 in
hepatocellular carcinoma etiologies

1

Viral background Mutation cases Total cases Mutation rate P value
(n )
(n )
(%)

Mutation cases Total cases Mutation rate
(n )
(n )
(%)

Since APC and AXINs can form a degradation complex
with GSK-3β to prompt the ubiquitination-dependent
degradation of β-catenin protein, aberration of either
APC or AXINs might affect the activity of the Wnt/
β-catenin signaling pathway. Based on the COSMIC
database, the mutation rates of AXIN1, AXIN2,
and APC in HCC were 8.60%, 0.42%, and 1.33%,
respectively (Figure 3A). The high frequent mutation
rate of AXIN1 suggests that it commonly contributes
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Table 8 Mutation case numbers and rates of TP53 in different tissues
Cancer type

GOF mutation cases Mutation cases Total cases
(n )
(n )
(n )

HCC
Colon adenocarcinoma
Ovary carcinoma
Stomach adenocarcinoma
Lung adenocarcinoma
ESCC

91
331
392
270
421
224

825
1867
1604
1160
2414
972

GOF mutation
rate (%)

Non-GOF mutation
rate (%)

Total mutation
rate (%)

3.23
9.20
11.78
7.81
6.58
12.06

26.09
42.71
36.41
25.73
31.17
40.26

29.33
51.92
48.18
33.54
37.75
52.31

2813
3596
3329
3459
6394
1858

P value1

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1

GOF mutation rate vs HCC. ESCC: Esophageal squamous cell carcinoma; GOF: Gain-of-function; HCC: Hepatocellular carcinoma.

Table 9 Mutation case numbers and rates of TP53 in hepatocellular carcinoma etiologies
Viral background GOF mutation cases (n ) Mutation cases (n ) Total cases (n )
HBV
HCV
HBV and HCV
non-viral

35
9
0
7

321
101
18
60

GOF mutation rate
(%)

Non-GOF mutation rate
(%)

Total mutation rate
(%)

4.27
2.26
0.00
2.02

34.92
23.12
43.90
15.32

39.19
25.38
43.90
17.34

819
398
41
346

35
30

P < 0.01
P < 0.01

P < 0.01

25
20

B

P < 0.01
P < 0.01

Mutation frequency of CTNNB1 in
HCC tissues (%)

A
Mutation frequency of CTNNB1 (%)

GOF: Gain-of-function; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

18.04%

15
9.56%

10

6.38%

5
0

HCC

Colon

Ovary

4.75%

Stomach

3.12%
Lung

1.44%

40

P < 0.01

35
30

27.98%

25
20

25.86%

18.04%

15
10.79%

10.14%

HBV

HBV and HCV

10
5
0

ESCC

P < 0.01

Total

HCV

Nonviral

Figure 1 CTNNB1 mutation rate in tumors based on the information collected from COSMIC database. CTNNB1 mutation rates in A: Different human tumors;
and B: Hepatocellular carcinoma tissues with different risk factors. ESCC: Esophageal squamous cell carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC:
Hepatocellular carcinoma.

to the aberrant Wnt signaling activation in HCC.
SFRP1 and SFRP5 encode SFRP, which is the
antagonist of the Wnt signaling pathway. The epige
netic downregulation of SFRP has been shown to be
[20]
involved in hepatocarcinogenesis . We previously
demonstrated that the promoter CpG island of APC
[21]
is hypermethylated in HCC with HBV infection . To
further demonstrate the involvement of the negative
regulators in Wnt/β-catenin overactivation in HCC,
methylation sensitive restriction enzyme-qPCR was
performed to detect the methylation statuses of
APC, SFRP1, and SFRP5 in HCC with different risk
factors, including between HCV-related HCC and those
without viral infection. The results showed extensive
hypermethylation of the APC promoter in all HCC of
different etiologies (Figure 3B). As shown in Figure 3C,
hypermethylation of SFRP1 was present in 15% (3/20)
of HBV-infected tumor tissues, 0% (0/7) of HCV-
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infected tumor tissues, 20% (2/10) of non-infected
tumor tissues, and 0% (0/6) of hepatic hemangioma
tissues, whereas hypermethylation of SFRP5 was
present in 5% (1/20) of HBV-infected tumor tissues,
28.6% (2/7) of HCV-infected tumor tissues, 0% (0/10)
of non-infected tumor tissues, and 0% (0/6) of hepatic
hemangioma tissues. These results suggest that
SFRP1 and SFRP5 are not primary causes of aberrant
Wnt signaling activation in HCCs.

HBx-LINE1 transcripts are not detected in tissues of
HBV-related HCC

A recent report described that HBx frequently forms a
chimeric transcript (HBx-LINE1) after integrating into
the LINE1 element in 8p11.21 of the host genome,
and the authors further suggested that HBx-LINE1
could activate the Wnt signaling pathway as a long
[17]
noncoding RNA . To explore whether HBx-LINE1
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Figure 2 TP53 GOF mutation does not likely contribute to the aberrant activation of Wnt signaling. A: TP53 GOF mutants activate Wnt signaling in vitro;
B: TP53 mutation rate in different tumors and different etiologies of HCC. Although TP53 mutation was commonly detected in HCC, GOF mutation was a rare
event in HCC with different etiologies. ESCC: Esophageal squamous cell carcinoma; GOF: Gain-of-function; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC:
Hepatocellular carcinoma.

could take part in the aberrant activation of Wnt
signaling in HBV-related HCC, the expression of this
transcript was measured in up to 30 HCC tissues with
a chronic HBV infection background. Unfortunately,
even by nested-PCR, no HBx-LINE1 chimeric transcript
was detected. To exclude the possibility that the
absence was due to an experimental failure, PCR
primers were designed to detect the HBx-LINE1
viral-host junction sequences at the DNA level. Still,
no HBx-LINE1 integration was detected (data not
shown). Moreover, we carefully reviewed the available
viral integration information from published data. In
a total of 1115 HBV integration sites derived from
299 HBV-HCC patients, only one was found mapped
at chromosome 8p11.21. However, further precise
analysis excluded the possibility to form an HBx[22]
LINE1 transcript , because the integration site was
away from the LINE1 site. Collectively, HBx was not
expected to exactly integrate at such an accurate site
to form the HBx-LINE1 chimeric transcript, at least not
[17]
at the high frequency as described by the report . As
a result, HBx-LINE1, the suggested viral-host junction
transcript, may not commonly present in HBV-infection
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related HCCs.

DISCUSSION
Abnormal activation of Wnt/β-catenin signaling is
detected in 50%-70% of HCC cases, making it the
most common signaling pathway aberration in this
[10]
cancer . However, it is necessary to analyze the
cause of Wnt/β-catenin signaling pathway aberration
while considering the different etiologic causes of
HCC. In the present study, we summarized all the
suggested factors relevant to the aberrant activation
of the Wnt signaling pathway in HCC with different
causative etiologies. Those genetic/epigenetic events
include CTNNB1 gene mutation, TP53 GOF mutation,
the presence of an HBx-LINE1 chimeric transcript,
and aberrations of other genes within this signaling
pathway.
CTNNB1, which encodes β-catenin, has been
recognized as one of the most frequently mutated
genes in primary HCC. Indeed, according to the
COSMIC database, the mutation of CTNNB1 was
detected in 671/3720 HCC cases, with detailed
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Figure 3 Frequent genetic/epigenetic aberrations of the negative regulators in Wnt signaling in hepatocellular carcinoma. A: AXIN1 was frequently mutated
in HCCs with different etiologies; B: APC promoter hypermethylation was frequently found in HCCs with different etiologies; C: Neither SFRP1 nor SFRP5 was
frequently hypermethylated in HCCs with different risk factors. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

mutation information provided for 543 of these cases
(http://cancer.sanger.ac.uk/). It is worthwhile to
note that among the 543 identified mutations, 477
were point mutations located at N-terminal domain,
309 of which were at β-catenin phosphorylation sites
(serines 33, 37, and 45 and threonine 41). This result
is consistent with the fact that the stability of β-catenin
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relies on the phosphorylation of its N-terminal domain.
The large percentage (18.04%; 671/3720)
of CTNNB1 mutations makes it one of the major
causative mechanisms contributing to the aberrant
activation of Wnt signaling in HCC. However, the
mutation rate of CTNNB1 in chronic HBV-related HCC
was only 10.79%, much lower than in HCV-related
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cases or of other etiologic backgrounds. The lower
rate of CTNNB1 mutation in HBV-related HCC has
been reported previously by other laboratories, in
[1,23]
which relatively small patient cohorts were used
.
The other gene with a high frequency of mutation in
HCC is AXIN1, another component of the “destruction
complex”. Interestingly, in contrast to CTNNB1, the
rate of AXIN1 mutation was higher in HBV-related HCC
compared to HCC of other etiologic backgrounds.
The above results suggest that mutation of genes
comprising the “destruction complex”, together with
their target CTNNB1 mutation, are common events
contributing to the altered Wnt signaling pathway
activation in HCC. In addition to genetic mutations,
epigenetic modulation can also cause aberrant gene
expression. We previously reported that in HBV-related
HCCs, the CpG islands in the promoter regions of
[20]
APC and AXIN2 were frequently hypermethylated .
Frequent APC hypermethylation in HBV- and HCVrelated HCC tissues has also been reported by Feng
[24]
et al . In this study, we compared the methylation
status in HCC with different etiologies. However,
there was no noticeable difference among HCCs with
different etiologic backgrounds. Taken together, these
results suggest that APC promoter hypermethylation is
a causative factor for aberrant Wnt signaling activation
in HCC tissues. In addition, our data and those from
other laboratories suggest that SFRP methylation may
not be a primary factor for aberrant Wnt signaling
[24]
activation in HCC .
The recent report that HBx-LINE1 chimeric trans
cripts can activate Wnt signaling has attracted some
[17,25,26]
recognition
. However, we doubted the possibility
of such a high frequency of identical integration (present
in 23% of primary HCC tissues, as described by the
[17]
author ). As a matter of fact, the integration of HBV
into the host cellular genome is generally a random
event, and it is hard to imagine that HBV integrates
precisely at chr.8p11.21 in close to one-quarter of
HCC tumor tissues. Moreover, in order to make an
HBx-LINE1 junction, the HBV genome must also be
broken exactly at the same site of its genome. Our lab
had searched up to 1115 HBV host genome-adjacent
sequences from several articles, including our data, and
none of them locate at the site of the LINE1 element,
which is essential for the formation of the HBx-LINE1
[27-31]
chimeric transcripts
. In addition, the effort to
detect the presence of HBx-LINE1 chimeric transcripts
by the powerful nested Reverse transcription-PCR, or
PCR at the tumor genome level, failed. In addition, the
previous report utilized Sanger sequencing to confirm
[17]
the formation of HBx-LINE1 transcripts ; we noticed
that the viral nucleic acid sequence was exactly the
same, not even a single nucleotide variant to this high
mutation-rate virus. Therefore, we had sufficient cause
to doubt that HBx can accurately integrate with LINE1
with such an extremely high frequency.
Besides the above factors, some other mechanisms
that can activate Wnt signaling should be further
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explored, such as the phosphorylation of extracellular
signal-regulated kinase and protein kinase B by HBx,
which may be the major mechanism for Wnt signaling
[32,33]
activation in HBV-related HCC
. Additionally, it was
reported that HBx can competitively combine with
[34]
APC protein to release GSK-3β . However, further
experimental evidences are still needed to confirm this
postulation.
Together with other previous reports, we propose
that several possible mechanisms account for the
aberrant Wnt signaling activation in HCC, including
CTNNB1 mutation, as well as hypermethylation of APC
and AXIN1 mutation. In contrast, hypermethylationmediated silencing of SFRP1 and SFRP5 expression
was not a common event. Additionally, although TP53
GOF mutations have the potential to activate Wnt
signaling, they rarely occur in HCC, and therefore, it
should not be counted as a causative factor of aberrant
Wnt signaling overactivation in HCC. Unfortunately,
our results do not support the hypothesis that HBxLINE1 chimeric transcripts activate Wnt signaling
in HCC, as none of the 1115 known HBV viral-host
cellular genome junction sequences involved the LINE1
sequence, and furthermore, the HBx-LINE1 chimeric
transcript was not detected at the mRNA or genomic
DNA level.
As our understanding about Wnt signaling pathways
continues to grow, the potential clinical value of our
knowledge on Wnt signaling and HCC should be further
studied.

COMMENTS
COMMENTS
Background

The development of hepatocellular carcinoma (HCC) is a multistage process,
during which numerous genetic/epigenetic factors could be involved. As one of
the most important factors, the Wnt/β-catenin signaling pathway is frequently
activated, about 50%-70% of HCC tissues show abnormal β-catenin protein
accumulation, which predicts poor prognosis. It has become recognized that
the Wnt signaling pathway plays an important role in the development and
prognosis of HCC.

Research frontiers

Many mechanisms have been reported to be involved in the aberrant activation
of Wnt signaling in HCC. Mutation of CTNNB1, which encodes β-catenin, could
cause cytoplasmic accumulation of β-catenin. Genetic or epigenetic aberrations
of several constitution molecules in the Wnt signaling pathway could also affect
its activation. Furthermore, TP53 gain-of-function mutations have the ability
to upregulate the expression of CTNNB1. Finally, a recent report suggested
a frequent integration of HBx into LINE1 elements of the human genome and
formation of HBx-LINE1 chimeric transcripts, which enhance the transcriptional
activity of Wnt signaling.

Innovations and breakthroughs

Previous reports have suggested the presence of different underlying
mechanisms for the aberrant activation of Wnt signaling in HCC. However,
whether all these mechanisms could really take part in this process is not
known. In this article, by integrative analysis of the potential factors, the
involvement of the following suggested mechanisms in the aberrant activation
of Wnt signaling in HCC were investigated: the mutation rate of CTNNB1, TP53,
APC, AXIN1, and AXIN2 by searching in COSMIC database; and the epigenetic
aberrations of the constituent molecules in Wnt signaling, such as APC,
SFRP1, and SFRP5, by determining their CpG island methylation status using a
methylation sensitive restriction enzyme-quantitative PCR technique developed
in the laboratory. In addition, in order to judge whether HBx integration in LINE1
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elements could activate Wnt signaling in HBV-related HCC, the proposed HBxLINE integration was also examined at both the genome and RNA levels among
HBV-related HCC tissue specimens by nested reverse transcription-PCR and
PCR.

13

Applications

14

Terminology

15

This integrative study provides a panoramic view of the underlying mechanisms
relevant to the aberrant activation of Wnt signaling in HCC. The discovery will
enhance our understanding of hepatocarcinogenesis.
The Wnt/β-catenin pathway is highly conserved throughout evolution, and
plays key roles in development in adult tissue homeostasis. β-catenin is the
core component which is precisely regulated. β-catenin can be degraded by
the destruction complex composed of APC, AXIN, and GSK-3β. Wnt signaling
activation leads to nuclear translocation of β-catenin, where it promotes the
transcription of several downstream target genes.
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The authors present a comprehensive study. The methodology is correct.
The conclusions are consistent with the results obtained. This study
represents a significant contribution to advance our study on the process of
hepatocarcinogenesis.
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METHODS: We electronically searched the databases
of MEDLINE, EMBASE and the Cochrane Library from
January 1980 to December 2013 to identify relevant
studies reporting risk factors for NODM after liver
transplantation. Two authors independently assessed
the trials for inclusion and extracted the data. Discre
pancies were resolved in consultation with a third
reviewer. All statistical analyses were performed with
the RevMan5.0 software (The Cochrane Collaboration,
Oxford, United Kingdom). Pooled odds ratios (OR)
or weighted mean differences (WMD) with 95%
confidence intervals (CIs) were calculated using either
a fixed effects or a random effects model, based on
2
2
the presence (I < 50%) or absence (I > 50%) of
significant heterogeneity.
RESULTS: Twenty studies with 4580 patients were
included in the meta-analysis, all of which were
retrospective. The meta-analysis identified the following
significant risk factors: hepatitis C virus (HCV) infection
(OR = 2.68; 95%CI: 1.92-3.72); a family history of
diabetes (OR = 1.69, 95%CI: 1.09-2.63, P < 0.00001);
male gender (OR = 1.53; 95%CI: 1.24-1.90; P <
0.0001); impaired fasting glucose (IFG; OR = 3.27;
95%CI: 1.84-5.81; P < 0.0001); a family history of
diabetes (OR = 1.69; 95%CI: 1.09-2.63; P = 0.02);
use of tacrolimus (OR = 1.34; 95%CI: 1.03-1.76; P
= 0.03) and body mass index (BMI)(WMD = 1.19,
95%CI: 0.69-1.68, P < 0.00001). Other factors, such
as hepatitis B virus infection and alcoholism, were not
found to be associated with the incidence of NODM.
CONCLUSION: The study showed that HCV infection,
IFG, a family history of diabetes, male gender,
tacrolimus and BMI are risk factors for NODM after liver
transplantation.

Abstract
AIM: To determine the risk factors for new-onset
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MATERIALS AND METHODS

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

Search strategy and data extraction

Two of the authors searched studies published betw
een January 1980 and December 2013 via MEDLINE,
EMBASE, and the Cochrane Library. The search strategy
included the terms “diabetes mellitus”, “diabetes”, “liver
transplantation” and related synonyms. Two authors
independently screened the titles and abstracts
of the retrieved papers, and full-text copies were
obtained of most of the potentially relevant studies.
The reference lists of the retrieved publications were
also comprehensively reviewed to identify additional
potentially relevant studies. Discrepancies were
resolved in consultation with a third reviewer. This
search was limited to human studies, without any
language limitations; both case-controlled studies and
observational studies were included.

Core tip: New-onset diabetes mellitus (NODM) is a
serious complication of liver transplantation (LT) that
negatively affects patient and graft survival. However,
the risk factors for NODM after LT have not been well
elucidated. It has been reported that many factors
are involved in the development of NODM. This metaanalysis demonstrated that hepatitis C virus infection,
impaired fasting glucose, a family history of diabetes,
male gender, tacrolimus and body mass index are risk
factors for NODM after liver transplantation.
Li DW, Lu TF, Hua XW, Dai HJ, Cui XL, Zhang JJ, Xia Q. Risk
factors for new onset diabetes mellitus after liver transplantation:
A meta-analysis. World J Gastroenterol 2015; 21(20): 6329-6340
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6329.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6329

Criteria for inclusion

The studies included in the meta-analysis had to
satisfy the following criteria: (1) randomized controlled
trials and prospective or retrospective cohort and casecontrol studies investigating patients with NODM after
LT; (2) adult recipients aged more than 18 years with
no history of diabetes mellitus pre-transplantation;
(3) follow-up period > 6 mo; and (4) description of
an accurate incidence of NODM after LT that could be
extracted for the meta-analysis.

INTRODUCTION
New-onset diabetes mellitus (NODM) is a serious
complication of liver transplantation (LT) that negatively
affects patient and graft survival. The reported incidence
[1-6]
of NODM after LT ranges from 9% to 63.3%
.
Similar incidence rates of and risk factors for NODM
[7-9]
have also been reported in renal transplantation .
NODM contributes to an increased risk of infections,
cardiovascular disease and rejection, all of which are
[6,10-12]
leading causes of mortality among LT recipients
.
However, the mechanisms underlying NODM after LT
are poorly understood.
Age, gender, body mass index (BMI), hepatitis C
virus (HCV) infection, immunosuppressive regimens,
and a family history of diabetes have been reported
as the main risk factors for the development of NODM
[1,13-15]
after LT
, although many controversial issues
remain. For example, HCV-induced cirrhosis, one of
the most studied risk factors, is the leading indication
[16]
for LT
and has been identified as a major risk factor
for the development of NODM in solid organ transplant
recipients. A recent study based on the OPTN/UNOS
database demonstrated that HCV infection is an
independent risk factor for NODM in the liver transplant
population. NODM was found to occur more frequently
in HCV-positive patients (28.3% vs 23.7%, HR = 1.155),
although some studies did not find any statistical
association between HCV infection and post-transplant
[3,6,17]
NODM
. However, comparing the rates of NODM
between studies is often complicated by the varying
definitions of NODM and differing follow-up periods.
The aim of this meta-analysis was to identify risk
factors for the development of NODM after LT.
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Criteria for exclusion

We excluded studies meeting the following criteria: (1)
recipient age < 18 years; (2) recipients with diabetes
mellitus before transplantation; (3) complete data that
were unavailable for the meta-analysis; (4) use of a
definition of NODM that did not meet the criteria of the
2003 International Consensus Guidelines; (5) followup time less than 6 mo or loss to follow-up rate greater
than 10%; and (6) studies enrolling patients who had
undergone multiple transplants.

Definition

NODM was defined according to the American Diabetes
Association/World Health Organization (ADA/WHO)
[18,19]
criteria (see Table 1)
, as described in the 2003
International Consensus Guidelines for the diagnosis
of post-transplantation NODM [fasting blood glucose
> 126 mg/dL (7.0 mmol/L) on at least two separate
occasions, and/or 2-h post-prandial blood sugar > 200
mg/dL (11.1 mmol/L)]. Alternatively, DM was defined
as a requirement for glucose-lowering medications
[20]
(insulin or oral hypoglycemic agents for > 1 mo) .

Quality assessment

Study quality was evaluated using the NewcastleOttawa scale, which was designed especially for
observational case control and cohort studies. The
scale includes three separate categories, using counts
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Table 2 Newcastle-Ottawa scoring system for cohort studies

Table 1 American Diabetes Association Criteria for diabetes
mellitus, impaired fasting glucose, and impaired glucose
tolerance

Study
Saliba et al[1]
Parolin et al[14]
Baid et al[10]
Schmilovitz et al[21]
Moon et al[6]
Kishi et al[22]
Khalili et al[13]
Yoshida et al[15]
Gelley et al[23]
Dehghan et al[17]
Harada et al[24]
Anderson et al[25]
Ling et al[26]
Zhao et al[27]
Sánchez-Pérez et al[28]
Mirabella et al[5]
Driscoll et al[29]
Honda et al[3]
Carey et al[2]

Terminology
FPG (mg/dL)

2-h glucose after 75 g
oral glucose load

< 100
100-125
> 126
< 140
140-199
> 200

Normal
IFG
Diabetes mellitus
Normal
IGT
Diabetes mellitus

FPG: Fasting plasma glucose; IFG: Impaired fasting glucose; IGT: Impaired
glucose tolerance.

of 1-9 as the assessment score. The total score is 9,
including 4 for selection part, 2 for comparability part,
and 3 for outcome part. A total score ≥ 7 represents
high quality (see Table 2).

Statistical analysis

The meta-analysis was performed using RevMan 5.0,
according to the Cochrane Handbook for Systematic
Reviews of Interventions, as recommended by the
Cochrane Collaboration. Odds ratios (OR) and mean
differences (MD) were calculated for each principal
outcome for dichotomous and continuous variables,
respectively. The 95% confidence intervals (95%CIs)
were calculated for all parameters. Heterogeneity
among the trials was assessed with the Cochran’s Q
2
test and I statistics. The meta-analysis was performed
with a random-effect or fixed-effect model, based on
2
2
the presence (I < 50%) or absence (I > 50%) of
significant heterogeneity. Potential publication bias was
assessed using a funnel plot, if necessary. A sensitivity
analysis was also conducted by excluding individual
studies in turn to evaluate the influence of a single
study on the pooled estimates.

4
3
3
3
4
4
3
3
3
4
3
3
3
3
3
3
3
3
4

2
1
2
1
1
2
2
2
2
2
2
1
2
2
2
2
1
2
1

3
3
3
3
2
3
3
3
3
2
2
3
2
1
3
3
3
3
3

Total
score
9
7
8
7
7
9
7
8
8
8
7
7
7
6
7
8
7
8
8

studies (20%) were from Europe; eight (40%) from
North or South America; and eight (40%) from Asia.
The overall incidence of NODM post-LT among the
included studies was 30.2% (1385/4580), ranging
[28]
[6]
from 10.2% to 63.3% .

Summary estimates of the outcomes

HCV infection: A total of 14 studies including 3362 LT
recipients were included in the meta-analysis to explore
the relationship between NODM and HCV infection.
The incidence of NODM was 25.4% (855/3362)
overall, 34.0% (372/1095) among HCV (+) recipients,
and 21.3% (483/2267) among HCV (-) patients. HCV
infection was associated with a statistically significantly
higher incidence of NODM in a random effects model,
with a pooled OR of 2.68 (95%CI: 1.92-3.72; Figure
2). This result is consistent with most previous studies.
There was high heterogeneity among the studies (P <
2
0.05, I = 65%), and thus a random effects model was
used.

RESULTS
Literature review

We identified 1408 potentially relevant citations with
our initial search strategy, 418 of which were excluded
due to duplication. A further 941 were excluded
after reviewing the titles and abstracts because they
were not relevant to our analysis, and 29 more were
excluded after reviewing the full articles, mainly
because they did not meet the inclusion criteria.
Ultimately, 19 studies involving 4580 patients were
[1-3,5,6,10,13-15,17,21-29]
included in our meta-analysis
. The
process used for article selection is presented in Figure
1. Quality assessment of the included studies was
shown in Table 2, and all studies got a total score ≥ 6.

Hepatitis B virus infection: Figure 3 shows the
association between HBV infection and the risk of
NODM after LT based on 6 studies with a total of
681 recipients. The pooled OR (OR = 1.04; 95%CI:
0.54-2.00) indicated no significant association between
HBV infection and the risk of NODM after LT. A random
effects model was used due to the presence of
2
2
heterogeneity (χ = 11.60; P = 0.04, I = 57%).

Gender

Eleven studies were included to analyze the association
between gender and NODM after LT (2033 recipients).
The results of the meta-analysis are shown in Figure
4. The pooled OR for male vs female gender was 1.53
(95%CI: 1.24-1.90), indicating a mild association
between male gender and an increased risk of NODM

Patient characteristics

Some of the principal demographic and clinical
characteristics of subjects enrolled in the included
clinical trials are shown in Tables 3 and 4. Four of the

WJG|www.wjgnet.com
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score
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Additional records identified
through other sources
(n = 6)

Records identified through
database search
(n = 1402)

Records after duplicates removed
(n = 990)

Records screened
(n = 990)

Records excluded
(n = 941)

Full-text articles excluded with
reasons
(1) Definition of NODM did
not meet the criteria of 2003
International Consensus
Guidelines (n = 14)
(2) The studies were reviews,
abstracts or case reports (n = 5)
(3) Follow-up time was less than 3
mo (n = 5)
(4) Data cannot be extracted
(n = 5)

Full-text articles assessed
for eligibility
(n = 49)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 19)

Figure 1 Flow diagram of the study selection.

Table 3 Baseline characteristics of the included studies
Ref.

Year

Country

Total number

NODM

Follow-up

Reference number

Saliba et al[1]
Parolin et al[14]
Baid et al[10]
Schmilovitz et al[21]
Moon et al[6]
Kishi et al[22]
Khalili et al[13]
Yoshida et al[15]
Gelley et al[23]
Dehghan et al[17]
Harada et al[24]
Anderson et al[25]
Ling et al[26]
Zhao et al[27]
Sánchez-Pérez et al[28]
Mirabella et al[5]
Driscoll et al[29]
Honda et al[3]
Carey et al[2]

2007
2004
2001
2003
2006
2006
2004
2013
2011
2008
2013
2009
2013
2009
2008
2005
2006
2013
2012

France
Brazil
United States
Israel
United States
Japan
United States
Canada
Hungary
Iran
Japan
United States
China
China
Spain
India
United States
Japan
United States

211
82
136
91
619
205
555
280
206
170
331
45
125
66
127
830
115
161
225

48
15
52
27
392
71
209
89
63
44
128
11
25
11
13
90
36
22
39

6-24 mo
≥ 1 yr
> 6 mo
> 6 mo
6-122 mo
> 6 mo
1.6-6.8 yr
> 6 mo
> 6 mo
6-156 > 6 mo
3.8-11.2 yr
6 mo
6-61 mo
3-38 mo
> 6 mo
> 10 mo
12 mo
> 3 mo
≥ 1 yr

1
14
10
21
6
22
13
15
23
17
24
25
26
27
28
5
29
3
2

NODM: New-onset diabetes mellitus.

Pre-transplant impaired fasting glucose

after LT. As no heterogeneity was found across the
2
studies (P = 0.71, I = 0%), we used a fixed effects
model (Figure 4).
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Three studies investigated the association between
pre-transplant impaired fasting glucose (IFG) and
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Table 4 Baseline characteristics of the included studies
Ref.

Study year

Study design

Saliba et al[1]
Parolin et al[14]
Baid et al[10]
Schmilovitz et al[21]
Moon et al[6]
Kishi et al[22]
Khalili et al[13]
Yoshida et al[15]
Gelley et al[23]
Dehghan et al[17]
Harada et al[24]
Anderson et al[25]
Ling et al[26]
Zhao et al[27]
Sánchez-Pérez et al[28]
Mirabella et al[5]
Driscoll et al[29]

2003.10-2004.6
2004.1-2004.6
1991.1-1998.10
1992-2002
1996.1-2004.10
1996.1-2005.1
1990-1994
1996.1-2006.10
1995-2009
1994-2006
1996.1-2011.1
2004.1-2005.10
2006.11-2009.7
2001-2008.3
1997.3-2001.10
NR
1998.1-2001.8

Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

Honda et al[3]
Carey et al[2]

1998.12-2011.10
1999.6-2008.2

Retrospective
Retrospective

Risk factors
BMI, HCV, IFG, immunosuppression
Gender, BMI, HCV, a family history of diabetes, alcohol
HCV
Gender, HCV, alcohol, immunosuppression, HBV
Gender, HCV
HCV
HCV
Immunosuppression
HCV
Gender, HCV, BMI, immunosuppression, HBV
Gender, HCV, alcohol, HBV
Gender, HCV, BMI, a family history of diabetes, alcohol, HBV
Gender, BMI, HBV
Gender, IFG, a family history of diabetes, immunosuppression, HBV
Immunosuppression
HCV
CMV, gender, BMI, HCV, a family history of diabetes,
immunosuppression
CMV, gender, HCV, BMI, a family history of diabetes
Gender, BMI, HCV, IFG, a family history of diabetes, alcohol,
immunosuppression

NR: Not reported; HCV: Hepatitis C virus; IFG: Impaired fasting glucose; HBV: Hepatitis B virus; CMV: Cytomegalovirus; BMI: Body mass index.

HCV (+)
Study or subgroup
Anderson 2009
Baid 2001
Carey 2012
Dehghani 2008
Driscoll 2006
Gelley 2011
Harada 2013
Honda 2013
Khalili 2004
Kishi 2006
Mirabella 2005
Parolin 2004
Saliba 2007
Schmilovitz 2003

Odds ratio

Odds ratio

Events

Total

Events

HCV (-)
Total

Weight

M-H, random, 95%CI

M-H, random, 95%CI

6
25
29
2
25
43
52
7
62
29
51
10
15
16

22
39
111
7
63
77
94
48
156
51
328
29
36
34

   5
27
10
42
11
20
76
15
147
42
39
  5
33
11

23
97
114
163
52
129
237
113
399
154
502
53
174
57

4.0%
7.2%
7.4%
3.0%
6.9%
8.3%
9.7%
6.0%
10.7%
8.3%
10.1%
4.7%
7.5%
6.2%

1.35 (0.34, 5.28)
4.63 (2.10, 10.21)
3.68 (1.69, 7.98)
1.15 (0.22, 6.16)
2.45 (1.06, 5.65)
6.89 (3.58, 13.28)
2.62 (1.61, 4.28)
1.12 (0.42, 2.94)
1.13 (0.77, 1.65)
3.52 (1.82, 6.79)
2.19 (1.40, 3.40)
5.05 (1.53, 16.74)
3.05 (1.42, 6.55)
3.72 (1.45, 9.53)

Total (95%CI)
1095
2267
100.0%
Total events
372
483
2
2
2
Heterogeneity: Tau = 0.23; χ = 36.97, df = 13 (P = 0.0004); I = 65%
Test for overall effect: Z = 5.84 (P < 0.00001)

2.68 (1.92, 3.72)
0.01
0.1
1
10
100
Favours [HCV (+)]
Favours [HCV (-)]

Figure 2 Forest plot of studies finding an association between hepatitis C virus infection and new onset diabetes mellitus. There was significant
heterogeneity in the results of the meta-analysis. The pooled OR (OR = 2.68; 95%CI: 1.92-3.72) indicated a significant association between hepatitis C virus infection
and the risk of new-onset diabetes mellitus after liver transplantation.

family history of DM and the risk of NODM after LT.

NODM after LT. The meta-analysis revealed that pretransplant IFG was associated with a significantly
higher rate of NODM than normal blood glucose (pooled
OR = 3.27; 95%CI 1.84-5.81), with no evidence of
2
heterogeneity (P = 0.68, I = 0%; Figure 5).

Immunosuppressive therapy

Tacrolimus-based immunosuppressive therapy has
been reported to be an independent risk factor for
NODM after LT in many clinical studies, in comparison
with cyclosporine. Ten retrospective studies were
included in the meta-analysis. The pooled OR (OR =
1.34; 95%CI: 1.03-1.76) showed that tacrolimus was
associated with an increased risk of NODM in liver
transplant recipients, with moderate heterogeneity

Family history

Six studies investigated the association between family
history and NODM. The pooled OR was 1.69 (95%CI
2
1.09-2.63; P = 0.25, I = 24%; Figure 6), indicating
that there was a significant association between a
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HBV (+)
Study or subgroup

Odds ratio

Odds ratio

Events

Total

Events

Total

Weight

M-H, random, 95%CI

M-H, random, 95%CI

0
15
26
20
7
5

1
34
58
104
27
25

11
29
102
5
20
6

44
136
171
21
64
41

3.5%
22.0%
25.5%
16.7%
18.3%
14.1%

0.97 (0.04, 25.55)
2.91 (1.32, 6.43)
0.55 (0.30, 1.00)
0.76 (0.25, 2.33)
0.77 (0.28, 2.11)
1.46 (0.39, 5.39)

Anderson 2009
Dehghani 2008
Harada 2013
Ling 2013
Schmilovitz 2003
Zhao 2009

HBV (-)

Total (95%CI)
249
477
100.0%
Total events
73
173
2
2
2
Heterogeneity: Tau = 0.34; χ = 11.60, df = 5 (P = 0.04); I = 57%
Test for overall effect: Z = 0.13 (P = 0.90)

1.04 (0.54, 2.00)
0.01
0.1
1
10
100
Favours [HCV (+)]
Favours [HCV (-)]

Figure 3 Forest plot of studies finding an association between hepatitis B virus infection and new onset diabetes mellitus. There was significant
heterogeneity in the results of the meta-analysis. The pooled OR (OR = 1.04; 95%CI: 0.54-2.00) indicated a significant association between hepatitis B virus infection
and the risk of new-onset diabetes mellitus after liver transplantation.
Odds ratio

Odds ratio

Events

Male
Total

Events

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

8
33
33
29
78
12
23
261
10
15
10

30
160
108
82
167
76
107
404
51
51
56

3
6
11
7
50
10
2
131
5
12
1

15
65
62
33
164
85
18
215
31
40
10

2.1%
4.8%
6.9%
4.6%
19.2%
5.7%
1.9%
43.3%
3.6%
6.8%
1.0%

1.45 (0.32, 6.53)
2.56 (1.02, 6.43)
2.04 (0.94, 4.40)
2.03 (0.79, 5.25)
2.00 (1.27, 3.14)
1.41 (0.57, 3.47)
2.19 (0.47, 10.22)
1.17 (0.83, 1.65)
1.27 (0.39, 4.13)
0.97 (0.39, 2.40)
1.96 (0.22, 17.24)

Total (95%CI)
1292
738
Total events
512
238
2
2
Heterogeneity: χ = 7.14, df = 10 (P = 0.71); I = 0%
Test for overall effect: Z = 3.95 (P < 0.0001)

100.0%

1.53 (1.24, 1.90)

Study or subgroup
Anderson 2009
Carey 2012
Dehghani 2008
Driscoll 2006
Harada 2013
Honda 2013
Ling 2013
Moon 2006
Parolin 2004
Schmilovitz 2003
Zhao 2009

Female

0.01
0.1
1
10
100
Favours (male)
Favours (female)

Figure 4 Forest plot of studies finding an association between gender and new onset diabetes mellitus. There was no significant heterogeneity in the results
of the meta-analysis. The pooled OR (OR = 1.53; 95%CI: 1.24-1.90) indicated a significant association between male gender and the risk of new-onset diabetes
mellitus after liver transplantation.
IFG (+)
Study or subgroup

Odds ratio

Odds ratio

Events

Total

Events

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

8
13
3

24
26
11

31
35
8

201
185
55

41.4%
40.5%
18.2%

2.74 (1.08, 6.96)
4.29 (1.83, 10.05)
2.20 (0.48, 10.11)

441

100.0%

3.27 (1.84, 5.81)

Carey 2012
Saliba 2007
Zhao 2009

IFG (-)

Total (95%CI)
61
Total events
24
74
2
2
Heterogeneity: χ = 0.78, df = 2 (P = 0.68); I = 0%
Test for overall effect: Z = 4.03 (P < 0.0001)

0.01
0.1
1
10
100
Favours [IFG (+)]
Favours [IFG (-)]

Figure 5 Forest plot of studies finding an association between impaired fasting glucose and new-onset diabetes mellitus. There was no heterogeneity in the
results of the meta-analysis. The pooled OR (OR = 3.27; 95%CI: 1.84-5.81) indicated a significant association between pre-transplant impaired fasting glucose and
the risk of new-onset diabetes mellitus after liver transplantation.
2

across the studies (P = 0.15, I = 33%; Figure 7).

demonstrate that the pre-transplant BMI of recipients
with NODM was significantly higher than that of
recipients who did not develop NODM (WMD=1.19,
2
95%CI: 0.69-1.68; P = 0.15, I = 37%; Figure 9).

Alcoholism and BMI

Five studies provided data on the relationship between
alcoholic cirrhosis and NODM after LT, and the pooled
2
OR was 0.71 (95%CI: 0.36-1.37; P = 0.14, I = 43%;
Figure 8). Seven studies (1046 participants) reported
explicit pre-transplant BMI values and NODM rates
for LT recipients. The results of the meta-analysis

WJG|www.wjgnet.com

Subgroup analysis

To investigate any confounding factors that might
be related to heterogeneity among studies, we
performed a subgroup analysis upon the analyses that
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Odds ratio

Odds ratio

Events

Family history
Total

Events

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

1
16
13
3
6
2

11
74
32
12
18
3

10
23
23
19
9
9

34
151
83
149
64
63

15.4%
41.0%
26.3%
7.3%
9.1%
0.9%

0.24 (0.03, 2.13)
1.54 (0.76, 3.12)
1.78 (0.76, 4.19)
2.28 (0.57, 9.18)
3.06 (0.91, 10.22)
12.00 (0.98, 146.49)

Total (95%CI)
150
544
Total events
41
93
2
2
Heterogeneity: χ = 6.61, df = 5 (P = 0.25); I = 24%
Test for overall effect: Z = 2.35 (P = 0.02)

100.0%

Study or subgroup
Anderson 2009
Carey 2012
Driscoll 2006
Honda 2013
Parolin 2004
Zhao 2009

No family history

1.69 (1.09, 2.63)
0.01
0.1
Favours (family history)

1
10
100
Favours (no family history)

Figure 6 Forest plot of studies finding an association between a family history of diabetes and new-onset diabetes mellitus. There was no significant
heterogeneity in the results of the meta-analysis. The pooled OR (OR = 1.69; 95%CI: 1.09-2.63) indicated a significant association between a family history of
diabetes and the risk of new-onset diabetes mellitus after liver transplantation.
Odds ratio

Odds ratio

Events

Tac
Total

Events

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

33
8
21
102
9
42
7
11
64
10

203
38
70
253
39
175
34
52
176
59

2
34
8
23
6
6
6
15
25
1

8
132
35
72
43
36
93
38
104
7

3.4%
12.8%
8.0%
22.8%
4.7%
8.1%
2.7%
14.6%
21.3%
1.6%

0.58 (0.11, 3.01)
0.77 (0.32, 1.84)
1.45 (0.56, 3.70)
1.44 (0.83, 2.51)
1.85 (0.59, 5.78)
1.58 (0.62, 4.05)
3.76 (1.16, 12.15)
0.41 (0.16, 1.04)
1.81 (1.05, 3.11)
1.22 (0.13, 11.31)

Total (95%CI)
1099
568
Total events
307
126
2
2
Heterogeneity: χ = 13.38, df = 9 (P = 0.15); I = 33%
Test for overall effect: Z = 2.16 (P = 0.03)

100.0%

1.34 (1.03, 1.76)

Study or subgroup
Carey 2012
Dehghani 2008
Driscoll 2006
Honda 2013
Parolin 2004
Saliba 2007
Sanchez 2008
Schmilovitz 2003
Yoshida 2012
Zhao 2009

CsA

0.01
0.1
1
10
100
Favours (Tac)
Favours (CsA)

Figure 7 Forest plot of studies finding an association between immunosuppression and new-onset diabetes mellitus. There was no significant heterogeneity
in the results of the meta-analysis. The pooled OR (OR = 1.34; 95%CI: 1.03-1.76) indicated a significant association between tacrolimus and the risk of new-onset
diabetes mellitus after liver transplantation.
Odds ratio

Odds ratio

Events

Alcohol
Total

Events

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

4
2
6
1
0

17
31
9
14
3

7
37
122
14
3

28
194
322
68
88

18.1%
42.8%
9.9%
19.9%
9.3%

0.92 (0.23, 3.78)
0.29 (0.07, 1.28)
3.28 (0.81, 13.35)
0.30 (0.04, 2.46)
0.32 (0.02, 6.40)

Total (95%CI)
74
700
Total events
13
207
2
2
Heterogeneity: χ = 7.01, df = 4 (P = 0.14); I = 43%
Test for overall effect: Z = 1.03 (P = 0.30)

100.0%

0.71 (0.36, 1.37)

Study or subgroup
Anderson 2009
Carey 2012
Honda 2013
Parolin 2004
Schmilovitz 2003

Non-alcohol

0.01
0.1
1
10
100
Favours (alcohol)
Favours (non-alcohol)

Figure 8 Forest plot of studies finding an association between alcohol-related cirrhosis and new-onset diabetes mellitus. There was no significant
heterogeneity in the results of the meta-analysis. The pooled OR (OR = 0.71; 95%CI: 0.36-1.37) indicated no significant association between alcohol-related cirrhosis
and the risk of new-onset diabetes mellitus after liver transplantation.

revealed significant heterogeneity (HCV infection and
HBV infection), stratifying the studies according to
transplant country (United States or other countries)
and publication year (before or after 2010; Table 5). In
the subgroup analysis for HCV infection, we found that
the heterogeneity among the studies increased (P =
2
0.004, I = 74%) when studies were restricted to the
2
US and decreased (P = 0.06, I = 46%) when studies
were restricted to other countries. As for the subgroup
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analysis of HBV infection, heterogeneity among the
studies decreased greatly when the syntheses were
stratified by the year of publication. All results from the
subgroup analysis were consistent with the results of
the overall analysis.

Publication bias assessment and sensitivity analysis

We assessed the publication bias with funnel
plots for the studies involving HCV, gender, and
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Table 5 Subgroup analysis
Subgroup

Studies, n

Effect estimate (95%CI)

P value

Heterogeneity

United States
Other
Overall
Published before 2010
Published after 2010
Overall

5
9
14
4
2
6

2.29 (1.19-4.41)
2.96 (2.11-4.15)
2.68 (1.92-3.72)
1.61 (0.94-2.78)
0.59 (0.35-1.00)
1.04 (0.54-2.00)

< 0.01
< 0.01
< 0.01
0.08
0.05
0.9

P = 0.004, I2 = 74%
P = 0.06, I2 = 46%
P = 0.004, I2 = 65%
P = 0.23, I2 = 30%
P = 0.61, I2 = 0%
P = 0.04, I2 = 57%

Risk factor
HCV

HBV

HCV: Hepatitis C virus; HBV: Hepatitis B virus.

Mean difference

Mean difference

Study or subgroup Mean

NODM (+)
SD

Total

Mean

SD

Total

Weight

IV, fixed, 95%CI

IV, fixed, 95%CI

Anderson 2009
Carey 2012
Dehghani 2008
Driscoll 2006
Harada 2013
Honda 2013
Ling 2013

4.6
5.1
4.5
5.9
3.3
4.5
2

11
39
44
36
128
22
25

29.6
27.8
21.3
27.5
21.9
22.2
22.2

7.4
5.2
4.9
6.1
3.2
3.5
3.3

34
186
126
79
203
139
100

1.8%
7.8%
9.7%
4.4%
46.6%
6.3%
23.5%

-1.80 (-5.48, 1.88)
1.40 (-0.37, 3.17)
1.60 (0.02, 3.18)
-0.20 (-2.55, 2.15)
1.50 (0.78, 2.22)
2.70 (0.73, 4.67)
0.40 (-0.62, 1.42)

867

100.0%

1.19 (0.69, 1.68)

27.8
29.2
22.9
27.3
23.4
24.9
22.6

NODM (-)

Total (95%CI)
305
2
2
Heterogeneity: χ = 9.48, df = 6 (P = 0.15); I = 37%
Test for overall effect: Z = 4.72 (P < 0.00001)

-100
-50
1
50
100
Favours [NODM (+)]
Favours [NODM (-)]

Figure 9 Forest plot of studies finding an association between body mass index and new-onset diabetes mellitus. There was no significant heterogeneity in
the results of the meta-analysis. The WMD (WMD = 1.19, 95%CI: 0.69-1.68) indicated a significant association between body mass index and the risk of new-onset
diabetes mellitus after liver transplantation.

immunosuppression. The funnel plots for HCV showed
slight asymmetry, suggesting possible publication bias.
The funnel plots for gender and immunosuppression
were both generally symmetrical and suggested a
lack of significant publication bias (Figure 10). In the
sensitivity analysis, the removal of any study from the
analysis did not significantly alter the overall results.

criteria for NODM. The present meta-analysis provides
retrospective evidence of a 2.68-fold increased risk of
NODM among patients with HCV infection compared
with HCV-negative recipients. The explicit mechanism
between the development of NODM and HCV has
yet to be fully elucidated. Chronic HCV infection can
impair glucose metabolism in the liver by destroying
[32]
hepatocytes . Several possible mechanisms for HCVinduced insulin resistance have been proposed. It
has been widely reported recently that in addition to
causing liver injury, HCV is detrimental to other organs
[33]
and tissues . A post-mortem study proved that HCV
is able to replicate in the pancreas before causing a
failure of compensatory hyperinsulinemia by damaging
[33-36]
β-cells via cytokine-mediated tissue damage
. The
current meta-analysis confirms an association between
HCV and NODM post-LT; the potential cause of the
increased risk of NODM in HCV-infected LT recipients
therefore requires further investigation.
The risk factors for developing NODM have previously
[22,24,37-39]
been shown to differ between genders
. Male
gender was identified as an independent risk factor
for the presence of post-transplant diabetes in many
[22]
[37]
studies . Saab et al
reported that males are more
likely to have NODM, which is consistent with the results
[38]
[40]
of Stockmann et al
and Dehghani et al . However,
other studies have found no relationship between
NODM and gender. The current meta-analysis indicated
that males were at a significantly greater risk of
developing NODM than females, based on a pooled OR
of 1.53 (95%CI: 1.24-1.90). This finding is consistent

DISCUSSION
NODM is a common complication of LT, with an
incidence of 9% to 63.3%, and is associated with
impaired long-term liver allograft function and patient
survival. The overall incidence of post-LTNODM in
the included studies was 30.2% (1385/4580). A
number of risk factors for NODM after LT have been
reported, including HCV infection, age, race, ethnicity,
family history, BMI, acute rejection and type of
immunosuppressive agents, but controversy persists
regarding risk factors for NODM in LT recipients. The
aim of the present study was to determine the risk
factors for NODM using meta-analysis.
HCV infection is the leading cause of end-stage
[4]
liver disease in the United States . Epidemiological
studies have shown a significant association between
[7,30]
HCV and NODM after solid organ transplantation
,
but several studies have also reported a negative
[22,31]
relationship between NODM and HCV
. This
controversy may result from the relatively small
number of cases and from discrepancies in the
studies’ follow-up periods and choices of diagnostic
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A

Pre-transplant IFG has also been shown to predict
[41]
NODM in renal transplant recipients . In the general
population, fasting plasma glucose is significantly
associated with the incidence of type 2 diabetes
[42]
mellitus . Approximately 70% of individuals with
abnormal blood glucose, defined as impaired glucose
tolerance or IFG, may ultimately develop diabetes
[43]
mellitus . In cirrhotic patients, the prevalence of
impaired glucose tolerance has been estimated to
be approximately 60% to 80%.The current metaanalysis showed a significant relationship between
pre-transplant IFG and NODM after LT. Thus, we
speculated that pre-transplant IFG has similar effects
in transplant recipients and the ordinary population,
although further research is required to determine
whether the pathogenetic mechanism is the same in
the two populations.
The reported incidence of NODM after solid organ
transplantation was significantly higher among
recipients receiving tacrolimus than cyclosporine; this
pattern has been observed in liver, renal, heart and
[44,45]
lung transplants
. Despite its adverse impact on
glucose metabolism, tacrolimus significantly reduced
the risks of acute rejection, patient death and graft loss
[45]
after liver transplantation compared with cyclosporin .
[28]
Sánchez-Pérez et al
reported that patients treated
with tacrolimus were 4 times more likely to develop
NODM or IFG post-LT than those treated with
cyclosporine, similar to previously reported results in
[39,46]
the literature
. However, discrepancies were still
[2,17,21,47]
observed among studies
, perhaps due to the
[48]
differing definitions of NODM . In the current metaanalysis, the type of immunosuppressant (tacrolimus
vs cyclosporine A) was found to be an independent risk
factor for NODM after LT. The additional risk factors
evaluated in this meta-analysis, including HBV infection
and alcohol-related cirrhosis before transplantation,
were not found to correlate with NODM after LT.
HBV is a leading cause of end-stage liver diseases,
such as cirrhosis and hepatocellular carcinoma, in
[49]
Asia . The relationship between HBV infection
and NODM after LT has been investigated in many
studies recently, and a study from Iran reported that
HBV infection was an independent risk factor for
NODM. Still, other studies have found no consistent
association. The number of the cases included in these
studies is limited, and so more investigations from
larger centers are needed to determine the impact
of HBV infection on NODM after LT. Alcohol-related
cirrhosis was not found to be significantly associated
with the risk of NODM post-LT in the current study. One
of the potential reasons for this finding is that these
factors are significantly modified by transplantation,
which could result in a moderate effect on glucose
metabolism after LT.
The present meta-analysis has some limitations.
First, a major limitation was publication bias. Most
of the cases represent Western populations. Studies
with statistically significant results are more likely to

0.0
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0.8
1.0
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Figure 10 Funnel plots of studies conducted on new-onset diabetes
mellitus and the risk factors of hepatitis C virus infection (A), gender (B)
and immunosuppression (C).

with a number of studies suggesting that gender is an
independent risk factor for NODM. This difference may
be a consequence of differences in lifestyles, dietary
habits and other social factors between female and
male recipients.
The non-modifiable risk factor of a family history of
diabetes mellitus was reported to have a positive but
non-significant association with NODM after LT in many
studies. The results of the pooled OR in the present
study suggest that a family history of diabetes mellitus
can slightly increase the incidence of NODM after LT,
similar to the results found in the general population.
IFG prior to transplantation has been shown to be
a risk factor for NODM after LT in many studies.
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be published than those with non-significant results,
whereas studies with small sample sizes might
be published in a journal from the author’s native
country; both of these factors might have distorted the
results of the meta-analysis. To minimize such bias,
we included studies from as many sources as possible.
An American study using the Organ Procurement and
Transplant Network/United Network for Organ Sharing
(OPTN/UNOS) liver transplant database was identified
and found to include 15463 recipients between July
[4]
2004 and December 2008 . Several independent
risk factors for NODM were identified by the study,
including recipient age, race, BMI, HCV, recipient
cirrhosis history, tacrolimus, and diabetic donors.
We excluded this study because it did not provide
an explicit definition of NODM, sufficient follow-up or
sufficiently detailed information for the meta-analysis.
Several other studies were also excluded for similar
reasons. Next, we tried to contact the authors of these
papers. Some of them very kindly replied to us and
supplied us with a great deal of useful data; however,
these studies did not meet the criteria for inclusion.
Second, heterogeneity was inevitable due to
methodological differences among the studies. The
2
calculated I was as high as 76% when assessing the
association between HCV infection and NODM, which
may be related to differences in the length of followup, sample size, race and age. To reduce the effect of
high heterogeneity, a random effects model was used
2
when I was greater than 50%.
Third, the current meta-analysis did not distinguish
between the subtypes of NODM. NODM can be
classified into two subtypes according to the period
of persistence: transient-NODM (T-NODM, i.e., NODM
that is temporarily present for 1-6 mo after LT) and
persistent-NODM(P-NODM, i.e., NODM that is sustained
[6]
for ≥ 6 mo after LT) ; however, such definitions were
[13,22]
applied inconsistently among the studies
. The two
types of NODM were found to be significantly different
in terms of risk factors, post-transplant complications,
and patient outcomes. Unfortunately, we were unable
to pursue any further analysis of the risk factors for
T-NODM and P-NODM due to the variable definitions
and the limited number of related studies. Fourth,
all of the studies included in the meta-analysis were
retrospective clinical trials, which are not considered as
reliable as prospective studies. No prospective clinical
trials were identified. Most of the studies in this metaanalysis did not adjust for potential confounders,
including gender, age, BMI, etc., and so the potential
effect of other confounders on the pooled results could
not be excluded. Therefore, further prospective clinical
trials are needed to better understand risk factors for
NODM.
In conclusion, this meta-analysis found that HCV
infection, IFG, a family history of diabetes, male gender,
and tacrolimus use are all significantly associated
with an increased risk of developing NODM after LT.
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The mechanism by which these risk factors influence
the development of NODM remains unclear. Some
of the identified factors are potentially modifiable,
including HCV infection and tacrolimus-based immuno
suppression. Well-designed prospective clinical trials
that are designed to investigate the risk factors for
NODM are needed to further confirm our findings.
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Background

New-onset diabetes mellitus (NODM) is a common complication after liver
transplantation and is associated with increased rates of rejection, infection,
cardiovascular disease, and with decreased survival. To date, information
regarding incidence, risk factors, and clinical consequences of NODM in liver
transplant recipients has been limited. Most of the published data are from single
center studies with relatively small sample sizes, so the authors performed the
meta-analysis to analyze the risk factors for NODM in liver transplant recipients.

Research frontiers

Due to the significantly negative impact of NODM on the long term outcome of
liver transplantation, the study about NODM has been becoming a new hotspot.
In order to identify the risk factors, the meta-analysis included many potential
factors which have been frequently reported, including hepatitis C virus (HCV)
infection, hepatitis B virus infection, impaired fasting glucose (IFG), a family
history of diabetes, male gender, tacrolimus, BMI and alcoholism.

Innovations and breakthroughs

In 2009, a meta-analysis was conducted to analyze the connection between
HCV infection and NODM after liver transplantation. However, the number of
included studies was limited and many others potential factors were missed
to be evaluated. Therefore, firm conclusions could not be drawn. Many highquality studies with large sample sizes have been published recently. Therefore,
it is important to conduct this comprehensive meta-analysis. Except for HCV
infection, this study also identified HCV infection, IFG, a family history of
diabetes, male gender, tacrolimus and body mass index (BMI) as risk factors
for NODM after liver transplantation.

Applications

Some of the identified factors are potentially modifiable, including pre-transplant
BMI and tacrolimus-based immunosuppression, and large-scale prospective
clinical trials are needed to assess whether modifying these modifiable risk
factors will indeed prevent NODM after liver transplantation.

Terminology

NODM after liver transplantation is an incompletely understood phenomenon
estimated to occur in 9%-63.3% of recipients who were not diabetic prior to
transplant.

Peer-review

The authors have made a systematic review and meta-analysis of risk factors
for new onset diabetes mellitus post liver transplantation (LT). The focus of the
study is very important as in the Western world almost 1/3 of patients develop
diabetes mellitus post LT. Although there is no novel finding in the study, it is
nicely performed and written. The results are in congruence with earlier metaanalyses.
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METHODS: We searched the Cochrane library, MEDLINE,
EMBASE and PubMed for randomized controlled trials
until July 2014 for this study. The risk of bias was
evaluated by the Cochrane Collaboration’s tool and all of
the studies had acceptable quality. The main outcomes
included mortality, re-bleeding, received surgery rate,
blood transfusion units and hospital stay time. These
outcomes were estimated using odds ratios (OR) and
mean difference with 95% confidence interval (CI).
RevMan 5.3.3 software and Stata 12.0 software were
used for data analyses.
RESULTS: Ten randomized controlled trials involving
1283 patients were included in this review; 678
subjects were in the proton pump inhibitors (PPI) group
and the remaining 605 subjects were in the H2 receptor
antagonists (H2RA) group. The meta-analysis results
revealed that after successful endoscopic therapy,
compared with H 2RA, PPI therapy had statistically
significantly decreased the recurrent bleeding rate
(OR = 0.36; 95%CI: 0.25-0.51) and receiving surgery
rate (OR = 0.29; 95%CI: 0.09-0.96). There were no
statistically significant differences in mortality (OR
= 0.46; 95%CI: 0.17-1.23). However, significant
heterogeneity was present in both the numbers of
patients requiring blood transfusion after treatment
[weighted mean difference (WMD), -0.70 unit; 95%CI:
-1.64 - 0.25] and the time that patients remained
hospitalized [WMD, -0.77 d; 95%CI: -1.87 - 0.34]. The
Begg’s test (P = 0.283) and Egger’s test (P = 0.339)
demonstrated that there was no publication bias in our
meta-analysis.

Abstract

CONCLUSION: In patients with upper gastrointestinal
bleeding after successful endoscopic therapy, compared
with H2RA, PPI may be a more effective therapy.

AIM: To compare the therapeutic effects of proton
pump inhibitors vs H2 receptor antagonists for upper
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have compared the therapeutic effect of PPIs and
H2RAs in upper gastrointestinal bleeding patients after
successful endoscopic therapy. Additionally, the meta[11]
analysis of Yang et al only evaluated the re-bleeding
rate in two groups to perform a one-sided comparison
of the curative effect of two drugs. Therefore, in this
study, we expanded the sample size to analyze the
effect of PPI therapy vs H2RAs therapy from these
RCTs, with data pertaining to recurrent bleeding rate,
mortality, receive surgery rate, blood transfusion units
and hospitalization time.

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

Core tip: Recently, the administration of proton pump
inhibitors (PPI) or H 2 receptor antagonists (H 2RA)
have been used commonly for upper gastrointestinal
bleeding patients after successful endoscopic therapy;
however, which drug class is more effective, remains
controversial. In this meta-analysis, we concluded that
in patients with upper gastrointestinal bleeding after
successful endoscopic therapy, compared with H2RA,
PPI may be a more effective therapy.

MATERIALS AND METHODS
Data selection

The following keywords, proton pump inhibitors, PPI,
H2 receptor antagonists, H2RA, endoscopic, bleeding,
randomized controlled trial and clinical trial, were used
as search terms in the Cochrane library, MEDLINE,
EMBASE and PubMed until July 2014.

Zhang YS, Li Q, He BS, Liu R, Li ZJ. Proton pump inhibitors
therapy vs H2 receptor antagonists therapy for upper gastrointestinal
bleeding after endoscopy: A meta-analysis. World J Gastroenterol
2015; 21(20): 6341-6351 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i20/6341.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6341

Inclusion criteria

The inclusion criteria for this study were: (1) all
patients in the experimental group were diagnosed
with any type of upper gastrointestinal bleeding
after successful endoscopic therapy; (2) comparison
therapies of proton pump inhibitors or H2 receptor
antagonists in similar baseline level patients; (3)
the end-points included recurrent bleeding rate; (4)
randomization, controls, and measurable outcomes
were reported; and (5) the articles were written in
English.

INTRODUCTION
Gastrointestinal (GI) bleeding is a common cause of
hospitalization, resulting in approximately 400000
hospital admissions annually, with a mortality rate
[1]
of 5%-10% . Re-bleeding has been described
as the most important factor that affects patient
prognosis; therefore, the re-bleeding rate is associa
[2]
ted with mortality . Appropriate endoscopic therapy
of patients with non-variceal upper gastrointestinal
bleeding improves outcomes, including re-bleeding
rates, mortality, surgery, blood transfusions and
[3,4]
hospitalization time . Moreover, Helicobacter pylori
(H. pylori) infection and nonsteroidal anti-inflammatory
medication (NSAID) use are believed to be the main
causes of non-variceal upper gastrointestinal bleeding
[5,6]
(UGIB) . Consequently, many factors may affect
results of studies that examine UGIB.
Recently, the administration of proton pump inhibitors
(PPI) or H2 receptor antagonists (H2RA) has been used
commonly for upper gastrointestinal bleeding patients
[7,8]
after successful endoscopic therapy
; however,
the two drugs possess different pharmacological
acid-suppressing activities. PPIs are substituted
benzimidazoles that inhibit the parietal cell hydro
gen-potassium adenosine-triphosphatase enzyme
system in the gastric mucosa, reducing acid output;
whereas H2RAs decrease acid secretion by interfering
[9]
with the H2 receptor . PPIs decrease hydrogen ion
concentration by 95%-99% in humans at doses
of 30-40 mg/d; however, H2RAs cause less acid
[10]
inhibition than PPIs .
Several valuable randomized controlled trials (RCTs)

WJG|www.wjgnet.com

Data extraction

The articles were extracted independently by two
investigators and any disagreements were resolved
by discussion or by asking the third investigator. The
first author’s name, publication year, sample size,
participants’ age, participants’ gender, smoking (%),
alcohol abuse (%), positive H. pylori infection (%),
NSAID user (%), drug type, intervention measure
and outcome assessment time were extracted. The
main outcomes included were: (1) mortality (n); (2)
re-bleeding (n); (3) received surgery (n); (4) blood
transfused (unit/500 mL); and (5) hospitalization stay
time (d).

Study quality assessment

[12]

We used the Cochrane Collaboration’s tool
to
evaluate the quality of the articles. The following seven
items of risk of bias in the tool were assessed: random
sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias) and
Other bias, all studies were classified as low risk, high
risk and unclear risk. The assessment was performed
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Published articles identified (n = 1082)
PubMed (n = 117)
Medline (n = 599)
EMBASE (n = 364)
Cochrane library (n = 2)

Excluded duplicate articles (n = 923)

Read the title and abstract (n = 159)
Excluded articles (n = 106)
Reviews (n = 44)
No human (n = 3)
No RCT (n = 59)

Read articles (n = 53)

Excluded articles (n = 43)
Not match interventions (n = 23)
Not match the type of research (n = 16)
Data are incomplete (n = 4)
Included RCTs (n = 10)

Figure 1 Flow chart of study selection. RCTs: Randomized controlled trials.

independently by two investigators; disagreements
were be resolved by discussion or by involving the
third investigator.

articles remained. Finally, by reading the full text of
[13-22]
each article, 10 RCTs
were included in this metaanalysis (Figure 1). The characteristics of all included
studies are shown in Table 1. This meta-analysis
included 1283 patients, with 678 subjects in the PPI
group and the remaining 605 subjects in the H2RA
group. The maximum sample size of the included
[16]
studies was 200 cases ; the minimum was 77
[20]
[16]
cases . For the study of Lin et al , which used two
randomized controlled programs, the programs were
divided into a and b programs as two separate studies
and included in the meta analysis.

Statistical analysis

At the end of treatment for the individual trials, the
odds ratio (OR) and mean difference (MD) with their
95% confidence interval (CIs) were calculated. The OR
and weighted mean difference (WMD) were used as
summary estimators. A fixed-effect model weighted
by the inverse variance method was used following a
homogeneity test. We performed the homogeneity test
2
using a χ test on N-1 degrees of freedom. A P value of
0.05 was regarded as statistically significant, rejecting
the assumption of homogeneity (P < 0.05), and the
random-effect model was then performed using the
inverse variance method. Publication biases were
evaluated using a Funnel plot, Begg’s test and Egger’s
test; P ≥ 0.05 indicated there was no publication bias.
All statistical analyses were performed using
Review Manager 5.3.3 statistical software (Cochrane
Collaboration, Oxford, United Kingdom) and Stata
12.0 statistical software (Stata Co. College Station, TX,
United States) for the meta-analysis.

Use of PPI therapy compared with H2RA therapy for
recurrent bleeding rate and quality assessment

The number of recurrent bleeding subjects reported
after treatment was investigated in all included
[13-22]
studies
. According to the different routes of
administration, the studies could be divided into
three subgroups, intravenous followed by oral, simple
intravenous and simple oral. There was not any
significant heterogeneity between the included trials
2
2
(P = 0.13, I = 35%) and subgroups (P = 0.90, I =
0%); therefore, we used the fixed effects model for
[13,16,17,19-22]
the analysis. Seven of the studies
, including
922 subjects, used the first intravenous and then oral
administration method; the results of these studies did
not statistically significantly reduce the re-bleeding rate
(OR = 0.35; 95%CI: 0.24-0.52; Figure 2). However,
[15]
one trial , which included 149 subjects, reported the
re-bleeding number after simple intravenous treatment

RESULTS
Article selection

One-thousand and eighty-two publish articles were
identified, and we initially excluded 923 duplicate
articles. Then, after reading the title and abstract, 53
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Table 1 General condition sheet of the included studies
Ref.

Hsu
et al[13]

Ye et al[14]

Jensen
et al[15]

Lin et al[16]

Age

P:52

P: 63.2 ± 18.

P:
41/11

P: 32.7

P: 13.5

H:50

H: 64.7 ± 13.8

H:
37/13

H: 32.0

H: 8.0

P:41

P: 61.2 ± 9.0

NA

NA

P:
28/13
H:41 H: 58.5 ± 9.4
H:
24/17
P:72 P: 59.6 ± 16.1
P:
51/21
H:77 H: 55.6 ± 16.8
H:
52/25
Pa:67
Pa: 67
Pa:
58/9

Pb:66

Jeong
et al[17]

H:67
P:85
H:79

Uedo
et al[18]
Imaeda
et al[19]

Sakurada
et al[20]

Tomita
et al[21]

Lin et al[22]

Gender Smoking Alcohol H. pylori NSAID
(M/F)
(%)
abuse
infection
user
(%) positive (%) (%)

Sample
size

Pb: 71

NA

H: 68
H: 61/6
P: 62.9 ± 9.4
P:
52/33
H: 63.5 ± 7.8
H:
53/26

P: 68.1 ± 8.5

H:66
P:62

H: 65.7± 7.6
P: 68.4 ± 8.0

H:61

H: 67.6 ± 8.5 H: 52/9

P:40

P: 65.8 ± 2.5 P: 35/5

H:37

H:60.2 ± 1.7 H: 31/6

P:77

P: 70.4 ± 8.7

H:79

H: 70.6 ± 9.5

P:50

P: 65 H: 66.5 P: 46/4

NA

NA

80 mg bolus
and 8 mg/h
infusion 3 d

50 mg bolus
and 6.25 mg/h
infusion 3 d

3 d, 7 d,
30 d

1

P:
Omeprazole

a: 40 mg
intravenous
/12 h 3 d,
followed by
20 mg/d orally

14 d

1,2,3,4,5

H: Cimetidine

b: 40 mg
intravenous
/6 h 3 d,
followed by
20 mg/d orally

400 mg
intravenous
/12 h 3 d,
followed by
400 mg/12 h
orally

P: 69
H: 71

P:
Pantoprazole
H: Ranitidine

Pa:
26.9

Pb:
24.2

P: 61.9

H: 29.9
NA

NA

NA

11.5

11.5

P:
47/15

P: 58.1
H: 49.2

NA

P: 61.3

NA

P:
59/18
H:
59/20

1

P:
20 mg/d orally
Omeprazole
H: Famotidine

112/33

H: 62.3

NA

28 d

40 mg
50 mg
intravenous
intravenous
/12 h 3 d,
/8 h, followed
H: 320 H: Ranitidine
followed by
by 150 mg
40 mg/d orally /12 h orally

H: 64.1

NA

20 mg/12 h
orally

NA

NA

P: 77.5
H: 78.4

P: 35.0

Outcome The main
assessment outcomes
time
1,2,3,4,5

P: 61.0

NA

H2RA group

8 wk

P: 26.9

Pb:
57/9

P:64

H:50

NA

NA

Intervention
PPI group

NA

H: 56.1
NA

Drug type

P:
Pantoprazole

P:
80 mg bolus and
20 mg
24 h, 7 d,
Pantoprazole
8 mg/h
intravenous
14 d
H: Famotidine infusion d1, 40
/12 h d2,
mg intravenous followed by
/12 h d2-3,
20 mg/d orally
followed by
40 mg/d orally
P:
20 mg/d orally
Rabeprazole
H: Cimetidine
P:
30 mg
Lansoprazole
intravenous
/12 h 2 d,
H: Roxatidine
followed by
30 mg/d orally

1,2,3

800 mg/d
orally

8 wk

1

75 mg
intravenous
/12 h 2 d,
followed by
75 mg/12 h
orally

8 wk

1

6-8 wk

1,5

8 wk

1

3 d, 14 d

1,2,3,4,5

P:
Omeprazole

20 mg
20 mg
intravenous
intravenous
/12 h 3 d,
/12 h 3 d,
H: 29.7 H: Famotidine
followed by
followed by
20 mg/d orally 20 mg/d orally

NA

NA

NA

NA

P:
20 mg/12 h
40 mg bolus/d
Omeprazole intravenous 3 d,
H: Famotidine followed by 20
mg/d orally

P: 34.0

P:12.0

NA

NA

H:43/7 H: 28.0

H: 12.0

P:
40 mg
Omeprazole intravenous and
H: Cimetidine 160 mg infusion
3 d, followed
by 20 mg/12 h
orally 2 m

300 mg
intravenous
and 1200 mg
infusion 3 d,
followed by
400 mg/12 h
orally 2 m

1

Recurrent bleeding (n); 2Mortality (n); 3Received surgery (n); 4Blood transfused (unit); 5Hospital stay (d). P: PPI group; H: H2RA group; PPI: Proton pump
inhibitor; H2RA: Histamine 2 receptor antagonist; NA: Not applicable.
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PPI
Study or subgroup

Events

H2RA
Total

Events

Total

Weight

1.1.1 iv + po
Imaeda H 2011
8
62
9
61
7.2%
Lin HJ 1998
2
50
20
50
17.6%
Lin HJ (a) 2006
6
67
22
67
18.3%
Lin HJ (b) 2006
14
66
22
67
15.8%
Jeong HK 2007
3
85
10
79
9.2%
Hsu PI 2004
2
52
8
50
7.2%
Sakurada T 2012
1
40
2
37
1.9%
Tomita T 2012
5
77
5
79
4.2%
Subtotal (95%CI)
499
490
81.3%
Total events
41
98
2
2
Heterogeneity: χ = 13.70, df = 7 (P = 0.06); I = 49%
Test for overall effect: Z = 5.20 (P < 0.00001)
1.1.2 iv
Jensen DM 2006
5
72
11
Subtotal (95%CI)
72
Total events
5
11
Heterogeneity: Not applicable
Test for overall effect: Z = 1.42 (P = 0.16)
1.1.3 po
Ye BD 2006
0
41
0
Uedo N 2007
4
66
11
Subtotal (95%CI)
107
Total events
4
11
Heterogeneity: Not applicable
Test for overall effect: Z = 1.91 (P = 0.06)

Odds ratio

Odds ratio

Risk of Bias

M-H, fixed, 95%CI

M-H, fixed, 95%CI

A B C D E F G

0.86 (0.31, 2.39)
0.06 (0.01, 0.29)
0.20 (0.08, 0.54)
0.55 (0.25, 1.20)
0.25 (0.07, 0.95)
0.21 (0.04, 1.04)
0.45 (0.04, 5.17)
1.03 (0.29, 3.70)
0.35 (0.24, 0.52)

+
+
+
+
+
+
+
+

?   ?   ?
+ ?   ?
+ ?   ?
+ ?   ?
? + ?
+ ?   ?
?   -    ?
? +   ?

?   ? +
  ?   ? +
+++
+++
+++
+++
  ?   ? +
  ?   ? +

77
77

9.1%
9.1%

0.45 (0.15, 1.36)
0.45 (0.15, 1.36)

+++++++

41
64
405

9.6%
9.6%

Not estimable
0.31 (0.09, 1.03)
0.31 (0.09, 1.03)

+ ?   ?   ? + + +
+ + ?   ? + + +

Total (95%CI)
678
672
100.0%
0.36 (0.25, 0.51)
Total events
50
120
2
2
0.01
0.1
1
10
100
Heterogeneity: χ = 13.86, df = 9 (P = 0.13); I = 35%
Favours [PPI]
Favours [H2RA]
Test for overall effect: Z = 5.70 (P < 0.00001)
2
2
Test for subgroup differences: χ = 0.22, df = 2 (P = 0.90); I = 0%
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Figure 2 Forest plot and risk of bias summary from the Cochrane risk of bias tool comparing proton pump inhibitors therapy vs H2 receptor antagonists
therapy efficacy for the recurrent bleeding rate. PPI: Proton pump inhibitors; H2R: H2 receptor antagonists.
[15,22]

re-bleeding number within 24 h and two trials
reported the re-bleeding number within 3 d. These
trials were significantly heterogeneous in reducing
the re-bleeding rate (OR = 0.23; 95%CI: 0.07-0.76;
[15,17]
Table 2). An additional two trials
reported the rebleeding number within 7 d after successful endoscopic
therapy and observed a statistically significant
reduction in the re-bleeding rate (OR = 0.32; 95%CI:
0.13-0.79; Table 2). Furthermore, heterogeneity was
[16,17,22]
observed in the three trials
that reported the
re-bleeding number within 14 d (OR = 0.26; 95%CI:
0.16-0.43; Table 2). Meanwhile, a statistical difference
[14,15]
was observed in two trials
that reported the rebleeding number within 28-30 days (OR = 0.45;
95%CI: 0.15-1.36; Table 2). Finally, there were five
[13,18-21]
trials
that reported re-bleeding number within 6
wk or more and no statistical difference was observed
(OR = 0.53; 95%CI: 0.30-0.94; Table 2). In summary,

and did observe a statistically significant difference
(OR = 0.45; 95%CI: 0.15-1.36; Figure 2). Meanwhile,
[14,18]
no statistical difference was observed in two trials
that reported the re-bleeding number after simple oral
treatment (OR = 0.31; 95%CI: 0.09-1.03; Figure 2).
The meta-analysis results for re-bleeding rate revealed
that after successful endoscopic therapy, compared
with the H2RA therapy group, the PPI therapy group
had significantly reduced re-bleeding rates (OR = 0.36;
95%CI: 0.25-0.51; Figure 2). Figure 2 shows the
quality assessments of these ten articles, as evaluated
by the Cochrane Collaboration’s tool.
Inconsistencies within the end-point time, nation
ality and intervention drugs, may have resulted
in significant and substantial heterogeneity in our
analysis (Table 2). The first subgroup analysis used the
time of recurrent bleeding occurrence after successful
[17]
endoscopic therapy (d). Only one trial
reported the
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Table 2 Subgroup analyses of recurrent bleeding rate

End-point time
Overall
24 h
3d
7d
14 d
28-30 d
6 wk or more
Nation
Overall
Japan
China
South Korea
United States
Intervention drug PPI
Overall
Omeprazole
Pantoprazole
Intervention drug H2RA
Overall
Cimetidine
Famotidine
Ranitidine

Number of studies

Number of subjects

OR (95%CI)

Heterogeneity within
subgroups

Difference between
subgroups

10
1
2
2
3
2
5

2076
164
249
313
464
231
588

0.33 (0.24-0.45)
0.08 (0.00-1.46)
0.23 (0.07-0.76)
0.32 (0.13-0.79)
0.26 (0.16-0.43)
0.45 (0.15-1.36)
0.53 (0.30-0.94)

No (P = 0.20, I2 = 23%)
NA
Yes (P = 0.13, I2 = 56%)
No (P = 0.37, I2 = 0%)
Yes (P = 0.07, I2 = 58%)
NA
No (P = 0.42, I2 = 0%)

No (P = 0.42, I2 = 0%)

10
4
3
2
1

1283
486
402
246
149

0.36 (0.25-0.51)
0.63 (0.33-1.17)
0.25 (0.14-0.42)
0.25 (0.07-0.95)
0.45 (0.15-1.36)

No (P = 0.13, I2 = 35%)
No (P = 0.51, I2 = 0%)
Yes (P = 0.06, I2 = 59%)
NA
NA

No (P = 0.42, I2 = 0%)

8
5
3

1030
615
415

0.32 (0.21-0.48)
0.32 (0.20-0.52)
0.31 (0.15-0.65)

No (P = 0.13, I2 = 37%)
Yes (P = 0.03, I2 = 61%)
No (P = 0.69, I2 = 0%)

No (P = 0.93, I2 = 0%)

8
3
3
2

996
430
315
251

0.33 (0.22-0.48)
0.27 (0.16-0.44)
0.85 (0.28-2.61)
0.34 (0.14-0.85)

No (P = 0.14, I2 = 36%)
Yes (P = 0.07, I2 = 58%)
No (P = 0.56, I2 = 0%)
No (P = 0.45, I2 = 0%)

No (P = 0.18, I2 = 41.6%)

OR: Odds ratio; CI: Confidence interval; NA: Not applicable.
[14,20,21]

this subgroup analysis demonstrated that the endpoint time after successful endoscopic therapy was
not significantly different between studies (OR = 0.33;
95%CI: 0.20-0.45; Table 2) and subgroups (P = 0.42;
Table 2).
The second subgroup analysis used the nationality
[18-21]
of origin for each study. Four Japanese trials
had
an OR = 0.63 (95%CI: 0.33-1.17; Table 2) and did
not demonstrate a statistically significantly reduced
[13,16,22]
re-bleeding rate. Three Chinese trials
showed
heterogeneity for reducing the re-bleeding rate (OR =
0.25; 95%CI: 0.14-0.42; Table 2). Two South Korea
[14,17]
[15]
trials
and one United States trial
had an OR of
0.25 (95%CI: 0.07-0.95; Table 2) and 0.45 (95%CI:
0.15-1.36; Table 2), respectively. In summary, in
this subgroup analysis for re-bleeding, the nationality
of the study did not significant effect drug use after
successful endoscopic therapy between the different
studies (OR = 0.36; 95%CI: 0.25-0.51; Table 2) and
subgroups (P = 0.42; Table 2).
The third subgroup analysis used groupings by
[14,16,19,20,22]
the PPI intervention drug type. Five trials
used omeprazole as the intervention PPI drug and
had significant heterogeneity, with an OR of 0.32
(95%CI: 0.20-0.52; Table 2). These five trials were
not statistically significantly different compared with
[13,15,17]
the three pantoprazole studies
(OR = 0.31,
95%CI: 0.15-0.65; Table 2). The fourth subgroup used
groupings by the H2RA intervention drug type. Three
[16,18,22]
trials used cimetidine
as the H2RA intervention
drug and had an OR of 0.27 (95%CI: 0.16-0.44; Table
2) with significant heterogeneity. Three trials used

WJG|www.wjgnet.com

famotidine
as the H2RA intervention drug (OR =
[13,15]
0.85; 95%CI: 0.28-2.61; Table 2) and two trials
used ranitidine as the H2RA intervention drug (OR
= 0.34; 95%CI: 0.14-0.85; Table 2). In summary,
the H2RA intervention drug subgroup analysis for the
re-bleeding rate revealed that the H2RA drug type
after successful endoscopic therapy drug use had
no significant effect in reducing the re-bleeding rate
(OR = 0.33; 95%CI: 0.22-0.48; Table 2) or between
subgroups (P = 0.18; Table 2).
In general, the subgroup analyses results did not
reveal statistically significant differences in patients
with upper gastrointestinal bleeding after successful
endoscopic therapy (Table 2).

Use of PPI therapy compared with H2RA therapy for
mortality
[13,15-17,22]

Five studies
, involving 715 patients, reported
mortality after treatment. According to the different
routes of administration, the studies could also be
divided into three subgroups, intravenous followed
by oral, simple intravenous and simple oral. There
was no significant heterogeneity between these trials
2
2
(P = 0.68, I = 0%) or subgroups (P = 0.22, I =
33.3%); therefore, we used a fixed effects model for
[13,16,17,22]
the analysis. Four of the studies
, including
588 subjects, used the first method, intravenous and
then oral administration, and the mortality was not
statistically significantly reduced (OR = 0.29; 95%CI:
[15]
0.08-0.17; Figure 3). Only one trial , including 149
subjects, reported the dead number after simple
intravenous treatment and no statistically significant
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PPI
Study or subgroup

Events

H2RA
Total

Events

Odds ratio

Total

1.2.1 iv + po
Lin HJ 1998
0
50
2
50
Hsu PI 2004
1
52
1
50
Lin HJ (a) 2006
0
67
3
67
Lin HJ (b) 2006
1
66
3
67
Jeong HK 2007
0
85
0
79
Subtotal (95%CI)
320
313
Total events
2
9
2
2
Heterogeneity: χ = 1.03, df = 3 (P = 0.79); I = 0%
Test for overall effect: Z = 1.86 (P = 0.06)
1.2.2 iv
Jensen DM 2006
3
72
3
Subtotal (95%CI)
72
Total events
3
3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.08 (P = 0.93)

77
77

Odds ratio

Weight

M-H, fixed, 95%CI

Year

19.6%
7.9%
27.4%
23.2%

1998
2004
2006
2006
2007

78.1%

0.19 (0.01, 4.10)
0.96 (0.06, 15.79)
0.14 (0.01, 2.70)
0.33 (0.03, 3.24)
Not estimable
0.29 (0.08, 1.07)

21.9%
21.9%

1.07 (0.21, 5.49)
1.07 (0.21, 5.49)

2006

Total (95%CI)
392
390
100.0%
0.46 (0.17, 1.23)
Total events
5
12
2
2
Heterogeneity: χ = 2.33, df = 4 (P = 0.68); I = 0%
Test for overall effect: Z = 1.55 (P = 0.12)
2
2
Test for subgroup differences: χ = 1.50, df = 1 (P = 0.22); I = 33.3%

M-H, fixed, 95%CI

0.01

0.1
1
10
100
Favours [PPI]
Favours [H2RA]

Figure 3 Forest plot comparing the efficacy of proton pump inhibitors therapy vs H2 receptor antagonists therapy for the recurrent bleeding rate mortality.
PPI: Proton pump inhibitors; H2R: H2 receptor antagonists.
PPI
Study or subgroup
Lin HJ 1998
Hsu PI 2004
Lin HJ (a) 2006
Lin HJ (b) 2006
Jeong HK 2007

H2RA

Odds ratio

Odds ratio

Events

Total

Events

Total

Weight

M-H, fixed, 95%CI

Year

0
0
0
0
2

50
52
67
66
85

0
1
3
3
3

50
50
67
67
79

13.2%
30.3%
30.1%
26.5%

Not estimable
0.31 (0.01, 7.90)
0.14 (0.01, 2.70)
0.14 (0.01, 2.74)
0.61 (0.10, 3.75)

1998
2004
2006
2006
2007

Total (95%CI)
320
313
100.0%
Total events
2
10
2
2
Heterogeneity: χ = 1.14, df = 3 (P = 0.77); I = 0%
Test for overall effect: Z = 2.02 (P = 0.04)

M-H, fixed, 95%CI

0.29 (0.09, 0.96)
0.01

0.1
1
10
100
Favours [PPI]
Favours [H2RA]

Figure 4 Forest plot comparing the efficacy of proton pump inhibitors therapy vs H2 receptor antagonists therapy for the required surgery rate. PPI: Proton
pump inhibitors; H2R: H2 receptor antagonists.

Use of PPI therapy compared with H2RA therapy for
blood transfusion amounts (units)

difference was observed (OR = 1.07; 95%CI:
0.21-5.49; Figure 3). In summary, this meta-analysis
of mortality revealed that after successful endoscopic
therapy, there were no significant differences in
mortality between the two drugs (OR = 0.46; 95%CI:
0.17-1.23; Figure 3).

[13,16,22]

Three studies
, involving 402 patients, reported
the units (mL; 500 mL per unit) for patients who
required blood transfusions after treatment. There was
significant heterogeneity between these trials (P =
2
0.0001, I = 89%); therefore, a random effects model
was used for the analysis. The meta-analysis revealed
that after successful endoscopic therapy, PPI therapy
was more effective in decreasing blood transfusion
units (WMD: -0.70 unit; 95%CI:-1.64-0.25; Figure 5).

Use of PPI therapy compared with H2RA therapy in the
receiving required surgery rate
[13,16,17,22]

Four studies
, involving 566 patients, reported
the number of patients who received surgery after
treatment. There was no significant heterogeneity
2
between these trials (P = 0.77, I = 0%); therefore,
a fixed effects model was used for the analysis.
The meta-analysis revealed that after successful
endoscopic therapy, compared with H2RA therapy, PPI
therapy significantly decreased the number of patients
that received surgery (OR = 0.29; 95%CI: 0.09-0.96;
Figure 4).
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Use of PPI therapy compared with H2RA therapy for
hospitalization time (days)
[13,16,20,22]

Four studies
, involving 479 patients, reported
the hospitalization time of patients. There was
significant heterogeneity between these trials (P <
2
0.00001, I = 97%); therefore, a random effects model
was used for the analysis. The meta-analysis revealed
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PPI
Study or subgroup

Mean

SD

Lin HJ (a) 2006
Hsu PI 2004
Lin HJ (b) 2006
Lin HJ 2014

1.42 0.212
4.900 5.800
2.482 0.125
0
0

H2RA
Total
67
52
66
50

Mean

SD

Mean difference
Total

2.634 1.426
5.700 6.800
2.634 1.426
0
0

67
50
67
50

Weight IV, random, 95%CI
44.4%
11.2%
44.4%

Mean difference
IV, random, 95%CI

-1.21 (-1.56, -0.87)
-0.80 (-3.26, 1.66)
-0.15 (-0.49, 0.19)
Not estimable

Total (95%CI)
235
234 100.0% -0.70 (-1.64, 0.25)
2
2
2
Heterogeneity: Tau = 0.49; χ = 18.32, df = 2 (P = 0.0001); I = 89%
Test for overall effect: Z = 1.45 (P = 0.15)

-4
-2
1
2
   4
Favours [PPI]
Favours [H2RA]

Figure 5 Forest plot comparing the efficacy of proton pump inhibitors therapy vs H2 receptor antagonists therapy for blood transfusion units. PPI: Proton
pump inhibitors; H2R: H2 receptor antagonists.
PPI
Study or subgroup
Lin HJ 2014
Lin HJ (a) 2006
Lin HJ (b) 2006
Hsu PI 2004
Sakurada T 2012

H2RA

Mean difference

Mean

SD

Total

Mean

SD

Total

7
5.89
7.64
5.9
9.5

6
0.6
0.61
3.2
0.61

50
67
66
52
40

6
7.92
7.92
7.5
9.7

7
0.7
0.7
5
1.34

50
67
67
50
37

Weight IV, random, 95%CI
10.7%
24.7%
24.7%
16.1%
23.8%

Mean difference
IV, random, 95%CI

1.00 (-1.56, 3.56)
-2.03 (-2.25, -1.81)
-0.28 (-0.50, -0.06)
-1.60 (-3.24, 0.04)
-0.20 (-0.67, 0.27)

Total (95%CI)
275
271 100.0% -0.77 (-1.87, 0.34)
2
2
2
Heterogeneity: Tau = 1.27; χ = 136.84, df = 4 (P < 0.00001); I = 97%
Test for overall effect: Z = 1.36 (P = 0.17)

-4
-2
1
2
   4
Favours [PPI]
Favours [H2RA]

Figure 6 Forest plot comparing the efficacy of proton pump inhibitors therapy vs H2 receptor antagonists therapy for hospitalization time. PPI: Proton
pump inhibitors; H2R: H2 receptor antagonists.

iv
po

0.5
SE (log[OR])

successful endoscopic therapy, compared with H2RA
therapy, PPI therapy was more effective for reducing
the re-bleeding rate and received surgery rate, but
there were no significant differences in mortality
between the two drugs. There was little heterogeneity
between the three different methods of administration
(iv + po; iv; po). The results also revealed that
intravenous and oral PPI had similar results, which has
[23,24]
also been proposed by several published studies
,
and the PPI therapeutic results were more effective
than H 2RA therapy. In this meta-analysis, the
intravenous followed by oral administration method
had better therapeutic value than either simple
intravenous therapy or simple oral therapy, which may
prompt a standard drug administration method.
For the subgroup analyses of the re-bleeding time,
the risk of recurrent bleeding was highest during the
first 3 d after therapy and most re-bleeding events
[6]
occurred in the first 24 h . In this meta-analysis,
we concluded that PPI can significantly reduce the
re-bleeding rate during the first 3 d after successful
endoscopic therapy compared with H2RA. Additionally,
the same result was observed during 7 d and 14 d
post endoscopy, which indicated that PPI can decrease
the short-term re-bleeding rate. Furthermore, the
same result was observed in the group of studies
that evaluated 6 wk or more post endoscopy, which
illustrated that PPIs may also decrease the long-team
re-bleeding rate. However, in the 28-20 d group, the
two types of drugs produced similar results, with an
OR < 1 (OR = 0.45, Table 2), which indicated that PPI
therapy tends to be better than H2RA therapy.

Subgroups
iv + po

0.0

1.0

1.5

2.0
0.01

0.1

1

10

100

OR

Figure 7 Funnel plot evaluating the publication bias for recurrent bleeding
rate.

that after successful endoscopic therapy, PPI therapy
was more effective in decreasing hospitalization time
(WMD: -0.77d; 95%CI: -1.87-0.34; Figure 6).

Publication bias assessment

Publication bias was evaluated using a Funnel plot
(Figure 7). The asymmetrical scatter plot revealed little
publication bias in our meta-analysis. In addition, we
also performed the Begg’s test and Egger’s test; both
tests demonstrated that there was no publication bias
in our meta-analysis (Begg’s test: P = 0.283; Egger’s
test: P = 0.339).

DISCUSSION
In patients with upper gastrointestinal bleeding after
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There was no significant difference between
the different populations included in the studies in
2
our meta-analysis (P = 0.16, I = 41.2%, Table 2);
therefore, we concluded that in patients with upper
gastrointestinal bleeding after successful endoscopic
therapy, PPI has better therapeutic value worldwide.
[25]
However, a meta-analysis by Leontiadis et al
revealed that PPI therapy for ulcer bleeding was more
efficacious in Asia than elsewhere, which conflicts with
the results in our study. However, in our meta-analysis,
nine out of ten studies were conducted in Asian
countries, which may result in geographical limitations.
In the subgroup analysis of PPI type, there was no
significant difference between the omeprazole group
2
and pantoprazole group (P = 0.93, I = 0%, Table
2); i.e., the different PPI types had little influence
on outcome. However, in the analysis of the H2RA
group, although there was no heterogeneity difference
2
between the groups (P = 0.18, I = 41.6%, Table 2),
cimetidine and ranitidine had superior curative effects
compared with famotidine (Table 2).
The standard dose of PPI used after successful
endoscopic therapy is hard to determine, the included
studies showed large differences in the dose admi
[26]
nistered; however, the meta-analysis of Wu et al
demonstrated that low-dose intravenous PPI can achieve
the same efficacy as high-dose PPI following endoscopic
hemostasis. To clarify these conclusions, additional
research must be conducted.
In the ten included studies, there were no serious
adverse reactions. An evaluation of the acute and
chronic adverse reactions of PPIs and H 2RAs is
necessary because the treatment period ranged from
3 d to a few weeks. The results suggested that these
two types of drugs have short-term adverse reactions
that are mild or not obvious. PPIs are a well-tolerated
pharmaceutical class, with adverse effects occurring at
a rate of 1%-3%, and with no significant differences
[27]
between PPI types . The adverse effects most
commonly observed with PPI use are nausea, rash,
headaches, constipation, flatulence, diarrhea, abdominal
[28]
pain and dizziness . However, in patients with a history
of ulcer bleeding, long-term oral PPI is necessary and
the safety of long-term PPI use is controversial. Insogna
[29]
et al
revealed that long-term PPI use may influence
mineral metabolism, specifically calcium absorption,
[30]
which increased the risk of bone fracture. Ito et al
demonstrated that long-term PPI use may influence
calcium absorption, as well as influence the absorption
of vitamin B12, iron and magnesium, which can have
important clinical implications. However, tolerance has
been reported to prolonged H2RA therapy, as discussed
[31]
in several studies. Rackoff et al argued that prolonged
hypergastrinemia is induced by long-term or high dose
H2RA therapy.
There were several limitations in this study. First,
the quality of the included randomized controlled trials
was variable, but most of them were of acceptable
quality. A number of high-quality, well-designed RCTs
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are needed for further research. Future studies should
describe the grouping method in detail and disclose
the number of patients lost to follow-up and exit.
Second, heterogeneity between the studies may have
skewed the meta-analysis results; the results may be
from the baseline and after pharmaceutical therapy.
For example, in our meta-analysis, the baseline values
of the smoking rate, alcohol abuse rate, positive H.
pylori infection rate and NSAID use rate in the included
studies were different and these factors may have
affected the analysis results. Additionally, the agents
used in the included studies were different; most
studies used pantoprazole or omeprazole for the PPI
group, whereas cimetidine, famotidine and ranitidine
were mostly used in the H2RA group. Some factors
were influenced by the area, hospital, etc., particularly
the mean hospitalization days. Therefore, subject
enrollment data should include age, sex, risk and
drug types, as well as, follow-up time, endpoint and
the number of patients who accepted PPI therapy or
H2RA therapy. Third, the potential for publication bias
is always a concern. The number of included studies
and differences in sample size may have affected the
publication bias. Fourth, it is difficult to publish the
results when the results do not identify any significant
differences, i.e., PPI therapy has similar efficacy to
H2RA therapy. This phenomenon may have led to bias.
Further research, specifically large-scale doubleblind randomization trials, are required to provide more
credible data for PPI or H2RA treatment using different
administration methods in upper gastrointestinal
bleeding patients.
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METHODS: A search was conducted of MEDLINE,
Cochrane, EMBASE, and Google Scholar on July
31, 2013. Inclusion criteria were: (1) Randomized
controlled trial (RCT); (2) Patients treated for UC;
and (3) Intervention was vedolizumab. The following
information/data were extracted from studies that
met the inclusion criteria: the name of the first author,
year of publication, study design, patient demographic
information, response rate, remission rate, and adverse
events. The primary outcome was clinical response
rate, and the secondary outcomes were clinical
remission rate and serious adverse events. Odds ratio
(OR) with 95%CI were calculated for each outcome.

Abstract

Key words: Inflammatory bowel disease; Ulcerative
colitis; Vedolizumab; MLN-002; Meta-analysis

RESULTS: Of 224 studies initially identified, three
RCTs examining the use of vedolizumab meeting the
inclusion criteria were included in the meta-analysis. All
studies examined the use of vedolizumab at dosages
ranging from 0.5 to 10 mg/kg body weight (one study
used a standard dose of 300 mg). The follow-up
periods were approximately 6 wk. The total number of
patients in the intervention groups was 901, and in the
control groups was 221. The mean age of the patients
was approximately 41 years, and approximately half
were males. The follow-up periods ranged from 43
d to 6 wk. The clinical response and remission rates
were significantly higher for patients who received
vedolizumab as compared to control patients (clinical
response: OR = 2.69; 95%CI: 1.94-3.74, P < 0.001
and remission rate: OR = 2.72; 95%CI: 1.76-4.19, P
< 0.001). Serious adverse events were not higher in
patients that received vedolizumab.
CONCLUSION: This analysis supports the use of
vedolizumab for the treatment of UC.

AIM: To conduct a meta-analysis examining the
effectiveness and safety of vedolizumab for the
treatment of ulcerative colitis (UC).
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[6,7]

matrix . Integrins interact with other proteins such as
cadherins, immunoglobulin superfamily cell adhesion
molecules, selectins, and syndecans to mediate cell[6,7]
cell and cell-matrix interaction and communication .
Alpha4beta7 (α4β7) integrin is found on circulating
T lymphocytes, and is involved in the recruitment
[8]
of leukocytes to the gastrointestinal tract . Integrin
antagonists are a new class of agents that inhibit
leukocyte adhesion and aim to selectively inhibit the
[4]
inflammatory pathway . Vedolizumab (MNL-02) is a
recombinant humanized IgG1 monoclonal antibody
that inhibits adhesion and migration of leukocytes
into the gastrointestinal tract by binding the α4β7
[9]
[10]
[11]
integrin . Early animal
and human studies
suggested that MLN-02 may be effective in reducing
intestinal inflammation in patients with UC.
The purpose of this meta-analysis is to examine
the efficacy and safety vedolizumab for the treatment
of UC.

Core tip: Studies have suggested that vedolizumab
may be effective in reducing intestinal inflammation
in patients with ulcerative colitis (UC). This metaanalysis including three randomized controlled trials
showed that treatment with vedolizumab results in
significantly higher clinical response and remission
rates than placebo in patients with UC. Importantly,
serious adverse events were not more common in
vedolizumab-treated patients than control patients.
This analysis supports the use of vedolizumab for the
treatment of UC.
Jin Y, Lin Y, Lin LJ, Zheng CQ. Meta-analysis of the
effectiveness and safety of vedolizumab for ulcerative colitis.
World J Gastroenterol 2015; 21(20): 6352-6360 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i20/6352.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i20.6352

INTRODUCTION

MATERIALS AND METHODS

Inflammatory bowel disease (IBD), an inflammatory
condition of the colon and small intestine, is an
autoimmune disease in which the body’s own immune
[1,2]
system attacks elements of the digestive system .
The main forms of IBD are Crohn’s disease (CD) and
ulcerative colitis (UC), and the primary difference
between the two is the location and nature of the
[1,2]
inflammatory changes . CD may affect any part of
the gastrointestinal tract from mouth to anus, and
can result in a wide variety of symptoms including
abdominal pain, diarrhea, vomiting, and weight
[1,2]
loss . UC is more common than CD with a reported
incidence of nine to 20 cases per 100000 person
years, and a prevalence of approximately 150 to 300
[1]
cases per 100000 persons . The incidence of both CD
and UC has been increasing in China in the past two
[3]
decades .
In UC, characteristic ulcers or open sores are restri
cted to the colonic mucosa, and the main symptom
of active disease is typically the gradual onset of
[1]
constant diarrhea mixed with blood . UC can occur
at any age, but onset is typically between 15 and 30
[1]
years of age . Diagnostic studies include tests of
blood and stool, colonoscopy or sigmoidoscopy, and
imaging studies. Medical treatments for UC include
anti-inflammatory agents such as 5-aminosalycilate
compounds, systemic corticosteroids, topical corticos
teroids, and immunomodulators, but all have certain
[1,2]
side effects and are not effective in all cases
.
Despite the success of anti-tumor necrosis factor
therapies in the treatment of UC, a considerable
[4,5]
proportion of patients are refractory to treatment .
In severe cases refractory to medical treatment
colectomy is necessary.
Integrins are transmembrane receptors that
mediate the attachment between a cell and its
surroundings, such as other cells or the extracellular

Methods

WJG|www.wjgnet.com

The procedures performed in this meta-analysis are
in accordance with recent guidelines for the reporting
of meta-analyses (PRISMA guidelines). Meta-analysis
does not involve human subjects and does not require
Institutional Review Board review.

Data sources and searches

We conducted a systematic search of electronic
databases and the bibliographies of all eligible studies
to identify all relevant studies. A search was conducted
of MEDLINE, Cochrane, EMBASE, and Google Scholar
on July 31, 2013 using combinations of the search
terms vedolizumab/MLN0002/MLN-02, inflammatory
bowel disease, and ulcerative colitis.

Study selection

Studies were selected for inclusion in this analysis
based on the following criteria: (1) Randomized
controlled trial (RCT); (2) Patients treated for UC (if
the study enrolled patients with IBD, only those with
UC were included); and (3) The intervention was
vedolizumab. Non-English publications were excluded.

Data extraction and quality assessment

Studies were identified using the search strategy
by two independent reviewers. When there was
uncertainty regarding eligibility, a third reviewer was
consulted. References of identified studies were hand
searched for other relevant studies. The following
information/data were extracted from studies that
met the inclusion criteria: the name of the first author,
year of publication, study design, patient demographic
information, response rate, remission rate, and
adverse events (AEs).
The methodological quality of each study was
assessed using the risk-of-bias assessment tool
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RESULTS

Records after
duplicates removed
(n = 224)

Literature search

Records screened
(n = 224)

Full-text articles
assessed for eligibility
(n = 6)

A flow diagram of study selection is shown in Figure
1. A total of 224 potentially relevant studies were
identified in the literature search, and after screening
218 studies were excluded. Thus, 6 full-text articles
were reviewed of which three was excluded because
they were not RCT design. Finally, a total of three RCTs
[14-16]
were included in the meta-analysis
.

Records excluded
(n = 218)

Full-text articles excluded (not
a randomized controlled trial)
(n = 3)

Description of studies

The characteristics of the three studies included in the
meta-analysis are summarized in Table 1. All studies
examined the use of vedolizumab at dosages ranging
from 0.5 to 10 mg/kg body weight (one study used
a standard dose of 300 mg). The total number of
patients in the intervention groups was 901, and in the
control groups was 221. The mean age of the patients
was approximately 41 years, and approximately half
were males. The follow-up periods were approximately
6 wk.

Studies included in the
meta-analysis qualitative
synthesis (n = 3)

Figure 1 Flow diagram of study selection.

outlined in the Cochrane Handbook for Systematic
[12]
Reviews of Interventions (version 5.1.0) . Two
reviewers subjectively reviewed all studies and
assigned a value of “low risk,” “high risk,” or “unclear”
to the following: (1) random sequence generation;
(2) allocation concealment; (3) blinding (patients,
personnel, and assessor); (4) adequate assessment
of each outcome; (5) selective outcome reporting
avoided; and (6) if the analysis included an intentionto-treat analysis.

Quality assessment

The “risk of bias” summary is presented in Figure 2A,
and an overall assessment of risk of bias is presented
in Figure 2B. The random sequence and allocation
concealment were appropriate in all three studies. The
patients and personnel were blinded in two studies;
however, none of the studies provided information on
the blinding of outcome assessors. All studies were
at a low risk of attrition bias and reporting bias. In
addition, intention-to-treat analysis was used in all
three studies.

Statistical analysis

The primary outcome was clinical response rate,
and the secondary outcomes were clinical remission
rate and serious adverse events. For each outcome,
the odds ratio (OR) with 95%CI was calculated.
Heterogeneity among the studies was assessed by the
2
Cochran’s Q test and the I statistic. For Cochran’s Q, a
value of P < 0.10 was considered to indicate statistically
significant heterogeneity. If either the Q statistics (P <
2
0.1) or I statistic (> 50%) indicated the existence of
significant heterogeneity between studies, a randomeffects model of analysis (DerSimonian-Laird method)
was used. Otherwise, a fixed-effect model of analysis
(Mantel-Haenszel method) was used. Pooled ORs for
the three outcomes were calculated; a two-sided P
value < 0.05 was considered to indicate statistical
significance. Sensitivity analysis was performed for the
three outcomes based on the leave-one-out approach.
As more than five studies are required to detect
[13]
funnel plot asymmetry , publication bias was not
assessed if less than five studies were identified with
data for a particular outcome measure. All statistical
analyses were performed using the statistical software
Comprehensive Meta-Analysis, version 2.0 (Biostat,
Englewood, NJ, United States).

WJG|www.wjgnet.com

Meta-analysis

Clinical response rate: The clinical response rates of
the intervention groups ranged from 47.1% to 59.3%
and of the control groups ranged from 25.5% to
33.3% (Table 2). There was no evidence of significant
heterogeneity when data from the studies were pooled
2
(Q = 0.113, df = 2, P = 0.945, I = 0%); therefore, a
fixed-effect model was used for analysis of the clinical
response rate (pooled of all intervention groups) (Figure
3A). The overall analysis revealed the clinical response
rate was significantly higher for patients who received
vedolizumab as compared to control patients (OR =
2.69, 95%CI: 1.94-3.74, P < 0.001).
Subgroup analysis for the pooled clinical response
rate was performed according to the dosage of
[14]
intervention drug. The studies of Feagan et al
[16]
and Parikh et al
were included in the analysis of
clinical response rate of patients who received 2 mg
of drug per kilogram of body weight and the studies
[15]
[16]
of Feagan et al and Parikh et al
were included in
the analysis of clinical response rate of patients who
received 6 mg of drug per kilogram of body weight.
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Table 1 Characteristics of studies included in the meta-analysis
Ref.

Study type

Follow-up
periods

RCT

6 wk

Feaganet al[14], 2005
Feagan et al , 2013

Randomized
allocation

6 wk

Parikh et al[16], 2012

RCT

43 d

[15]

Group

Drug

Intervention 1
Intervention 2
Control
Intervention
Control
Intervention 1
Intervention 2
Intervention 3
Control

MLN-02
Placebo
Vedolizumab
Placebo
Vedolizumab
Placebo

Drug
dosage

Number of
cases

Age, yr

Male

0.5 mg/kg
2 mg/kg
NA
300 mg
NA
2 mg/kg
6 mg/kg
10 mg/kg
NA

58
60
63
746
149
12
14
11
9

41.6 ± 14.7
43.8 ± 14.6
38.9 ± 13.4
40.1 ± 13.2
41.1 ± 1.25
39 (30-49)1
47 (19-61)1
41 (26-69)1
33 (21-51)1

56.9%
50.0%
55.6%
58.0%
61.7%
33.3%
50.0%
45.5%
33.3%

1

Median (range). RCT: Randomized controlled trial; NA: No data available.

Feagan et al
2005

[14]

Feagan et al
2013

[15]

Parikh et al
2012

Random Sequence generation (selection bias)

Did the analysis include an intention-to-treat analysis

Selective outcome reporting (reporting bias)

Incomplete outcome (attrition bias)

Allocation concealment (selection bias)

Blinding of outcome assessors (detection bias)

Blinding of participants and personnel (performance bias)

Allocation concealment (selection bias)

B

Random Sequence generation (selection bias)

A

Blinding of participants and personnel (performance bias)
Blinding of outcome assessors (detection bias)
Incomplete outcome (attrition bias)
Selective outcome reporting (reporting bias)
Did the analysis include an intention-to-treat analysis
0%

25%

50%

75%

100%

Low risk of bias
Unclear risk of bias
High risk of bias

,
,

[16]

,

Figure 2 Quality assessments of included studies. A: Risk of bias summary; B: Risk of bias graph.

Patients who received 300 mg of vedolizumab in the
[15]
study of Feagan et al
were included in the analysis
of clinical response rate of patients who received 6 mg
of drug per kilogram of body weight because 300 mg
is approximately 6 mg of drug per kilogram of body
weight. For the 2 mg per kilogram group, the clinical
response rates of the intervention groups ranged from
50% to 53%,and of the control groups ranged from
33% to 33.3%. For the 6 mg per kilogram group,
the clinical response rates of the intervention groups
ranged from 47.1% to 63.3%, and of the control
groups ranged from 25.5% to 33.3%. There was no
evidence of significant heterogeneity when data from
the 2 mg per kilogram studies were pooled (Q = 0.018,
2
df = 1, P = 0.892, I = 0%); therefore, a fixed-effect
model was used for analysis of clinical response rate
(Figure 3B). The overall analysis revealed the clinical
response rate (2 mg) was significantly higher for
patients who received vedolizumab as compared to
control patients (P = 0.019). In addition, there was
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no evidence of significant heterogeneity when data
from the 6 mg per kilogram studies were pooled (Q =
2
0.095, df = 1, P = 0.758, I = 0%); therefore, a fixedeffect model was used for analysis of clinical response
rate (Figure 3C). The overall analysis revealed the
clinical response rate (6 mg) was significantly higher
for patients who received vedolizumab as compared to
control patients (P < 0.001).
Clinical remission rate: The clinical remission rates
of the intervention groups ranged from 16.9% to
58%, and of the control groups ranged from 5.4% to
50% (Table 2). There was no evidence of significant
heterogeneity when data from the studies were
2
pooled (Q = 2.337, df = 2, P = 0.311, I = 14.43%);
therefore, a fixed-effect model was used for analysis of
clinical remission rate (Figure 4). The overall analysis
revealed the clinical remission rate was significantly
higher for patients who received vedolizumab as
compared to control patients (OR = 2.72, 95%CI:
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Table 2 Clinical response and clinical remission rates of studies included in the meta-analysis
Ref.

Group

Drug

Feagan Intervention 1
et al[14] Intervention 2
Control

Definition of clinical response

Clinical response rate Definition of clinical remission Clinical remission rate

MLN-02

An improvement of 3 points or
more on the ulcerative colitis
Placebo
clinical score (modification of the
Mayo Clinic Scoring system)
Feagan Intervention Vedolizumab
A reduction in the Mayo Clinic
Control
Placebo
et al[15]
score of at least 3 points and a
decrease of at least 30% from
baseline, with an accompanying
decrease in the rectal bleeding
subscore of at least 1 point or an
absolute rectal bleeding subscore
of 0 or 1
Parikh Intervention 1 Vedolizumab
A decrease from baseline in the
et al[16] Intervention 2
partial Mayo score (PMS) of ≥
Intervention 3
2 points and ≥ 25%, with an
Control
Placebo
accompanying decrease in the
subscore for rectal bleeding of ≥ 1
point or an absolute subscore for
rectal bleeding of 0 or 1.

59.3%1

66%
53%

33%
47.1%
25.5%

56.8%1

50%
63.3%
53.3%

Ulcerative colitis clinical
score of 0 or 1 and a modified
Baron score of 0 or 1 with no
evidence of rectal bleeding
Mayo Clinic score of 2 or
lower and no subscore higher
than 1, and mucosal healing,
defined as an endoscopic
subscore of 0 or 1

32.2%1

PMS of ≤ 2 with no individual
subscore > 1

58%1

33.3%

14.0%
16.9%
5.4%

50%

1

Pooled of all intervention groups. MNL-02: Vedolizumab.

A
Study name

Comparison Odds ratio Lower limit Upper limit Z value

Feagan BG (2005) Intervention
vs Control
Feagan BG (2013) Intervention
vs Control
Parikh A (2012)
Intervention
vs Control
Combined

P value

Odds ratio and 95%CI

2.96

1.56

5.61

3.32

0.001

Relative weight
(fixed)
26.31

2.60

1.75

3.86

4.74

0.000

69.09

2.63

0.57

12.18

1.24

0.215

4.61

2.69

1.94

3.74

5.91

0.000
0.01
0.1
1
10
100
Favours control
Favours interventions

2

Heterogeneity test: Q = 0.113, df = 2, P = 0.945, I = 0%

B
Study name

Comparison Odds ratio Lower limit Upper limit Z value

Feagan BG (2005) Intervention
vs Control
Parikh A (2012)
Intervention
vs Control
Combined

P value

Odds ratio and 95%CI

2.29

1.10

4.75

2.22

0.026

Relative weight
(fixed)
85.73

2.00

0.33

11.99

0.76

0.447

14.27

2.25

1.14

4.42

2.35

0.019
0.01
0.1
1
10
100
Favours control
Favours interventions

2

Heterogeneity test: Q = 0.018, df = 1, P = 0.892, I = 0%

C
Study name

Comparison Odds ratio Lower limit Upper limit Z value

Feagan BG (2013) Intervention
vs Control
Parikh A (2012)
Intervention
vs Control
Combined

P value

2.60

1.75

3.86

4.74

0.000

3.45

0.59

20.11

1.38

0.168

2.64

1.79

3.88

4.93

0.000

Odds ratio and 95%CI

Relative weight
(fixed)
95.20
4.80

0.01
0.1
1
10
100
Favours control
Favours interventions

2

Heterogeneity test: Q = 0.095, df = 1, P = 0.758, I = 0%

Figure 3 Forest plots of the meta-analysis of clinical response rate. A: Pooled of all intervention groups; B: Drug dose: 2 mg/kg; C: Drug dose: 6 mg/kg.
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Study name

Comparison

Odds ratio

Lower limit

Upper limit

Z value

P value

2.92

1.55

5.50

3.31

0.001

Relative weight
(fixed)
46.57

3.56

1.71

7.44

3.38

0.001

34.61

1.38

0.51

3.75

0.63

0.526

18.82

2.72

1.76

4.19

4.52

0.000

Feagan BG (2005) Intervention
vs Control
Feagan BG (2013) Intervention
vs Control
Parikh A (2012)
Intervention
vs Control
Combined

Odds ratio and 95%CI

0.01
0.1
1
10
100
Favours control
Favours interventions

2

Heterogeneity test: Q = 2.337, df = 2, P = 0.311, I = 14.43%

Figure 4 Forest plot of the meta-analysis of clinical remission rate.

Table 3 Summary of most common adverse events (occurring in 10% or more of patients in any group)
Ref.

Group

General adverse events
Ulcerative Nausea/
vomiting
colitis
aggravated

Feagan
et al[14]

Intervention 1
Intervention 2
Control
Feagan
Intervention
Control
et al[15]
Parikh et Intervention 1
Intervention 2
al[16]
Intervention 3
Control
Feagan
Intervention 1
Intervention 2
et al[14]
Control
Feagan
Intervention
Control
et al[15]
Parikh et Intervention 1
Intervention 2
al[16]
Intervention 3
Control

29 (50)
22 (37)
24 (38)
97 (13)
58 (39)
2 (17)
1 (7)
0 (0)
4 (44)
6 (10)
3 (5)
8 (13)
NA
NA
NA
NA
NA
NA

21 (36)
13 (22)
15 (24)
38 (5)
19 (13)
NA
NA
NA
NA
NA
NA
NA
35 (5)
16 (11)
NA
NA
NA
NA

1

Headache

Frequent
bowel
movements

Fatigue

Upper respiratory
tract infection

Abdominal
pain/
tenderness

12 (21)
11 (18)
13 (21)
80 (11)
28 (19)
2 (17)
3 (21)
2 (18)
1 (11)
NA
NA
NA
13 (2)
36 (24)
0 (0)
2 (14)
0 (0)
0 (0)

10 (17)
5 (8)
10 (16)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0 (0)
2 (14)
0 (0)
0 (0)

8 (14)
5 (8)
7 (11)
33 (4)
10 (7)
NA
NA
NA
NA
NA
NA
NA
NA
NA
0 (0)
2 (14)
0 (0)
0 (0)

8 (14)
8 (13)
5 (8)
132 (18)
47 (32)
4 (33)
3 (21)
1 (9)
4 (44)
NA
NA
NA
NA
NA
1 (8)
0 (0)
0 (0)
1 (11)

10 (17)
6 (10)
16 (25)
50 (7)
10 (7)
NA
NA
NA
NA
NA
NA
NA
NA
NA
0 (0)
0 (0)
1 (9)
1 (11)

Arthralgia Dizziness Rash

4 (7)
7 (12)
5 (8)
56 (8)
25 (17)
NA
NA
NA
NA
6 (10)
12 (20)
6 (10)
77 (10)
37 (25)
1 (8)
0 (0)
1 (9)
0 (0)

6 (10) 6 (10)
4 (7)
4 (7)
1 (2)
4 (6)
NA
NA
NA
NA
1 (8)
NA
0 (0)
NA
0 (0)
NA
1 (11)
NA
18 (15)2

2 (5)2

Data reported as n (%); 2Pooled of all intervention groups. NA: Not available.

1

Sensitivity analysis

1.76-4.19, P < 0.001).

Figure 6 shows the results of the meta-analysis with
one study removed-in-turn for the clinical response
rate (pooled of all intervention groups); clinical
remission rate; and SAE rate. For the clinical response
rate (pooled of all intervention groups) and clinical
remission rate, the direction and magnitude of the
pooled estimate varied consistently, indicating good
reliability. For the SAE rate, the pooled estimate
was different when one study was left-out-in-turn,
indicating poor reliability.

Adverse event rate: A summary of general AEs and
serious adverse events (SAEs) is shown in Table 3. The
most common general AEs in all studies, and in both
intervention and control groups was aggravation of UC,
and the incidence in the intervention groups ranged
from 0% to 50%, and in the control groups from 38%
to 44%. Other common general AEs included nausea,
headaches, fatigue, nasopharyngitis, and abdominal
pain. A statistical analysis was only performed for
SAEs. In the intervention groups, the frequency of
SAEs ranged from 0% to 20%, and in the control
groups ranged from 0% to 25%. There was evidence
of significant heterogeneity when data from the
2
studies were pooled (Q = 9.07, df = 2, P = 0.011, I =
77.94%); therefore, a random-effects model was used
for analysis of SAEs (Figure 5). The overall analysis
revealed the SAE rate was not significantly different for
patients who received vedolizumab as compared with
control patients (P = 0.675).

WJG|www.wjgnet.com

DISCUSSION
Summary of results

The results of this meta-analysis including three RCTs
showed that the clinical response and remission rates
were significantly higher for patients with UC treated
with vedolizumab as compared to control patients, and
SAEs were not more common in vedolizumab-treated
patients than control patients.
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Upper limit Z value P value

Study name

Comparison

Odds ratio

Lower limit

Feagan BG (2005)

Intervention
vs Control
Intervention
vs Control
Intervention
vs Control

1.63

0.62

4.26

0.99

0.323

Relative weight
(fixed)
39.48

0.33

0.21

0.52

-4.88

0.000

47.08

1.34

0.06

30.27

0.18

0.855

13.44

0.75

0.20

2.87

-0.42

0.675

Feagan BG (2013)
Parikh A (2012)
Combined

Odds ratio and 95%CI

0.01
0.1
Favours control

2

Heterogeneity test: Q = 9.07, df = 2, P = 0.011, I = 77.94%

1

10
100
Favours interventions

Figure 5 Forest plot of the meta-analysis of serious adverse events.

A

Study name

Comparison

Feagan BG (2005)

Intervention
vs Control
Intervention
vs Control
Intervention
vs Control

Feagan BG (2013)
Parikh A (2012)

B

Upper limit Z value P value

2.60

1.78

3.82

4.90

0.000

2.91

1.61

5.25

3.54

0.000

2.70

1.92

3.77

5.77

0.000

Odds ratio and 95%CI

0.01
0.1
Favours control
Study name

Comparison

Feagan BG (2005)

Intervention
vs Control
Intervention
vs Control
Intervention
vs Control

Feagan BG (2013)
Parikh A (2012)

C

Odds ratio Lower limit

Odds ratio Lower limit

Upper limit Z value P value

2.55

1.41

4.61

3.10

0.002

2.35

1.38

4.02

3.13

0.002

3.18

1.96

5.14

4.72

0.000

Comparison

Feagan BG (2005)

Intervention
vs Control
Intervention
vs Control
Intervention
vs Control

Feagan BG (2013)
Parikh A (2012)

Odds ratio Lower limit

Upper limit Z value P value

0.34

0.22

0.53

-4.81

0.000

1.60

0.64

4.01

1.00

0.318

0.69

0.15

3.26

-0.46

0.643

10
100
Favours interventions

Odds ratio and 95%CI

0.01
0.1
Favours control
Study name

1

1

10
100
Favours interventions

Odds ratio and 95%CI

0.01
0.1
Favours control

1

10
100
Favours interventions

Figure 6 Sensitivity analysis for the influence of individual studies on pooled estimates as determined using the leave-one-out method. A: Clinical response
rate; B: Clinical remission rate; C: Serious adverse event rate.

Explanations

Integrin agonists block the lymphocyte-homing
mechanism of T lymphocytes. In patients with IBD,
there is recruitment of large numbers of T cells to
the intestinal mucosa, and α4β7 integrin, which is
found on circulating T lymphocytes and is involved in
[4,7]
their recruitment to the gastrointestinal tract . The
α4β7 integrin is activated on the lymphocyte surface
membrane, and binds with its glycosaminoglycan
ligand [mucosal addressin-cell adhesion molecule-1
(MAdCAM-1)] located on the surface membrane
[9,17]
of endothelial cells
. This binding results in
lymphocytes migrating into the lamina propria and
[9,17]
tissue, and subsequent inflammation
. Study has

UC is a relapsing disease that is difficult to treat,
and a large percentage of patients are refractory to
[1,2]
traditional medical management . When medical
treatment fails, the only recourse is colectomy. Since
the discovery of integrins, a large amount of research
has been devoted to elucidation of their functions, and
they have been found to be viable therapeutic targets
[6,7]
against thrombosis and inflammatory disease
.
Because uncontrolled inflammation is the hallmark
characteristic of UC, inflammatory mediators such as
integrins have been investigated as therapeutic targets
[4]
and shown promising results for the treatment of UC .
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shown that there are significantly higher levels of α4β7
integrin and MAdCAM-1 in the colons of IBD patients
[18]
than patients with irritable bowel syndrome . It
has also been shown that there are lower numbers
of t-lymphocytes with α4β7 integrin in the peripheral
[19]
blood of patients with inflammation of the colon .
Initial studies which examined natalizumab, a
humanized monoclonal antibody that inhibits α4
integrin, showed that it was effective in inducing
[20,21]
remission in patients with CD
. However,
studies suggested that its use in patients with
CD receiving multidrug therapy was associated
with the development of progressive multifocal
[22]
leukoencephalopathy (PML) . Unlike natalizumab,
which inhibits both α4β1 and α4β7 integrin and
thus affects multiple organs, vedolizumab is gut[23,24]
specific
, and no cases of PML have been reported
[25]
with its use .
[14]
The initial phase Ⅱ trial of vedolizumab showed
that the drug was more effective than placebo for
the induction of clinical and endoscopic remission in
patients with active UC. Subsequent phase Ⅲ trials
confirmed that vedolizumab was effective for the
induction and maintenance of remission in patients
[15]
[16]
with UC . Parikh et al , also included in this metaanalysis, showed that a dose of vedolizumab up to 10
mg/kg body weight was well tolerated, and that more
patients treated with vedolizumab achieved a clinical
response as compared with those treated with placebo.
Importantly, no significant safety issues, including
significant infections, have been noted in any studies
[14-16,25]
using vedolizumab to treat UC
.
The aforementioned studies were relatively shortterm. A longer-term phase Ⅲ study is currently being
conducted in which patients who were involved in prior
trials will have the option to enter a study in which
they will receive vedolizumab every 4 wk for up to 100
[26]
wk .
While the three studies included in the metaanalysis did not all report the same general AEs,
aggravation of UC as the most common AE was
consistent between the studies as were other
common AEs including nausea, headaches, fatigue,
nasopharyngitis, and abdominal pain. These findings
are consistent with those of other studies that have
examined the use of vedolizumab and natalizumab for
[11,20,21]
the treatment of UC
.

significantly higher clinical response and remission
rates than placebo in patients with UC. Importantly,
SAEs were not more common in vedolizumab-treated
patients than control patients. This analysis supports
the use of vedolizumab for the treatment of UC.

COMMENTS
COMMENTS
Background

Inflammatory bowel disease (IBD) is an autoimmune disease in which the body’
s own immune system attacks elements of the digestive system. Ulcerative
colitis (UC) is one form of IBD in which characteristic ulcers or open sores
are restricted to the colonic mucosa. The main symptom of active disease
is typically the gradual onset of constant diarrhea mixed with blood. To date
there is no satisfactory treatment for UC, and in refractory cases colectomy is
necessary.

Research frontiers

In patients with IBD, there is recruitment of large numbers of T cells to the
intestinal mucosa, and alpha4beta7 (α4β7) integrin, which is found on
circulating T lymphocytes, is involved in their recruitment to the gastrointestinal
tract. Integrin antagonists are new class of agents that inhibit leukocyte
adhesion and aim to selectively inhibit the inflammatory pathway by blocking
the lymphocyte-homing mechanism of T lymphocytes.

Innovations and breakthroughs

Vedolizumab is a recombinant humanized IgG1 monoclonal antibody that
inhibits adhesion and migration of leukocytes into the gastrointestinal tract by
binding the integrin associated with their recruitment. Early animal and human
studies have suggested that vedolizumab may be effective in reducing intestinal
inflammation in patients with UC.

Applications

The initial phase Ⅱ trial of vedolizumab showed that the drug was more
effective than placebo for the induction of clinical and endoscopic remission in
patients with active UC. Subsequent phase Ⅲ trials confirmed that vedolizumab
was effective for the induction and maintenance of remission in patients with
UC. While the aforementioned studies were relatively short, a longer-term
phase Ⅲ study is currently being conducted.

Terminology

Integrins are transmembrane receptors that mediate the attachment between
a cell and its surroundings, and they interact with other proteins such as
cadherins, immunoglobulin superfamily cell adhesion molecules, selectins, and
syndecans to mediate cell-cell and cell-matrix interaction and communication.
α4β7 integrin is found on circulating T lymphocytes, and is involved in the
recruitment of leukocytes to the gastrointestinal tract. Integrin antagonists,
which inhibit leukocyte adhesion, have shown promise in the treatment of UC.

Peer-review

The results of this meta-analysis showed that treatment with vedolizumab
resulted in significantly higher clinical response and remission rates than
placebo in patients with UC. Further, the authors found out that serious adverse
events were not more common in vedolizumab-treated patients than control
patients. The data, tables and figures are clear and easy to understand.
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Abstract
AIM: To investigate the differences in outcome
following pylorus preserving pancreaticoduodenectomy
(PPPD) and subtotal stomach-preserving pancreati
coduodenectomy (SSPPD).
METHODS: Major databases including PubMed
(Medline), EMBASE and Science Citation Index Expanded
and the Cochrane Central Register of Controlled Trials
(CENTRAL) in The Cochrane Library were searched for
comparative studies between patients with PPPD and
SSPPD published between January 1978 and July 2014.
Studies were selected based on speciﬁc inclusion and
exclusion criteria. The primary outcome was delayed
gastric emptying (DGE). Secondary outcomes included
operation time, intraoperative blood loss, pancreatic
fistula, postoperative hemorrhage, intraabdominal
abscess, wound infection, time to starting liquid
diet, time to starting solid diet, period of nasogastric
intubation, reinsertion of nasogastric tube, mortality and
hospital stay. The pooled odds ratios (OR) or weighted
mean difference (WMD) with 95% confidence intervals
(95%CI) were calculated using either a fixed-effects or
random-effects model.
RESULTS: Eight comparative studies recruiting 650
patients were analyzed, which include two RCTs, one
non-randomized prospective and 5 retrospective trial
designs. Patients undergoing SSPPD experienced
significantly lower rates of DGE (OR = 2.75; 95%CI:
1.75-4.30, P < 0.00001) and a shorter period of
nasogastric intubation (OR = 2.68; 95%CI: 0.77-4.58,
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P < 0.00001), with a tendency towards shorter time to
liquid (WMD = 2.97, 95%CI: -0.46-7.83; P = 0.09) and
solid diets (WMD = 3.69, 95%CI: -0.46-7.83; P = 0.08)

2015; 21(20): 6361-6373 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i20/6361.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i20.6361

as well as shorter inpatient stay (WMD = 3.92, 95%CI:
-0.37-8.22; P = 0.07), although these latter three did
not reach statistical significance. PPPD, however, was
associated with less intraoperative blood loss than
SSPPD [WMD = -217.70, 95%CI: -429.77-(-5.63); P =
0.04]. There were no differences in other parameters
between the two approaches, including operative
time (WMD = -5.30, 95%CI: -43.44-32.84; P = 0.79),
pancreatic fistula (OR = 0.91; 95%CI: 0.56-1.49; P =
0.70), postoperative hemorrhage (OR = 0.51; 95%CI:
0.15-1.74; P = 0.29), intraabdominal abscess (OR =
1.05; 95%CI: 0.54-2.05; P = 0.89), wound infection
(OR = 0.88; 95%CI: 0.39-1.97; P = 0.75), reinsertion
of nasogastric tube (OR = 1.90; 95%CI: 0.91-3.97; P
= 0.09) and mortality (OR = 0.31; 95%CI: 0.05-2.01;
P = 0.22).

INTRODUCTION
In 1935, Whipple introduced a two-stage pancrea
ticoduodenectomy for patients with carcinoma of
[1]
the ampulla of Vater . In 1941, he reported a onestage pancreaticoduodenectomy with resection of
[2]
distal stomach and duodenum . Soon afterwards,
the first pylorus preserving pancreaticoduodenectomy
[3]
(PPPD) was performed by Watson in 1944. PPPD
[4]
was also used by Traverso and Longmire to preserve
gastrointestinal function in 1978 and since then this
procedure has been extensively applied to patients with
tumors of the pancreatic head as well as periampullary
malignancies.
Classic Whipple’s and PPPD are now considered to
be the most widely employed surgical procedures for
the treatment of pancreatic head and periampullary
[5-8]
tumors
. Whereas a classic Whipple’s procedure
includes resection of the pancreatic head, duodenum,
gallbladder, distal common bile duct, partial jejunum
and distal stomach, in a PPPD the proximal duodenum
is transected 3 to 4 cm distal to the pylorus ring.
While some randomized controlled trials (RCTs) and
meta-analyses suggest that these two procedures are
comparable in terms of postoperative complications,
[6-9]
long-term survival rates and quality of life , other
studies have reported that PPPD is superior to pan
creaticoduodenectomy with antrectomy as it results
in a reduced occurrence of dumping, diarrhea and bile
reﬂux gastritis, thereby possibly affording patients with
[10-12]
an improved nutritional status
.
Delayed gastric emptying (DGE) is regarded as one
of the most common postoperative complications of
PPPD. This can potentially prolong the hospital stay,
affecting patient quality of life and increasing hospital
[12-16]
costs
. Decreasing the occurrence of DGE, therefore,
is of particular importance in patients undergoing any
type of pancreaticoduodenectomy. Subtotal stomachpreserving pancreaticoduodenectomy (SSPPD) was
initially described during the 1990s in Japan. This
procedure was intended to preserve the pooling ability of
[17,18]
the stomach and minimize the occurrence of DGE
.
It involves division of the stomach 2-3 cm proximal to
the pylorus ring with resection of the entire duodenum
distal to the site of transection, thereby removing the
pylorus but retaining much of the body of the stomach
compared to a classical Whipple’s procedure. The rate
of postoperative DGE after pancreaticoduodenectomy
is controversial and whether SSPPD is able to reduce
it and other postoperative complications compared to
[19]
PPPD remains to be elucidated . We, therefore, carried
out a systematic review of the literature to investigate

CONCLUSION: SSPPD may improve intraoperative
and short-term postoperative outcomes compared to
PPPD, especially DGE. However, these findings need
to be further ascertained by well-designed randomized
controlled trials.
Key words: Pancreaticoduodenectomy; Pylorus preserving
Subtotal stomach preserving pancreaticoduodenectomy;
Delayed gastric emptying; Pancreatic surgery; Metaanalysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As far as we know, pancreatoduodenectomy is
one of the most complicated gastrointestinal operations
and is associated with a number of serious postoperative
complications. Modifications of standard operating
techniques aim to reduce the incidence of complications
and improve quality of life of patients while maintaining
oncological effectiveness. Subtotal stomach-preserving
pancreaticoduodenectomy (SSPPD) was specifically
designed to reduce the incidence of delayed gastric
emptying (DGE) and thus shorten recovery time in
patients with pancreatic head and periampullary tumors.
This study clarified that, compared to pylorus preserving
pancreaticoduodenectomy (PPPD), SSPPD has a lower
rate of DGE, shorter operation time and a shorter period
of nasogastric intubation, albeit with no significant
difference in pancreatic fistula and other postope
rative complications. Therefore, SSPPD can improve
intraoperative and short-term postoperative outcomes
compared to PPPD for patients with pancreatic head
and periampullary lesions.
Huang W, Xiong JJ, Wan MH, Szatmary P, Bharucha S, Gomatos
I, Nunes QM, Xia Q, Sutton R, Liu XB. Meta-analysis of subtotal
stomach-preserving pancreaticoduodenectomy vs pylorus
preserving pancreaticoduodenectomy. World J Gastroenterol
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outcomes were used for meta-analysis if not otherwise
mentioned. If medians were used in some studies
instead of means, the means were estimated using
the following formula: (low end of range + median*2
+ high end of range)/4 for a sample size smaller than
25. For a sample size greater than 25, means were
estimated as the medians. When only a range was
given, the standard deviations were estimated as
[20]
range/4 .
The qualitative assessment of the RCTs was
[21]
based on the Jadad scoring system
which took into
consideration the randomization and double blinding
process and the description of withdrawals or dropouts.
Note was also made of sample size calculation,
sequence generation, allocation concealment and
the definitions of outcome parameters. The nonrandomized trials were assessed on the basis of the
[22]
method described by McKay et al
which included
assessment of the following parameters: prospective
vs retrospective data collection; assignment to the
PPPD group or the SSPPD group by means other than
the surgeon’s preference; and an explicit definition of
DGE (studies were given a score of 1 for each of these
areas; score 1-4).

MATERIALS AND METHODS
Study selection

Major databases like PubMed (Medline), EMBASE
and Science Citation Index Expanded and Cochrane
Central Register of Controlled Trials (CENTRAL) in The
Cochrane Library were searched for studies comparing
SSPPD with PPPD from January 1978 to July 2014. The
following medical search headings (MeSH) were used:
“pancreaticoduodenectomy”, “pancreatoduodenectomy”,
“Whipple”, “pancreatoduodenal resection”, “pylorus
preserving pancreaticoduodenectomy”, “PPPD”, “subtotal
stomach preserving pancreaticoduodenectomy”,
“SSPPD”, “delayed gastric emptying” “pancreatic
surgery”, “comparative study” and combinations of
them were used for word searches. References cited
in the selected articles were also assessed to identify
relevant studies in case studies were missed during the
initial database searches. If needed, investigators and
experts in the field of pancreatic surgery were contacted
to ensure that all relevant studies were identiﬁed. Final
inclusion of articles was determined by consensus
of two researchers; when this failed, a third author
adjudicated.

Statistical analysis

Meta-analysis was performed using Review Manager
Version 5.0 software (The Cochrane Collaboration,
Oxford, United Kingdom). Continuous variables and
categorical variables were expressed as weighted
mean difference (WMD) and odds ratio (OR) with their
respective corresponding 95% confidence interval (CI).
Chi-square test was used to assess heterogeneity and
2
a P < 0.1 was considered significant. I values were
used for the evaluation of statistical heterogeneity: an
2
I value of 50% or more was indicative of presence
[23]
of heterogeneity . The fixed-effects model was
[24]
initially used for all outcomes , while the randomeffects model was used if the test rejected the
[25]
assumption of homogeneity of studies . Descriptive
methods were also used if the data were considered
to be inappropriate for meta-analysis. Sensitivity
analyses were performed by removing individual
studies from the data set and analyzing the effect on
the overall results, identifying sources of signiﬁcant
heterogeneity. Subgroup analyses were undertaken
by including studies with the International Study
Group of Pancreatic Surgery (ISGPS) definitions,
reconstruction with pancreaticojejunostomy or
pancreaticogastrostomy, RCTs or non-RCTs, and D1
[26]
or D2 lymph node dissection. Funnel plots
were
constructed to evaluate potential publication bias
based on the primary outcome - DGE.

Inclusion and exclusion criteria

Two authors scrutinized potentially eligible studies
using the following inclusion criteria: (1) English
language full-text articles published in peer-reviewed
journals; (2) human clinical trials comparing “PPPD”
and “SSPPD”; (3) studies where DGE was mentioned;
and (4) where multiple studies came from the same
institute and/or authors using the same patient
cohorts, the higher quality study was included in the
analysis.
Studies were excluded if any of the following
conditions existed: (1) abstracts, case reports, letters,
editorials, expert opinions and reviews; (2) primary
postoperative outcome unavailable; and (3) studies
focused on long-term outcomes.

Outcomes of interest

DGE was the primary outcome of interest. Secondary
outcomes including operation time, intraoperative
blood loss, pancreatic fistula, postoperative he
morrhage, intraabdominal abscess, wound infection,
time to starting liquid diet, time to starting solid
diet, period of nasogastric intubation, reinsertion of
nasogastric tube, mortality and hospital stay were
also compared.

Data extraction and quality assessment

Data were collected by two independent researchers
using standardized proformas and included: Study
characteristics, surgical reconstructions, definition of
DGE and postoperative management. Means of the

WJG|www.wjgnet.com
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Description of included trials in the meta-analysis

The search strategy initially identified 148 relevant
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Studies identified (databases)
(n = 136)

Additional studies identified
through other sources (n = 12)

Screening

Studies after duplicate exclusion
(n = 106)

Studies screened (n = 85)

Eligibility

Studies excluded based
on title and abstract
screening (n = 75)

Studies assessed for
eligibility (n = 10)

Included

Full-text articles excluded (n = 2)
Repeated reports (n = 1)
Primary outcome unavailable (n = 1)

Studies included in
final analysis (n = 8)

Figure 1 Flow diagram depicting the study selection process in accordance with PRISMA guidelines.

Results of meta-analysis

clinical trials. After filtering the studies using the
[17,27-35]
inclusion criteria, ten studies
with full-text
were identiﬁed to investigate the details. Of these,
[32,34]
[34]
two studies
were excluded: one study
focused
on the long-time outcomes of the same cohorts
[32]
reported by their previous study; another study
had no data available. Finally, eight studies were
[29,35]
identified for inclusion: two RCTs
, one prospective
[27]
non-randomized trials
and five retrospective
[17,28,30,31,33]
studies
. Pancreaticojejunostomy was used
[17,27,29,31,33,35]
in 6 studies
, while pancreaticogastrostomy
[28,30]
was used in two studies
. A total of 650 patients
were included: 294 and 356 patients in the PPPD
and SSPPD groups respectively. The ISGPS definition
[28-31,33,35]
of DGE was used in six studies
. Indications
for removal of nasogastric tube were reported in
[27-29,31,33,35]
six studies
. All the included studies were
from Japan. Figure 1 shows the process of selecting
comparative studies included in our meta-analysis.
The study characteristics and quality assessments
are shown in Table 1. The surgical reconstruction,
definition of DGE and postoperative management are
listed in Table 2.

WJG|www.wjgnet.com

Results of the analyses are shown in Figures 2 and 3
and summarized in Table 3.
All included studies reported the occurrence rate
of DGE. Patients in the SSPPD group had a lower
incidence of DGE compared to those in the PPPD group
(OR = 2.75, 95%CI: 1.75-4.30; P < 0.00001) and the
period of nasogastric intubation was also shorter in
the SSPPD group (WMD = 2.68, 95%CI: 0.77-4.58;
P = 0.006). Furthermore, there was a tendency
towards shorter time to liquid (WMD = 2.97, 95%CI:
-0.46-7.83; P = 0.09) and solid diets (WMD = 3.69,
95%CI: -0.46-7.83; P = 0.08) as well as shorter
hospital stay (WMD = 3.92, 95%CI: -0.37-8.22; P =
0.07), although the latter three did not reach statistical
significance. PPPD was, however, associated with less
intraoperative blood loss compared to SSPPD (WMD =
-217.70, 95%CI: -429.77-(-5.63); P = 0.04). There
were no differences in operating time (WMD = -5.30,
95%CI: -43.44-32.84; P = 0.79) or outcomes such as
pancreatic fistula (OR = 0.91; 95%CI: 0.56-1.49; P =
0.70), postoperative hemorrhage (OR = 0.51; 95%CI:
0.15-1.74; P = 0.29), intraabdominal abscess (OR =

6364

May 28, 2015|Volume 21|Issue 20|

Huang W et al . Advantages of subtotal stomach-preserving pancreaticoduodenectomy
Table 1 Characteristics of the included studies
Ref.
Hayashibe
et al[17]
Akizuki
et al[27]
Kurahara
et al[28]
Oida
et al[30]
Kawai
et al[29]
Fujii
et al[31]
Nanashima
et al[33]
Matsumoto
et al[35]

1

Country

Year

Design

Group

n

Sex (M/F)

Age

Benign/
malignant

Quality score

Japan

2007

Retro

2008

PNR

4/8
8/13
20/14 18/12

Japan

2010

Retro

Japan

2011

Retro

Japan

2011

RCT

Japan

2012

Retro

Japan

2013

Retro

Japan

2014

RCT

12
21
34
30
48
64
25
42
64
66
33
56
28
27
50
50

60.9 ± 8.5
64.3 ± 9.5
66 (28-78)
65 (39-79)
64.4
66.8
66.2 ± 4.7
65.8 ± 5.8
68 ± 9
67 ± 9
63.8 (35-83)
64.6 (41-84)
68 ± 8
66 ± 12
66 ± 10
67 ± 9

0/12
1/20
15/19
4/26
18/30
11/53
0/25
0/42
12/52
14/52
0/33
0/56
7/21
5/22
18/32
21/29

1 (McKay)

Japan

PPPD
SSPPD
PPPD
SSPPD
PPPD
SSPPD
PPPD
SSPPD
PPPD
SSPPD
PPPD
SSPPD
PPPD
SSPPD
PPPD
SSPPD

26/22 38/26
21/4
30/12
33/31 38/28
19/14
28/28
21/7
15/12
29/21 35/15

2 (McKay)
1 (McKay)
1 (McKay)
3 (Jadad)
1 (McKay)
1 (McKay)
3 (Jadad)

1

Mean ± SD, standard deviation or Median and range. Retro: Retrospective observational study; PNR: Prospective nonrandomized observational study;
RCT: Randomized controlled trial; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy.

Table 2 Surgical reconstruction, definition of delayed gastric emptying and postoperative management
Ref.
Hayashibe
et al[17]
Akizuki
et al[27]
Kurahara
et al[28]
Oida
et al[30]

Kawai
et al[29]
Fujii et al[31]

Nanashima
et al[33]
Matsumoto
et al[35]

Reconstruction

Deﬁnition of DGE

Duct to mucosa and end-to-side pancreaticojejunostomy,
(1) NGT ≥ POD 10
(2) inability to tolerate a
end-to-side antecolic gastrojejunostomy, and side-to-side
solid diet ≥ POD 14
jejunojejunostomy (Braun anastomosis)
Duct-to-mucosa and end-to-side pancreaticojejunostomy,
(1) NGT ≥ POD 10
end duodenal (or stomach)-to-side jejunal, Braun anastomosis (2) inability to tolerate a
solid diet ≥ POD 14
was made
End-to-side pancreaticogastrostomy with an internal stent,
ISGPS
end-to-side duodenojejunostomy (PPPD) or gastrojejunostomy
(SSPPD)
Pancreaticogastrostomy and end to end duodenojejunostomy
ISGPS
(PPPD)
Pancreaticogastrostomy and end to end gastrojejunostomy
(SSPPD)
Duct-to-mucosa, end-to-side pancreatojejunostomy with internal
ISGPS
stent
Duodenojejunostomy (PPPD), gastrojejunostomy (SSPPD)
End-to-side pancreatojejunostomy and end-to-side antecolic
ISGPS
gastrojejunostomy in SSPPD or a duodenojejunostomy in PPPD

End-to-side with external stent pancreatojejunostomy

ISGPS

End-to-side pancreatojejunostomy, end-to-side
duodenojejunostomy (PPPD) and gastrojejunstomy (SSPPD)

ISGPS

Indication for
removing NGT
Unknown

The fluid of NGT < 500
mL per night, generally
removed on POD 1
The fluid of NGT < 500
mL per night
Unknown

All removed on POD 1

Generally removed on
POD 1, or on POD 2 if
the fluid of NGT
> 500 mL per night
The fluid of the NGT
< 300 mL per night
The ﬂuid of the NGT
< 200 mL per night

PPI

PA

Unknown Unknown

Yes

Yes

Yes

Yes

Unknown Unknown

No

No

Unknown Unknown

Yes

Unknown

Yes

Unknown

ISGPS: International Study Group on Pancreatic Surgery; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy; PPPD: Pylorus-preserving
pancreaticoduodenectomy; POD: Postoperative day; DGE: Delayed gastric emptying; NGT: Nasogastric tube; SSA: Somatostatin analogues; PPI: Proton
pump inhibitors; PA: Prokinetic agents.

1.05; 95%CI: 0.54-2.05; P = 0.89), wound infection
(OR = 0.88; 95%CI: 0.39-1.97; P = 0.75), reinsertion
of nasogastric tube (OR = 1.90; 95%CI: 0.91-3.97; P
= 0.09), mortality (OR = 0.31; 95%CI: 0.05-2.01; P
= 0.22) and hospital stay.

study out of each outcome measure. These exclusions
did not alter the results obtained from cumulative
analyses. The subgroup analyses were undertaken
for all outcome measures by including studies with
ISGPS definition or other definition, studies with
pancreaticogastrostomy or pancreaticojejunostomy,
RCTs or non-randomized trials, and D1 or D2 lymph
node dissection. Results of the analyses are also

Sensitivity and subgroup analysis

Sensitivity analyses were carried out by excluding each
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PPPD
Study or subgroup
Hayashibe 2007
Akizuki 2008
Kurahara 2010
Kawai 2011
Oida 2011
Fujii 2012
Nanashima 2013
Matsumoto 2014

SSPPD

Odds ratio

Odds ratio

Events

Total

Events

Total

Weight

M-H, fixed, 95%CI

Year

6
3
31
11
25
9
27
10

12
34
48
64
25
33
28
50

3
3
35
3
42
3
16
6

21
30
64
66
42
56
27
50

4.5%
12.1%
44.1%
10.2%

6.00 (1.13, 31.73)
0.87 (0.16, 4.68)
1.51 (0.70, 3.26)
4.36 (1.16, 16.44)
Not estimable
6.63 (1.65, 26.67)
18.56 (2.19, 157.53)
1.83 (0.61, 5.50)

2007
2008
2010
2011
2011
2012
2013
2014

6.7%
2.4%
19.9%

Total (95%CI)
294
356
100.0%
Total events
122
111
2
2
Heterogeneity: χ = 10.54, df = 6 (P = 0.10); I = 43%
Test for overall effect: Z = 4.42 (P < 0.00001)

M-H, fixed, 95%CI

2.75 (1.75, 4.30)
0.01

0.1
1
10
100
Favours PPPD
Favours SSPPD

Figure 2 Forest plots demonstrating primary outcome. Forest plots illustrating results of delayed gastric emptying in the form of meta-analysis comparing
PPPD with SSPPD. Pooled odds ratios (ORs) with 95% confidence intervals (CI) were calculated using the fixed-effects model. PPPD: Pylorus preserving
pancreaticoduodenectomy; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy.

Table 3 Summary results for studies comparing pylorus-preserving pancreaticoduodenectomy and subtotal stomach-preserving
pancreaticoduodenectomy
Outcome of interest
Delayed gastric emptying
Operation time
Intraoperative blood loss
Pancreatic fistula
Postoperative hemorrhage
Intra-abdominal abscess
Wound infection
Time of start liquid diet
Time of start solid diet
Time of nasogastric intubation
Reinsertion of nasogastric tube
Mortality
Hospital stay

No. of
studies

No. of
patients

8
8
8
7
5
5
5
4
4
6
4
6
4

650
650
650
583
461
461
394
286
316
438
349
471
255

OR/WMD = (95%CI)
2.75 (1.75-4.30)
-5.30 (-43.44-32.84)
-217.70 [-429.77-(-5.63)]
0.91 (0.56-1.49)
0.51 (0.15-1.74)
1.05 (0.54-2.05)
0.88 (0.39-1.97)
2.97 (-0.43-6.38)
3.69 (-0.46-7.83)
2.68 (0.77-4.58)
1.90 (0.91-3.97)
0.31 (0.05-2.01)
3.92 (-0.37-8.22)

P value
< 0.00001
0.79
0.04
0.7
0.29
0.89
0.75
0.09
0.08
0.006
0.09
0.22
0.07

Heterogeneity
P value
0.10
0.0003
0.004
0.97
0.95
0.65
0.88
0.001
< 0.00001
< 0.00001
0.58
1.00
0.04

I2
43%
77%
68%
0%
0%
0%
0%
82%
91%
96%
0%
0%
64%

WMD: Weight mean difference.

summarized in Table 4. The rate of DGE was also
shown to be lower in the studies using the ISGPS
definition (OR = 8.73; 95%CI: 2.09-36.56; P =
0.003), pancreaticojejunostomy (OR = 3.72; 95%CI:
2.12-6.56; P < 0.00001), RCTs (OR = 2.69; 95%CI:
1.17-6.17; P = 0.02) or non-RCTs (OR = 3.36;
95%CI: 1.25-9.08; P = 0.02).

this is not a life-threatening complication of pancreatic
surgery, it results in a reduced quality of life, impaired
oral intake, increased hospital costs and the delayed
initiation of adjuvant chemotherapy, where required.
The pathogenesis of DGE after PPPD is thought to
involve a number of factors, such as: gastric atony
[38]
[39,40]
caused by vagotomy ; pylorospasm
; ischemia
of the pylorus ring due to division of the right gastric
[41]
artery ; congestion around the pylorus ring due
[42]
to division of the left gastric vein ; and gastric
dysrhythmia secondary to other complications such
[43,44]
as pancreatic ﬁsecon
. SSPPD was introduced in
recent years as an alternative to PPPD to maintain the
pooling ability of the stomach and reduce the incidence
[17]
of DGE
by retaining most of the gastric body but
resecting the pyloric complex itself. Whereas in a PPPD
the proximal duodenum is divided 3 to 4 cm distal to
the pylorus ring, in an SSPPD more than 95% of the
stomach is preserved.
This meta-analysis of two RCTs and six nonrandomized trials (prospective and retrospective)
revealed a significant benefit of SSPPD compared with

Publication bias

The funnel plot based on the incidence of DGE is
shown in Figure 4. None of the studies lies outside the
limits of the 95%CI, indicating there was no evidence
of publication bias.

DISCUSSION
Physiologically, gastric emptying requires coordination
of the gastric antrum, pylorus and duodenum through
paracrine messages and extrinsic stimulation from
[36]
the vagus nerve . DGE is one of the most common
complications after pancreaticoduodenectomy and has
[37]
been reported to occur in 1%-6% of patients . While
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Table 4 Sensitivity analysis performed for studies comparing pylorus-preserving pancreaticoduodenectomy and subtotal stomachpreserving pancreaticoduodenectomy
Outcome of interest
DGE with ISGPS definition
DGE (ISGPS B/C)
Operation time
Intraoperative blood loss
Pancreatic fistula
Postoperative hemorrhage
Intraabdominal abscess
Wound infection
Time of start liquid diet
Time of start solid diet
Time of nasogastric intubation
Reinsertion of nasogastric tube
Mortality
Hospital stay
DGE with other definition
DGE
Operation time
Intraoperative blood loss
Pancreatic fistula
Wound infection
Time of start liquid diet
Time of NGD insertion
Mortality
Hospital stay
Reconstruction with pancreaticojejunostomy
DGE
Operation time
Intraoperative blood loss
Pancreatic fistula
Postoperative hemorrhage
Intra-abdominal abscess
Wound infection
Time of start solid diet
Time of nasogastric intubation
Hospital stay
Reconstruction with pancreaticogastrostomy
DGE
Operation time
Intraoperative blood loss
Randomized controlled trial
DGE
Operation time
Intraoperative blood loss
Pancreatic fistula
Postoperative hemorrhage
Intra-abdominal abscess
Wound infection
Reinsertion of nasogastric tube
Mortality
Non-randomized controlled trial
DGE
Operation time
Intraoperative blood loss
Pancreatic fistula
Postoperative hemorrhage
Intra-abdominal abscess
Wound infection
Time of start liquid diet
Time of start solid diet
Time of nasogastric intubation
Hospital stay
Mortality

WJG|www.wjgnet.com

I2

OR (95%CI)

P value

8.73 (2.09-36.56)
6.50 (-35.02-48.02)
0.78 (-81.90-83.46)
0.92 (0.54-1.55)
0.57 (0.15-2.16)
1.07 (0.53-2.18)
1.18 (0.45-3.09)
3.62 (-2.82-10.06)
4.77 (-0.11-9.64)
3.32 (0.31-6.32)
2.15 (0.93-4.96)
0.32 (0.03-3.18)
5.96 (3.46-8.46)

0.003
0.76
0.99
0.75
0.41
0.85
0.74
0.27
0.06
0.03
0.07
0.33
< 0.00001

< 0.0001
0.0005
0.20
0.93
0.91
0.49
0.98
0.03
< 0.00001
< 0.00001
0.44
0.97
0.55

82%
80%
33%
0%
0%
0%
0%
80%
94%
97%
0%
0%
0%

0.39
0.12
0.0002
0.83
0.30
0.33
0.40
0.45
0.91

0.11
0.79
0.79
0.88
0.006
0.02
0.24

61%
0%
0%
0%
87%

3.72 (2.12-6.56)
-11.79 (-32.26-8.68)
-265.87 (-422.93-108.81)
0.90 (0.55-1.48)
0.61 (0.16-2.38)
1.06 (0.51-2.22)
0.83 (0.34-2.03)
2.29 (-1.97-6.54)
1.92 (0.38-3.47)
1.23 (-1.64-4.09)

< 0.00001
0.26
0.0009
0.67
0.48
0.88
0.68
0.29
0.01
0.40

0.18
0.21
0.15
0.94
0.93
0.48
0.78
0.06
< 0.00001
0.25

35%
30%
38%
0%
0%
0%
0%
64%
89%
28%

179
179
179

1.51 (0.70-3.26)
49.00 (30.41-67.59)
41.00 (-51.78-133.78)

0.29
< 0.00001
0.39

2
2
2
2
2
2
2
2
2

230
230
230
230
230
230
230
230
230

2.69 (1.17-6.17)
-16.69 (-42.68-9.30)
-120.23 (-364.94-124.48)
1.08 (0.53-2.20)
0.67 (0.11-4.11)
0.75 (0.14-4.14)
1.19 (0.38-3.70)
2.17 (0.84-5.59)
0.34 (0.01-8.46)

0.02
0.21
0.34
0.82
0.67
0.75
0.76
0.11
0.51

6
6
6
5
3
3
3
3
3
5
3
4

420
420
420
353
231
231
164
186
186
308
155
240

3.36 (1.25-9.08)
-0.56 (-47.55-46.43)
-283.77 (-593.42-25.87)
0.77 (0.39-1.53)
0.41 (0.08-2.22)
1.21 (0.47-3.13)
0.64 (0.19-2.08)
3.68 (-0.30, 7.66)
5.06 (0.39-9.73)
3.49 (0.82-6.16)
4.28 (-0.56-9.12)
0.30 (0.03-2.94)

0.02
0.98
0.07
0.46
0.30
0.70
0.45
0.07
0.03
0.01
0.08
0.30

No. of
studies

No. of
patients

6
6
6
5
4
4
3
2
3
4
3
4
3

553
553
553
486
397
397
297
189
252
341
285
374
222

2
2
2
2
2
2
2
2
2

97
97
97
97
97
97
97
97
97

6
6
6
6
4
4
4
3
5
3

471
471
471
471
349
349
327
249
371
188

2
2
2

2.29 (0.35-15.21)
-48.51 (-109. 22-12.20)
-588.29 [-898.10-(-278.49)]
0.86 (0.22-3.33)
0.44 (0.09-2.08)
2.30 (-2.30-6.91)
1.82 (-2.43-6.06)
0.29 (0.01-7.26)
0.17 (-2.77-3.11)

6367

Heterogeneity
P value

27%

-

-

0.32
0.83
0.77
0.91
0.72
0.15
0.86
0.20
-

0%
0%
0%
0%
0%
51%
0%
39%
-

0.05
0.007
0.001
0.93
0.78
0.83
0.73
0.0006
0.04
< 0.00001
0.02
0.97

58%
72%
78%
0%
0%
0%
0%
87%
69%
95%
76%
0%
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D1 lymph node dissection
DGE
D2 lymph node dissection
DGE

2

57

0.32 (0.07-1.48)

0.14

0.90

0%

2

119

3.07 (1.05-9.02)

0.04

0.53

0%

SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy; PD: Pancreaticoduodenectomy;
WMD: Weighted mean difference.

A

PPPD
Study or subgroup Mean
Hayashibe 2007
Akizuki 2008
Kurahara 2010
Oida 2011
Kawai 2011
Fujii 2012
Nanashima 2013
Matsumoto 2014

SD

450.5 63.8
457
236.3
460.6
0
464
39
342
71
488
98
540
148
523
285.3

SSPPD

Mean difference

Total

Mean

SD

Total

Weight

12
34
48
25
64
33
28
50

494.5
520
545
415
358
455
610
552

138.9
268.3
0
35
84
107
209
290.3

21
30
64
42
66
56
27
50

13.4%
6.7%
22.8%
21.5%
18.3%
9.5%
7.7%

Total (95%CI)
294
356 100.0%
2
2
2
Heterogeneity: Tau = 1573.21; χ = 25.68, df = 6 (P = 0.0003); I = 77%
Test for overall effect: Z = 0.27 (P = 0.79)

B

PPPD
Study or subgroup Mean
Hayashibe 2007
Akizuki 2008
Kurahara 2010
Kawai 2011
Oida 2011
Fujii 2012
Nanashima 2013
Matsumoto 2014

1321.7
619
1084.6
820
600
1225
1306
826

SSPPD

SD

Total

682
565
0
987
196
728
776
645.8

12
34
48
64
25
33
28
50

Mean

SD

1843.2 987.7
1235
882.5
1779.5
0
902 1075
559
172
1284
821
1810 1054
981 1035

PPPD
Study or subgroup
Hayashibe 2007
Akizuki 2008
Kurahara 2010
Kawai 2011
Fujii 2012
Nanashima 2013
Matsumoto 2014

-200 -100
0
100
200
Favours PPPD
Favours SSPPD
Mean difference

Mean difference

IV, random, 95%CI

Year

21
30
64
66
42
56
27
50

8.7%
13.8%

-521.50 (-1093.65, 50.65)
-616.00 (-984.50, -247.50)
Not estimable
-82.00 (-436.59, 272.59)
41.00 (-51.78, 133.78)
  -59.00 (-387.53, 269.53)
-504.00 (-994.58, -13.42)
-155.00 (-493.15, 183.15)

2007
2008
2010
2011
2011
2012
2013
2014

SSPPD

-1000
-500
0
500
1000
Favours PPPD
Favours SSPPD
Odds ratio

Odds ratio

Events

Total

Weight

M-H, fixed, 95%CI

Year

0
5
1
8
7
4
11

12
34
48
64
33
28
50

0
5
1
8
17
4
10

21
30
64
66
56
27
50

13.5%
2.5%
20.6%
29.7%
10.4%
23.3%

Not estimable
0.86 (0.22, 3.33)
1.34 (0.08, 21.99)
1.04 (0.36, 2.95)
0.62 (0.22, 1.70)
0.96 (0.21, 4.29)
1.13 (0.43, 2.96)

2007
2008
2010
2011
2012
2013
2014

314

100.0%

0.91 (0.56, 1.49)

PPPD

M-H, fixed, 95%CI

0.01
0.1
1
10
100
Favours PPPD
Favours SSPPD

SSPPD

Odds ratio

Odds ratio

Events

Total

Events

Total

Weight

M-H, fixed, 95%CI

Year

0
0
1
1
1

34
48
64
28
50

1
2
2
1
1

30
64
66
27
50

20.6%
28.0%
25.5%
12.9%
12.9%

0.29 (0.01, 7.26)
0.26 (0.01, 5.49)
0.51 (0.04, 5.74)
0.96 (0.06, 16.21)
1.00 (0.06, 16.44)

2008
2010
2011
2013
2014

237

100.0%

0.51 (0.15, 1.74)

Total (95%CI)
224
Total events
3
7
2
2
Heterogeneity: χ = 0.73, df = 4 (P = 0.95); I = 0%
Test for overall effect: Z = 1.07 (P = 0.29)
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IV, random, 95%CI

-217.70 (-429.77, -5.63)

Total

D
Akizuki 2008
Kurahara 2010
Kawai 2011
Nanashima 2013
Matsumoto 2014

-5.30 (-43.44, 32.84)

Weight

14.3%
22.7%
15.1%
10.5%
14.8%

IV, random, 95%CI

2007
2008
2010
2011
2011
2012
2013
2014

Events

Total (95%CI)
269
Total events
36
45
2
2
Heterogeneity: χ = 0.90, df = 5 (P = 0.97); I = 0%
Test for overall effect: Z = 0.38 (P = 0.70)

Study or subgroup

-44.00 (-113.51, 25.51)
-63.00 (-187.60, 61.60)
Not estimable
49.00 (30.41, 67.59)
-16.00 (-42.71, 10.71)
33.00 (-10.63, 76.63)
  -70.00 (-166.02, 26.02)
-29.00 (-141.82, 83.82)

Mean difference
Year

Total

Total (95%CI)
294
356 100.0%
2
2
2
Heterogeneity: Tau = 49231.24; χ = 18.98, df = 6 (P = 0.004); I = 68%
Test for overall effect: Z = 2.01 (P = 0.04)

C

IV, random, 95%CI

M-H, fixed, 95%CI

0.01
0.1
1
10
100
Favours PPPD
Favours SSPPD
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E

PPPD
Study or subgroup
Akizuki 2008
Kurahara 2010
Kawai 2011
Nanashima 2013
Matsumoto 2014

SSPPD
Events

Total

Weight

M-H, fixed, 95%CI

Year

2
3
8
5
1

34
48
64
28
50

2
4
6
3
4

30
64
66
27
50

11.9%
19.1%
30.7%
14.9%
23.3%

0.88 (0.12, 6.63)
1.00 (0.21, 4.69)
1.43 (0.47, 4.38)
1.74 (0.37, 8.12)
0.23 (0.03, 2.18)

2008
2010
2011
2013
2014

237

100.0%

1.05 (0.54, 2.05)

F

PPPD
Hayashibe 2007
Akizuki 2008
Oida 2011
Kawai 2011
Matsumoto 2014

Odds ratio

Total

Total (95%CI)
224
Total events
19
19
2
2
Heterogeneity: χ = 2.48, df = 4 (P = 0.65); I = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

Study or subgroup

Odds ratio

Events

M-H, fixed, 95%CI

0.01
0.1
1
10
100
Favours PPPD
Favours SSPPD

SSPPD

Odds ratio

Odds ratio

Events

Total

Events

Total

Weight

M-H, fixed, 95%CI

Year

0
2
2
2
5

12
34
25
64
50

1
4
3
2
4

21
30
42
66
50

8.5%
31.6%
16.3%
15.1%
28.5%

0.55 (0.02, 14.48)
0.41 (0.07, 2.40)
1.13 (0.18, 7.28)
1.03 (0.14, 7.56)
1.28 (0.32, 5.07)

2007
2008
2011
2011
2014

209

100.0%

0.88 (0.39, 1.97)

Total (95%CI)
185
Total events
11
14
2
2
Heterogeneity: χ = 1.19, df = 4 (P = 0.88); I = 0%
Test for overall effect: Z = 0.31 (P = 0.75)

G

PPPD

Study or subgroup Mean

0.01
0.1
1
10
100
Favours PPPD
Favours SSPPD

SSPPD

IV, random, 95%CI

Year

21
30
56
50

27.1%
28.2%
25.8%
18.9%

4.70 (2.17, 7.23)
0.00 (-2.16, 2.16)
6.60 (3.67, 9.53)
0.00 (-4.99, 4.99)

2007
2008
2012
2014

Total (95%CI)
129
157 100.0%
2
2
2
Heterogeneity: Tau = 9.47; χ = 16.31, df = 3 (P = 0.0010); I = 82%
Test for overall effect: Z = 1.71 (P = 0.09)

2.97 (-0.43, 6.38)

H

4.2
4.8
7.8
11.3

12
34
33
50

Mean
10
5
8.6
5

PPPD

Study or subgroup Mean

SD

Akizuki 2008
Kawai 2011
Oida 2011
Nanashima 2013

9.8
3.7
3.6
16

SD

Mean difference

Weight

  14.7
5
  15.2
5

Total

Mean difference
Total

Hayashibe 2007
Akizuki 2008
Fujii 2012
Matsumoto 2014

SD

M-H, fixed, 95%CI

2
4
4.7
14

SSPPD
34
64
25
28

7
5.6
10.2
9

Mean difference

IV, random, 95%CI

Year

30
66
42
27

21.9%
31.7%
31.1%
15.3%

0.00 (-5.08, 5.08)
0.70 (-5.01, 1.91)
6.20 (4.66, 7.74)
10.00 (2.31, 17.69)

2008
2011
2011
2013

Total (95%CI)
151
165 100.0%
2
2
2
Heterogeneity: Tau = 13.74; χ = 35.01, df = 3 (P < 0.00001); I = 91%
Test for overall effect: Z = 1.74 (P = 0.08)

3.69 (-0.46, 7.83)

PPPD
Study or subgroup Mean
Hayashibe 2007
Akizuki 2008
Oida 2011
Kawai 2011
Fujii 2012
Nanashima 2013

10.5
1
5.6
0.6
2.7
15

SD
6.4
0.8
1.9
0.9
6.1
7

SD

Mean difference
Weight

I

Mean

-4
-2
0
2
4
Favours PPPD
Favours SSPPD

Total

7
6.3
16.4
19

Total

10.8
3.3
2
13

SSPPD
Total
12
34
25
64
33
28

Mean
6.1
1
1.6
0.6
1.3
6

SD
1.3
1.8
0.7
1
0.7
5
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-10

Mean difference
Weight

IV, random, 95%CI

Year

21
30
42
66
56
27

11.6%
19.7%
19.6%
20.1%
16.3%
12.9%

4.40 (0.74, 8.06)
0.00 (-0.70, 0.70)
4.00 (3.23, 4.77)
0.00 (-0.33, 0.33)
1.40 (-0.69, 3.49)
9.00 (5.79, 12.21)

2007
2008
2011
2011
2012
2013

6369

2.68 (0.77, 4.58)

IV, random, 95%CI

-5
   0
5
10
Favours PPPD
Favours SSPPD
Mean difference

Total

Total (95%CI)
196
242 100.0%
2
2
2
Heterogeneity: Tau = 4.67; χ = 120.92, df = 5 (P < 0.00001); I = 96%
Test for overall effect: Z = 2.75 (P = 0.006)

IV, random, 95%CI

IV, random, 95%CI

-4 -2 0
2 4
Favours PPPD
Favours SSPPD
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J

PPPD
Study or subgroup

SSPPD
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Not estimable
0.29 (0.01, 7.26)
0.34 (0.01, 8.46)
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0.31 (0.01, 7.95)
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0.31 (0.05, 2.01)
0.01
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1
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100
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SSPPD
Total
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SD
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Total
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Year

21
42
27
50

39.6%
41.8%
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0.60 (-2.43, 3.63)
5.90 (3.30, 8.50)
11.00 (-12.68, 14.68)
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2007
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Total (95%CI)
115
140 100.0%
2
2
2
Heterogeneity: Tau = 9.73; χ = 8.37, df = 3 (P = 0.04); I = 64%
Test for overall effect: Z = 1.79 (P = 0.07)
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3.92 (-0.37, 8.22)
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Figure 3 Forest plots demonstrating secondary outcomes. Forest plots illustrating results of operation time (A), intraoperative blood loss (B), pancreatic fistula
(C), postoperative hemorrhage (D), intraabdominal abscess (E), wound infection (F), time to starting liquid diet (G), time to starting solid diet (H), period of nasogastric
intubation (I), reinsertion of nasogastric tube (J), mortality (K), hospital stay (L) in the form of meta-analysis comparing PPPD with SSPPD. Pooled odds ratios (ORs)
or weighted mean difference (WMD) with 95% confidence intervals (CI) were calculated using the fixed effects model or the random-effects model. PPPD: Pylorus
preserving pancreaticoduodenectomy; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy.

pancreaticojejunostomy, RCTs or non-randomized
trials also favored SSPPD with lower rates of DGE. This
is the first complete pooled study to date comparing
rates of DGE with the two surgical techniques (SSPPD
vs PPPD). Apart from obvious potential benefits
relating to hospital stay, nutrition and possible quality
of life benefits, SSPPD may even lead to shorter
postoperative recovery times and even earlier
commencement of oral chemotherapy, where required.
As a result, we consider SSPPD to have distinct shortterm advantages over PPPD.
Due to the lack of an internationally accepted
consensus deﬁnition for DGE in the past, the
differences in reported DGE rates may have reﬂected
differences in deﬁnitions rather than true differences
in incidence. The ISGPS proposed deﬁnition of DGE,
[45]
which includes a 3 tiered clinical grading system
based on clinical impact, allows more accurate
comparisons. DGE grades B and C signify a prolonged
hospital stay and increased costs. In our subgroup
analysis, DGE grades B and C were lower in the SSPPD

0.0

SE (log[OR])

0.5

1.0

1.5

2.0
0.01

0.1

1
OR

10

100

Figure 4 Funnel plot to investigate publication bias. Funnel plot on delayed
gastric emptying basing on all studies. The funnel plot revealed no publication bias.

PPPD with regard to DGE and period of nasogastric
intubation, albeit with greater intraoperative blood
loss. Subgroup analysis specifically looking at trials
using the ISGPS definition of DGE, reconstruction with
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group compared to the PPPD group.
Previous studies have often found associations
between DGE and postoperative intraabdominal
complications such as biliary ﬁstula, pancreatic ﬁstula,
[16,29,42,46]
and intraabdominal abscess
, although causality
has never been clearly demonstrated. Our systematic
review did not reveal any signiﬁcant differences
between SSPPD and PPPD in the incidence of pancreatic
ﬁstula or intraabdominal abscess rates, suggesting that
these did not have a simple relationship with DGE.
Coordination of the antro-pyloric region is considered
to be impaired after surgery involving lymph node
dissection in the area of the hepatoduodenal ligament
and can lead to a physiological derangement similar to
[39]
that seen with truncal vagotomy . In our subgroup
analysis, however, degree of nodal dissection (D1 vs
D2) did not influence rates of DGE, although the sample
size was very small.
Importantly, our study found no statistically significant
differences in mortality, post-operative hemorrhage,
pancreatic fistula or wound infection rates between the
two operative techniques. While time to commencing
liquid and solid diet and hospital stay were also not
statistically significant, there is a clear tendency
favoring SSPPD in relation to these outcomes. It is
notable, however, that there seems to be the greatest
difference in the retrospective and non-randomized
trials, raising the possibility of selection bias. One can
envisage, for example, a surgical team introducing
diet earlier in patients who underwent SSPPD vs PPPD.
Furthermore, it is worth noting that there was no
mortality at all in any of the included PPPD groups,
whereas there were reports of single patient mortality
in the SSPPD groups. While this difference did not
reach statistical significance, one has to note that
none of the studies were sufficiently powered to detect
small differences in infrequent events such as death
and this must be addressed in any future randomized
controlled trial.
There are a number of limitations to this study.
Firstly, all included studies originated from Japan, which
may skew both the population under investigation as
well as operative techniques. Also, most included studies
were non-randomized and retrospective in design.
Furthermore, there was significant variability in clinical
parameters such as operative time, intraoperative
blood loss, time of start of liquid or solid diet, time
of nasogastric intubation and hospital stay. This was
likely related to the differences in operative technique
(pancreaticojejunostomy vs pancreaticogastrostomy,
end-to-end vs end-to-side anastomoses, use of
pancreatic stents). Due to a lack of detailed information
in the included studies, it was not possible to perform
a subgroup analysis based on various reconstruction
approaches. The greatest shortcoming, however, is
that the studies included provided us with insufficient
information to conduct a sound comparison of longterm nutritional status, gastrointestinal function and
quality of life. Clearly, if there were to be significant
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long-term complications such as increased rates in
dumping syndrome, it would argue strongly against
SSPPD as a technique.
In conclusion, this study suggests SSPPD is as safe
as PPPD in the studied population and may be superior
to PPPD with respect to DGE. However, there is an
evident need for well-designed RCTs comparing SSPPD
and PPPD with respect to quality of life and survival
outcomes.
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(DWI) to differentiate between malignant and benign
pancreatic lesions.

METHODS: A computerized search was performed on
PubMed, MEDLINE and EMBASE up to August 2014. Nine
studies (10 sets of data) with a total of 304 malignant
pancreatic lesions and 188 benign pancreatic lesions were
included. The characteristics of each study included the
study name, year of publication, magnetic resonance
modalities used, patient population, strength of field, pulse
time, repetition time, echo time (TE), maximum b factor,
mean age, mean body weight, fat suppression, number
of benign and malignant lesions, and true positive, true
negative, false positive and false negative results. All
analyses were performed using Meta-DiSc and Stata 11.0.
RESULTS: The pooled sensitivity and specificity of single-

shot EPI DWI were 0.83 (95%CI: 0.79-0.87) and 0.77
(95%CI: 0.70-0.83), respectively. The positive likelihood
ratio and negative likelihood ratio were 5.09 (95%CI:
2.19-11.84) and 0.23 (95%CI: 0.15-0.36), respectively.
2
The P value for the χ heterogeneity for all pooled
estimates was < 0.05. From the fitted summary receiver
operating characteristic curve, the area under the curve
and Q* index were 0.89 and 0.82, respectively. Publication
bias was not present (t = 0.58, P = 0.58). Meta-regression
analysis indicated that fat suppression, mean age, TE, and
maximum b factor were not sources of heterogeneity (all P
> 0.05).

CONCLUSION: Single-shot EPI DWI is useful to

differentiate between malignant and benign pancreatic
lesions. Lesion size ≥ 2 cm is the limit for the diagnosis of
early lesions.

Key words: Meta-analysis; Single-shot echo-planar

imaging; Diffusion-weighted imaging; Pancreatic cancer;
Differential diagnosis

Abstract
AIM: To investigate the diagnostic ability of single-shot

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

echo-planar imaging (EPI) diffusion-weighted imaging
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single-shot EPI DWI for the pancreas has not yet been
defined. In the present study, we performed a metaanalysis to evaluate the diagnostic ability of singleshot EPI DWI to differentiate between malignant and
benign pancreatic lesions.

Core tip: We performed a meta-analysis to investigate the

diagnostic capability of single-shot echo-planar imaging
(EPI) diffusion-weighted imaging (DWI) to differentiate
between malignant and benign pancreatic lesions.
Single-shot EPI DWI was useful to differentiate between
malignant and benign pancreatic lesions. Lesion size ≥ 2
cm was the limit for the diagnosis of early lesions.

MATERIALS AND METHODS
Search strategy

We performed a search of PubMed, MEDLINE and
EMBASE up to August 2014. The following search
terms were used: “pancreatic and diffusion-weighted
imaging”, “pancreatic and diffusion weighted imaging”,
“pancreatic and diffusion”, “pancreas and diffusionweighted imaging”, “pancreas and diffusion weighted
imaging”, and “pancreas and diffusion”. The search
was limited to English language studies only.

Hong BZ, Li XF, Lin JQ. Differential diagnosis of pancreatic
cancer by single-shot echo-planar imaging diffusion-weighted
imaging. World J Gastroenterol 2015; 21(20): 6374-6380
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6374.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6374

INTRODUCTION

Eligibility criteria for study selection

Studies were included in this analysis if: (1) singleshot EPI DWI data were obtained using either a 1.5 or
3.0 T MR scanner; (2) applied field strength was 1.5 or
3 T to represent common technical standards used for
clinical pancreatic imaging; (3) the diagnostic criteria
of the malignant or benign pancreatic lesions were
clearly stated; and (4) data were available to fill out
cross-tabs to assess true-positive (TP), true-negative
(TN), false-positive (FP) and false-negative (FN) cases.

Pancreatic ductal adenocarcinoma accounts for
85%-90% of all solid pancreatic tumors and is the
[1]
fourth leading cause of cancer-related death . In 2014,
it is estimated that there will be 46420 new cases of
pancreatic cancer and an estimated 39590 people will
die from this disease (http://seer.cancer.gov/). The
only chance for a cure in pancreatic adenocarcinoma
is surgery. Most of the time, by the time the tumor
presents, it is already invasive. The 5-year survival
rate of patients with pancreatic adenocarcinoma is
dismal, being < 10%. At initial diagnosis, fewer than
10% of patients can undergo surgical resection, which
[2]
is the only potential curative treatment . Hence, early
detection and characterization, followed by appropriate
treatment, are currently the most effective strategies to
[1,3-5]
reduce pancreatic cancer mortality
.
Diffusion-weighted (DW) imaging is a magnetic
resonance imaging technique that provides unique
information related to the diffusion of water molecules
in the tissue, and allows estimation of cellularity and
[6]
tissue structure . Recent reports have shown that
the apparent diffusion coefficient (ADC) can be used
to detect and characterize malignant and benign
pancreatic lesions. Pancreatic cancer tissue has a
significantly lower ADC value than that of normal
pancreatic tissue, mass-forming focal pancreatitis,
[7,8]
and autoimmune pancreatitis . DWI of the upper
abdomen is a technical challenge because of artifacts
secondary to heart and bowel motion, and field
inhomogeneity related to parenchyma-gas interfaces.
With EPI, the information in the k-space can be
acquired in a single shot. The advantage of using
single-shot EPI as a readout sequence is that only one
excitation is necessary, and hence the DW images
[9]
become less sensitive to subject motion . The
implementation of ultrafast imaging of single-shot
EPI has made DWI of the upper abdomen a feasible
option, and is useful to differentiate malignant from
[10-13]
benign liver lesions
. The diagnostic ability of
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Data collection

The characteristics of each study, including study
name, year of publication, MR modalities used, patient
population, strength of field, pulse time, repetition
time (TR), echo time (TE), maximum b factor, mean
age, mean body weight, fat suppression, number of
benign and malignant lesions, and TP, TN, FP and FN
results, are shown in Tables 1 and 2.

Statistical analysis

The statistical methods of this study were reviewed
by xiaoyuan from the Second Affiliated Hospital of
Fujian Medical University. All analyses were performed
using Meta-DiSc and Stata 11.0 (StataCorp, College
Station, TX, United States). The DerSimonian-Laird
random-effects model was used to pool together the
final sensitivity, specificity, positive likelihood ratio (PLR)
and negative likelihood ratio (NLR). Publication bias
was evaluated. We also performed a meta-regression
analysis by adding covariates to the summary receiver
operating characteristic (SROC) curve using the Moses[14,15]
Shapiro-Littenberg method
. For all tests, P < 0.05
was considered to indicate statistical significance.

RESULTS
Study selection and data extraction

The initial database search of PubMed and EMBASE
identified 170 relevant articles that were published up
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Table 1 Diffusion-weighted imaging studies of pancreatic lesions
No. Ref.

Year of
Patient
publication population

Muhi et al[21]
Lemke et al[20]
Sandrasegaran et al[22]
Sandrasegaran et al[23]
Kartalis et al[17]
Lee et al[19]
Ichikawa et al[2]
Huang et al[16]
Klauss et al[21]

1
2
3
4
5
6
7
8
9

2011
2009
2011
2013
2009
2008
2007
2011
2011

Japanese
Germany
American
American
Sweden
Korean
Japanese
Chinese
Germany

MRI unit

Field (T)

TR (ms)

TE (ms)

GE
Siemens
Siemens
Siemens
Siemens
Siemens
GE
GE
Siemens

1.5
1.5
1.5
1.5
1.5
1.5
1.5
3.0
1.5

8000-10000
1300
1500
1500
4600
2100
8000-10000
5700
1300

73
60
71
71
77
72
73
55
60

Max b factor Mean age
2
(s/mm )
(yr)
1000
800
800
800
500
1000
1000
1000
800

66.1
65.1
68.0
66.2
NA
57.4
62.0
58.9
62.8

FS

Mean size
(cm)

Yes
Yes
Yes
Yes
Yes
NA
Yes
Yes
Yes

2.6
2.8
2.0
3.6
NA
3.6
2.8
3.4
3.5

TR: Repetition time; TE: Echo time.

Table 2 Diffusion-weighted imaging studies of pancreatic lesions
No.
1
2
3
4
5
6a
6b
7
8
9

Ref.
[21]

Muhi et al
Lemke et al[20]
Sandrasegaran et al[22]
Sandrasegaran et al[23]
Kartalis et al[17]
Lee et al[19]
Lee et al[19]
Ichikawa et al[2]
Huang et al[16]
Klauss et al[18]

Benign lesions

Malignant lesions

10
14
45
23
24
13
13
23
14
9

54
23
25
13
12
47
47
26
37
20

TP

FP

FN

TN

52
17
20
9
11
34
41
25
31.7
13

0
2
26
4
2
3
4
0.3
1.9
0

2
6
5
4
1
13
6
1
5.3
7

10
12
19
19
22
10
9
22.7
12.1
9

TP: True-positive; TN: True-negative; FP: False-positive; FN: False-negative cases.

studies (Nos. 2-6, 8 and 9) used a DWI sequence with
TR in the range of 1300-5700 ms, and two studies (Nos.
1 and 7) used a DWI sequence with TR of 8000-10000
ms. Typical acquisition parameters included TE of ≥
55 ms (Nos. 1-9 range: 55-73 ms). Typical acquisition
parameters included maximum b factor of 800 or 1000
ms (No. 1-4 and No. 6-9). One study (No. 6) did not
provide information on the fat suppression technique
used. One study (No. 5) did not provide information
on the mean size of malignant tumors. The mean age
of patients with malignant pancreatic lesions was 63.3
years (No. 1-4 and No. 6-9). The results of all analyses
are reported in Tables 1 and 2.

170 articles identified by database search

28 articles relevant from title and abstract

Applying
inclusion criteria

Reviews/letter/n = 2
Only malignant lesions or
IVIM data n = 10
Data were not available to
fill out cross-tabs n = 7

Data extracted from 9 articles (10 sets of data)

Synthesis of general diagnostic parameters

Figure 2 shows the forest plots of sensitivity (Figure
2A), specificity (Figure 2B), PLR (Figure 2C) and NLR
(Figure 2D), of DWI for differential diagnoses between
malignant and benign pancreatic lesions.
The pooled sensitivity and specificity of singleshot EPI DWI were 0.83 (95%CI: 0.79-0.87) and
0.77 (95%CI: 0.70-0.83), respectively. PLR and NLR
were 5.09 (95%CI: 2.19-11.84) and 0.23 (95%CI:
2
0.15-0.36), respectively. The P value for the χ
heterogeneity for all pooled estimates was < 0.05.
The overall accuracy was further explored by
drawing SROC curves and finding the area under the
curve (AUC) and Q* index (Figure 3), which were
0.89 and 0.82, respectively, indicating good diagnostic

Figure 1 Selection process of the articles. Pooled analysis.

to August 2014. The initial screening by one reviewer
reduced this to 28 articles. After applying the inclusion
[2,16-23]
criteria, nine articles
were selected for data
extraction (10 sets of data) (Figure 1).

Description of studies

The meta-analysis included 304 malignant and 188
benign pancreatic lesions from nine studies (10 sets of
data) (Table 1).
Eight studies used a 1.5 T MRI scanner (Nos. 1-7
and 9) and the other (No. 8) used a 3 T scanner. Seven
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A

Muhi A 2011
Lemke A 2009
Sandrasegaran K 2011
Sandrasegaran K 2013
Kartalis N 2009
Lee SS 2008
Lee SS 2008
Ichikawa T 2007
Huang WC 2011
Klauss M 2011

Sensitivity (95%CI)
0.96 (0.87-1.00)
0.74 (0.52-0.90)
0.80 (0.59-0.93)
0.69 (0.39-0.91)
0.92 (0.62-1.00)
0.72 (0.57-0.84)
0.87 (0.74-0.95)
0.96 (0.80-1.00)
0.86 (0.70-0.95)
0.65 (0.41-0.85)

Pooled sensitivity = 0.83 (0.79-0.87)
0.0

0.2

0.4

0.6
Sensitivity

0.8

  1.0

B

χ 2 = 25.19; df = 9 (P = 0.0028)
2
Inconsistency (I ) = 64.3%

Muhi A 2011
Lemke A 2009
Sandrasegaran K 2011
Sandrasegaran K 2013
Kartalis N 2009
Lee SS 2008
Lee SS 2008
Ichikawa T 2007
Huang WC 2011
Klauss M 2011

Specificity (95%CI)
1.00 (0.69-1.00)
0.86 (0.57-0.98)
0.42 (0.28-0.58)
0.83 (0.61-0.95)
0.92 (0.73-0.99)
0.77 (0.46-0.95)
0.69 (0.39-0.91)
0.99 (0.83-1.00)
0.86 (0.58-0.98)
1.00 (0.66-1.00)

Pooled specificity = 0.77 (0.70-0.83)
0.0

0.2

0.4

0.6
Specificity

0.8

  1.0

C

χ 2 = 50.46; df = 9 (P = 0.0000)
2
Inconsistency (I ) = 82.2%

Muhi A 2011
Lemke A 2009
Sandrasegaran K 2011
Sandrasegaran K 2013
Kartalis N 2009
Lee SS 2008
Lee SS 2008
Ichikawa T 2007
Huang WC 2011
Klauss M 2011

0.01

1
Positive LR

100.0

D

Random effects model
Pooled positive LR = 5.09 (2.19-11.84)
Cochran-Q = 51.77; df = 9 (P = 0.0000)
2
Inconsistency (I ) = 82.6%
Tau-squared = 1.2591

Muhi A 2011
Lemke A 2009
Sandrasegaran K 2011
Sandrasegaran K 2013
Kartalis N 2009
Lee SS 2008
Lee SS 2008
Ichikawa T 2007
Huang WC 2011
Klauss M 2011

0.01

1
Negative LR

100.0

Positive LR (95%CI)
21.00 (1.40-315.21)
5.17 (1.40-19.10)
1.38 (1.01-1.90)
3.98 (1.52-10.41)
11.00 (2.89-41.92)
3.13 (1.14-8.59)
2.84 (1.25-6.45)
73.72 (2.11-2581.34)
6.31 (1.67-23.83)
12.86 (0.85-195.25)

Negative LR (95%CI)
0.05 (0.01-0.16)
0.30 (0.15-0.63)
0.47 (0.20-1.11)
0.37 (0.16-0.86)
0.09 (0.01-0.60)
0.36 (0.21-0.62)
0.18 (0.08-0.42)
0.04 (0.01-0.27)
0.17 (0.07-0.37)
0.38 (0.21-0.68)

Random effects model
Pooled negative LR = 0.23 (0.15-0.36)
Cochran-Q = 22.09; df = 9 (P = 0.0086)
2
Inconsistency (I ) = 59.3%
Tau-squared = 0.2628

Figure 2 Forest plot of sensitivity (A), specificity (B), positive likelihood ratio (C) and negative likelihood ratio (D) with corresponding 95%CI of nine
studies (10 sets of data). The random-effects model was used. The pooled sensitivity and specificity of DWI were 0.83 (95%CI: 0.79-0.87) and 0.77 (95%CI: 0.70-0.83),
respectively. Positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were 5.09 (95%CI: 2.19-11.84) and 0.23 (95%CI: 0.15-0.36), respectively.
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Deeks' funnel plot asymmetry test P = 0.58

SROC curve
1.0

1000

Study
Regression line

0.9
Diagnostic odds ratio

0.8

Sensitivity

0.7
0.6

Symmetric SROC
AUC = 0.8869
SE (AUC) = 0.029
Q * = 0.8175
SE (Q *) = 0.0302

0.5
0.4
0.3
0.2

100

10

0.1
0.0
0.0

0.2

0.4
0.6
1-specificity

0.8

1

1.0

Figure 3 Summary receiver operating characteristic curve. Sensitivity and
specificity are plotted in the receiver operating characteristic space for individual
studies. The AUC and Q* index were 0.89 and 0.82, respectively, indicating
good diagnostic accuracy. SROC: Summary receiver operating characteristic.

0.14
0.16
0.18
1/root (effective sample size)

0.20

Figure 4 Publication bias was not present (t = 0.58, P = 0.577).
[29-32]

intensity on DWI and affect measured ADC values
.
Meta-regression analysis indicated that fat suppression,
mean age, TE, and maximum b factor were not sources
of heterogeneity. The best acquisition strategies for
DWI data in the focal pancreatic disease are still a
matter of debate. There was considerable variation in
the results, which indicated that more-detailed, highquality prospective studies on pancreatic DWI should be
carried out to establish the presence of heterogeneity.
Some limitations of the present study should
be mentioned. First, as described above, there was
notable heterogeneity among the studies. Evaluated
covariates were the sources of the heterogeneity,
which requires further study. Standardization of the
acquisition protocol for pancreatic DWI across the
multicenter studies is recommended. Lesion size ≥
2 cm was the limit for the diagnosis of early lesions.
Optimization of the DWI protocol includes appropriate
b-value selection, sufficient signal-to-noise ratio,
adequate fat suppression, and artifact reduction via
[6]
shimming and parallel imaging . The application of
those techniques may be necessary to enhance the
results of the present study.
In conclusion, single-shot EPI DWI was useful to
differentiate between malignant and benign pancreatic
lesions. The pooled sensitivity and specificity were
83% and 77%, respectively. PLR and NLR were 5.09
and 0.23, respectively. From the fitted SROC, AUC was
0.89 and Q* was 0.82. Lesion size ≥ 2 cm was the
limit for the diagnosis of early lesions. More-detailed,
high-quality prospective studies on pancreatic DWI
should be carried out to establish the presence of
heterogeneity.

accuracy.
Publication bias was not observed (Figure 4; t =
0.58, P = 0.58).
The meta-regression analysis indicated that fat
suppression, mean age, TE, and maximum b factor
were not sources of heterogeneity (all P > 0.05).

DISCUSSION
Research concerning pancreatic DWI is rapidly ex
panding, and a growing amount of data are being
[5,16,24-28]
published
. Fast imaging is important to avoid
motion artifacts. The advantage of using single-shot
EPI as a readout sequence is that only one excitation
is necessary, and hence the DW images become less
[9]
sensitive to subject motion .
Based on calculations of the relevant data available
in the currently published articles, our systematic
review and meta-analysis demonstrated that pancrea
tic single-shot EPI DWI was useful to differentiate
between malignant and benign pancreatic lesions.
The pooled sensitivity and specificity were 83% and
77%, respectively. PLR and NLR were 5.09 and 0.23,
respectively. From the fitted SROC, AUC was 0.89 and
Q*, the point where sensitivity equals specificity, was
0.82. All these data indicated that the overall diagnostic
performance of single-shot EPI to differentiate
malignant from benign pancreatic lesions was high.
There was significant heterogeneity among the
studies in our analysis; therefore, it is critical to
investigate the source of heterogeneity to determine the
potential impact factors. Publication bias is a common
source of heterogeneity in meta-analyses. However,
in the present analysis, the funnel plot suggested
that there may not have been publication bias. Metaregression analysis was performed to explore other
sources of heterogeneity for pancreatic DWI.
There are many factors that affect the signal
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Background

Diffusion-weighted imaging (DWI) provides tissue contrast based on the
diffusion properties of water molecules in tissue, without using any contrast
agents. The advantage of using single-shot echo-planar imaging (EPI) as a
readout sequence is that only one excitation is necessary, and hence the DW
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images become less sensitive to subject motion.

Research frontiers

There is no current consensus on the diagnostic ability of single-shot EPI DWI.
We conducted a systematic review to investigate the diagnostic capability of
single-shot EPI DWI to differentiate between malignant and benign pancreatic
focal lesions.

11

Innovations and breakthroughs

Lesion size ≥ 2 cm was the limit for the diagnosis of early lesions. More
detailed, high quality prospective studies on pancreatic DWI should be carried
out in the presence of heterogeneity.

12

Applications

Single-shot EPI DWI was useful to differentiate between malignant and benign
pancreatic focal lesions.

13

Terminology

DWI provides tissue contrast based on the diffusion properties of water
molecules in tissue. DWI has a potential role in the differentiation and
evaluation of pancreatic masses on the basis of the high contrast between the
lesion and normal tissue.

14

Peer-review

The paper discusses the prognostic value of single-shot EPI DWI in
differentiation of benign vs malignant pancreatic masses. The meta-analysis is
comprehensive and carefully done.
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Abstract
Achalasia is a rare esophagus motility disorder. Medical,
endoscopic and surgical treatments are available, but all
endorse high relapse rates. No data has been published
to date reporting a therapeutic effect of cannabis use
neither in achalasia nor on its influence on manometric
measurements. We report the case of a patient
diagnosed with achalasia. He could benefit from a large
panel of therapeutic interventions, but none of them
was effective over the time. He first used cannabis
at age 20 and identified benefits regarding achalasia
symptoms. He maintained regular moderate cannabis
use for 9 years, with minimal digestive inconvenience. A
manometry performed without cannabis premedication
was realized at age 26 and still found a cardiospasm.
Cannabis use could explain the gap between functional
symptoms assessment and manometry measurement.
Further investigations are warranted to explore a
therapeutic effect of cannabis in achalasia and possible
influence on outcome measurements.
Key words: Achalasia; Cannabis; Treatment; Manometry;
Addiction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Achalasia is a rare esophagus motility disorder.
Medical, endoscopic and surgical treatments are
available, but all endorse high relapse rates. We report
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the case of a patient diagnosed with achalasia who
identified benefits from cannabis use on achalasia
symptoms. Cannabis non-use before manometry
could explain the gap between functional symptoms
assessment and manometry measurement. Further
investigations are warranted to explore a therapeutic
effect of cannabis in achalasia and possible influence on
outcome measurements. Particular attention should be
given to cannabis addiction risk to vulnerable patients.

CASE REPORT
A 31-year-old patient came to our addiction clinic
seeking care for a cannabis use disorder. He was
diagnosed with achalasia at the age of 17, with high
disability linked to severe symptoms: Regurgitation of
undigested food, dysphagia for solid food, heartburn.
He initially benefited from nitrate medication but
suffered from unacceptable headaches, that led to
treatment discontinuation. At age 18, the symptoms
were increasingly severe, resulting in a weight loss of
27% of body weight associated with food disgust. He
then benefited from a laparoscopic cardiomyotomy,
which improved symptoms for one year and a half
before relapse. At age 20, a manometry confirmed
relapse with impaired relaxation of the lower
esophageal sphincter, and major diffuse esophageal
dyskinesia. He first used cannabis and identified
benefits regarding achalasia symptoms, specifically
with food intake facilitation and weight intake. He
maintained regular cannabis use of one joint a day for
9 years. During this time period, he did not lose weight,
suffered from minimal inconvenience. A manometry
realized at age 26 still found a cardiospasm that did
not allow the passage of the catheter. This manometry
was performed without cannabis premedication,
whether the food intakes were pre-medicated by
cannabis use at this time period. This could explain the
gap between functional symptoms assessment and
manometry measurement. He stopped cannabis use
at age 29 for a short time period, but suffered from
immediate relapse of previous digestive symptoms. At
age 29 a first pneumatic dilatation at 30 mm did not
allow to facilitate food intakes. He decided to handle his
digestive symptoms by cannabis consumption, leading
to their improvement, enduring no more weight loss
and only sporadic dysphagia. At age 30, negative life
events were followed by increased cannabis use that
escalated to a severe cannabis use disorder.
Our research was conducted in accordance with
the Helsinki Declaration, and the patient gave written
informed consent for publication.

Luquiens A, Lourenco N, Benyamina A, Aubin HJ. Selfmedication of achalasia with cannabis, complicated by a cannabis
use disorder. World J Gastroenterol 2015; 21(20): 6381-6383
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6381.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6381

INTRODUCTION
Achalasia is a rare esophageal motility disorder
characterized by the absence of peristalsis and
impaired relaxation of the lower esophageal sph
[1]
incter . The main symptoms are dysphagia, regur
gitation, heartburn, chest pain and weight loss. The
effectiveness of medical treatment is inconsistent,
and no trial could support the effectiveness of
[2]
nitrates or calcium-channel blockers . Endoscopic
treatment, namely pneumatic dilation and botulinum
toxin injection, requires frequent interventions.
Surgical options, namely laparoscopic cardiomyotomy
and esophagectomy, are proposed for end-stage
[3]
achalasia and have high relapse rates.
To our knowledge, no data have been reported
on the therapeutic effect of cannabis in achalasia,
nor on the influence of cannabis on manometric
measurements.
Medical cannabis extract (Nabiximols) is approved
in several countries for the treatment of refractory
[4]
spasticity in multiple sclerosis . Commercialized
nabiximols is standardized to contain dronabinol and
Cannabidiol (CBD) in a ratio of 1:1 and is sprayed
under the tongue using a dose pump. Cannabidiol is
the most important non-psychotropic cannabinoid
found in the cannabis plant. It is not a cannabinoid
(CB) receptor agonist. Dronabinol is the internatio
nal non-proprietary name for (-)-trans-delta-9tetrahydrocannabinol (THC). THC is used to refer
to the naturally occurring (-)-trans-isomer of delta9-tetrahydrocannabinol from the cannabis plant
(Cannabis sativa L.). THC is a CB receptor agonist.
THC is responsible for most of the pharmacological
actions of cannabis, including the psychoactive
effects. Medical cannabis showed positive results
[5,6]
for spasticity in patients with multiple sclerosis
[4]
or paraplegia and in the treatment of anorexia,
nausea, and neuropathic pain.
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DISCUSSION
This spontaneous report of a therapeutic effect of
cannabis on achalasia symptoms provides a promising
and innovative therapeutic approach. The mechanism
of action could involve smooth muscle relaxation of the
lower esophageal sphincter, as the endogenous ligand
of CB1, anandamide, is an effective antispasticity
[7,8]
agent . CB1 receptors are primarily presynaptic;
their activation inhibits calcium influx and glutamate
release and reduces neuronal excitability by activating
[9]
somatic and dendritic potassium channels . A relaxing
[10]
effect on other smooth muscles has been reported .
[4]
CBD is also known for its anti-emetics properties .
Therapeutic effect of cannabis in achalasia could
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highlight the potential therapeutic effect of cannabis for this rare esophageal
disorder.

then be due to both CBD and THC actions. Further
investigations are warranted to explore a therapeutic
symptomatic effect of cannabis in achalasia and the
physiopathology of this potential effect. Use of cannabis
should be taken into account to analyze outcome
[11]
measurements, in particular manometric findings ,
and their correlates to functional symptoms.
[12]
Cannabis abuse potential is well documented .
Although smoked cannabis contains over 400 other
chemicals (about 60 are cannabinoids), its reinforcing
[13]
effects are known to be due to Delta-9-THC . A ratio
1:1 of CBD and THC seems to be protective from
[14]
addiction-onset risk . Medical cannabis seems to
have a much less addictive potential than those of
[15]
smoked cannabis . However, particular attention
should be given to cannabis addiction risk to vulnerable
patients.
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Abstract
Patients with metastasized carcinoma of the pancreas
have a very poor prognosis, and long-term survival
cannot be expected. This case report describes
two patients with an initial diagnosis of metastatic
pancreatic cancer, both with hepatic metastases and
one with an additional peritoneal carcinomatosis.
Initially, both patients were treated intravenously with
the FOLFIRINOX chemotherapy regimen, consisting
of 5-FU, folinic acid, irinotecan and oxaliplatin.
Surprisingly, the FOLFIRINOX treatment resulted in
complete resolution of the hepatic metastases in both
patients, with no lesions detectable by computed
tomography scan. Furthermore, treatment response
included decreased diameter of the primary tumor
in the tail of the pancreas and disappearance of the
additional peritoneal carcinomatosis. Both patients
were discussed by our multidisciplinary tumor board,
which recommended surgical resections of the
carcinoma. The R0 resection of the primary tumor was
successful in both cases and, interestingly, the resected
tissues showed no evidence of the hepatic metastases
intraoperatively. In the first case, the patient received a
postoperative 6-mo course of adjuvant chemotherapy
with gemcitabine. In the second case, the patient
continued to receive the FOLFIRINOX regimen for
an additional 6 mo postoperatively. At 12 mo after
the operation, a nonresectable retroperitoneal lymph
node metastasis was detected in the first patient,
whereas the second patient remained in complete
remission at the time of this report (5 mo after the
adjuvant therapy was discontinued). This case report
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is the first of its kind to describe two cases of hepatic
metastatic pancreatic carcinoma that were resectable
following treatment with FOLFIRINOX. Further studies
are required to examine the role of FOLFIRINOX as a
neoadjuvant treatment option in subgroups of patients
with initially metastasized pancreatic carcinoma.

patients with metastatic pancreatic neoplasms that
became secondarily resectable following treatment
with FOLFIRINOX.

CASE REPORT
Patient 1

Key words: FOLFIRINOX; Neoadjuvant treatment of
pancreatic neoplasms; Chemotherapy; Metastatic
pancreatic neoplasm; Curative operation

A routine check-up by ultrasound detected suspicious
lesions in the liver of a 65-year-old Caucasian female,
whose medical history included a case of pneumonia
in 1985, as well as cervical cancer and subsequent
hysterectomy in 1994, high blood pressure, hip
arthrosis and the effects of chronic nicotine abuse.
The patient was entirely symptom-free and had an
unremarkable clinical examination. The patient had
been taking medication to treat high blood pressure.
Subsequent computed tomography (CT)-, magnetic
resonance imaging (MRI)-scans and an endoscopic
ultrasound (Figure 1A, C, E) performed in August of
2012 indicated a carcinoma in the tail of the pancreas
with metastasis to the liver. Liver biopsies confirmed
the suspected diagnosis and showed liver metastases
of a ductal pancreatic adenocarcinoma (G2). Tumor
histological findings included a positive dye reaction
to antibodies against cytoceratin 7, MUC1 (indicting
partial coexpression) and cytoceratin 20 (indicating
coexpression in individual cells). Furthermore, there
was a negative dye reaction with antibodies against
CDX2, CA19-9 and TTF1. While there was no observed
elevated level of the CA19-9 biomarker for pancreatic
neoplasms, the carcinoembryonic antigen (CEA) tumor
marker was slightly elevated (4.7 µg/L; normal: < 3.4
µg/L). The patient was treated with FOLFIRINOX (85
2
2
mg/m of oxaliplatin, 180 mg/m of irinotecan, 400
2
2
mg/m of folinic acid, 400 mg/m bolus of 5-FU, with
2
2400 mg/m > 46 h of 5-FU; 5 cycles of 100% dose)
from October 2012 to January 2013.
Subsequent to this treatment, the CT scan showed
that the pancreatic carcinoma had decreased in
size (Figure 1F) and no signs of liver metastases
(Figure 1B and D). The multidisciplinary tumor board
recommended resection of the tail of the pancreas
as an individual therapeutic strategy. The surgery
was performed in February of 2013 and included a
resection of the tail of the pancreas as well as of the
spleen, a radical dissection of the lymph nodes, a gall
bladder resection, and a non-anatomical resection of
liver segments Ⅱ, Ⅵ and Ⅶ (1.4 cm × 1.2 cm × 0.9
cm, 2.7 cm × 1.8 cm × 1.3 cm, 3.8 cm × 4.4 cm ×
2.3 cm). The pathological stage was ypT3 ypN0 (0/16),
L0, V0, Pn1 G2 R0 M0 (Figure 2A). The resected liver
tissue showed scars and fibrosis without any evidence
of persistent cancer cells. Adjuvant treatment with
gemcitabine was administered from April to October,
2013. The patient was cancer-free in subsequent
check-ups with CT, the last of which was performed
in November of 2013 (Figure 1G and H). The patient
returned in April of 2014, due to a complaint of pain

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

Core tip: The FOLFIRINOX regimen is a promising
treatment option for metastatic pancreatic carcinoma.
This case report describes two cases in which treating
metastatic pancreatic carcinoma with neoadjuvant
FOLFIRINOX therapy prior to R0 resection was possible.
The positive outcomes for these patients provide hope
that metastatic pancreatic neoplasms may be cured in
certain cases.
Schneitler S, Kröpil P, Riemer J, Antoch G, Knoefel WT,
Häussinger D, Graf D. Metastasized pancreatic carcinoma with
neoadjuvant FOLFIRINOX therapy and R0 resection. World J
Gastroenterol 2015; 21(20): 6384-6390 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i20/6384.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i20.6384

INTRODUCTION
It is generally accepted that the prognosis of pancreatic
[1]
cancer is very poor, with 5-year survival rates of 8% .
Since the disease onset manifests few symptoms,
diagnosis of pancreatic carcinomas is frequently
made after the cancer has already metastasized.
Currently, the only curative option is radical surgery
for patients with non-metastatic and locally resectable
lesions. However, only 10% to 20% of the patients
[2]
who undergo surgical intervention are cured . In the
palliative setting, gemcitabine (as a monotherapy
or in combination with nab-paclitaxel or erlotinib) is
[3-6]
available as a treatment option . In 2011, a new
and effective form of chemotherapy was described
for treating metastatic pancreatic cancer patients;
this chemotherapy regimen, FOLFIRINOX (consisting
of 5-FU/folinic acid, irinotecan and oxaliplatin), was
reported to achieve an average life extension of
11.1 mo compared to the extension of 6.8 mo that
[7]
was achieved using gemcitabine monotherapy .
Since then, several studies have reported interesting
findings from neoadjuvant treatment with FOLFIRINOX
in patients with borderline resectable pancreatic
[2,8,9]
cancer
. In terms of locally advanced pancreatic
cancers, neoadjuvant therapy also provides an
[8]
opportunity for resection . This report describes two
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Figure 1 Computed tomography, magnetic resonance imaging and positron emission tomography images of patient 1. Coronal (A, B) and transversal (C-F)
T1w contrast-enhanced MRI images demonstrated regredient primary malignancy (star) in the tail of pancreas (E, F) and regredient hepatic metastases (arrow, cycle)
in the right liver lobe (A, B, C, D). An additional hemangioma (arrowhead) was observed. Postoperative CT (G) and PET-CT (H) showed complete resection of the
primary tumor and no visible metastasis. CT: Computed tomography; MRI: Magnetic resonance imaging; PET: Positron emission tomography.

in her lower left side. CT scan showed metastases in a
retroperitoneal lymph node and muscles of the back.
The FOLFIRINOX chemotherapy regimen was resumed
in May of 2014. The most recent CT scan (performed

WJG|www.wjgnet.com

in August of 2014) showed partial remission of the
retroperitoneal lymph node metastasis. No liver
metastases have been detected since the initial
diagnosis in January of 2013 (Table 1).
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A

B

Figure 2 Resected carcinoma of the pancreas after neoadjuvant treatment from patient 1 (A) and patient 2 (B). Hematoxylin and eosin-stained sections are
shown. A: 200 × magnification; B: 100 × magnification. Tumor tissue is indicated by the solid arrow and the perineurium is indicated by the dotted arrow.
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Figure 3 Computed tomography and positron emission tomography images of patient 2. Coronal (A, B, C) contrast-enhanced CT images demonstrated
complete regression of multiple peritoneal metastases (white arrow). Axial CT images (E, F, G) and PET-CT image (H) show a regredient mass (star) in the tail of the
pancreas. Liver metastasis (black arrow) was seen only in the initial CT-examination (E). Post-operative CT (D) showed complete resection of the primary tumor in the
pancreatic tail and no visible metastases. CT: Computed tomography; PET: Positron emission tomography.
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throughout. In February of 2013, the patient was
2
started on the FOLFIRINOX regimen (85 mg/m of
2
2
oxaliplatin, 180 mg/m of irinotecan, 400 mg/m of
2
2
folinic acid, 400 mg/m bolus of 5-FU, and 2400 mg/m
> 46 h of 5-FU; 6 cycles of 100% dose). The patient
suffered from complications during chemotherapy,
including pneumonia in the left lung and a deep vein
thrombosis with pulmonary embolism.
After 3 mo of the chemotherapy treatment, a
decline in tumor growth was observed and the decision
to continue treatment with FOLFIRINOX was made
(6 cycles of 75%-100% dose). A subsequent CT scan
performed in August of 2013 showed neither liver nor
peritoneal metastases (Figure 3C), and these findings
were confirmed by positron emission tomography
(PET)-CT (Figure 3G and H). In September of 2013, the
patient underwent surgery with a multivisceral resection
of the tail and body of the pancreas, an adrenal gland
resection on the left side, a resection of the spleen, a
large bowel resection on the left side with transversodescendostomy, a resection of the cranial part of the
kidney on the left side, a gall bladder resection, an
atypical liver resection segment Ⅴ (1.7 cm × 1.5 cm ×
0.7 cm), an aortic lymph nodal dissection and a celiac
lymph node dissection. Postoperatively, the patient’
s stage was ypT3, ypN0 (0/10), V1, L0, Pn0, R0 and
Dworak TRG 3 (Figure 2B). As there were no previous
cases for adjuvant treatment involving initial metastatic
pancreatic carcinoma and an initially advanced
metastatic stage, the decision was made in November
of 2013 to continue treatment with FOLFIRINOX. The
chemotherapy regimen, however, was delivered at
75% of the full dose to address the patient’s frequent
presentation of leukopenia in the adjuvant phase. The
FOLFIRINOX treatment was discontinued in May of
2014 (Table 1), and the last CT scan (performed in
June of 2014) showed no metastatic lesions (Figure
3D).

Table 1 Case timelines
Course

Patient 1

Patient 2

First diagnosis
Start of neoadjuvant therapy
Length of neoadjuvant therapy
Operation
Start of adjuvant therapy
Length of adjuvant therapy
Relapse

08/2012
10/2012
3 mo
02/2013
04/2013
6 mo
04/2014

01/2013
02/2013
6 mo
09/2013
11/2013
6 mo
-

Patient 2

A 45-year-old Caucasian male was admitted to the
hospital via the emergency room in January of 2013.
The patient’s symptoms included increasing dyspnea,
nausea and abdominal pain, and chronic pain in
the left shoulder. The patient had been diagnosed
with non-Hodgkin lymphoma in 1996, which had
been resolved by treatment with rituximab and the
standard cyclophosphamide, doxorubicin, vincristine
and prednisone (CHOP) regimen. Epigastric pain was
the only pathological clinical finding during the clinical
exam. The patient reported unintentional weight loss
(2 kg) within the last 2 mo, during which time he had
been taking the following standard medications: Tilidin/
Naloxon (at 100 mg/8 mg; extended release tablet
1-0-1), ibuprofen (at 600 mg; 1-0-1), pantoprazol (at
40 mg; 0-0-1), metamizol as needed (at 4 × 40°) and
bromazepam as needed daily (1/4 of a 3 mg tablet).
The patient presented with elevated levels of C-reactive
protein (CRP: 2.3 mg/dL; normal: < 0.5 mg/dL),
gamma-glutamyl transferase (99 U/L; normal: <
55 U/L), β2-microglobulin (2.01 mg/L; normal:
0.8-1.8 mg/L), CEA (3.8 µg/L; normal: < 3.4 µg/L),
and D-dimer (1.61 mg/dL; normal: < 0.50 mg/L).
However, the CA19-9 marker level was within normal
range (16.9 U/mL; normal: < 27 U/mL). A chest CT
ruled out pulmonary embolism, but showed an area in
the tail of the pancreas with possibility as a neoplasm,
as well as positive lymph nodes and suspicious
peritoneal areas. Subsequent ultrasound showed a
tumor in the tail of the pancreas that was in contact
with the splenic artery. An abdominal CT confirmed the
presence of a 4.3 cm × 5.4 cm neoplasm in the tail
of the pancreas with infiltration of the spleen (Figure
3F and 3G), as well as multiple hepatic (Figure 3E),
nodal and peritoneal metastases (Figure 3A and B).
An endoscopic ultrasound indicated the stage was T4,
N1, Mx. Ultimately, fine needle biopsy of the lesion via
oral endoscopic ultrasound led to the diagnosis of a
ductal pancreatic adenocarcinoma (G2) in the tail of
the pancreas. Immunohistochemistry analysis of the
biopsied tissue showed a significant positive reaction
to cytokeratin 7 antibodies, as well as a positive focal
reaction to CA19-9 antibodies. Immunoreactivity to
MIB1 antibodies showed expression in approximately
50% of the tumor tissue, and immunoreactivity to
p53 antibodies showed moderate to strong expression
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DISCUSSION
The prognosis of carcinoma of the pancreas is very
poor, especially when metastasis has occurred.
One-year survival rates of patients with metastatic
pancreatic carcinoma treated with gemcitabine are
[3]
between 18% and 20% . In recent years, new
[7,10]
treatment options, such as FOLFIRINOX
or gem
citabine/nab-paclitaxel, have been introduced and
have provided life-extending benefits for patients
[4]
with metastasized pancreatic carcinomas . The
FOLFIRINOX chemotherapy regimen extends life by
an average of 11.1 mo and prolongs progression-free
survival rate to 6.4 mo longer than the gemcitabine
[7]
therapy .
This report describes two patients with hepatic
metastases who achieved complete remission following
treatment with FOLFIRINOX and a subsequent
R0 resection of the primary tumors in the tail of
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the pancreas. For the first case, the patient is still
alive 26 mo after the initial diagnosis; although the
patient developed a new retroperitoneal lymph node
metastasis at 1 year after the surgical resection. For
the second case, the patient was still in complete
remission at the time of this report (22 mo after the
initial diagnosis). Surgical resection may have provided
a complete cure, but this conclusion is subject to the
findings that will come from future clinical followups. Interestingly, to date neither patient has shown
recurrent hepatic metastases, though hepatic
resections have not been taken.
A previously published case reported similar
findings for a patient with pancreatic neoplasia and
pathological findings in the lymph nodes near the
superior mesenteric artery, as well as a paraaortal
[11]
lesion . Among the few studies on borderline
resectable or nonresectable locally advanced
carcinomas in response to neoadjuvant chemotherapy
or radiochemotherapy that have been described in
[2,8,9,12]
the literature
, none investigated the potential
resectability for cases of pancreatic carcinomas
diagnosed with hepatic metastases.
Both of the cases described herein involved
carcinomas in the tail of the pancreas. A study by
[13]
Lorgis et al
examined the influence of tumor
localization, as it relates to the effectiveness of
chemotherapy, and found that carcinomas in the head
of the pancreas are not as responsive to FOLFIRINOX
treatment as carcinomas in other locations. In terms
of the embryonic development of the pancreas, it
is well known that development can be divergent
between the head, body and tail, arguably resulting
in varying malignant potential among the various
[14]
kinds of cells present in each section . Therefore,
varying responses to chemotherapy regimens may be
expected depending on the location of the carcinoma
within the pancreas. Independent of this feature,
[15]
Lau et al
analyzed data from the Surveillance,
Epidemiology and End RESULTS Program (SEER) of
the National Cancer Institute in the United States and
found that the incidence rates of pancreatic cancer in
the body and tail of the pancreas are increasing, while
the incidence rate of pancreatic cancer in the head of
the pancreas has remained stable over time. Such a
trend may lead to larger incidences of metastasizing
carcinomas in the tail of the pancreas, which may
respond positively to chemotherapy in a neoadjuvant
setting.
In summary, both patients described in this case
report may be representative of a wider subgroup of
pancreatic carcinoma patients with a better prognosis.
Further studies must be undertaken to analyze the
impact of tumor localization, biomarkers and the stage
and progression of this disease, and to determine
whether FOLFIRINOX as a neoadjuvant therapy with
subsequent resection is a suitable treatment option for
all patients within this subset.
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COMMENTS
COMMENTS
Case characteristics

A symptom-free 65-year-old patient with suspected hepatic lesions (Case 1)
and a 45-year-old male patient with increasing dyspnea, stomach pain and
shoulder pain (Case 2).

Clinical diagnosis

The clinical examination was unremarkable for Case 1. Case 2 presented with
pathological epigastric pain.

Differential diagnosis

There were no differential diagnoses pertaining to the unremarkable clinical
examination for Case 1, who presented with no symptoms. For Case 2, the
differential diagnoses were pulmonary embolism, atypical pneumonia, and
lymphoma.

Laboratory diagnosis

For Case 1, the level of CA19-9 was unremarkable, but the level of
carcinoembryonic antigen (CEA) was elevated (4.7 µg/L). Case 2 showed
elevated levels of C-reactive protein (CRP; 2.3 mg/dL), gamma-glutamyl
transferase (99 U/L), CEA (3.8 µg/L) and D-dimer (1.61 mg/L), but the level of
CA19-9 was unremarkable.

Imaging diagnosis

For Case 1, computed tomography (CT), endoscopic ultrasound (EUS),
magnetic resonance imaging (MRI) and contrast-enhanced ultrasound were
performed. The findings showed distension (2 cm) in the tail of the pancreas,
enlargement of the distal pancreatic duct, three suspected metastatic lesions
in segments Ⅴ and Ⅵ, and three hepatic hemangiomas. For Case 2, the CT,
EUS and contrast-enhanced ultrasound studies showed an invasive, growing
carcinoma in the tail of the pancreas, with a size of approximately 45 mm × 34
mm and with hepatic metastases (8-11 mm in size) and peritoneal metastases.

Pathological diagnosis

For Case 1, liver biopsy showed moderately differentiated ductal adenocar
cinoma (G2). For Case 2, the EUS-guided fine needle biopsy showed
moderately differentiated ductal adenocarcinoma (G2).

Treatment

Case 1 was given neoadjuvant treatment with FOLFIRINOX (85 mg/m2 of
oxaliplatin, 180 mg/m2 of irinotecan, 400 mg/m2 of folinic acid, a 400 mg/m2
bolus of 5-FU and 2400 mg/m2 > 46 h of 5-FU) followed by resection surgery
with subsequent adjuvant treatment with gemcitabine (1000 mg/m2). The
FOLFIRINOX treatment continued after recurrence. Case 2 was given
neoadjuvant treatment with FOLFIRINOX and subsequent multivisceral
resection that was followed by adjuvant treatment with FOLFIRINOX.

Related reports

This case report highlights the consideration of whether a subgroup of initially
metastasized patients with pancreatic carcinoma may be treated effectively
with chemotherapy in a neoadjuvant setting in order to achieve secondary
resectability.

Term explanation

Pancreatic neoplasms have very poor prognosis since the disease onset
is frequently asymptomatic, and diagnosis usually occurs after metastasis.
FOLFIRINOX (5-FU, folinic acid, irinotecan and oxaliplatin) is a new and
promising chemotherapy regimen that has been shown to increase life
expectancy in patients with metastatic pancreatic neoplasms. Neoadjuvant
treatments are administered with the aim of shrinking a tumor prior to
administration of the primary treatment. Curative surgery involves the radical
removal of a partial or entire organ in which a cancer has originated.

Experiences and lessons

This case report indicates that the treatment of pancreatic carcinomas may
be at a turning point following decades of poor prognoses for patients. New
treatment options have resulted in new clinical outcomes that could result in
improved prognoses.

Peer-review

The authors reported two cases of hepatic metastasized pancreatic carcinoma,
both of which were resectable after neoadjuvant treatment with FOLFIRINOX.
This finding emphasizes the importance of considering whether carcinomas in
the tail of the pancreas differ from those with other localizations in the pancreas,
especially in regards to their response to FOLFIRINOX.

6389

May 28, 2015|Volume 21|Issue 20|

Schneitler S et al . Metastatic pancreatic neoplasm with curative therapy

REFERENCES
1

2

3

4

5

6

7

8

9

Gesellschaft der epidemiologischen Krebsregister in Deutschland
e.V., RKI, Gesundheitsberichterstattung des Bundes, Berlin: Robert
Koch Institute. Available from: URL: http://www.krebsdaten.de/
Krebs/DE/Content/Krebsarten/Bauchspeicheldruesenkrebs/bauchs
peicheldruesenkrebs_node.html vom 31.08.2014
Hosein PJ, Macintyre J, Kawamura C, Maldonado JC, Ernani
V, Loaiza-Bonilla A, Narayanan G, Ribeiro A, Portelance L,
Merchan JR, Levi JU, Rocha-Lima CM. A retrospective study of
neoadjuvant FOLFIRINOX in unresectable or borderline-resectable
locally advanced pancreatic adenocarcinoma. BMC Cancer 2012;
12: 199 [PMID: 22642850 DOI: 10.1186/1471-2407-12-199]
Sultana A, Smith CT, Cunningham D, Starling N, Neoptolemos
JP, Ghaneh P. Meta-analyses of chemotherapy for locally
advanced and metastatic pancreatic cancer. J Clin Oncol 2007; 25:
2607-2615 [PMID: 17577041]
Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore
M, Seay T, Tjulandin SA, Ma WW, Saleh MN, Harris M, Reni
M, Dowden S, Laheru D, Bahary N, Ramanathan RK, Tabernero
J, Hidalgo M, Goldstein D, Van Cutsem E, Wei X, Iglesias J,
Renschler MF. Increased survival in pancreatic cancer with nabpaclitaxel plus gemcitabine. N Engl J Med 2013; 369: 1691-1703
[PMID: 24131140 DOI: 10.1056/NEJMoa1304369]
Sun C, Ansari D, Andersson R, Wu DQ. Does gemcitabinebased combination therapy improve the prognosis of unresectable
pancreatic cancer? World J Gastroenterol 2012; 18: 4944-4958
[PMID: 23002368]
Hu J, Zhao G, Wang HX, Tang L, Xu YC, Ma Y, Zhang FC. A
meta-analysis of gemcitabine containing chemotherapy for locally
advanced and metastatic pancreatic adenocarcinoma. J Hematol
Oncol 2011; 4: 11 [PMID: 21439076 DOI: 10.1186/1756-8722-4-11]
Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R,
Bécouarn Y, Adenis A, Raoul JL, Gourgou-Bourgade S, de la
Fouchardière C, Bennouna J, Bachet JB, Khemissa-Akouz F, PéréVergé D, Delbaldo C, Assenat E, Chauffert B, Michel P, MontotoGrillot C, Ducreux M. FOLFIRINOX versus gemcitabine for
metastatic pancreatic cancer. N Engl J Med 2011; 364: 1817-1825
[PMID: 21561347 DOI: 10.1056/NEJMoa1011923]
Heinemann V, Haas M, Boeck S. Neoadjuvant treatment of
borderline resectable and non-resectable pancreatic cancer. Ann

10

11

12

13

14

15

Oncol 2013; 24: 2484-2492 [PMID: 23852311 DOI: 10.1093/
annonc/mdt239]
Marthey L, Sa-Cunha A, Blanc JF, Gauthier M, Cueff A, Francois
E, Trouilloud I, Malka D, Bachet JB, Coriat R, Terrebonne E,
De La Fouchardière C, Manfredi S, Solub D, Lécaille C, Thirot
Bidault A, Carbonnel F, Taieb J. FOLFIRINOX for locally
advanced pancreatic adenocarcinoma: results of an AGEO
multicenter prospective observational cohort. Ann Surg Oncol
2015; 22: 295-301 [PMID: 25037971]
Conroy T, Gavoille C, Samalin E, Ychou M, Ducreux M. The
role of the FOLFIRINOX regimen for advanced pancreatic cancer.
Curr Oncol Rep 2013; 15: 182-189 [PMID: 23341367 DOI:
10.1007/s11912-012-0290-4]
Sasaki T, Isayama H, Aoki T, Tanaka M, Hamada T, Nakai Y,
Sakamoto Y, Hasegawa K, Morikawa T, Fukayama M, Kokudo N,
Koike K. A R0 resection case of initially unresectable metastatic
pancreatic cancer downstaged by FOLFIRINOX therapy.
Pancreas 2014; 43: 972-974 [PMID: 25010709 DOI: 10.1097/
MPA.0000000000000139]
Satoi S, Yamaue H, Kato K, Takahashi S, Hirono S, Takeda S,
Eguchi H, Sho M, Wada K, Shinchi H, Kwon AH, Hirano S,
Kinoshita T, Nakao A, Nagano H, Nakajima Y, Sano K, Miyazaki
M, Takada T. Role of adjuvant surgery for patients with initially
unresectable pancreatic cancer with a long-term favorable response
to non-surgical anti-cancer treatments: results of a project study
for pancreatic surgery by the Japanese Society of Hepato-BiliaryPancreatic Surgery. J Hepatobiliary Pancreat Sci 2013; 20:
590-600 [PMID: 23660962]
Lorgis V, Chauffert B, Gentil J, Ghiringhelli F. Influcence of
localization of primary tumor on effectiveness of 5-fluorouracil/
leucovorin combined with irinotecan and oxaliplatin (FOLFIRINOX)
in patients with metastatic pancreatic adenocarcinoma: a retrospective
study. Anticancer Res 2012; 32: 4125-4130 [PMID: 22993372]
Ling Q, Xu X, Zheng SS, Kalthoff H. The diversity between
pancreatic head and body/tail cancers: clinical parameters and in
vitro models. Hepatobiliary Pancreat Dis Int 2013; 12: 480-487
[PMID: 24103277]
Lau MK, Davila JA, Shaib YH. Incidence and survival of
pancreatic head and body and tail cancers: a population-based
study in the United States. Pancreas 2010; 39: 458-462 [PMID:
19924019 DOI: 10.1097/MPA.0b013e3181bd6489]

P- Reviewer: Hsieh CC, Li SD, Makisalo H, Wagener G, Wang DS,
Zhang ZM S- Editor: Ma YJ L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

6390

May 28, 2015|Volume 21|Issue 20|

World J Gastroenterol 2015 May 28; 21(20): 6391-6397
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i20.6391

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Radiofrequency ablation for treatment of hypersplenism: A
feasible therapeutic option
Guilherme Lopes P Martins, Joao Paulo G Bernardes, Marcello S Rovella, Raphael G Andrade,
Publio Cesar C Viana, Paulo Herman, Giovanni Guido Cerri, Marcos Roberto Menezes
Brazil. marcos.menezes@hc.fm.usp.br
Telephone: +55-11-38932000
Fax: +55-11-38932777
Received: October 6, 2014
Peer-review started: October 7, 2014
First decision: October 29, 2014
Revised: December 6, 2014
Accepted: February 5, 2015
Article in press: February 5, 2015
Published online: May 28, 2015

Guilherme Lopes P Martins, Joao Paulo G Bernardes,
Marcello S Rovella, Raphael G Andrade, Publio Cesar C
Viana, Marcos Roberto Menezes, Radiology and ImageGuided Intervention Service, Instituto do Cancer do Estado
de Sao Paulo, University of São Paulo, São Paulo 01415-000,
Brazil
Paulo Herman, Department of Gastroenterology, University of
São Paulo, São Paulo 01246-903, Brazil
Giovanni Guido Cerri, Instituto de Radiologia do Hospital das
Clínicas da FMUSP, São Paulo 05403-900, Brazil
Marcos Roberto Menezes, Instituto de Radiologia do Hospital
das Clínicas da FMUSP, São Paulo 05403-900, Brazil
Author contributions: Martins GLP, Herman P and Menezes
MR designed the report; Martins GLP, Bernardes JPG, Rovella
MR and Andrade RG collected the patient’s clinical data; Martins
GLP, Viana PCC and Menezes MR analyzed the data and wrote
the paper; Cerri GG and Menezes MR revised the paper.
Supported by Instituto do Cancer do Estado de Sao Paulo,
University of São Paulo Medical School, Sao Paulo, SP, Brazil.
Ethics approval: The Human Research Ethical Review
Committee at Faculdade de Medicina da Universidade de São
Paulo and Instituto do Câncer do Estado de São Paulo had
evaluated the research proposal/study presented by Marcos
Roberto de Menezes and colleagues.
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: No potential conflicts of interest relevant to
this article were reported.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Marcos Roberto Menezes, MD, Director
of Radiology and Image-Guided Intervention Service, Instituto
do Cancer do Estado de Sao Paulo, University of São Paulo, Av.
Doutor Arnaldo 251 1º andar, Sao Paulo 01415-000,

WJG|www.wjgnet.com

Abstract
We present a case of a patient with hypersplenism
secondary to portal hypertension due to hepato-splenic
schistosomiasis, which was accompanied by severe and
refractory thrombocytopenia. We performed spleen
ablation and measured the total spleen and ablated
volumes with contrast-enhanced computed tomography
and volumetry. No major complications occurred,
thrombocytopenia was resolved, and platelet levels
remained stable, which allowed for early treatment
of the patient’s underlying disease. Previous work
has shown that splenic radiofrequency ablation is an
attractive alternative treatment for hypersplenism
induced by liver cirrhosis. We aimed to contribute to
the currently sparse literature evaluating the role of
radiofrequency ablation (RFA) in the management of
hypersplenism. We conclude that splenic RFA appears
to be a viable and promising option for the treatment
of hypersplenism.
Key words: Portal hypertension; Thrombocytopenia;
Hypersplenism; Percutaneous radiofrequency ablation;
Splenic ablation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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[21]

of thrombocytopenia . Therefore, preservation of
splenic function by less invasive therapies has gained a
place in the current therapeutic context.
Thermal ablation represents an important tech
nological advance, with radiofrequency ablation (RFA)
being the most commonly used technique. RFA is a
minimally invasive and well-accepted method used
mainly in the treatment of solid tumors of various
[22,23]
organs such as the kidneys, liver and lungs
.
The literature on splenic RFA is sparse, and the main
indication is local control of neoplasms, but this
technique has also been used for the treatment of
infected hydatid cysts, hypersplenism and hemostasis in
[15,22-27]
trauma
.
There are no standardized criteria for splenic RFA
in patients with hypersplenism. In some studies, this
minimally invasive treatment has been shown to be
safe and less expensive than conventional therapies;
however, more studies are needed to determine the
effectiveness of splenic ablation in patients with this
[15,18,23,28]
condition
.
Here, we report a case of a patient with hyper
splenism and severe thrombocytopenia secondary to
schistosomiasis. To receive systemic chemotherapy,
splenic RFA is indicated to treat the resulting throm
bocytopenia, as every other therapeutic possibility was
contraindicated.

Core tip: The role of splenic radiofrequency ablation
(RFA) in the management of hypersplenism is still under
study, and the current literature is sparse. This case
report not only presents splenic RFA as an attractive
alternative treatment for hypersplenism induced by liver
cirrhosis, but also shows that it appears to be a viable,
safe and promising option for these patients.
Martins GLP, Bernardes JPG, Rovella MS, Andrade RG, Viana
PCC, Herman P, Cerri GG, Menezes MR. Radiofrequency
ablation for treatment of hypersplenism: A feasible therapeutic
option. World J Gastroenterol 2015; 21(20): 6391-6397
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6391.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6391

INTRODUCTION
Schistosomiasis mansoni, a chronic parasitic disease, is
the most prevalent tropical liver disease in northeastern
Brazil. Approximately 200 million individuals are affected
by Schistosoma mansoni (S. mansoni) worldwide, with
600 million exposed to the infection. Approximately
5%-7% of patients infected by S. mansoni progress to
hepatosplenic schistosomiasis, which is the most severe
form of the disease. These patients exhibit periportal
fibrosis, portal hypertension, splenomegaly and
cytopenia and have a risk of developing upper digestive
[1-6]
tract bleeding .
Hypersplenism is a consequence of massive
splenomegaly and commonly occurs in chronic liver
diseases. In schistosomiasis, hypersplenism results
from hyperplasia of the reticuloendothelial system and
the subsequent venous congestion caused by portal
hypertension. Studies have reported a correlation
between increased splenic size and drops in blood cell
count, mainly platelets. These findings depend on the
severity of portal hypertension, as some studies have
shown that thrombocytopenia is more common in
hepatosplenic schistosomiasis, especially after episodes
[7-9]
of digestive tract bleeding .
There are many treatment modalities for hyper
splenism secondary to portal hypertension, including
[10-12]
splenectomy and embolization of the splenic artery
.
These treatments are effective in the prevention of
bleeding and in the correction of thrombocytopenia, but
[13,14]
they are associated with high morbidity
, as portal
vein thrombosis, pain, splenic abscess and even rupture
[14-17]
can occur in cases of splenic embolization
.
Splenectomy remains a popular choice for the
treatment of patients with spleen diseases and
hypersplenism. However, it has been shown that the
preservation of at least 25% of the splenic parenchyma
ensures the maintenance of organ function in the short
[18]
and long term , thereby avoiding post-splenectomy
[19,20]
infection
and reducing immunologic induction
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CASE REPORT
A 60-year-old male patient with a diagnosis of
hepatosplenic schistosomiasis since 1989 presented
with portal hypertension, esophageal varices, persistent
thrombocytopenia secondary to hypersplenism
(between 37000 and 44000/mm³ platelets), and chest
pain. A CT scan showed a mass in the mediastinum,
and a biopsy led to the diagnosis of a moderately
differentiated thymoma (type B3) (Figure 1). The
patient also suffered from comorbidities (i.e., severe
hypertension, dyslipidemia and diabetes), which were
difficult to control. Chemotherapy was proposed to treat
the patient´s thymoma; however, it was necessary to
improve the thrombocytopenia before the treatment
could commence.
Because of the high morbidity associated with
splenectomy, splenic artery embolization was the first
choice of treatment. However, the CT scan showed a
critical stenosis of the celiac trunk, which precluded
the use of this procedure (Figure 1). Therefore, once
informed consent was obtained from the patient, we
chose to perform splenic RFA, which we present here
as an alternative treatment option for hypersplenism.
The patient was positioned obliquely, with his
right side down on the CT table, and the ablation was
conducted under general anesthesia with prophylactic
antibiotics. For treatment planning, a non-enhanced
CT scan (Philips Brilliance 40) was acquired. Images in
axial, sagittal, and coronal planes were reconstructed,
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Figure 1 Axial, coronal and sagittal reconstructions of enhanced-computed tomography scan of the patient. A: Shows the anterior mediastinal mass (Asterisk)
compressing and displacing the adjacent structures (after biopsy, the patient was diagnosed with thymoma). To reverse the thrombocytopenia to initiate chemotherapy
treatment, the first option was splenic artery embolization, but this was contraindicated due to severe stenosis of the celiac trunk [arrows in (B) and (C)]; D: Cirrhotic
liver, and the large portal trunk caliber, all characteristics of severe portal hypertension secondary to schistosomiasis. Also of note, the large sized collateral circulation
(arrowhead in D) common to this profile.

min in each punctured site, for a total procedure time
of 4 h.
A contrast-enhanced CT scan confirmed that the
ablated area was concentrated to the middle and lower
thirds of the spleen and represented approximately
70% of the spleen parenchyma (initial volume of
1296.2 cc, leaving only 359.5 cc) (Figure 3).
After the procedure, the patient developed mild
hematuria associated with acute renal failure, which
was characterized by moderate elevation of blood
urea and creatinine. This complication was completely
resolved after ten days of hospitalization, without the
need for dialysis.
The platelet count increased to 225000/mm³
three weeks after the procedure. A post-procedure
leukocytosis, which was most likely secondary to
systemic inflammatory response syndrome (commonly
observed in patients undergoing ablation of large
volumes of tissue), also completely resolved after one
week. Chemotherapy was started one month after
ablation.

Figure 2 Axial non-enhanced computed tomography scan guiding the
splenic radiofrequency ablation, with the patient in the prone position.
Note the “single” probe (arrow) in the middle/ lower third of the spleen. where
the ablation zones were concentrated.

and an experienced interventional radiologist chose the
optimal puncture approaches and sequences. A single
3 cm internally cooled electrode (Cool-Tip; Covidien,
Mansfield, Massachusetts) was percutaneously
introduced into the spleen under CT fluoroscopic
guidance and was repositioned multiple times to cover
most of the parenchyma (mainly the middle and lower
thirds, avoiding central and subcapsular regions) to
ablation of more than 50% of the splenic parenchyma
(Figure 2). Using an impedance control algorithm,
RF energy was applied during internal cooling of the
electrode, with a maximum power of 150 W for 6-12
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DISCUSSION
In the context of liver disease and portal hyper
tension, where an enlarged spleen often leads to
thrombocytopenia, the need for chemotherapy can
present special problems. Cytotoxic chemotherapeutic
regimens often induce bone marrow suppression,
which can also result in thrombocytopenia. When
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hypersplenism and thrombocytopenia, as assessed by
good outcome at the 5-year follow-up. In their series,
the most common complications were post-embolization
syndrome, followed by transient pleural effusion and/
[30]
or ascites, as well as small left-sided atelectasis .
[37]
[38]
Portal vein thrombosis , severe bacterial peritonitis
and splenic abscess resulting in death have also been
[37,38]
reported
.
Because of severe comorbidities, high surgical risk,
significant stenosis of the celiac trunk, and the need to
prevent splenic embolization (first and second lines of
treatment), our patient underwent splenic ablation as
a last resort to revert thrombocytopenia.
There are no standardized selection criteria for the
use of splenic RFA to treat hypersplenism; therefore,
the indication of this procedure is individualized and
case-based. In several published studies, the indication
was based on the individual authors’ experience,
which included severe disease with persistent throm
bocytopenia (between 15000 and 100000 platelets),
persistent leucopenia, splenic volumes of less than
1500 mL, absence of esophageal varices and/or
previous treatment of the varices, absence of portal
vein or hepatic veins thrombosis, and prothrombin
[15,23,26,39]
time less than 22 s
.
The RFA ablation can be performed percutaneously,
laparoscopically or with open surgery. The percutaneous
approach is preferred because it is minimally invasive,
results in a shorter recovery time, and allows for good
visualization of the entire needle and the insertion site.
Ultrasound or computed tomography may be used for
guidance, and multiple regions of the spleen can be
ablated or multiple needles can be used simultaneously,
keeping in mind that the needle should be positioned
at a certain distance from the splenic capsule and the
vessels of the hilum. Although radiofrequency electrodes
can be inserted into any portion of the spleen, the
middle and lower thirds may be the best sites to avoid
thermal damage to surrounding organs and reduce
postoperative complications (particularly pleural
[15,16,25,26,39]
effusion)
. Because of its superior resolution,
we chose to use a percutaneous CT-guided approach,
and we concentrated the ablation zones to the middle
and lower thirds of the spleen, avoiding the central and
upper portions, as previously described in the literature.
There is still no consensus regarding how much
parenchyma should be ablated to ensure the resolution
of thrombocytopenia while also avoiding complications.
It has been shown that splenic ablation can lead to good
outcomes in the short-term; however, the long-term
[39]
results depend on the volume of ablated parenchyma .
[39]
Liang et al
divided patients into 3 groups based on
the volume of ablation performed (less than 20%,
20%-40% and over 40%) and observed that larger
ablation volumes (> 40%) yielded better clinical results,
[25]
which was similar to the findings by Liu et al , who
observed positive results after ablation of ≥ 40% of the
[15]
spleen. Moreover, Feng et al
reported that patients
with more than 50% of ablated parenchyma showed

Figure 3 Coronal reformatted contrast-enhanced computed tomography
and 3D volumetric reconstruction of the spleen before (A and B) and
after (C and D) radiofrequency ablation. Observe the homogeneous
splenic parenchyma (A) showing a volume of 1296.2 cc (B) before treatment.
After ablation, note the heterogeneity of the spleen (C), with multiple areas
of coagulative necrosis mainly concentrated in the middle and lower thirds,
saving the splenic hilum and its upper third. After ablation, the volumetric 3D
reconstruction confirmed treatment success, leaving approximately 30% of
viable parenchyma (volume of 359.5 cc) (D).

this condition occurs, many patients must stop their
treatment because serious and potentially lethal
side effects may occur due to severe leucopenia and
[29]
thrombocytopenia .
Patients with thrombocytopenia who are offered
a splenectomy must present good functional status,
preferably with thrombocytopenia as the only factor
limiting surgical treatment. By using these stringent
preoperative criteria prior to splenectomy, perioperative
[29]
morbidity and mortality can be minimized .
Splenectomy can eliminate hypersplenism, but morbidity
ranges from 9.6% to 26.6%, when considering both
[30-33]
laparoscopic and open approaches
. Perioperative
complications include bleeding, atelectasis, portal vein
thrombosis (range: 1.6% to 11%) and subphrenic
[15,28,34]
abscess formation
. The major long-term risk after
splenectomy is overwhelming sepsis (up to a 30-fold
increase when compared to the normal population).
Other complications are thrombophilia, pulmonary
[28,30,34]
hypertension, and death
.
Patients who are not good candidates for splenectomy
may opt for splenic artery embolization, as this
treatment can also potentially reverse hypersplenism[35]
induced thrombocytopenia . Embolization is considered
to be the second line of treatment because it can lead to
[36]
significant postoperative pain and splenic abscesses .
[30]
In a large series, Zhu et al found that in partial splenic
embolization, the splenic infarction rate should be limited
to 50%-70% to ensure long-term efficacy in alleviating
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Figure 4 Graph above shows good recovery of platelet levels in a short period of time following the procedure, maintaining adequate levels during followup, and allowing chemotherapy to be conducted.

and patient positioning and prolonged immobilization
are normally associated with rhabdomyolysis in
surgical patients; unfortunately, no serum markers
[50]
were measured in this case . Nevertheless, there are
no proven factors that can predict acute renal failure
in cases such as this, but patients who require larger
ablation volumes and longer operating times, and
those with low-flow state should be closely monitored
[50]
for this complication . In conclusion, we believe that
the most likely cause of transient acute renal failure
in our case was hemolysis from prolonged and large
volume radiofrequency ablation and that measures
such as intravenous hydration and alkalinization of
[50]
urine should be adopted to avoid it when indicated .
The most common complications described in the
literature associated with splenic RFA are transient
low-grade fever, symptomatic pleural effusion (some
patients required thoracentesis) and mild abdominal
[15,25,26,39]
and left shoulder pain
. Less common
complications include mild transient hemoglobinuria
[25,39]
[25]
and mild hematuria
, skin bruises , portal vein
[39]
[39]
thrombosis
and intra-abdominal hemorrhage .
Splenic rupture, refractory ascites, thermal injury to
adjacent organs (including stomach, pancreas and
colon), liver dysfunction and acute pancreatitis are other
life-threatening complications that could potentially
occur but have not been reported in the literature.
In summary, splenic ablation was the last-resort
chosen to resolve this patient’s thrombocytopenia.
Despite the occurrence of a major complication that
was clinically monitored and no further observed
consequences, in this case percutaneous splenic RFA was
successful in managing hypersplenism thrombocytopenia
in a safe, effective, and minimally invasive manner, which
makes it a treatment option in patients who are not
candidates for surgery or an endovascular intervention.
Nevertheless, more studies are needed to determine the
best technique for each case, taking into consideration
the success and complication rates associated with each
procedure.

better clinical control than patients with smaller ablated
volumes and that the results were even better when the
ablation volume was greater than 70%. After 5 years
of follow-up, these authors concluded that the ablation
volume should ideally be between 50% and 70%. In
the present case, resolution of thrombocytopenia in the
short and medium terms was essential for the systemic
treatment indicated for the patient. After ablation,
the platelet count reached 225000 mm³ in 3 wk and
remained between 80000 and 120000/mm³ at the
24-mo follow-up (Figure 4).
The procedure lasted 4 h, and only one single
radiofrequency probe was used. Therefore, to achieve
adequate ablation volumes with single electrodes,
[40,41]
multiple overlapping sessions are required
;
in clinical practice, repositioning electrodes is time
consuming and even technically challenging. Several
types of electrodes and even different techniques
have been developed to overcome this limitation
and achieve greater ablation zones, including
[42,43]
clustered and multipolar electrodes
, monopolar
radiofrequency ablation with a multiple-electrode
[44,45]
switching system
and even the use of microwave
[39,46]
ablation
. Some studies have demonstrated that all
of these techniques are promising and safe, sometimes
allowing more energy delivery, with the advantage of
being more efficient in creating a larger and confluent
coagulation zone within a clinically acceptable and
lower time frame than with conventional consecutive
radiofrequency ablation, but with an increased cost.
The patient developed mild hematuria associated
with acute renal failure after the procedure, which was
characterized by moderate elevation of blood urea
and creatinine and change in urine color. A literature
search revealed that RFA can induce hemolysis in
[47]
the experimental setting , which might be due to
thermal injury of erythrocytes, leading to release of
[48]
hemoglobin into the circulating blood , once blood
[49]
hemolysis occurs when warmed up to 50 ℃ . In
addition, the procedure had an overall duration of 4 h,
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COMMENTS
COMMENTS
Case characteristics

This is a 60-year-old male patient with a diagnosis of hepatosplenic
schistosomiasis and persistent thrombocytopenia, who presented with a
moderately differentiated thymoma.

6

Clinical diagnosis

Dullness to percussion and pain on palpation of the left hypochondrium,
associated with an increased spleen.

7

Differential diagnosis

Hypersplenism, abdominal tumor in the left hypochondrium.

Laboratory diagnosis

8

WBC 1.81 k/uL; HGB 14.2 gm/dL; Platelets: between 37000 and 44000/mm³;
metabolic panel and liver function test were within normal limits.

Imaging diagnosis

9

Thoracic CT scan showed an anterior mediastinal mass measuring
approximately 9.2 cm × 7.3 cm. Abdominal imaging showed signs of chronic
liver disease associated with portal hypertension and an estimated spleen
volume of 1296.2 cc.

Pathological diagnosis

Biopsy revealed a moderately differentiated thymoma (type B3). Hypersplenism
had no pathological diagnosis.

10

Treatment

The patient was treated for hypersplenism with radiofrequency ablation (initial
volume of 1296.2 cc, leaving only 359.5 cc) to revert thrombocytopenia.

Related reports

11

Chemotherapy was proposed to treat the patient´s thymoma; however, it was
necessary to revert thrombocytopenia to initiate the treatment, as cytotoxic
chemotherapeutic regimens often induce bone marrow suppression, and
serious and potentially lethal side effects may occur due to severe leucopenia
and thrombocytopenia.

12

Term explanation

Thermal ablation showed great progress with new technological advances,
and radiofrequency ablation (RFA) is the most used among our group and has
attracted much attention because it is minimally invasive and well accepted.
RFA is based on the principle of coagulative necrosis of tumors at temperatures
above 50  ℃, generating a tissue dehydration and protein denaturation.

13

Experiences and lessons

14

This case report presents radiofrequency ablation as an alternative treatment
for hypersplenism, proving to be not only a safe procedure, but also effective in
controlling thrombocytopenia, which makes it a viable option especially when
surgery or an endovascular intervention are contraindicated.

15

Peer-review

The authors have described one case of thrombocytopenia secondary
to hypersplenism that needed to be reverted to initiate chemotherapy for
the patient. The article highlights RFA as an alternative option for treating
hypersplenism and provides some technical aspects and clinical outcome after
spleen radiofrequency ablation.

16

17
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CASE REPORT

Gastric subepithelial lesion complicated with abscess: Case
report and literature review
Sung Bum Kim, Myung Jin Oh, Si Hyung Lee
(SELs) of the stomach are incidentally detected during
the course of upper endoscopy without specific clinical
symptoms and signs. However, some gastric SELs
present rarely as a form of hemorrhage, obstruction,
perforation, and abscess. Here we report a 45-year-old
man with gastric SEL presenting as a gastric abscess,
which was diagnosed as an ectopic pancreas of the
stomach, along with a review of the literature. Although
gastric SEL presenting as an abscess is known as a
serious and life-threatening lesion, the patient made a
complete recovery through surgical resection as well as
medical treatment.
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Core tip: Suppurative gastritis is a rare disorder
characterized by a purulent, exudative inflammatory
process involving the submucosa that may extend to
involve the entire gastric wall and may be divided into
two categories: phlegmonous, or diffuse type; and
localized, gastric abscess type. Predisposing conditions
of phlegmonous gastritis or gastric abscess include
alcoholism, diabetes mellitus, decreased gastric acidity,
and immunosuppression, such as HIV infection. High
mortality rate of suppurative gastritis, between 37%
and 84%, has been reported. Medical treatment, such
as endoscopic drainage and antibiotics, and surgical
resection of the mass should be considered.

Abstract
Kim SB, Oh MJ, Lee SH. Gastric subepithelial lesion
complicated with abscess: Case report and literature review.
World J Gastroenterol 2015; 21(20): 6398-6403 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i20/6398.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i20.6398

Gastric abscess is a localized pyogenic inflammation
of the gastric wall, which is a rare form of suppurative
gastritis. The rarity of gastric abscess may be asso
ciated with the difficulty of early diagnosis and high
mortality as a result. In general, subepithelial lesions
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INTRODUCTION

A

Gastric abscess is a localized pyogenic inflammation
of the gastric wall, which is a rare form of suppurative
gastritis, and is known to be life-threatening. The rarity
of gastric abscess may be associated with sufficient
blood supply to the stomach and the bactericidal effect
[1]
of gastric acid . In addition, the infrequency of gastric
abscess makes early diagnosis difficult. As a result,
gastric abscess has high mortality.
Subepithelial lesions (SELs) of the stomach are
incidentally detected during performance of routine
upper endoscopy. Although a previous study reported
that gastric SEL was found in about 0.36% of cases
by upper gastrointestinal endoscopy, the prevalence
of SELs of the stomach is increasing as a result of the
[2]
high frequency of endoscopy for health examination .
Most gastric SELs are regarded as benign lesions,
however, an estimated 13% are likely to be
[3]
malignant . Most SELs of the stomach are observed
without specific clinical symptoms and signs. However,
a few gastric SELs may rarely present as gastric
[4-9]
abscess accompanied by fever and chill .
Here, we report a 45-year-old man with gastric
SEL presenting as an acute gastric abscess, which
was completely cured through surgical resection after
medical treatment. We also provide a short review
of the literature on the rare condition of gastric SEL
presenting as a gastric abscess.

B

Figure 1 Endoscopic views. A: A mass with multiple ulcers measuring about
5 cm was noted on the anterior wall of the antrum of the stomach; B: Pus-like
discharge spewed out from the fistula of the mass.

CASE REPORT
A 45-year-old man visited a local private clinic
because of intermittent febrile or chilling sensation,
indigestion, and vague abdominal pain for 5 d.
Upper endoscopy, abdominal ultrasonography, and
contrast-enhanced computed tomography (CT) were
performed to investigate the cause of fever and
abdominal pain. On endoscopic examination, a large
mass measuring about 5 cm, with superficial ulcers
and a fistula of the gastric lumen was noted at the
anterior wall of the distal antrum of the stomach. A
small amount of milky discharge was observed to
flow from the fistula. The endoscopist at the local
clinic strongly pushed on the wall of the mass using a
biopsy forceps, and more pus-like yellowish discharge
spewed out from the opening of the fistula (Figure
1). An inhomogeneous, hypoechoic mass with vague
contours was also observed at the anterior wall of
the stomach through ultrasonographic examination.
In addition, on abdominal CT, a heterogeneously
enhanced mass measuring approximately 5 cm × 4
cm with concentric elevation and an overhanging edge
was detected on the anterior wall of gastric antrum
(Figure 2). Therefore, the patient was referred to
the Gastroenterology Center of Yeungnam University
Hospital for further evaluation and treatment of a
bizarre-shaped mass of the stomach.
The patient, who did not have a significant past
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Figure 2 Contrast-enhanced abdominal computed tomography scan
showed a heterogeneously enhanced mass measuring 5 cm × 4 cm with
concentric elevation on the anterior wall of the stomach.

medical history, presented with a 5-d history of lowgrade fever and intermittent abdominal pain. The
abdominal pain worsened after eating meals and was
accompanied by indigestion. Past medical history
was only remarkable in that he had received dental
implantation due to traumatic dental injury during
the previous few days, and he already knew that
SEL of the stomach through upper endoscopy had
been detected 2 years ago. Because there were
no specific clinical symptoms of the gastric SEL,
no further evaluation or treatment was performed.
The patient was not taking any specific medication,
including proton-pump inhibitors and nonsteroidal
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with mixed echogenicity (partial hypoechogenicity as
well as iso- and hyperechogenicity) and an irregular
margin, was observed at the antrum of the stomach.
In addition, the mass originated from the third layer
or submucosal layer of the stomach with air shadows
and fluid densities within the mass (Figure 3).
According to endosonography of the mass, the lesion
was comparable to ectopic pancreas. Considering the
irregular contours and mixture of air shadows and fluid
densities, internal inflammatory change, such as an
abscess or necrosis, might have been combined with
ectopic pancreas.
Our initial impression for symptoms and signs
of the patient could be summarized as a systemic
inflammatory response syndrome due to gastric
abscess overlapping with an SEL or urinary tract
infection. First, the patient was empirically started
on intravenous antibiotics, including third-generation
cephalosporin and metronidazole for severe infection.
However, body temperature fluctuated to as high
as 38.6  ℃ for 3 d. Due to high mortality of gastric
abscess, surgical resection for the gastric SEL
combined with abscess was considered in the case of
no alleviation of fever. Fortunately, on admission day 4,
the fever gradually subsided and his general condition
also showed improvement. No growth was observed
on the initial blood and sputum culture. Only Klebsiella
pneumoniae with extended-spectrum β lactamase
negativity was cultured in the initial urine culture test.
Empirical intravenous antibiotics were administered
continuously for 7 d. After replacement of intravenous
with oral antibiotics, the patient showed good
tolerance, and was in good condition at discharge.
Oral antibiotics were administered over 1 wk in the
outpatient clinic. The white cell count and liver function
tests returned to normal after endoscopic drainage
of the abscess through the fistula and intravenous
administration of antibiotics. ESR and CRP level
declined, but remained over the upper normal limit in
spite of antibiotic therapy.
Three weeks after discharge, the patient was
admitted again, and underwent laparoscopic wedge
resection for the gastric SEL at the Department of
Surgery because of concern over relapse of the gastric
abscess and lack of complete remission of ESR and
CRP level. The size of the specimen removed from
the stomach by wedge resection was 5.6 cm × 3.5
cm × 2.4 cm. On opening, a submucosal tumor
measuring 2.3 cm × 1.2 cm around necrotic tissue
was identified. On microscopic view, multifocal benign
acini around ductal structures were observed (Figure
4). In addition, hypertrophied muscularis mucosa,
Brunner’s gland hyperplasia, and gastritis cystica
profunda were noted throughout certain parts of the
resected specimen. The final pathological result of
the gastric SEL was confirmed as an ectopic pancreas
of Heinrich type Ⅲ observed only in the acinus and
duct. The mass in the stomach was finally diagnosed
as an ectopic pancreas accompanied by a gastric

Figure 3 Endosonographic views. A lobulated mass measuring about 5 cm
with mixed echogenicity and an irregular margin was observed at the gastric
antrum.

anti-inflammatory drugs. Regarding family history, his
father died of lung cancer. He was an ex-smoker with
15 pack-years, and was not an alcohol drinker.
Relative appearance of well-being and alertness
of mental status were noted. Physical examination of
the abdomen revealed a soft and non-tender point
with no palpable mass and normoactive bowel sounds.
Initial vital signs included blood pressure 110/60
mmHg, heart rate 89 beats/min, respiration rate 20
breaths/min, and body temperature 38.1  ℃. The initial
laboratory evaluation showed white blood cell count of
11580 cells/μL (neutrophils: 74.5%), hemoglobin 15.4
5
g/dL, platelet count 1.70 × 10 cells/μL, total bilirubin
3.36 mg/dL, total protein 6.31 g/dL, albumin 3.47
g/dL, aspartate aminotransferase 116 IU/L, alanine
aminotransferase 136 IU/L, alkaline phosphatase
618 IU/L, γ-glutamyl transpeptidase 289 IU/L, lactate
dehydrogenase 457 IU/L, prothrombin time 10.2 s
(international normalized ratio: 0.94), amylase 58
U/L, lipase 18U/L, blood urea nitrogen 10.09 mg/dL,
+
+
creatinine 1.1 mg/dL, Na 135 mEq/L, K 3.6 mEq/L,
Cl 100 mEq/L, erythrocyte sedimentation rate (ESR)
42 mm/H, and C-reactive protein (CRP) 18.866 mg/
dL. Viral markers for chronic hepatitis B and C were
unremarkable. Anti-HIV antibody test was negative. Of
tumor markers, only carbohydrate antigen (CA) 19-9
level was elevated to 145.42 U/mL (reference range:
0-37 U/mL). On urine analysis, pyuria (WBC: > 10/
HPF) was detected.
Plain chest and abdominal X-rays were nonspecific. On follow-up abdominal contrast-enhanced
CT, shrinkage of the heterogeneously enhanced mass
of the stomach with central necrosis and air-fluid level
was observed. Upper endoscopy and endosonography
for the unusual mass were performed. On followup endoscopy, a bulging mucosa measuring about 5
cm, with multiple external ulcers and erosions, was
still noted on the anterior wall of the gastric antrum,
however, no pus-like discharge or fistula was observed.
On endoscopic ultrasonography (EUS), a heter
ogeneous, loculated mass measuring about 5 cm,
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welchi, Pseudomonas aeruginosa, Proteus mirabilis,
Staphylococcus and Bacillus subtilis, as well as various
[7,9,10-14]
fungi, have been implicated
. In this case, the
gastric abscess was located at the antrum. The culture
from the mass or pus could not be obtained directly,
and no growth was observed on the blood culture test.
Pathogenic mechanisms of gastric abscess include
either direct invasion by microorganisms secondary
to gastric mucosal trauma/injury or hematogenous
[7,14]
spreading by metastasis of distant infection
. In our
case, the patient had undergone dental implantation
several days before. Through more detailed history
taking to investigate the cause of gastric abscess, it
was revealed that abdominal pain and febrile sensation
occurred after eating fried chicken. Poor oral hygiene
associated with the dental implantation process and
gastric mucosal injury by chicken bone intake related
to abnormal masticatory movement might lead to
formation of an inflammatory mass in the stomach.
In addition, urinary tract infection by K. pneumoniae
might be associated with a hematogenous origin of the
gastric abscess. Thus, in our case, involvement of both
the pathogenic mechanisms of gastric abscess might
be a possibility.
Predisposing conditions of phlegmonous gastritis or
gastric abscess include alcoholism, diabetes mellitus,
decreased gastric acidity, and immunosuppression,
[15,16]
such as HIV infection
. In our case, there were
no predisposing conditions of gastric abscess. The
patient had no significant past medical history,
including diabetes mellitus. He did not drink alcohol,
and took no medication such as proton pump
inhibitors and antacids. Anti-HIV antibody test was
also negative. In addition, according to a review of
English-language case reports, it was confirmed that
all patients with gastric SELs presenting as gastric
abscesses had no predisposing conditions (Table 1).
Most patients developed gastric abscesses subacutely
over an average of 6-8 wk. However, rarely, as in
our case, formation of a gastric abscess took only
[8]
5 d. As shown in Table 1, Nozawa et al reported
that abscess formation in a gastrointestinal stromal
tumor following endoscopic biopsy occurred within 1
wk. Thus, in spite of no predisposing conditions and
acute manifestations, if the patient with gastric SEL
complains of vague epigastric pain concomitant with
fever, attention should be paid to development of
gastric abscess accompanied with SEL.
A high mortality rate of suppurative gastritis,
[11,13,17]
between 37% and 84%, has been reported
.
[11]
Miller et al
reported a mortality rate of 100%
in patients treated medically, compared with 18%
mortality in patients treated with gastric resection
and antibiotics. Thus, in all of the case reports,
including our present case, surgical resection and
medical treatment, such as endoscopic drainage and
intravenous antibiotics, were performed on all patients
with gastric SEL combined with gastric abscess (Table
1). In our case, although clinical signs and symptoms

A

B

Figure 4 Macroscopic finding of the resected specimen (A) and
microscopic view showed benign ductal structures lined by cuboidal
epithelium and acini as an ectopic pancreas of Heinrich type Ⅲ .
Aggregation of leukocytes around the pancreatic tissue was noted (B)
(hematoxylin and eosin, 100 ×).

abscess. After surgical resection, the patient recovered
without specific complications in 10 d. In addition, on
postoperative follow-up laboratory tests, ESR was 3
mm/h, CRP 0.053 mg/dL, and CA 19-9 6.03 U/mL,
which were normalized.

DISCUSSION
Suppurative gastritis is a rare disorder characterized by
a purulent, exudative inflammatory process involving
the submucosa that may extend to involve the entire
gastric wall. The bactericidal effect of gastric acid is
[1]
partially responsible for the rarity of this condition .
In general, suppurative gastritis may be divided into
two categories based on the extension of pathology:
the phlegmonous, or diffuse type; and the localized,
gastric abscess type. The localized form of suppurative
gastritis or gastric abscess occurs less frequently.
The pylorus and antrum are the most frequently
involved areas for gastric abscess, however, abscess
may develop anywhere in the stomach. Although
the pathogen of gastric abscess is unknown, it most
commonly involves infection with oral microflora.
Although streptococci are the most common
pathogens isolated in culture from gastric abscess,
accounting for about 70% of cases, a variety of aerobic
and anaerobic bacteria, including Escherichia coli,
Proteus vulgaris, Clostridium perfringens, Clostridium
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Table 1 Summary of the cases of patients with a gastric subepithelial lesion combined with a gastric abscess
Ref.

Age/ Predisposing
sex
conditions

Kaneda et al[5]

29/
female
78/
female

None

50/
female
74/
male

None

Osada et al[9]

74/
male

None

Present case

45/
male

None

Honda et al[6]

Seidel et al[7]
Nozawa et al[8]

None

None

Onset

ESR or
CRP

Site/Layer

Subacute Elevated Antrum (GC)/
(8 wk)
SM
Subacute Elevated
Antrum
(8 wk)
(LC)/MP

Subacute Unknown Angle (LC)/
(6 wk)
MP
Acute Unknown
Fundus to
(7 d)
body (AW)/
NA
Subacute Elevated
Fundus/
(8 wk)
NA
Acute
(5 d)

Elevated

Antrum
(AW)/SM

Pathogens of
gastric abscess

Size of mass
(Max.)

Treatment

Pathological
diagnosis

Unknown

3 cm

Partial gastrectomy

Ectopic pancreas

Alpha
Streptococci,
Gram (-)
anaerobes
Unknown

9 cm

Partial gastrectomy

GIST (GI
autonomic nerve
tumor)

Clostridium
perfringens

13 cm

Streptococcus
intermedius

12 cm

Unknown

6 cm

Endoscopic drainage and Leiomyosarcoma
wedge resection of the mass
Proximal partial gastrectomy
GIST

5.6 cm

Endoscopic drainage,
antibiotics and proximal
partial gastrectomy
Endoscopic drainage,
antibiotics and wedge
resection of the mass

GIST

Ectopic pancreas

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; GI: Gastrointestinal; GIST: Gastrointestinal stromal tumor; NA: Not available.

were improved through medical therapy, ESR and CRP
as serological markers indicated that inflammatory
processes were not normalized. For complete
remission of gastric inflammation accompanied with
SEL, gastric wedge resection was performed, and ESR
and CRP level showed a normal range after resection.
Most patients with an ectopic pancreas have no
clinical symptoms, and, if present, the symptoms are
non-specific. However, specific clinical symptoms of
heterotopic pancreas are presented by either mass
[5]
effect or underlying pathology . Clinical symptoms
revealed due to mass effect depend on the site of
an ectopic pancreas: intussusception (small bowel),
obstructive jaundice (biliary tract), and pyloric
obstruction (prepyloric region). Clinical manifestations
according to underlying pathology are related to
almost all of the changes arising from the pancreas
itself. Underlying pathology includes exocrine parts
such as pancreatic cancer, cystic formation, acute
pancreatitis, and abscess formation, as well as
endocrine parts such as insulinoma, gastrinoma, and
growth hormone-producing tumor. In the current case,
among many tumor markers, CA 19-9 was exclusively
elevated to approximately four times the upper limit of
normal. CA 19-9 is used as a screening test for cancer,
particularly pancreatic cancer. In general, elevated
CA 19-9 can occur in many types of gastrointestinal
cancer, including colorectal cancer, esophageal
cancer, and hepatocellular carcinoma. Apart from
cancer, elevated level of CA 19-9 may also occur in
pancreatitis, cirrhosis, and many diseases of the bile
[18,19]
ducts, including obstruction of the bile ducts
. In
other words, CA 19-9 can be elevated in the case of
occurrence of inflammation of the pancreatobiliary
tract. Although the initial levels of amylase and
lipase were within the normal range, elevation of CA
19-9 in our case may be associated with pancreatic
inflammation such as pancreatitis of the ectopic
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pancreas arising from gastric abscess or pancreatic
tissue itself, and not pancreatic cancer. This hypothesis
is supported by the fact that CA 19-9 was normalized
at 6.03 U/mL after wedge resection of the gastric SEL,
and leukocytes were mildly aggregated around the
pancreatic tissue on microscopic examination of the
resected specimen.
In conclusion, despite its rarity, SEL of the stomach
can present with gastric abscess. Therefore, attention
should be paid to patients with gastric SEL who
develop vague abdominal pain, fever, and elevation
of ESR or CRP. Further and thorough evaluation,
including abdominal CT and EUS should be performed
carefully due to the potential risk of infection.
Medical treatment, such as endoscopic drainage and
antibiotics, and surgical resection of the mass should
be considered.

COMMENTS
COMMENTS
Case characteristics

A 45-year-old man presented with intermittent febrile or chilling sensation,
indigestion, and vague abdominal pain for 5 d.

Clinical findings

Physical examination on the abdomen revealed unremarkable findings and
initial body temperature was 38.1  ℃.

Differential diagnosis

Systemic inflammatory response syndrome secondary to gastric abscess
overlapping with a subepithelial lesion (SEL) or other causes of infection, such
as urinary tract infection.

Laboratory findings

Initial laboratory findings were elevated for neutrophil count (11580 cells/μL),
erythrocyte sedimentation rate (42 mm/h), C-reactive protein (18.866 mg/dL),
aspartate aminotransferase (116 IU/L), alanine aminotransferase (136 IU/L),
and on urinalysis, pyuria (WBC: > 10/HPF) was detected.

Imaging diagnosis

Endoscopic ultrasonography showed a heterogeneous, loculated mass
measuring about 5 cm, with mixed echogenicity and an irregular margin at
the antrum of the stomach. Abdominal computed tomography showed a
heterogeneously enhanced mass measuring about 5 cm × 4 cm with concentric
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elevation and an overhanging edge on the anterior wall of the gastric antrum.

Pathological diagnosis

Histological examination showed multifocal benign acini around ductal
structures and the final pathological diagnosis of the gastric SEL was confirmed
as ectopic pancreas of Heinrich type Ⅲ, observed only in the acinus and duct.

Treatment

7

Related reports

8

The patient received intravenous antibiotics and underwent laparoscopic wedge
resection for the gastric SEL.
Only five cases of gastric SEL complicated with abscess have been reported in
the literature.

Term explanation

9

Experiences and lessons

10

Suppurative gastritis is a rare disorder characterized by a purulent, exudative
inflammatory process involving the submucosa that may extend to involve the
entire gastric wall and may be divided into two categories: phlegmonous, or
diffuse type; and localized, gastric abscess type.
This case report presents the clinical characteristics and treatment of gastric
SEL complicated with abscess. We recommend that medical and surgical
treatment should be considered according to response.
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Peer-review
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This is a well written case report concerning a diagnosis and possibility of
surgical resection of gastric subepithelial lesion of the stomach presenting as
an acute gastric abscess by a 45-year-old male patient.
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Abstract
Gastrointestinal stromal tumors (GISTs) are mesen
chymal tumors of the gastrointestinal tract that are
most commonly found in the stomach. Although GISTs
can spread to the liver and peritoneum, metastasis to
the skeletal muscle is very rare and only four cases
have previously been reported. These cases involved
concurrent skeletal metastases of primary GISTs or
liver metastases. Here, we report the first case of
a distant recurrence in the brachialis muscle after
complete remission of an extra-luminal gastric GIST
following a wedge resection of the stomach, omental
excision, and adjuvant imatinib therapy for one year.
Ten months after therapy completion, the patient
presented with swelling and tenderness in the left arm.
Magnetic resonance imaging revealed a large mass in
the brachialis muscle, which showed positivity for c-kit
and CD34 upon pathologic examination. This is the
first reported case of a solitary distant recurrence of a
GIST in the muscle after complete remission had been
achieved.
Key words: Brachialis muscle; Distant recurrence;
Gastrointestinal stromal tumor; Skeletal metastasis;
Tyrosine kinase inhibitor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This report presents the first case of the
solitary distant recurrence of a gastrointestinal stromal
tumor in skeletal muscle after complete remission had
been achieved. This case, along with previous reports,
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indicates that an extended period of tyrosine-kinase
inhibitor therapy may reduce metastasis and recurrence
in patients with gastrointestinal stromal tumors.

A
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most
common malignant mesenchymal tumors of the
gastrointestinal (GI) tract, accounting for 1% to 3%
of all malignant GI tumors. These tumors can develop
from very early forms of interstitial cells of Cajal in
[1]
the wall of the GI tract . Although GISTs can develop
anywhere along the GI tract, 60%-70% are wellcircumscribed lesions within the wall of the stomach,
[2-4]
and 20%-30% arise in the small intestine
.
Approximately 5% of all GIST cases arise from outside
the GI tract, and occur in the mesentery, omentum,
[5]
and retroperitoneum .
The most common metastatic sites for GISTs are
the liver and peritoneum, and are less frequently found
[6]
in bone or lung, and rarely in skeletal muscle . Only
four cases of GIST metastasis to the skeletal muscle
[7-10]
have been reported in the English literature
. Here
we present a rare case of primary GIST with a distant
recurrence in the skeletal muscle following complete
remission.

Figure 1 Magnetic resonance imaging of the left arm. A: Axial T2-weighted
image showing a huge, ill-defined, high-signal-intensity mass (solid arrow);
B: Coronal T2-weighted image showing a high-signal-intensity mass (dotted
arrow).

of the distal part of the left arm were normal, and
an X-ray did not indicate any bony abnormalities.
The symptoms persisted for an additional three
months, with increasing tenderness of the arm.
Upon readmission, laboratory findings for aspartate
aminotransferase (23 IU/L), alanine aminotransferase
(19 IU/L), and creatine phosphokinase (137 IU/L)
were within normal ranges, whereas the hemoglobin
level (10.6 g/dL) was below normal and the lactate
dehydrogenase (492 IU/L) was high. Although another
X-ray failed to show an abnormality, a huge mass
in the brachialis muscle was revealed by magnetic
resonance imaging (Figure 1). Positron-emission
tomography showed an area of increased metabolic
activity in the left arm with irregular uptake (Figure 2).
Further imaging did not reveal other abnormalities at
other sites indicative of metastases.
An incisional biopsy of the left brachialis muscle
was performed, revealing spindle-shaped cells positive
for c-kit and CD34 (Figure 3). She was diagnosed
with muscle recurrence of GIST and was again treated
with imatinib (400 mg daily). Surgical resection of the
solitary metastatic muscle mass was not performed
due to her poor condition and high-risk GIST. Magnetic
resonance imaging after three months of imatinib
therapy showed that the mass was slightly decreased
in size. However, she discontinued imatinib two
months later because of severe nausea and vomiting.
Three months after discontinuing imatinib therapy, her

CASE REPORT
An 80-year-old woman with Parkinson’s disease and
hypertension was admitted for pain and swelling of
the left arm. She had undergone omental excision
with a wedge resection of a large (23 cm × 18 cm ×
5 cm) pedunculated extra-luminal gastric GIST that
was attached to the stomach three years previously.
Sectioning revealed that the specimen had solid,
myxoid features with necrosis and hemorrhage.
Pathology showed CD117 (c-kit) positivity in the
excised portion of the stomach and the omental mass.
There were < 5 mitoses per 50 high-power fields
(HPFs). She was subsequently diagnosed with a highrisk gastric GIST with omental invasion. She received
adjuvant imatinib therapy for one year and complete
remission was confirmed. She was observed regularly
thereafter as an outpatient.
Ten months after the termination of imatinib
therapy, she was admitted to our center after
developing pain and swelling of the left arm. On
physical examination, the sensory and motor functions
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Figure 2 Positron emission tomography-computed tomography. The scan
shows an area of increased metabolic activity with irregular uptake (arrow) in
the left brachialis muscle.

general condition deteriorated, and she was discharged
to another healthcare facility for conservative
management.

DISCUSSION
GISTs rarely metastasize to the soft tissue, bone,
[11]
or skeletal muscle , which is particularly resistant
to metastatic cancer. Mechanical injury is one of
the mechanisms responsible for this resistance.
For example, deformation of the cancer cells by
microvessels near the muscle ultimately destroys
the cells once a critical level of negative pressure is
[12,13]
reached
. Additionally, muscle contraction kills
cells trapped within the muscle capillaries, whereas
cancer cell survival is greatest in denervated relaxed
[14]
muscle . Most cancer cells die after hematogenous
spread to muscle because of the unfavorable metabolic
[13]
and mechanical environment in normal muscles .
However, injured muscle tissue may provide a more
favorable mechanical or metabolic environment for
[7,13]
metastatic cancer cell survival
.
Rare metastasis to skeletal muscle was reported
[7]
by Pasku et al in a case involving bilateral gluteal
muscles and lung metastasis of intrapelvic GISTs. The
patient was successfully treated with tumorectomy
[8]
and imatinib for one year. Bashir et al reported a
case with upper back muscle, adrenal gland, and
cardiac metastases of small intestine GISTs; the
patient underwent surgical resection and received
imatinib treatment. The effect of treatment was not
[9]
reported. Suzuki et al reported metastasis of small
intestine GISTs to the left buttock muscle in a patient
who was treated only with chemotherapy because of a
misdiagnosed leiomyosarcoma. Small intestine GISTs
were later detected and the patient received surgical
resection and imatinib treatment, though he died from
GI bleeding six months after the initial diagnosis. The
fourth case of skeletal metastasis was reported by
[10]
Cichowitz et al , which described a patient with liver
metastasis after resection of small intestine GISTs.
Following an extended right hepatectomy, an adductor
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Figure 3 Histopathologic findings and immunohistochemical staining
of the left brachialis muscle mass. A: Hematoxylin and eosin staining
shows whorls of uniform spindle-shaped cells with elongated blunt nuclei
and eosinophilic cytoplasm; B: Immunohistochemical staining for c-kit; C:
Immunohistochemical staining for CD34 (magnification × 200).

longus muscle metastasis of the small intestine GISTs
was detected. Unlike these previous reports, the
patient in the present case did not develop concurrent
skeletal metastasis. This is the first known report of a
distant recurrence in skeletal muscle after achieving
complete remission with adjuvant imatinib therapy.
Interestingly, three of the five known cases of
muscle metastasis were derived from GISTs of the
small intestine. Although most GISTs occur in the
stomach, overtly malignant behavior is less commonly
[15]
seen in gastric tumors . In contrast, tumors of smallbowel origin tend to have more aggressive behavior,
and thus a worse prognosis, than of tumors originating
[15,16]
in other gastrointestinal sites
. According to the
criteria of the National Institutes of Health, tumor size
and the number of mitoses per HPF are predictive of
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immunohistochemical staining showed positivity for c-kit and CD34.

GIST recurrence
. Moreover, > 5 mitoses/50 HPF
and a tumor size > 10 cm are associated with an
[3]
increased risk of recurrence . The patient described in
this report therefore had a very aggressive GIST with
a high probability of recurrence, with a mitotic count <
5/50 HPF but a tumor size > 10 cm.
Almost all of the cases of skeletal metastasis of
GISTs were treated with imatinib, which is a tyrosine
kinase inhibitor (TKI). Prior to the discovery of the c-kit
tyrosine kinase receptor in GISTs and the antitumor
effects of imatinib, surgical removal was the only
viable treatment option, as conventional chemotherapy
[17]
and radiation were largely ineffective . When used
as adjuvants following complete surgical resection,
molecular-targeted therapies, such as imatinib, can
[4,17]
reduce the frequency of recurrence
. Furthermore,
[18]
Joensuu et al
showed that prolonged treatment
(three years vs one year) with imatinib results in
longer recurrence-free and overall survival in GIST
patients. Indeed, the median duration of survival of
patients with advanced GIST increases with the use of
[19]
TKIs . Thus, it is important to continue imatinib for at
least three years to prevent metastasis or recurrence
of GISTs in high-risk patients. Unfortunately, the
imatinib therapy for the patient in the present case was
limited to one year by her medical insurance. However,
medical insurance in South Korea has recently been
changed to allow for three years of imatinib treatment
for patients with a GIST.
In conclusion, this report presents a rare case
of GIST metastasis to skeletal muscle, and the first
known case of solitary distant recurrence of GIST in
the brachialis muscle after complete remission. Similar
diagnoses should be considered in patients presenting
with suggestive symptoms and signs, even if the site
of metastasis is unusual. Moreover, maintenance of
TKI therapy for a minimum of three years should be
recommended for patients with GISTs.

Treatment

The patient had a wedge resection of the gastric GIST with adjuvant imatinib
therapy; after the distant recurrence of left brachialis muscle, she was again
treated with imatinib (400 mg daily).

Related reports

Only four cases of GIST with metastasis to the skeletal muscle have been
reported in the literature, however, this is the first report of a distant muscle
recurrence.

Term explanation

GISTs are mesenchymal tumors of the gastrointestinal tract that are most
commonly found in the stomach.

Experiences and lessons

This is the first reported case of a solitary distant recurrence of GIST in the
brachialis muscle after complete remission and we recommend that similar
diagnoses should be considered in patients presenting with suggestive
symptoms and signs, even if the site of metastasis is unusual.

Peer-review

This article highlights the distant recurrence of a GIST in the muscle after
complete remission with adjuvant imatinib, and highlights the importance of
prolonged TKI therapy (≥ 3 years) to prevent recurrence and metastasis.
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Abstract
Mesenchymal hamartomas of the liver (MHLs) in
adults are rare and potentially premalignant lesions,
which present as solid/cystic neoplasms. We report
a rare case of orthotopic liver transplantation in a
patient with a giant MHL. In 2013, a 34-year-old
female sought medical advice after a 2-year history
of progressive abdominal distention and respiratory
distress. Physical examination revealed an extensive
mass in the abdomen. Computed tomography (CT)
of her abdomen revealed multiple liver cysts, with the
diameter of largest cyst being 16 cm × 14 cm. The
liver hilar structures were not clearly displayed. The
adjacent organs were compressed and displaced. Initial
laboratory tests, including biochemical investigations and
coagulation profile, were unremarkable. Tumor markers,
including levels of AFP, CEA and CA19-9, were within
the normal ranges. The patient underwent orthotopic
liver transplantation in November 2013, the liver being
procured from a 40-year-old man after cardiac death
following traumatic brain injury. Warm ischemic time was
7.5 min and cold ischemic time was 3 h. The recipient
underwent classical orthotopic liver transplantation. The
recipient operative procedure took 8.5 h, the anhepatic
phase lasting for 1 h without the use of venovenous
bypass. The immunosuppressive regimen included

6409

May 28, 2015|Volume 21|Issue 20|

Li J et al . Liver transplantation for giant mesenchymal hamartoma

intraoperative induction with basiliximab and high-dose
methylprednisolone, and postoperative maintenance with
tacrolimus, mycophenolate mofetil, and prednisone. The
recipient’s diseased liver weighed 21 kg (dry weight) and
measured 41 cm × 32 cm × 31 cm. Histopathological
examination confirmed the diagnosis of an MHL. The
patient did not experience any acute rejection episode
or other complication. All the laboratory tests returned
to normal within one month after surgery. Three months
after transplantation, the immunosuppressive therapy
was reduced to tacrolimus monotherapy, and the
T-tube was removed after cholangiography showed no
abnormalities. Twelve months after transplantation, the
patient remains well and is fulfilling all normal activities.
Adult giant MHL is extremely rare. Symptoms, physical
signs, laboratory results, and radiographic imaging are
nonspecific and inconclusive. Surgical excision of the
lesion is imperative to make a definite diagnosis and as
a cure. Liver transplantation should be considered as an
option in the treatment of a non-resectable MHL.

radiographic imaging is variable and inconclusive.
Needle biopsy is rarely diagnostic and surgical excision
of symptomatic or enlarging lesions is recommended
to exclude the possibility of malignancy and to
[5]
establish a diagnosis .

CASE REPORT
A 34-year-old, previously healthy, woman presented in
2011 with abdominal fullness and loss of appetite. She
took no medications, had no history of liver disease,
and denied alcohol and drug use, including the use
of anabolic steroids. She presented to our hospital
with increasing abdominal girth, abdominal pain, and
vomiting. Physical examination revealed a grossly
distended abdomen without evidence of ascites, a
firm and massively enlarged liver extending below
the umbilicus, and tenderness in the upper quadrant.
Contrast enhanced computed tomography (CT) of
the abdomen revealed near replacement of the liver
with diffuse cystic masses of low density (Figure 1).
Initial laboratory test results were unremarkable.
Hematological, biochemical investigations and the
coagulation profile were within normal limits. Tumor
markers, including levels of α-fetoprotein, and
carcinoembryonic antigen, carbohydrate antigen 19-9,
were within the normal ranges. Serology for hepatitis
B virus, hepatitis C virus and human immunodeficiency
virus was negative. The extensive hepatic involvement
precluded resection, and so she was evaluated and
placed on the waiting list for liver transplantation.
The patient underwent orthotopic liver transplantation
in November 2013. Our techniques of organ procurement
[6,7]
and preservation have been previously described . The
liver graft was procured from a 40-year-old male donor
after cardiac death. The liver graft was preserved in 4  ℃
UW solution. The warm ischemia time was 7.5 min and
cold ischemia time was 3 h.
The native diseased liver filled about 80% of the
abdominal cavity and displaced the normal vascular
anatomy. The excised diseased native liver weighed
20 kg (dry weight) and measured 41 cm × 32 cm
× 31 cm (Figure 2). The recipient operation was
conducted according to the classical orthotopic liver
[8]
transplantation procedure . The whole transplant
procedure took 8.5 h and the total blood volume loss
was 5500 ml. A blood reinfusion system replaced
3000 ml, and an additional 10 units of packed RBC
and 1000ml of plasma were infused. The anhepatic
phase lasted for 1 h without the use of venovenous
bypass. After release of the vascular clamps, Doppler
ultrasound demonstrated the liver graft to be well
perfused (Figure 3). The patient was extubated on the
second day after surgery.
The immunosuppressive regimen included intra
operative induction with basiliximab and high-dose
methylprednisolone, and postoperative maintenance
with tacrolimus, mycophenolate mofetil and prednisone.
No acute rejection episode was documented. The

Key words: Liver; Mesenchymal hamartoma; Adult;
Organ donor; After cardiac death; Transplantation
© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: Mesenchymal hamartoma of the liver is a rare
disease in adults. Only 45 patients with this condition
have been reported worldwide. This report presents a
rare case of adult giant mesenchymal hamartoma of the
liver that could not be treated by partial hepatectomy.
Orthotopic liver transplantation relieved compression of
other organs and avoided the risk of malignant change.
Liver transplantation should be considered as an option
in the treatment of non-resectable benign hepatic
tumors.
Li J, Cai JZ, Guo QJ, Li JJ, Sun XY, Hu ZD, Cooper DKC, Shen
ZY. Liver transplantation for a giant mesenchymal hamartoma
of the liver in an adult: Case report and review of the literature.
World J Gastroenterol 2015; 21(20): 6409-6416 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i20/6409.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i20.6409

INTRODUCTION
Mesenchymal hamartoma of the liver (MHL) was
[1]
first described by Edmondson in 1956 . It is a rare
mesenchymal tumor affecting almost exclusively
infants and children in the first two years of life, with
a slight male predilection. Its occurrence in children
older than five years is rare (about 5% of cases) and
[2-4]
is extremely rare in adults . MHL is a potentially
premalignant lesion that presents as a solid/cystic
neoplasm. The patient’s symptoms are typically
nonspecific, though abdominal pain is the most
common. Laboratory results are noncontributory and
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A

B

Figure 1 Contrast enhanced computed tomography of the abdomen revealed the near replacement of the liver with diffuse cystic masses of low density. A:
Enhanced computed tomography scan shows the near replacement of the liver with diffuse cystic masses, leaving only small amounts of liver parenchyma. The portal
vein and inferior vena cava are obviously compressed; B: The massively enlarged liver essentially occupies the entire abdominal cavity, with other abdominal organs
being compressed and displaced.

A

B

Figure 2 Intraoperative view of the tumor mass (A) and the excised liver (B).

portion and contained 20-50 ml of muddy yellowish
or bloody fluid. The liver mass contained dilated bile
ducts with connective tissue forming multiple cysts.
Histologically, corresponding to the cystic areas noted
grossly, myxoid stroma and spindle cells showed
smooth muscle differentiation, confirmed by positive
staining for vimentin and smooth muscle actin. Benign
dilated bile ducts were confirmed by positive staining
for cytokeratin 7. In peripheral areas, only small
amounts of liver tissue remained, with a lack of lobular
architecture. There was a clear boundary between the
liver parenchyma and proliferating connective tissue
(Figure 4). The diagnosis of MHL was based on the
typical morphological appearance, as described above.

Figure 3 View of the operative field after liver transplantation, demonstrating
the well-perfused liver graft.

patient was discharged home on postoperative day
20, at which time all laboratory tests were within
normal limits. Three months after the operation, the
immunosuppressive regimen was reduced to tacrolimus
monotherapy, and the T-tube was removed after
cholangiography showed no abnormalities. After 12 mo,
the patient remains well and is carrying out all normal
activities.
Pathologic examination of the excised diseased
native liver was carried out. It contained multiple
well-circumscribed masses, ranging in diameter
from 2-16 cm. All masses were cystic in the central
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DISCUSSION
[9]

MHL was first reported by Maresch in 1903 . Until
relatively recently, this disease was known by different
names, such as cavernous lymph adenomatoid tumor,
bile cell fibroadenoma and benign mesenchymoma.
The first definitive description of MHL was provided
[1]
by Edmondson . While the precise pathogenesis of
MHL is uncertain, the most common theory relates
to aberrant mesenchymal development in the portal
[10,11]
tract, likely related to the bile ducts
.
The clinical presentation of MHL appears to depend
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A

B

C

D

Figure 4 Clear boundary between liver parenchyma and proliferating connective tissue. A: The mass consisted of loose connective tissue full of myxoid matrix
forming visible cysts (upper arrow). Small amounts of remaining liver tissue, with a lack of lobular architecture, were located in peripheral areas (lower arrow) (HE,
original magnification × 100); Myxoid stroma with spindle cells showing smooth muscle differentiation were confirmed by positive staining for vimentin (B) and smooth
muscle actin (C) (original magnification × 100); Benign dilated bile ducts were confirmed by positive staining for cytokeratin 7 (D) (original magnification × 100).

on the age of the patient. Most pediatric patients
present with painless abdominal enlargement, normally
[5]
appreciated by their parents . However, in adult
patients (age range: 19-87 years; females 62%, mean
age 39 years; males 40%, mean age 60 years (Table
1), clinical features included hepatomegaly, and diffuse
abdominal pain or pain in the right hypochondrium or
[12-14]
left upper quadrant
. In severe cases, there may
be compression of the diaphragm and lungs causing
[4]
respiratory difficulties . In the present case, the
patient suffered from progressive abdominal distention
and respiratory distress caused by the expanding
multiple cystic masses distributed throughout the liver.
Concerning the localization and structure of the
tumor, pediatric and adult populations have different
characteristics. MHLs are more common in the left
liver lobe in children. In adults, 17 cases (38%) were
localized to the left lobe, 22 (49%) to the right lobe,
and in six (13%) extended into both lobes (Table 1).
All six cases of MHLs involving both lobes occurred
in females. Among 45 cases of MHLs, 30 (67%)
presented with cystic lesion, 12 (26%) with solid
lesions, and three (7%) with both types. Of 30 cases
of cystic MHLs, 21 (70%) were reported in females
and only nine (30%) in males (Table 1).
MHLs are difficult to diagnose by laboratory
tests or other investigations because of its nonspecificity. Liver function tests and AFP values for
[15]
MHLs are usually within normal limits . Additionally,
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all imaging methods, including ultrasonography, CT
and magnetic resonance imaging (MRI), provide
nonspecific findings. The differential diagnosis of a
cystic MHL includes simple liver cysts, hydatid cysts,
biliary cystadenocarcinoma, and cystic metastases.
If a lesion consists of a solid mass, the differential
diagnosis includes focal nodular hyperplasia, hepatic
adenoma, cavernous hemangioma, angiomyolipoma
and hepatocellular carcinoma. In the present case, the
initial abdominal enhanced CT scan revealed multiple
liver cysts, which could easily have been misdiagnosed
as a polycystic liver.
The diagnosis of MHL often relies on histological
examination of tissue obtained by biopsy or by tumor
resection; however, the histological appearance of
the stromal component of an MHL can be variable.
Hematoxylin and eosin (HE) staining, as well as
immunohistochemical studies, have indicated MHLs as
having spindle cells positive for vimentin and smooth
muscle actin and negative for CD31, CD34 and S100
proteins, while the ducts stain positive for cytokeratin
[13,16]
7 and negative for cytokeratin 20
.
MHLs have premalignant potential, particularly in
[17]
adult patients . The potential malignant evolution
of a subset of MHLs into embryonal sarcoma or
angiosarcoma supports the necessity for complete
[4,18]
surgical excision both in children and adults
.
Incomplete resection or marsupialization must be
[19-21]
avoided because of the possibility of recurrence
.
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Table 1 Cases of adult mesenchymal hamartomas of the liver reported in the literature
No.

Ref.

Year

Sex

Age
(yr)

Clinical
manifestation

Size (cm)

Gross appearance
(cystic or solid)

Liver lobe(s)
affected

Surgical treatment

1
2

Yamamura et al[26]
Grases et al[27]

1976
1979

F
F

22
19

NA
24 × 19 × 8

Cystic
Cystic

Both
Left

NA
Left hepatic lobectomy

3
4
5
6
7
8
9
10

Li et al[28]
Kawata et al[29]
Ishizuka et al[30]
Kawakami et al[31]
Jennings et al[32]
Kato et al[33]
Gutierrez et al[34]
Gramlich et al[35]

1983
1984
1985
1986
1987
1988
1988
1988

F
F
M
M
F
M
F
F

21
43
59
67
32
66
30
28

17 × 10
22 × 15 × 10
30 × 28 × 12
NA
14 × 11
NA
18
30 × 20 × 14

Cystic
Solid
Cystic
Cystic
Cystic
Solid
Both
Solid

Right
Left
Right
Right
Left
Left
Both
Right

Hemihepatectomy
NA
NA
NA
Left hepatic lobectomy
Left hepatic lobectomy
Non-resectable
Right hepatic
trisegmentectomy

11
12
13
14
15
16
17
18

Alanen et al[36]
Ito et al[37]
Urabe et al[38]
Drachenb et al[39]
Wada et al[40]
Chau et al[41]
Megremis et al[42]
Yamamoto et al[43]

1989
1989
1990
1991
1992
1994
1994
1994

F
F
F
F
M
M
F
M

20
43
39
69
62
53
56
52

6×8
16 × 16 × 7.7
1.2
26 × 20 × 11.5
6 × 6 × 4.5
20 × 14 × 10
7.5
6 × 4 × 3.5

Cystic
Cystic
Solid
Cystic
Solid
Cystic
Cystic
Cystic

Left
Both
Left
Left
Left
Right
Both
Left

Left hepatic lobectomy
NA
Left hepatic lobectomy
NA
Hepatectomy
NA
NA
Lateral segmentectomy

19

Chung et al[44]

1999

F

57

6 × 4 × 3.5

Solid

Right

Right hepatectomy

20

Papastratis et al[45]

2000

F

21

17 × 10

Cystic

Right

Right hepatectomy

21
22

Cook et al[13]
Cook et al[13]

2002
2002

F
F

46
66

6×4×5
5×4×2

Cystic
Cystic

Right
Right

Right hepatectomy
Right hepatectomy

23
24

Cook et al[13]
Mao et al[46]

2002
2002

F
M

63
44

11 × 16 × 24
2×2

Solid
Solid

Left
Left

Left hepatic lobectomy
Hepatectomy

25
26
27
28
29
30
31
32
33

Mao et al[46]
Mao et al[46]
Brkic et al[47]
Kim et al[48]
Yesim et al[12]
Yesim et al[12]
Kim et al[49]
Ayadi-Kaddour et al[50]
Hernández et al[25]

2002
2002
2003
2003
2005
2005
2006
2006
2006

F
M
M
M
F
F
F
F
M

43
76
38
NA
54
51
40
21
51

NA
Abdominal
pain, jaundice,
hepatomegaly
Asymptomatic
NA
NA
NA
Asymptomatic
Asymptomatic
NA
Abdominal
distention,
hepatomegaly
Asymptomatic
NA
Asymptomatic
Asymptomatic
Asymptomatic
Abdominal pain
Abdominal pain
Abdominal
discomfort,
weight loss
Abdominal
discomfort,
weight loss
Abdominal pain,
abdominal mass
Abdominal pain
Cough and
shortness of
breath
Abdominal pain
Abdominal
discomfort
Asymptomatic
Abdominal pain
Abdominal pain
Asymptomatic
NA
NA
Asymptomatic
NA
NA

3×4×4
4×5×4
8×5
5
2.5 × 2.5 × 1.5
6×7×8
5×5
11 × 5
19 × 13

Cystic
Cystic
Solid
Both
Cystic
Cystic
Cystic
Cystic
Solid

Right
Right
Right
Right
Left
Right
Right
Left
Right

34
35
36

Chang et al[51]
Chang et al[51]
Li et al[17]

2006
2006
2007

M
F
F

79
39
33

NA
Cystic
Both

Right
NA
Both

Right hepatectomy
Right hepatectomy
Right hepatectomy
NA
Total cystectomy
Unroofing procedure
Right hepatectomy
NA
Liver transplantation
(4th reported1)
NA
NA
NA

37

Mori et al[52]

2008

F

36

Cystic

Right

Right hemihepatectomy

38

Giunippero et al[53]

2009

M

87

Cystic

Right

Hemihepatectomy

39
40
41

Nakajo et al[54]
Klaassen et al[5]
Kulkarni et al[55]

2009
2010
2010

M
F
F

38
53
20

Solid
Cystic
cystic

Right
Right
Right

Right hepatectomy
Hepatectomy
Mass resection

42

Tucker et al[56]

2012

W

74

cystic

Left

Left hepatectomy

43
44
45

Liu et al[57]
Lakić et al[58]
Sharma et al[59]

2013
2014
2014

M
M
M

42
44
81

solid
NA
cystic

Left
Left
Left

Hepatectomy
Hepatectomy
Hepatectomy
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Asymptomatic
2×2
Asymptomatic
5×5
Abdominal
16
distention
Abdominal
20 × 15 × 10
distention
Abdominal
20 × 20
distention
Asymptomatic
5×5
NA
9 × 9 × 7.5
Abdominal mass,
14 × 11
abdominal pain
Abdominal
18 × 15 × 13
distention,
abdominal pain
Asymptomatic
1.5 × 1.0 × 1.0
Asymptomatic
2.9 × 3.1 × 3.5
Abdominal
21.8 × 12.3 × 18.6
distention
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46

Current case

2014

F

34

abdominal
discomfort,
dyspnea

41 × 32 × 31

cystic

Both

Liver transplantation
(5th reported1)

1

The first three cases of liver transplantation for mesenchymal hamartomas of the liver were reported in pediatric patients. NA: Not available.

by conventional partial hepatectomy. We recommend that liver transplantation
should be considered as an option in the treatment of non-resectable benign
hepatic tumors.

Laparoscopic liver resection for MHLs has been
[22]
reported with successful outcomes .
Very rarely an MHL is non-resectable, even in an
experienced center, and liver transplantation may
[23]
have to be considered. Tepetes et al
reported
two children who underwent liver transplantation
following partial resections for MHLs. One died from
intraoperative bleeding and the other survived.
[24]
Bejarano et al
described a neonate with a recurrent
MHL (after resection) who underwent successful liver
[25]
transplantation. Hernández et al
reported the first
case of an MHL in an adult that was treated by liver
transplantation.
In conclusion, giant MHLs in adults are extremely
rare. Clinical features, laboratory results and radiographic
imaging are often nonspecific and inconclusive. Surgical
excision of the whole lesion is imperative for both
definitive diagnosis and cure. Liver transplantation should
be considered as an option in the treatment of nonresectable MHLs.

Peer-review

This paper is a case report of a 34-year-old woman with liver transplantation
for a giant mesenchymal hamartoma of the liver. Mesenchymal hamartoma of
liver is a rare disease in adults and only 31 patients have been reported to date
worldwide.
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CASE REPORT

Idiopathic neonatal pneumoperitoneum with favorable
outcome: A case report and review
Tao-Zhen He, Chang Xu, Yi Ji, Xiao-Yan Sun, Min Liu
immediate treatment to prevent death. There have
been non-surgical conditions secondary to neonatal
pneumoperitoneum (e.g. , mechanical ventilation,
pulmonary diseases and pneumatosis cystoides
intestinalis) that neonates were able to overcome
without the need for abdominal exploration. Idiopathic
pneumoperitoneum, although similar to perforation
of the alimentary tract and the previously mentioned
non-surgical conditions, is a more rare and benign
condition that does not yet have a definite cause.
Hence, inexperienced surgeons may have a difficult
time providing the right treatment for idiopathic
pneumoperitoneum. We report a case of a neonate with
a massive pneumoperitoneum who obtained a favorable
outcome without surgical intervention. Nonetheless,
the cause of pneumoperitoneum remains unclear. We
hypothesize that the right sized perforation (range: 2
mm to 4 mm in diameter) at the anterior wall of the
stomach is needed for pneumoperitoneum to occur.
As the baby cries (aerophagia), the air in the stomach
accumulates until it can enter the intraperitoneal cavity
through the leak compressed by gastric peristalsis,
hence forming a large pneumoperitoneum. Small
amounts of gastric juice are able to penetrate the
gastric wall; therefore, no signs or symptoms of
peritonitis occur. The gastric leak self-seals, preventing
further passage of the air, allowing the intraperitoneal
free gas to dissipate gradually. This case demonstrated
that laparotomy can be avoided in neonates with
idiopathic pneumoperitoneum if a timely diagnosis is
established.
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Abstract

Core tip: Neonatal pneumoperitoneum is often deemed
an emergency requiring prompt abdominal exploration

Neonatal pneumoperitoneum is a surgical emergency
indicative of gastrointestinal perforation that requires
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to increase the chance of survival. Supporting therapy
management has been successful in treating idiopathic
neonatal pneumoperitoneum with excellent outcomes.
This report describes a rare case of idiopathic neonatal
pneumoperitoneum without a definite cause. A favorable
prognosis was achieved without laparotomy. Therefore,
a conservative treatment is feasible if prompt diagnosis
is ascertained.
He TZ, Xu C, Ji Y, Sun XY, Liu M. Idiopathic neonatal
pneumoperitoneum with favorable outcome: A case report
and review. World J Gastroenterol 2015; 21(20): 6417-6421
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6417.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6417

Figure 1 Neonate's radiograph on the 8th d after birth revealed massive free
gas in the right part of the abdomen on the liver and intestine.

The initial diagnosis was neonatal gastrointestinal
perforation. The recommended treatment plan included
an immediate abdominal exploration. However, the
patient’s parents found the operational risk and
expenses too high and refused the treatment. The
newborn was released home where she was first fed
with a little bit of water followed by breast milk on the
third day. The neonate made a bowel movement on the
first day after being released and her stool appeared to
be normal. The parents took the baby to the hospital
four days later; the radiograph indicated most of the
free gas had dissolved. The baby appeared to be in good
condition and was asymptomatic. A roentgenogram of
nd
the abdomen on the 22 d after the initial admission
showed intraperitoneal free air was absent. The 4 year
follow-up (twice per year) check-ups, including clinical
and radiological examination, were uneventful.

INTRODUCTION
Neonatal pneumoperitoneum (NP) is a rare disease
often requiring an acute surgical emergency intervention
to maximize survival. NP is categorized into two types:
surgical and nonsurgical pneumoperitoneum. Idiopathic
pneumoperitoneum is classified as nonsurgical and
usually has a more favorable prognosis. However,
patients with idiopathic pneumoperitoneum who
underwent surgery often had negative outcomes.
The ability to differentiate between idiopathic pneu
moperitoneum from a highly lethal perforation of aircontaining viscus may reduce surgical intervention and
increase the survival rate in neonatal patients. Future
research is still necessary to understand the source of
the free gas in the abdomen, as well as the underlying
mechanism of pneumoperitoneum. Herein, we describe
a rare case of NP without an established cause.

DISCUSSION
An X-ray taken in an upright position showing free gas
under the diaphragm usually leads to the diagnosis of
gastrointestinal perforation. Our patient was diagnosed
with alimentary perforation, a controversial diagnosis.
The large amount of free gas observed in our patient
is very uncommon. Furthermore, the patient lacked
symptoms associated with general peritonitis, such as
fever and feeding intolerance. Therefore, a diagnosis of
hollow viscus perforation could not be made.
[1]
Diesen et al reported a case of neonatal intestinal
perforation caused by necrotizing enterocolitis (NEC)
which was spontaneously sealed by omentum,
suggesting the possibility that NEC patients are
able to heal without laparotomy. Other instances of
nonsurgical pneumoperitoneum have been reported,
such as pneumoperitoneum secondary to mechanical
[2]
ventilation and tension pneumothorax . More recently,
the relationship between pneumoperitoneum and
[3-5]
respiratory diseases has been widely debated
.
[6,7]
Macklin
demonstrated in cats with ventilation
assistance that at higher levels of intrathoracic pressure,
alveoli could rupture, allowing air to enter the interstitial

CASE REPORT
A newborn female (8 d and 16 h old) was admitted
to our department with an 8 d long tachypnea and
abdominal distension lasting 4 d. Prenatal examination
was uneventful. The patient’s birth weight was 2950
g. The baby was delivered vaginally from a gravida
th
2, para 2 mother at the 37 week of gestation. The
Apgar score was 8 and 10 at 1 and 5 min, respectively.
Upon admission, the baby weighed 2500 g; abdominal
distension was visible and the bowel sound was weak.
Chest examination showed no abnormal findings.
Laboratory evaluation noted a white blood cell count of
3
18420/mm with 75.2% segmented neutrophils. The
anteroposterior X-ray in the lateral position showed
free gas in the right part of the abdomen surrounding
the liver and intestine (Figure 1). These results
differed from the ones obtained four days earlier when
radiograph results showed no free gas under the
diaphragm. The inflated stomach was decompressed
using a gastric tube.
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Table 1 Details of idiopathic neonatal pneumoperitoneum in the literature
Ref.

Vohra et al[18], 1992
Khan et al[22], 2011
Bedi et al[20], 1991
Shah et al[17], 1992
Steves et al[21], 1987
Porter[19], 1956

Age at
onset (d)

Birth
weight
(g)

Gestation
(wk)

2
12
12
0-1
5
U
2

1300
1700
1900
2400
2300
U
2900

30
38-42
34
U
36
U
U

Delivery
Apgar
mode
score
(V or C) (1, 5 min)
V
V
V
C
U
U
C

6, 7
U
U
U
8, 10
U
U

Clinical
sign
AD, RD
AD
AD
AD, RD
AD
AD, HMD
RD, EC

Peritonitis WBC, N Exploration Findings
Survival
(Yes or
(109, %) (Yes or No) (P or N) (Yes or No)
No)
N
N
U
N
N
N
N

3.6, 28
14.5, U
U
U
U
U
U

Y
N
N
Y
Y
Y
Y

N
N
N
N
N

Y
Y
Y
Y
Y
Y
Y

V: Vaginal delivery; C: Cesarean section; WBC: White blood cell count; P: Positive; N: Negative; U: Unmentioned; AD: Abdominal distention; RD:
Respiratory distress; HMD: Hyaline membrane disease; EC: Extremity cyanosis.

tissues and the mediastinum along the perivascular
sheaths of the lung, reaching the abdomen. Based on
[8]
Macklin’s theory, Eisen concluded that the distribution
of the gas in the patients experiencing ventilation must
have been the same as that in experimental animals.
Other communication pathways between the chest and
abdomen include the periaortic and periesophageal
[9,10]
space and congenital defect
or pleuroperitoneal
[11]
fistula that permit the air to pass through. Our patient
did not experience positive end-expiratory pressure
ventilation and there was no evidence of pneumothorax
or pneumomediastinum. Therefore, we concluded that
the alveoli in the thoracic cavity were not the source of
the intraperitoneal free gas.
Under rare circumstances, NP can also be seen
[12]
with pneumatosis cystoides intestinalis (PCI) .
Although there was no indication of the gas in the
submucosal and subserosal spaces of our patient’s
intestine in the plain film, the PCI diagnosis cannot be
excluded. Tiny free gas within the intestinal wall (linear
sign) on plain film is difficult to identify because of the
interruption of the overlapped organ or tissue image,
especially when rupture of the gas-filled cyst occurs.
A computed tomography scan allows for a defined
PCI diagnosis; however, we were not able to obtain
one for our patient. In most cases, PCI is seen in
[13,14]
preterm neonates with NEC
. NEC is characterized
by abdominal distension, gastrointestinal bleeding,
abdominal tenderness (even sepsis and shock
at advanced stage) and the presence of PCI on
[14,15]
abdominal X-ray film
. Our patient was born at
th
the 37 week of gestation (a full-term) with normal
body weight and did not display typical symptoms
or signs of NEC other than abdominal distention and
tachypnea. Considering that the presence of PCI in
neonates combined with massive pneumoperitoneum
is extremely rare, we cautiously excluded the NEC
diagnosis.
In the literature, idiopathic pneumoperitoneum has
been reported as a condition with no demonstrable
risk factor for the development of intraperitoneal free
[16]
gas production . The results of the literature review
on the cases of idiopathic pneumoperitoneum are

WJG|www.wjgnet.com

listed in Table 1. Of seven cases, five had a negative
[17-21]
[22]
laparotomy
while the rest survived with watchful
therapy, thus avoiding the laparotomy. Retrospectively,
there would not have been positive findings like
intestinal perforation or general peritonitis if abdominal
exploration was undertaken on our patient; therefore,
the diagnosis of idiopathic pneumoperitoneum was
appropriate considering our patient did not have typical
symptoms of either general peritonitis or NEC.
The underlying cause and mechanism of pneu
moperitoneum remain unclear. The current consensus
is that gastric tissue ischemia, secondary to hypoxia,
is responsible for the etiology of spontaneous neonatal
gastric perforation. In contrast, the theory that the
gastric leak is a mechanical disruption is becoming more
[23]
acceptable . It has been postulated that a competent
anti-reflux mechanism at the gastroesophageal
junction and a proximal gastric obstruction, caused
by an angulation at the hiatus due to sudden gastric
distention, are the main factors for gastric leak
formation.
We propose a novel hypothesis based on the
literature review and our clinical experience. In neonatal
patients, a single perforation on the anterior wall,
[23]
frequently close to the greater curvature , is formed
[24]
[23]
due to ischemia
or mechanical disruption
of the
gastric wall. The stomach acts like a partially-filled bag.
The diameter of the leak is neither too big nor too small,
ranging from 2 mm to 4 mm at the empirical base. At
the lower range, the leak is more prone to self-sealing.
In contrast, large perforations permit the free gas to
pass through into the intraperitoneal cavity. As a result,
large amounts of air are swallowed into the stomach
when newborns cry (also called aerophagia), thus
gradually accumulating pressure inside the stomach.
A single-direction valve mechanism is essential for
pneumoperitoneum production until the pressure
inside the stomach and peritoneal cavity equalizes.
Considering newborns spend most of their time in a
supine position, the gastric juices at the bottom of the
stomach have a low chance of entering the peritoneal
cavity from the anterior wall of the stomach during
gastric peristalsis. The strong gastric muscle generates
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without a definite cause and explained the interesting phenomenon by
proposing a hypothesis based on the literature review. This case is clinically
relevant and illustrated that laparotomy could be avoided in neonates if a timely
diagnosis of benign pneumoperitoneum is made.

enough power for continuous compression of the air
in the stomach into the peritoneal cavity, forming a
large scale pneumoperitoneum. The thickness of the
gastric wall plays an important role in preventing the
gastric juice from penetrating the gastric wall. The
leak disappears with the development of a self-sealed
mechanism once there is no air being compressed
through the leak when the inner and outer pressures of
the stomach wall equalize. Air in the peritoneal cavity
gradually gets absorbed by the peritoneum and viscera.
In conclusion, when there are no abdominal phy
sical signs indicative of peritonitis and the neonatal
patient has a normal body temperature and white cell
count, conservative management is preferred. Special
attention should be paid to neonates because negative
laparotomies would jeopardize their already precarious
conditions.
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CASE REPORT

Reversible sinusoidal obstruction syndrome associated with
tacrolimus following liver transplantation
Tian Shen, Xiao-Wen Feng, Lei Geng, Shu-Sen Zheng
disorder in solid organ transplant patients, and is an
uncommon complication after liver transplantation.
Severe SOS with hepatic failure causes considerable
mortality. Tacrolimus has been reported to be an
offending agent, which potentially plays a role in
the pathophysiological process of SOS. SOS due to
tacrolimus has been reported in lung and pancreatic
transplantations, but has never been described in a liver
transplant recipient. Herein, we present a case of SOS
after liver transplantation, which was possibly related
to tacrolimus. A 27-year-old man developed typical
symptoms of SOS with painful hepatomegaly, ascites
and jaundice after liver transplantation, which regressed
following withdrawal of tacrolimus. By excluding other
possible predisposing factors, we concluded that
tacrolimus was the most likely cause of SOS.
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Core tip: We describe a rare case of sinusoidal obstruction
syndrome following liver transplantation, which was
possibly related to tacrolimus. We believe that this
condition is uncommon and has rarely been reported in
liver transplant recipients.
Shen T, Feng XW, Geng L, Zheng SS. Reversible sinusoidal
obstruction syndrome associated with tacrolimus following liver
transplantation. World J Gastroenterol 2015; 21(20): 6422-6426
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i20/6422.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i20.6422

Abstract

INTRODUCTION

Sinusoidal obstruction syndrome (SOS), previously
known as hepatic veno-occlusive disease, is a rare
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known as hepatic veno-occlusive disease, is a rare
disorder with the unique etiopathogenesis of toxic
injury to hepatic sinusoids, which induces progressive
fibrotic obliteration of centrilobular veins. Painful
hepatomegaly, ascites and jaundice are typical
[1-3]
symptoms of SOS . In general, SOS is a difficult
condition, in which 16%-50% of patients are likely to
develop irreversible illness, and have a fatal outcome
due to hepatic failure. Severe SOS causes mortality in
[2,4]
approximately 84%-90% of the patients .
SOS can occur in post-transplant patients, and
the majority of research has been carried out in
post-hematopoietic stem cell transplantation (HSCT)
[1,2,4]
patients related to preconditioning treatment
. A
limited number of cases of SOS have been reported after
[5-8]
renal, lung, pancreatic and liver transplantations . In
liver transplantation, SOS is unusual, and azathioprine
therapy or acute rejection is considered the most
[8-10]
common etiology
. Tacrolimus may be another
possible and rare pathogenic agent as it has potential
cytotoxicity to endothelial cells and precipitates their
[11]
dysregulation . To the best of our knowledge, SOS
due to tacrolimus has been reported in lung and
pancreatic transplantations, but has never been
[6,7]
described after liver transplantation . Herein, we
present a case of SOS following liver transplantation,
who achieved complete clinical remission after discon
tinuation of tacrolimus.

A

B

Figure 1 Biopsy of the donated graft at the time of transplantation was
normal (HE, × 200) (A) and liver biopsy showed sinusoidal congestion
and fibrosis of centrilobular veins at 88 d after transplantation (HE, ×
200) (B).

CASE REPORT

Serological tests, including liver function, renal
function, routine blood examination, coagulation and
tacrolimus concentration (trough level of tacrolimus
was 8.9 ng/mL), were normal. Serological markers
of viral infection such as hepatitis A, B, C, D and E,
cytomegalovirus and Epstein-Barr virus were negative.
Ultrasonography demonstrated ascites and enlarged
liver with regular blood flow. Computed tomography
(CT) showed enlarged liver with patchy enhancement,
thin hepatic veins and massive ascites (Figure 2C
and D). Initial medical treatment with a diuretic
was ineffective. The patient’s condition continued to
deteriorate, accompanied by weight gain of 3 kg above
his baseline, obvious abdominal distention and high
bilirubin (57 µmol/L on day 87). Faint yellow ascites
and pleural effusion were drained to alleviate the
symptoms. A percutaneous liver biopsy was obtained
under ultrasound guidance after complete drainage
of ascites on day 88, which showed the pathological
findings of sinusoidal congestion and fibrosis of
centrilobular veins (Figure 1B). Moreover, no evidence
of acute rejection or viral hepatitis was found on
pathology. All the findings supported the diagnosis of
SOS, and excluded the possibility of chylous fistula,
obstruction of outflow, hepatitis recurrence or rejection.
He was started on a regimen of defibrotide for 2 wk,
which was then stopped due to lack of efficacy, with
increased bilirubin (76 µmol/L on day 104), rapidly
expanding ascites and obvious weight gain. Tacrolimus

A 27-year-old man underwent an ABO-identical
liver transplantation for acute hepatic failure due to
hepatitis B. The graft was obtained from a donor after
cardiac death with a warm ischemia time of 5 min
and cold ischemia time of 8 h. No specific pathology
was observed on biopsy of the donated graft at the
time of transplantation (Figure 1A). Operation time
was 6 h with satisfactory reconstruction of vessels and
biliary duct. Early post-operative recovery period was
uneventful. Piperacillin-tazobactam, fluconazole and
ganciclovir were administered as prophylaxis against
infection. Entecavir and hepatitis B immunoglobulin
were administered as prophylaxis against hepatitis
B virus recurrence. A routine immunosuppressive
regimen consisting of tapering prednisone, tacrolimus
and mycophenolate mofetil was applied. Remission
of hepatic function and coagulation was achieved one
week after transplantation. The patient was discharged
on normal graft function with excellent flow in the
hepatic veins, portal vein and hepatic artery on day 20
(Figure 2A and B).
The patient remained stable on tacrolimus (trough
level 7-10 ng/mL), mycophenolate mofetil and
entecavir for two months, but was hospitalized on day
80 due to anorexia, abdominal pain and polypnea. No
natural remedies before the current admission were
used. Physical examination revealed palpable liver 3
cm below the ribcage and positive shifting dullness.

WJG|www.wjgnet.com

6423

May 28, 2015|Volume 21|Issue 20|

Shen T et al . SOS related to tacrolimus

A

B

C

D

E

F

Figure 2 computed tomography revealed excellent reconstructed blood flow in the hepatic veins, portal vein and hepatic artery at 14 d after
transplantation (A, B), enlarged liver with patchy enhancement, obscure hepatic veins and massive ascites at 80 d (C, D), and normal radiologic
presentations with resolved ascites and patchy enhancement, and recovered hepatic vein flow at 120 d (E, F).

concentration was controlled at 5-7 ng/mL and was
subsequently discontinued as it was considered the
only offending drug and was replaced by cyclosporine
A at a concentration of 150 ng/mL. Complete
resolution of clinical manifestations such as ascites
and graft dysfunction was observed, with normalized
radiologic presentations (Figure 2E and F) during the
2-wk period after tacrolimus discontinuation. The
patient has remained asymptomatic on cyclosporine
A, mycophenolate mofetil and entecavir for 6 mo.
The clinical data including graft function, coagulation,
immunosuppressant level and body weight are pre
sented in Table 1.

cell transplantation and immunosuppressive therapy
with azathioprine are common predisposing factors for
[4,5,12,13]
SOS
.
SOS is a rare finding after liver transplantation,
but can be an infrequent cause of graft dysfunction.
According to a review article, approximately 1.9%
of cadaveric liver transplant recipients suffered from
[10]
SOS after transplantation . Another investigation
of 1346 biopsy samples obtained after liver
[8]
transplantation showed an SOS incidence of 2.3% .
Clinical manifestations such as body weight gain,
ascites, hepatomegaly and jaundice are recognized as
[2]
diagnostic clues for SOS . It is important that common
post-operative complications such as acute rejection,
obstruction of outflow (anastomotic stenosis or twisting
of the hepatic vein), biliary complications, and viral
hepatitis should be excluded in post-liver transplant
individuals. Unique pathologic findings characterized by

DISCUSSION
Certain toxic drugs containing pyrrolizidine alkaloids,
chemo-irradiation preconditioning regimens in stem
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Table 1 Clinical characteristics during disease course
Days after LT
Clinical course
ALT (U/L)
TB (µmol/L)
Platelet (109/mL)
PT (s)
D-dimer (mg/L)
TAC (ng/mL)
CSA (ng/mL)
Wt (kg)

50
17
16
156
11.5
0.27
7.9

80

87

104

Current admission
35
20
171
11.3
0.34
8.9

Before defibrotide
39
57
183
12.5
0.52
7.2

After defibrotide/TAC withdrawal
43
76
175
12.7
0.41
5.6

64.5

66.0

67.9

69.5

111
26
42
158
11.5
0.32
126
67.5

118
Resolution
23
13
173
12.2
0.33
165
64.8

LT: Liver transplantation; ALT: Alanine aminotransferase; TB: Total bilirubin; PT: Prothrombin time; TAC: Tacrolimus; CSA: Cyclosporine A; Wt: Body
weight.

fibrosis and obliteration of hepatic centrilobular veins,
hemorrhagic centrilobular necrosis, and sinusoidal
congestion are suggestive of the diagnosis of SOS,
which ultimately result in outflow obstruction, portal
[1]
hypertension and hepatic injury . Enlarged liver with
patchy enhancement, ascites, usually accompanied by
pleural effusion, and obscure main hepatic veins due
to congestive liver, are the most typical presentations
on CT or magnetic resonance imaging. In particular,
the area of the liver where veno-occlusion occurs
may show relatively lower enhancement and form
a patchy enhancement sign, which is rare in other
liver disorders. Therefore, it is the most valuable
radiologic feature in diagnosing SOS, and the grade
of patchy enhancement is also associated with clinical
[12]
severity . Although the mortality rate for SOS is
unclear, the deteriorating manifestations of ascites and
graft failure could be a threat to survival, making re[8]
transplantation inevitable .
Azathioprine was implicated as the main pre
disposing factor for onset of SOS in post-liver
transplant patients when it was widely used in the
[9]
last century, due to its vascular hepatotoxicity . In
addition, an immunological reaction has been proven
to participate in the pathophysiological process of
SOS after liver transplantation, and it is suggested
that SOS is part of the presentation of rejection with
[8,10]
endothelial predilection
. Therefore, the disease
could be reversed by intensive immunosuppressive
treatment with corticosteroids or intervention for
antibody-mediated rejection in liver transplant
[14]
recipients . However, the exact causative factor is
[8]
still undetermined . It should be emphasized that
the determination of SOS etiology is important as
withdrawal of the offending drug plays a key role in the
treatment of SOS following liver transplantation.
Tacrolimus, one of the most widely used calcineurin
inhibitors, is safe and efficient in the prophylaxis and
treatment of acute rejection in organ transplantation.
However, as tacrolimus has potential cytotoxicity to
endothelial cells and precipitates their dysregulation, it
is suspected to contribute to the onset of SOS in some
cases, although the pathogenic mechanism remains to
[11]
be elucidated .
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According to the published literature, there have
only been two cases of SOS described after lung
and pancreatic transplantation, which were clinically
[6,7]
proven to be induced by tacrolimus . The present
case is the first to show a definite association between
tacrolimus and SOS after liver transplantation. Our
patient developed refractory ascites which was the
most obvious complaint other than slightly increased
jaundice. This probably indicated that sinusoidal
injury had a significant effect on hepatic outflow and
contributed to portal hypertension, but had a mild
influence on hepatic metabolism of bilirubin in this
[2]
case. Although recommended in reported guidelines ,
defibrotide therapy for this patient lacked efficacy. At
the onset of the disease, it was difficult to confirm the
predisposing factor. Considering that the patient had
never been exposed to azathioprine or other specific
suspicious drugs, with the exception of tacrolimus, and
there was no evidence of acute rejection, tacrolimus
was considered the offending drug, and was therefore
discontinued. Clinical and radiological regression was
observed following withdrawal of tacrolimus.
In conclusion, we describe a patient with SOS
following liver transplantation. The possible causative
drug was tacrolimus as complete recovery was
observed after its withdrawal. Transplant surgeons
should be aware of this rare condition following liver
transplantation, and tacrolimus should be considered
as a possible causative agent.
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Case characteristics

A 27-year-old man presented with anorexia, abdominal pain, jaundice and body
weight gain after liver transplantation.
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Sinusoidal obstruction syndrome which led to ascites, hepatomegaly and graft
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ng/mL), platelet count (175 × 109/mL), D-dimer (0.41 mg/L), hepatitis B surface
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Sinusoidal obstruction syndrome (SOS) due to tacrolimus has been reported in
lung and pancreatic transplantations, but has never been described after liver
transplantation.
SOS is an unusual clinical syndrome characterized by hepatomegaly, ascites,
and jaundice, with the unique pathological findings of fibrosis and obliteration of
hepatic centrilobular veins, hemorrhagic centrilobular necrosis, and sinusoidal
congestion, due to injury of sinusoidal endothelial cells.
Transplant surgeons should be aware of this rare condition following liver
transplantation, and tacrolimus should be considered as a possible causative
agent.
The authors report a case of patient with sinusoidal obstruction syndrome
following liver transplantation due to hepatitis B-related acute hepatic failure. It
is the first reported case of tacrolimus-related sinusoidal obstruction syndrome
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Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing

II

Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Ying-Mo Shen, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
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Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague
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Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim

III

Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
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Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya

May 25, 2015

Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest

VI

Qatar
Abdulbari Bener, Doha
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Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
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EDITORIAL

Cell therapy from bench to bedside: Hepatocytes from
fibroblasts - the truth and myth of transdifferentiation
Madhusudana Girija Sanal
liver diseases and liver failure. It is a relatively less
complicated surgical procedure, and has the advantage
that it can be repeated several times if unsuccessful.
Another advantage is that hepatocytes can be isolated
from partly damaged livers which are not suitable
for liver transplantation. Despite these advantages
hepatocyte transplantation is less popular. Important
issues are poor engraftment of the transplanted cells
and the scarcity of donor hepatocytes. Generation of
“hepatocyte like cells”/iHeps from embryonic stem
cells (ES) and induced pluripotent stem cells (iPSCs) by
directed differentiation is an emerging solution to the
latter issue. Direct conversation or trans-differentiation
of fibroblasts to “hepatocyte like cells” is another way
which is, being explored. However this method has
several inherent and technical disadvantages compared
to the directed differentiation from ES or iPSC. There
are several methods claiming to be “highly efficient” for
generating “highly functional” “hepatocyte like cells”.
Currently different groups are working independently
and coming up with differentiation protocols and
each group claiming an advantage for their protocol.
Directed differentiation protocols need to be designed,
compared, analyzed and tweaked systematically and
logically than empirically. There is a need for a wellcoordinated global initiative comparable to the Human
Genome Project to achieve this goal in the near future.
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Core tip: Hepatocyte transplantation is an alternative
for liver transplantation in chronic liver disease patients
for a long term cure. There is a scarcity of donor liver
and hepatocytes. Induced pluripotent stem cells (iPSC)
derived hepatocytes and hepatocytes generated by

Abstract
Hepatocyte transplantation is an alternative to liver
transplantation in certain disorders such as inherited
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inherited disease of the liver. Example: Hemophilia,
Wilson’s disease, Urea cycle disorders, α1 antitrypsin
deficiency, Crigler Najjar syndrome. Here the patient’s
liver cells have a gene defect which does not allow them
to synthesize a protein in its correct form or function.
Here the disease can be cured only if we can replace
certain percentage the patient’s defective hepatocytes
with healthy hepatocytes or gene corrected (example
by gene therapy using viral vectors or genome
[5]
editing tools such as ZFN, TALENs or CRISPR-Cas9)
hepatocytes in sufficient quantities to allow normal liver
functions. This is a very difficult task to achieve and
hence a major road block in the technique of hepatocyte
transplantation because the transplanted cells would
engraft and repopulate the host liver only if we could
provide them a selective advantage. This is usually
achieved by inflicting a physical or chemical damage
to the host liver. However, the methods for damaging
hepatocytes are not safe and therefore not clinically
acceptable.

transdifferentiation are two possibilities. iPSC derived
hepatocytes often fail to engraft upon transplantation.
We need to define methods to evaluate and compare
efficiency of differentiation, standards and clear quality
definition for hepatocyte like cells. More comprehensive
analysis of the RNAs and proteome is required. Methods
to compare and analyze the expression profiles,
standards and references to be compared with need
to be defined. There is a need for a well-coordinated
global initiative comparable to the scale of the Human
Genome Project to achieve this goal in the near future.
Sanal MG. Cell therapy from bench to bedside: Hepatocytes from
fibroblasts - the truth and myth of transdifferentiation. World J
Gastroenterol 2015; 21(21): 6427-6433 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6427.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6427

HEPATOCYTE TRANSPLANTATION OVER
LIVER TRANSPLANTATION

HEPATOCYTES FROM PLURIPOTENT
STEMS CELLS AND FIBROBLASTS - THE
TRUTH AND MYTH

Liver transplantation is the only long term option
in some inherited metabolic liver diseases, acute
[1,2]
liver failure and most end stage liver diseases .
Hepatocyte transplantation is an alternative for these
patients for a long term cure if not as a bridge to
[3,4]
regeneration or liver transplantation . Hepatocyte
transplantation has the advantage that it can be
performed more than once on the same patient.
Hepatocytes for this procedure can be isolated from
cadaveric liver or living donor liver tissue which
are not suitable for liver transplantation for various
reasons such as damage to the blood vessels, localized
hypoxic damage or local lesions. Another advantage
of hepatocyte transplantation is that the procedure
is less complicated and the mortality and morbidity
is expected to be much lower compared to liver
transplantation. Moreover, even if the patient receives
the hepatocyte transplant and it does not work, they
can be considered for orthotopic liver transplantation
as if they never received the hepatocyte transplant.
Shortage of donor liver is one of the major limiting
factors in both liver transplantation and hepatocyte
[3]
transplantation .

Shortage of donor hepatocytes is another major issue
in hepatocyte transplantation. Generating hepatocytes
from embryonic stem cells (ES) or induced pluripotent
stem cells (iPSCs) (or even less known entities such
as very small embryonic-like stem cells) is an exciting
[4-7]
solution to this conundrum
. There are several
protocols which claim generation of hepatocyte like
cells from directed differentiation of ES, iPSC or other
[6,8-23]
stem cell types
. There is no doubt about the future
promise of hepatocytes derived from pluripotent stem
cells (such as ES, iPSCs or SCNT/iPSCNT), however
worldwide there is no unambiguous data to support
the usefulness of ES or iPSC derived “hepatocyte
like cells” in their current form (using the “highly
efficient” and “state of the art” protocols), in animal
[4,5,23-28]
models or humans
. This is because despite
the “extensive” and “excellent” in vitro characterized
cellular, biochemical, metabolic, physiological and
microscopic properties (such as various surface and
structural proteins, transcriptional factors, secretion
of albumin, clotting factors, liver enzymes, active bile
acid and drug transporters, lipoprotein mediated lipid
uptake/secretion, glycogen accumulation, mild to
moderate cytochrome activity, electron microscopic
demonstration of subcellular structures characteristic
for hepatocytes) these cells fail to integrate in host
livers upon transplantation except under extreme
selection pressure in certain limited animal models
such as genetically engineered fumaryl hydroxylase
deficient knock-out (FAH-KO) immunodeficient
[29,30]
mice
, urokinase-type plasminogen activatorsevere combined immunodeficiency [uPA(+/+)[31]
SCID] mice . Alternatively host hepatocytes are

APPLICATIONS OF HEPATOCYTE
TRANSPLANTATION
Conditions benefitting from hepatocyte transplantation
can be classified into two major categories (1) where
transplanted cells rescue the liver function and help the
patient survive (example: acute liver failure resulting
from toxins). Here hepatocyte transplantation might
actually work because the host liver suffered a massive
damage and loss of hepatocytes and transplanted
hepatocyte help with the liver functions; and (2) an
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intentionally damaged by chemical agents such as
[32]
dimethylnitrosamine
or physical agents such as
[33]
radiation such that the transplanted hepatocytes will
have a selective advantage over the host hepatocytes.
Thus host liver damage would facilitate engraftment
and repopulation of the transplanted cells. All these
techniques will induce chronic liver damage and
therefore have a very limited clinical value (e.g.,
[34]
clinical trial # NCT01465100) .
The current hepatocyte like cells are likely to be
a mixture of immature cells which express several
markers belonging predominantly to the endodermal
lineage which includes many liver transcription
factors and liver genes. Many of the current iPSC
protocols claim high efficiency, however there is no
standard means to compare various protocols. Many
of these protocols decide efficiency of differentiation
by calculating the percentage of cells expressing
one or two hepatocyte markers such as albumin,
HNF-4α and ASGPR1. This method is not entirely
correct because only a few markers are evaluated
and many investigators do not typically look for the
quantification and co-expression of various factors.
Similarly, many investigators do not look for markers
which are not typically expressed in liver (for example
pancreas or lung specific markers). It is possible that
these ES/iPSC derived hepatocytes are somewhere
“lost” with respect to their identity along their way to
[22]
hepatocytes . Finally, much of the published work is
dependent on immunofluorescent techniques for the
determination of differentiation efficiency, however, this
can be inherently flawed as many immunofluorescent
techniques are associated with errors from various
sources such as, nonspecific binding, variability in
fixation procedures, lack of proper controls and
[35]
observer bias .

be skeptical towards the different claims for “highly
efficient” generation of hepatocyte like cells from
ES/iPSC. Spontaneous repopulation of liver with
transplanted hepatocytes was reported in mutant α1antitrypsin protein (AAT-Z) expressing mice even in
[40]
the absence of severe liver injury . However there
is little information available in the literature on the
post-repopulation genetic/epigenetic changes in
transplanted cells.

HEPATOCYTE LIKE CELLS TRANSDIFFERENTIATED FIBROBLASTS
VS IPSC/ES
It is amidst these unsubstantiated claims of iPSC derived
“highly functional” hepatocyte like cells, claims of trans[19,35,41-51]
differentiated hepatocytes rose to the limelight
.
The proponents of transdifferentiation (from fibroblasts,
the preferred source for most investigators) claim ‘highly
efficient conversion of fibroblasts to hepatocytes’ by
ectopic expression of a combination of transcription
factors (or using a cocktail of small molecules, growth
factors and cytokines). It has been claimed that
these trans-differentiated fibroblasts are better than
hepatocyte like cells from iPSC because they are less
likely to form tumors (such as teratomas). They point to
the potential of iPSCs to form teratomas. Another reason
they cite is that oncogenes such as c-myc are used in
the generation of iPSCs. These are pithless arguments
for the following reasons: (1) it is the essential and
natural property of all pluripotent stem cells to form
[52]
teratomas and teratomas are benign tumors . All
the pluripotent cells in a morula which would give
rise to a healthy offspring have the potential to form
teratomas. In fact teratoma formation is the gold
[53]
standard for the quality of pluripotency (in humans) ;
and (2) all oncogenes are essential genes for normal
development and function of an organism. Oncogenes
can be oncogenic or anti-oncogenic depending on the
cellular and extracellular genetic and epigenetic context
which is partly dictated by the microenvironment. For
example c-Myc can induce apoptosis in hepatocytes
[54,55]
instead of proliferation
. Another argument favoring
the trans-differentiated hepatocytes is that fibroblasts
the common “raw material” for the generation of “transdifferentiated hepatocyte like cells” are easily available.
This is essentially wrong because ES/iPSC can proliferate
indefinitely (by definition) in-vitro and therefore
several fold more fibroblasts are required to generate
a similar quantity of “hepatocyte like cells” through
transdifferentiation considering the fact that fibroblast
proliferation is limited by Hayflick’s limit. I would expect
hepatocyte like cells generated from iPSC to be better
than directly trans-differentiated cells because during
iPSC generation the somatic cells are brought down to a
ground state and this brings more epigenetic uniformity
compared to transdifferentiation where hepatocytes

POPULAR ANIMAL MODELS FOR
HEPATOCYTE REPOPULATION - THE
ISSUES
In FAH model, part of the mechanism of engraftment
and repopulation is the fusion of the transplanted cells
with host cells which are deficient in a critical enzyme
necessary for hepatocyte survival. Similarly, the
uPA model suffers from spontaneous (or cell fusion
induced deletion upon xenotransplantation) deletion
[36-39]
of the offending uPA gene
. This implies that nonliver cells can fuse with host hepatocytes (resulting in
a compensated phenotype) and repopulate the host
liver. The fusion is expected to result in unstable or
metastable intermediate stages which may acquire
some degree of genomic stability by spontaneous
deletions, duplications or recombination of the
genetic material. Therefore repopulation of FAHKO/UPA mouse liver cannot be considered as a proof
of hepatocyte identity or quality and one needs to
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[64-69]

might carry a stronger epigenetic memory of the parent
cell. This can be explained by the simple analogy that
scrap metal can be melted and remolded to new goods.
New items can also be made by compression at high
temperatures without going through the melting step.
We also know that items made by compression will be
less homogenous and will retain some properties of the
material from which it originated. List below are the
reasons why hepatocyte like cells derived from iPSC
are expected to be better than those derived directly
from fibroblasts: (1) fibroblasts are likely to retain an
epigenetic memory which could be stronger compared
to iPSC derived i-Heps because during the process of
generation of iPSCs, cells are pushed to the ground
state (at least partially if not completely); (2) several
generations of iPSC (passages) will improve and ensure
uniformity and quality (compared to trans-differentiated
fibroblasts as once they become hepatocyte like cells,
they will either not proliferate or their proliferation is
limited because any differentiated cell would eventually
undergo senescence). This could be the reason why
extended passaging of iPSC clones improves the
[56]
efficiency of differentiation ; (3) iPSC culture can be
[5]
scaled up to industrial levels using bioreactors but
this is not possible with fibroblasts because they will
undergo senescence issue; (4) iPSCs are similar to ES
cells in their pluripotency and clonal nature. The clonal
nature and pluripotent stem cell properties of iPSC will
allow intense screening- morphological, physiological,
genetic, epigenetic and functional, of iPSC cells to
insure that the best clones are selected based on the
screening. Thus the uniformity, genetic quality and
safety can be assured for cells used in transplantation/
[57,58]
clinics
. This is not possible with hepatocytes
from trans-differentiated fibroblasts because their
proliferative capacity is limited (and they are not clonal)
and are highly heterogenous to start with. Single cell
genomics and epigenomics are making tremendous
progress and the sequencing costs seems to follow the
[59]
Moore’s law ; (5) telomere “resetting” happens in
iPSC but not in trans-differentiated cells. This will help
[60]
them from becoming senescent ; (6) huge number
of starting fibroblasts are required to make transdifferentiated hepatocytes. More starting cells means
more heterogeneity and more somatic mutations (see
[57,58]
below)
. As mentioned before, fibroblasts cannot
be expanded beyond Hayflick’s limit but iPSC has no
[5,61]
such limit
; (7) as noted earlier, heterogeneity and
mutation content of trans-differentiated hepatocyte like
cells will be more because they originate from more
[58]
-7
fibroblasts . Theoretical mutation rate is 10 per
[62,63]
gene per cell
. One can screen iPSC for potentially
harmful mutations, as noted before, because they can
be clonally selected and expanded without a limit in
practice; and (8) the cell cycle of stem cells, especially
pluripotent stem cells are different and has special
mechanisms for more faithful DNA replication and repair
than somatic cells ensuring better genetic reproducibility
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and hence lesser number of mutations
.
To conclude we have a long way to our goal of
generating hepatocytes by directed differentiation
from ES/iPSCs or by transdifferentiation from somatic
cells. Currently for many reasons iPSC derived
hepatocytes are superior to hepatocyte like cells from
transdifferentiated fibroblasts or other somatic cells.

CALL FOR A UNIFIED EFFORT SIMILAR
TO THE HUMAN GENOME PROJECT
FOR ELUCIDATING DEVELOPMENTAL
PATHWAYS AND SIGNALING
Before we compare and promote one method or the
other for generating hepatocyte like cells, we need to
define methods/protocols to evaluate and compare
efficiency of differentiation, we need to define the
standards and more importantly a clear definition for
hepatocyte like cells. A more comprehensive analysis
of the epigenome, RNAs and proteome of the different
hepatocyte like cells are required to set the standardsthe gold standard of comparison being human primary
hepatocytes. Methods to compare and analyze the
expression profiles, standards and references to be
compared with need to be defined.
Currently different groups are working independently
and coming up with differentiation protocols and each
group claiming an advantage for their protocol. Directed
differentiation protocols need to be compared, analyzed
and tweaked systematically and logically than empirically.
This is true not only for hepatocytes but also for several
other cell types such as cardiomyocytes, neurons, retinal
cells, cartilage, macrophages, endometrial or germ cells,
which could eventually be used in clinics. There is a need
for a well-coordinated global initiative comparable to the
[70]
scale of the Human Genome Project
to achieve this
goal in the near future.
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Abstract
While in chronic diseases, such as diabetes, mortality
rates slowly increases with age, in oncological series
mortality usually changes dramatically during the
follow-up, often in an unpredictable pattern. For
instance, in gastric cancer mortality peaks in the
first two years of follow-up and declines thereafter.
Also several risk factors, such as TNM stage, largely
affect mortality in the first years after surgery, while
afterward their effect tends to fade. Temporal trends
in mortality were compared between a gastric cancer
series and a cohort of type 2 diabetic patients. For
this purpose, 937 patients, undergoing curative
gastrectomy with D1/D2/D3 lymphadenectomy for
gastric cancer in three GIRCG (Gruppo Italiano Ricerca
Cancro Gastrico = Italian Research Group for Gastric
Cancer) centers, were compared with 7148 type 2
diabetic patients from the Verona Diabetes Study. In
the early/advanced gastric cancer series, mortality from
recurrence peaked to 200 deaths per 1000 personyears 1 year after gastrectomy and then declined,
becoming lower than 40 deaths per 1000 person-years
after 5 years and lower than 20 deaths after 8 years.
Mortality peak occurred earlier in more advanced T
and N tiers. At variance, in the Verona diabetic cohort
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overall mortality slowly increased during a 10-year
follow-up, with ageing of the type 2 diabetic patients.
Seasonal oscillations were also recorded, mortality
being higher during winter than during summer. Also
the most important prognostic factors presented a
different temporal pattern in the two diseases: while
the prognostic significance of T and N stage markedly
decrease over time, differences in survival among
patients treated with diet, oral hypoglycemic drugs
or insulin were consistent throughout the follow-up.
Time variations in prognostic significance of main risk
factors, their impact on survival analysis and possible
solutions were evaluated in another GIRCG series of
568 patients with advanced gastric cancer, undergoing
curative gastrectomy with D2/D3 lymphadenectomy.
Survival curves in the two different histotypes (intestinal
and mixed/diffuse) were superimposed in the first three
years of follow-up and diverged thereafter. Likewise,
survival curves as a function of site (fundus vs body/
antrum) started to diverge after the first year. On the
contrary, survival curves differed among age classes
from the very beginning, due to different post-operative
mortality, which increased from 0.5% in patients aged
65-74 years to 9.9% in patients aged 75-91 years;
this discrepancy later disappeared. Accordingly, the
proportional hazards assumption of the Cox model
was violated, as regards age, site and histology. To
cope with this problem, multivariable survival analysis
was performed by separately considering either the
first two years of follow-up or subsequent years.
Histology and site were significant predictors only after
two years, while T and N, although significant both
in the short-term and in the long-term, became less
important in the second part of follow-up. Increasing
age was associated with higher mortality in the first
two years, but not thereafter. Splitting survival time
when performing survival analysis allows to distinguish
between short-term and long-term risk factors.
Alternative statistical solutions could be to exclude
post-operative mortality, to introduce in the model
time-dependent covariates or to stratify on variables
violating proportionality assumption.

mortality and prognostic significance of risk factors was
rather stable in a cohort of type 2 diabetic patients.
Verlato G, Marrelli D, Accordini S, Bencivenga M, Di Leo
A, Marchet A, Petrioli R, Zoppini G, Muggeo M, Roviello
F, de Manzoni G. Short-term and long-term risk factors in
gastric cancer. World J Gastroenterol 2015; 21(21): 6434-6443
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i21/6434.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i21.6434

INTRODUCTION
Declining trend in mortality after gastric cancer surgery

Despite the declining incidence, gastric cancer is
currently the third leading cause of cancer death
[1]
worldwide . Prediction of prognosis after surgical
resection for primary gastric adenocarcinoma is
based mainly on the American Joint Committee on
[2]
Cancer (AJCC) staging system which takes into
account depth of tumour invasion, pathological nodal
status and the presence of distant metastasis as the
only prognostic factors. Certainly, disease burden
at the diagnosis is the most important predictor of
cancer related-death, as up to 70% of deaths from
cancer recurrence occur in the first two years after
[3,4]
gastrectomy
, mainly in patients with tumours
infiltrating serosa, with extensive nodal involvement or
systemic metastases.
However, after the first two years mortality rates
[4]
remarkably decrease. In a Dutch-American study
5-year disease-specific survival from the day of
surgery presented a median improvement of 7.2%,
19.1%, and 31.6% respectively, in patients surviving 1,
2, or 3 years after surgery. Therefore, according to the
[5]
US Gastric Cancer Collaborative survival estimates
following surgical resection of gastric adenocarcinoma
can be considered dynamic: “the probability of survival
increases with time already survived”.

Key words: Gastric cancer; Type 2 diabetes; Mortality;
Short-term risk factors; Long-term risk factors; Survival
analysis; Cox model; Proportional hazards assumption

Changing prognostic significance of risk factors during
follow-up

The improvement in prognosis, recorded in gastric
cancer patients surviving the first years of follow-up, is
[5,6]
particularly large in patients with advanced stages .
In the Surveillance, Epidemiology, and End Results
(SEER 17) database, five-year conditional survival (the
probability to survive in the next five years) increased
from 61% at baseline to 85% after 5 years in patients
with localized tumors, from 34% to 79% in patients
with metastases to regional lymph nodes, and from 2%
[6]
to 64% in patients with distant metastases .
[5]
In the US Gastric Cancer Collaborative the
prognostic significance of T and N status was of
paramount importance in the first three years after
surgery: indeed three-year survival was respectively

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

Core tip: In gastric cancer patients mortality from
recurrence peaked in the first two years after curative
gastrectomy and then declined. The prognostic
significance of risk factors was not stable, as the effect
of T and N decreased with time, while the effect of
histology became apparent after two years. Advancing
age was associated with increased post-operative
mortality. Hence, the proportional hazards assumption
of the Cox model was violated. A possible solution was
to split survival analysis in the first two years of followup and subsequent years. By comparison, overall
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77%, 59%, 43%, 27% in T1, T2, T3, T4, and 65%,
38% in N0, N1. However after 5 years of follow-up
depth of tumor invasion and nodal status at baseline
were no longer related to prognosis: indeed conditional
survival in the next three years was about 78%-87%,
[5]
irrespective of T or N tier .
In a Japanese study patients with early recurrence
had more advanced T and N status, and a larger tumor
[3]
size than patients with late recurrence . However only
depth of tumor invasion was independently associated
with timing of recurrence.
Thus, in advanced gastric cancer patients, who
survive over the first years but still present a notable
risk of recurrence compared to early gastric cancers,
factors other than TNM stage should be evaluated to
correctly predict prognosis.

TREND OF MORTALITY DURING
FOLLOW-UP IN A SERIES WITH EARLY/
ADVANCED GASTRIC CANCER
Between 1988 and 2002, 1086 patients underwent
gastrectomy for gastric cancer in three GIRCG centers:
Padua (n = 270), Siena (n = 371) and Verona (n =
[8]
445) . After excluding 1 neuroendocrine tumor, 1 T0
tumor, 7 multicentric tumors, 40 patients dying from
postoperative causes, 100 macroscopic or microscopic
residual tumors, 937 patients were considered for the
study.
As regards T and N status, coded according to the
th
UICC/AJCC TNM 6 edition (1997), 261 patients were
classified as T1, 359 as T2, 285 as T3, 32 as T4, while
N status was N0, N1, N2, N3 respectively in 404, 299,
142, 92 patients.
Median follow-up in surviving patients was 106 mo
(range: 36-216 mo): 3 patients were lost to followup. 515 patients died, 432 from tumor recurrence, 83
from other causes.
An Epanechnikov kernel function was used to
calculate the weighted kernel-density estimate
required to produce a smoothed hazard-function over
[11]
time .
In this GIRCG series mortality from recurrence
peaked to 200 deaths per 1000 person-years after 1
year of follow-up and then declined, becoming lower
than 40 deaths per 1000 person-years after 5 years
and lower than 20 deaths per person-years after 8
years (Figure 1A). This pattern could be inferred also by
a shrewd inspection of the corresponding survival curve,
which declined very steeply between 6 and 24 mo of
follow-up, becoming rather flat thereafter (Figure 1B).
As shown in Figure 2, mortality from recurrence
varied widely as a function of T and N status in the
first two years of follow-up, and tended to converge
thereafter. Interestingly the mortality peak occurred
earlier in more advanced T and N tiers.

Problems in applying survival analysis to cancer series

As stated above, the trend in mortality changes over
time and is often unpredictable, therefore analyzing
mortality in the oncological field is particular difficult.
Parametric models are not feasible, such as the
Weibull model which assumes a monotonous increase
[7]
or decrease in mortality rate over time . Hence, the
Cox model, which does not make a priori assumption
on the temporal pattern of mortality, is usually the
only choice for cancer patients. However, also the Cox
model is often difficult to apply to patients with gastric
cancer, due to violation of the proportional hazards
assumption.
On the contrary, survival analysis encounters less
problems in chronic degenerative diseases, such as
diabetes, where mortality usually increases during
follow-up due to ageing of the population under
study.
These topics were investigated in two homogeneous
GIRCG series (Gruppo Italiano di Ricerca sul Cancro
Gastrico; Italian Research Group for Gastric Cancer),
undergoing curative gastrectomy for gastric cancer:
(1) temporal trends in mortality, either in whole series
or as a function of disease stage, were inspected in
a cohort of patients from Padua/Siena/Verona with
early or advanced gastric cancer, undergoing curative
gastrectomy with limited/extended/superextended (D1/
[8]
D2/D3) lymphadenectomy . Temporal trend in this
gastric cancer series was compared with trend recorded
in a cohort of diabetic patients, enrolled in the frame
[9]
of the Verona Diabetes Study ; and (2) problems
in survival analysis and possible solutions were inves
tigated in a cohort of patients from Siena/Verona with
advanced gastric cancer, operated on with curative
[10]
gastrectomy and D2/D3 lymphadenectomy .
The lack of pre-operative chemotherapy and
the adequate staging in both gastric cancer cohorts
provided a unique opportunity to investigate both the
hazard function over time and the temporal pattern of
prognostic significance of main risk factors.

WJG|www.wjgnet.com

Comparison with mortality pattern in the Verona
diabetes study

The mortality pattern in the gastric cancer series was
compared with the pattern observed in 7148 type
2 diabetic patients from the Verona Diabetes Study.
[9]
Briefly the Verona Diabetes Study is a populationbased monocentric survey, which identified 7148 type
2 diabetic patients in the Verona Social Health Unit on
th
the 31 December 1986, using three different sources
of ascertainment (Diabetes Clinic, Family Physicians and
Drug Prescription Database) with an estimated 75%
[12]
completeness of ascertainment . At baseline, 860
patients (12.1%) were treated with diet, 5821 (81.8%)
with oral hypoglycemic drugs, 437 (6.1%) with insulin.
From 1987 to 1996 2896 patients died, the overall
[13]
follow-up amounting to 56410 person-years . It can
be appreciated that mortality slowly increased during

6436

June 7, 2015|Volume 21|Issue 21|

Verlato G et al . Short- long-term risk factors

B

GIRCG series
200

GIRCG series
100%
80%

Cancer specific survival

Smoothed hazard per 1000 person-yr

A

150

100

50

60%
40%
20%
0%

0
0

1

2

3
4
5
6
7
Years since gastrectomy

8

9

0

10

1

2

3
4
5
6
7
Years since gastrectomy

Number at risk
937 811 663 593 500 424 370

8

9

10

320 267 231 202

Figure 1 Temporal trend of recurrence-related mortality (A) and corresponding cancer-related survival (B) in a GIRCG series of 937 gastric cancer patients.
To plot the estimated hazard function, a kernel smooth was used with a bandwidth of 2.5 mo. Survival curve was estimated by the Kaplan-Meier method.
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Figure 2 Temporal trend in mortality from recurrence, as a function of T (1997) (A) and N (1997) (B) status in a GIRCG series of 937 patients. To plot the
estimated hazard function, a kernel smooth was used with a bandwidth of 3 mo.
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Figure 3 Temporal trend of all-cause mortality (A) and corresponding overall survival (B) in the 7148 type 2 diabetic patients from the Verona Diabetes
Study. To plot the estimated hazard function, a kernel smooth was used with a bandwidth of 1.5 mo. Survival curve was estimated by the Kaplan-Meier method.

the 10-year follow-up, with ageing of the type 2 diabetic
cohort. Seasonal oscillations were also recorded:
mortality rates was higher by about 10 deaths/1000
person-years during winter with respect to summer
(Figure 3A). Interestingly, these oscillations were too
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small to be detected in the corresponding survival curve.
When hazard function was analyzed as a function
of treatment, an important marker of disease
progression, seasonal oscillations in overall mortality
could be clearly detected in all groups but the insulin-
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445 patients were operated in Verona from January
1992 to May 2011 and 346 in Siena from January 1994
to June 2011. After excluding 19 subjects with Bormann
IV tumour, 2 subjects with neuroendocrine tumours,
75 subjects with early gastric cancer, 127 subjects
with non-curative resections, 568 subjects (312 from
Verona, 256 from Siena) were left for the analysis.
Tumour invasion (pT) and lymph node status
(pN) followed the UICC pathological tumour node
th
metastasis (pTNM) criteria, 7 edition.
Three hundred and fifty-one patients (61.8%) were
male, and mean age ± SD was 66.4 ± 11.7 years,
ranging from 24 to 92 years. 274 patients underwent
D2 lymphadenectomy and 294 D3 lymphadenectomy,
and nearly all (539/565 = 95.4%) could be adequately
staged, as they had at least 15 lymph nodes
retrieved. None of the patients received preoperative
chemotherapy.
Patients were followed-up till December 2011.
Median follow-up in surviving patients was 89 mo
(range, 7-240 mo).
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Figure 4 Temporal trend of all-cause mortality in the 7148 type 2 diabetic
patients from the Verona Diabetes Study as a function of treatment,
a proxy of disease progression. To plot the estimated hazard function, a
kernel smooth was used with a bandwidth of 1.5 mo for the groups treated
with diet and oral hypoglycemic drugs, and 4 mo for the group treated with
insulin.

treated group, where a very large bandwidth had to
be used to smooth the estimated hazard function,
due to the small size and the high mortality. Mortality
rates as a function of treatment remained separated
throughout the follow-up (Figure 4).
Of course, the comparison between the two series
has some limitations. First of all, gastric cancer series
represents an incident cohort, while the type 2 diabetic
patients from the Verona Diabetes Study represents a
prevalent cohort. Second, while mortality from gastric
cancer is more easy to assess and usually corrected
[14]
reported in death certificates , mortality from diabetes
is often a matter of debate, as diabetes is an important
risk factor for cardiovascular diseases, and even for
[13]
certain tumors . As a consequence, mortality from
[14]
diabetes is often under-reported in death certificates .
For these reasons, we chose to analyze mortality
from recurrence in gastric cancer patients and overall
mortality in type 2 diabetic patients.
With all these limitations in mind, a clear difference
was detected between mortality pattern in patients
with gastric cancer, a disease with a very high lethality
but which nevertheless can be cured, and mortality
in patients with diabetes, a disease with much lower
lethality but which cannot be cured. Overall mortality
pattern was more stable in diabetic patients, as well as
the prognostic significance of risk factors over time.

Statistical methods

In survival analysis both post-operative deaths and
death from recurrence were considered as terminal
events. Deaths caused by surgical and non-surgical
complications were coded as post-operative deaths,
and occurred in the first 38 d after surgery. Survival
analysis was repeated by considering only death from
recurrence.
Both the log-rank test and the Wilcoxon (-BreslowGehan) test were used to evaluate significance of
differences among survival curves. The latter test
places more weight to the events occurring at the
beginning of follow-up, when there are more subjects
at risk. The Wilcoxon test is preferred to the logrank test when the hazard functions do not vary in a
[7]
proportional way over time .
To test whether prognostic significance of the
main risk factors changed over time, the proportionalhazards assumption of the Cox model was tested on
the basis of Schoenfeld residuals. In addition, the
proportionality assumption was checked by graphic
methods: it was verified whether -ln[-ln[survival]]
curves for each category of risk factors were parallel,
when plotted vs ln[analysis time].

Univariable survival analysis

During the follow-up 315 (55.5%) patients died, 18
(3.2%) from post-operative causes, 242 (42.6%) from
cancer recurrence and 53 (9.3%) from other causes.
Cause of death was missing in 2 patients and timing of
death in 3 patients.
One hundred and sixty-five deaths from recurrence
(68.75%) occurred in the first two years of follow-up,
220 (91.7%) in the first four years, and 234 (97.5%)
in the first six years. The highest hazard of death from
recurrence was observed in the first 2 years of follow-up.
No death from recurrence was observed after 12 years.

ANALYSIS OF A GIRCG SERIES WITH
ADVANCED GASTRIC CANCER,
UNDERGOING AT LEAST EXTENDED
LYMPHADENECTOMY
Patients with advanced gastric cancer

The series comprised 791 patients undergoing
gastrectomy with at least D2 lymphadenectomy for
[10]
advanced gastric cancer in Verona or Siena . Of these
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Figure 5 Survival curves as a function of age (25-64, 65-74, 75-91 years), estimated by Kaplan-Meier method as on a GIRCG series of 568 patients
undergoing R0 gastrectomy for gastric cancer. Post-operative mortality is taken into account in (A) but not in (B).

Survival curves were spread as a function of age
in the first years, but not afterwards (Figure 5A). This
was mainly due to different post-operative mortality,
which was low in patients aged 25-64 years (1.3% =
3/231) or 65-74 years (0.5% = 1/196) but substantial
in patients aged 75-92 years (9.9% = 14/141) (P <
0.001). Indeed when post-operative mortality was not
considered, survival curves were nearly superimposed
(Figure 5B).
At variance survival curves of the two different
histotypes (intestinal and mixed/diffuse) were
superimposed in the first three years, but substantially
diverged thereafter. Likewise, survival curves of the
two different sites (fundus vs body/antrum) diverged
after the first year (Figure 6).
Hence, survival curves as a function of age were
significantly different according to the Wilcoxon test,
which places more weight to first part of followup, but not according to the log-rank test. On the
contrary, differences among survival curves of different
histotypes were nearly significant when evaluated by
the log-rank test, but not when reassessed by the
Wilcoxon test.
At variance, survival curves of different T and N
tiers were well separated throughout the follow-up
(Figure 6).

observed when considering either site or histology:
the curves, initially superimposed, diverged at the end
of follow-up. Parallel curves were observed as regards
T and N status, except for the very beginning of the
follow-up.
Proportional hazards assumption was also verified
by applying a Cox regression model and then the test
based on Schoenfeld residuals, which turned out to be
significant both as a whole (P = 0.001) and as regards
centre (P = 0.027), age (P = 0.005 for age 75-91
years with respect to age < 65 years), site (P = 0.007)
and histology (P = 0.011). Hence, the proportional
hazards assumptions of the Cox model were violated,
as regards centre, age, site and histology. Hence the
Cox model, which assumes the hazard ratio to be
constant over time, was not feasible over the whole
follow-up.
Interestingly, when considering as terminal event
only death from recurrence but not post-operative
death, the test based on Schoenfeld residuals was still
fully significant as regards centre (P = 0.014), site (P
= 0.023) and histology (P = 0.025), but not as regards
age (P = 0.060 for age 75-91 years with respect to
age < 65 years).

Multivariable survival analysis; checking proportional
hazards assumptions

To distinguish between short-term and long-term risk
factors, multivariable survival analysis was performed
by considering either only the first two years of followup or only the subsequent years (Table 1). If one
considers only the first 24 mo, site and histology
were not significant predictors of mortality, while T
and N exerted a strong effect. Histology and site were
significant predictors only after two years, while T and
N, although significant also in the long-term, lost a
great deal of their prognostic significance. Increasing
age was associated with higher mortality in the

Multivariable survival analysis in the first two years of
follow-up and thereafter

First of all, the proportional hazards assumption was
checked by graphic methods: it was verified whether
-ln[-ln(survival)] curves for each category of risk
factors were parallel, when plotted vs ln(analysis time).
It can be appreciated that the proportional-hazards
assumption was violated for age, site, histology as the
curves were not parallel (Figure 7). As regards age,
the curves were initially well separated and converged
at the end of the follow-up. The reverse pattern was
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Figure 6 Survival curves, estimated by Kaplan-Meier method on a GIRCG series of 568 patients undergoing curative gastrectomy for gastric cancer. The A, B,
C and D display respectively survival curves as a function of site (fundus vs antrum/body), Lauren histotype (intestinal vs mixed/diffuse), depth of tumor invasion and
nodal status.

Table 1 Prognostic significance of different risk factors in the first two years of follow-up and thereafter
First 2 years of follow-up
Centre (Siena vs Verona)
Sex (women vs men)
Age
65-74 yr vs < 65 yr
≥ 75 yr vs < 65 yr
Site (body/antrum vs fundus)
Histology (mix/diff vs intest)
T stage
T3 vs T2
T4a vs T2
T4b vs T2
N stage
N1 vs N0
N2 vs N0
N3 vs N0
Lymphadenectomy: D3 vs D2

Subsequent years

HR (95%CI)

P value

HR (95%CI)

P value

0.62 (0.44-0.88)
0.69 (0.49-0.97)

0.006
0.028
< 0.001

1.82 (1.06-3.14)
0.79 (0.48-1.30)

0.029
0.345
0.586

1.67 (1.14-2.44)
2.28 (1.50-3.46)
0.84 (0.60-1.18)
0.80 (0.57-1.12)

0.318
0.198
< 0.001

1.69 (0.82-3.50)
3.13 (1.60-6.13)
5.14 (2.34-11.27)

1.18 (0.68-2.04)
0.81 (0.38-1.72)
0.30 (0.18-0.51)
1.91 (1.09-3.36)

< 0.001
0.023
0.043

1.25 (0.59-2.68)
2.21 (1.10-4.44)
3.26 (0.87-12.17)
< 0.001

1.49 (0.70-3.14)
3.47 (1.94-6.22)
5.28 (3.09-9.04)
0.94 (0.66-1.33)

0.717

0.007
0.92 (0.35-2.40)
2.55 (1.29-5.03)
2.36 (1.22-4.57)
0.92 (0.54-1.57)

0.753

P values were computed by the LR test. Hazard ratios (HR) were computed by a Cox regression model, controlling for all the other variables in the model.
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recorded, mortality being higher during winter; (2)
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baseline snapshot of tumor progression at the time of
diagnosis or tumor excision. In gastric cancer they are
the most important predictors of mortality throughout
the follow-up, but their prognostic significance tends
to fade with time. On the contrary, biological intrinsic
tumor characteristics, such as Lauren histotype,
exerts a delayed effect on survival. The effect of
age on mortality is even more limited in time, being
mainly restricted to the post-operative period; and (3)
accordingly, in gastric cancer series the proportional
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Clinical implications

Hazard function over time can give additional information
with respect to survival function. For instance, it allows
to detect seasonal oscillations in overall mortality in
type 2 diabetic patients. An excess mortality during
winter has been recorded also in the general population,
[15]
especially in elderly men . Recently a GIRCG study
recommended to focus oncological follow-up after radical
surgery for gastric cancer in the first 3 years, although
only 3.2% of patients with recurrence could be treated
[16]
with potentially radical intent . The pattern of mortality
over time seems to support this statement, as mortality
from recurrence peaked at 200 deaths per 1000 personyears after 1 year of follow-up and decreased below 90
deaths after 3 years.
Depth of tumor invasion and nodal metastases
give a baseline snapshot of tumor progression at the
time of diagnosis or tumor excision. They are the

Figure 7 Log-log plots for age (A), site (B) and histology (C).

first two years, but not thereafter. Female sex was
protecting both in the first two years and thereafter,
although significant only in the former period.

DISCUSSION
The main results of the present study are: (1)
mortality from recurrence peaked 1 year after curative
gastrectomy in gastric cancer patients and then
declined. Mortality peak occurred earlier in more
advanced T and N tiers. At variance, in the Verona
diabetic cohort overall mortality slowly increased
during a 10-year follow-up, with ageing of the type
2 diabetic patients. Seasonal oscillations were also
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most important predictors of mortality throughout the
follow-up, but their prognostic significance tends to
fade with time. The effect of age on mortality is even
more limited in time, being mainly restricted to the
post-operative period.
On the contrary, biological intrinsic tumor cha
racteristics, such as Lauren histotype, can affect
prognosis in the short term by determining more
advanced tumor stage, but they also display a delayed
effect on survival. Indeed as regards tumor histology, in
the first years of follow-up its prognostic significance is
usually masked by N status, as Lauren diffuse cancers
are more prone to give lymph node metastases. For
instance, in the Verona series Lauren histology was an
independent prognostic factor when N classification
was based on site (TNM 1987) but not when based on
[17]
number of positive nodes (TNM 1997) .
A similar pattern was recorded in adenocarcinoma
arising from the ampulla of Vater, where “depth of
invasion was the most important prognostic variable
in the first 2 years of follow-up”, while allelic losses
(LOH) at chromosome 17p, containing the TP53 gene,
[18]
became the most important variable thereafter
(Figure 8). Indeed, “when considering only the first 20
mo of follow-up, statistical significance was retained by
T stage (P < 0.001), but not by chromosome 17p LOH
(P = 0.060); the reverse pattern was observed when
excluding the first 20 mo of follow-up (P = 0.542 for T
[18]
stage and P < 0.001 for chromosome 17p LOH)” .

by chronic degenerative diseases, such as diabetes,
where the trend in mortality is rather stable over
time. Hence parametric models could be suited for
these patients, such as the Weibull model, assuming
a monotonous increase or decrease in mortality rate
[7]
over time . Indeed in the Verona Diabetes Study
observed deaths in different time intervals were not
significantly different from expected deaths according
[22]
to the Weibull model .

Statistical implications

3

CONCLUSION
It can be concluded that in gastrointestinal cancer
biological characteristics, such as histology or genetic
features, exerts a delayed effect on prognosis. On
the contrary, the actual spread of the tumor has an
immediate effect on survival.
According to the Authors’ opinion methodological
research in the surgical field is necessary in order to
develop new statistical methods to compare groups
with non-proportional hazards.
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EDITORIAL

Controversy in the diagnosis of pediatric non-alcoholic fatty
liver disease
Pierluigi Marzuillo, Anna Grandone, Laura Perrone, Emanuele Miraglia del Giudice
increased and the non-alcoholic fatty liver disease
(NAFLD) has become the most common form of liver
disease in childhood. Also if there are some not-invasive
diagnostic possibilities, the diagnostic gold standard is
represented by hepatic biopsy giving to the clinicians the
possibility to both diagnose the NAFLD and evaluate its
progression to fibrosis or cirrhosis with greater certainty
than other techniques. The use of liver biopsy in clinical
practice causes debate among health care providers.
Most patients with NAFLD have a good prognosis and,
therefore, the risks of a liver biopsy seem to outweigh
the clinical benefits. It represents an impractical
screening procedure because it is both expensive and
invasive and, moreover, sampling error of liver biopsy
can result in substantial misdiagnosis and staging
inaccuracies because histological lesions of non-alcoholic
steatohepatitis are unevenly distributed throughout
the liver parenchyma. The liver biopsy limitations have
led the clinicians to use, also if highly imperfect, noninvasive methods to diagnose and stage NAFLD. In this
editorial the main diagnostic controversies in pediatric
NAFLD are examined.
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Core tip: Because of the rising obesity prevalence, the
non-alcoholic fatty liver disease (NAFLD) has become
the most common form of liver disease in childhood.
The diagnostic gold standard is represented by hepatic
biopsy but the use of liver biopsy in clinical practice
causes debate among health care providers because
most patients with NAFLD have a good prognosis and,
therefore, the risks of a liver biopsy seem to outweigh
the clinical benefits. The liver biopsy limitations have led
the clinicians to use non-invasive methods to diagnose
and stage NAFLD. In this editorial the main diagnostic
controversies in pediatric NAFLD are examined.

Abstract
In the last years childhood obesity has reached epidemic
diffusion with about 200 million school-age children
worldwide being overweight or obese. Simultaneously,
also the prevalence of obesity comorbidities has been
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WHEN TO PERFORM A LIVER BIOPSY?
Although there are other diagnostic possibilities, at the
present time liver biopsy still represents the only way
for a definitive pediatric NAFLD diagnosis.
The principal aims of the liver biopsy examining
a child with the suspect of NAFLD are to confirm or
exclude the diagnosis, to evaluate if other concomitant
liver diseases are present and to quantify the degree
[12]
of liver involvement .
Being invasive, liver biopsy should be considered for
children who will “benefit” of this exam and, therefore,
the ESPGHAN Hepatology Committee indicated the
following criteria to perform a liver biopsy when
suspecting NAFLD. They are: (1) the exclusion of
other treatable disease; (2) the suspect of advanced
liver disease; (3) before pharmacological/surgical
treatment; and (4) as part of a structured intervention
protocol or clinical research trial. The Committee also
recommended to perform the liver biopsy for differential
diagnosis only if other non-invasive investigations have
[9]
not been conclusive .
Also if the liver biopsy is the gold standard for
the NAFLD diagnosis and for the evaluation of the
progression to NASH, it presents limitations. Even if
liver biopsy is performed under ultrasound guidance, it
is invasive and could lead to complications represented
by pain, bleedings, organ perforation (more likely if
the biopsy is performed in blind) and death (0.01%
[12]
of the cases) . Another limitation is the operator
[13]
experience in performing biopsy . In fact, if the
samples size in not appropriate the diagnostic accuracy
[11,14]
could be lower
. Also the NAFLD itself could limit
the biopsy diagnostic accuracy, in fact it could not
present homogeneous fibrosis diffusion and then the
histopathological samples could not show these areas.
Apart of the experience in performing the biopsy, it is
[13]
also important the experience of the pathologist .
[15]
Kleiner et al
demonstrated that pathologists
agreements about steatosis, ballooning and fibrosis
were good but not so strong for location of steatosis
[16]
and for inflammation .

INTRODUCTION
The pediatric obesity prevalence has been constantly
[1]
increasing in the last years . This rising has lead to an
increased incidence of obesity comorbidities, including
[2]
non-alcoholic fatty liver disease (NAFLD) . NAFLD, in
fact, is the most common pediatric liver disease with
[3]
a prevalence more than doubled in the last decades .
Between 3% and 11% of the pediatric population
[4,5]
present NAFLD , with highest prevalence (46%)
reached among overweight and obese children and
[6]
adolescents .
NAFLD comprehends conditions ranging from
fatty liver or steatohepatitis, to cirrhosis and its
complications (e.g., hepatocellular carcinoma and
[7,8]
portal hypertension) . Hepatic biopsy represents the
diagnostic gold standard defining the NAFLD when
more than 5% of hepatocytes present fat infiltration
[7]
in absence of other demonstrable liver diseases .
The NAFLD progression to advanced fibrosis and
cirrhosis is a long-term phenomenon and then, NAFLD
complications present low incidence in children. A
recent pediatric autopsy series demonstrated that the
non-alcoholic steatohepatitis (NASH) prevalence was
2.96%. Moreover, NASH was shown in about 23%
of children with NAFLD and bridging fibrosis and/or
[6]
cirrhosis were present in 9% of children with NASH .
Therefore, considering the low prevalence of NASH
in children could be reasonable to use non-invasive
methods to evaluate hepatic steatosis in childhood
obesity, reserving the liver biopsy only for specific
indications as shown below. The use of liver biopsy in
daily clinical practice causes debate among pediatricians
because in childhood the NAFLD presents a good
prognosis and therefore, the liver biopsy related risks
could outweigh the clinical benefits. Moreover, the
liver biopsy is not practicable as screening methods
[9]
because it is both expensive and invasive . However,
considering the increased NAFLD prevalence, it is more
likely to evaluate a child with NAFLD determined by a
primary liver disease (e.g., autoimmune liver disease
or Wilson disease) and therefore it is fundamental to
[9]
not miss a treatable condition .
Liver biopsy is the gold standard technique giving the
[10]
possibility to differentiate NAFLD from NASH
but the
clinicians must be aware of the possibility that sampling
error of liver biopsy can determine misdiagnosis and
staging imprecisions because histological NASH lesions
are not uniformly distributed throughout the hepatic
[11]
parenchyma .
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WHAT ARE THE ALTERNATIVES TO A
LIVER BIOPSY?
In daily clinical practice the observation of an over
weight/obese child with elevated serum ALT and
γ-glutamyl transpeptidase (GGT) levels and/or
ultrasound (US) evidence of bright liver suggests to the
[9]
clinicians the NAFLD diagnosis . The ALT levels could
be in the normal range also if NAFLD is present and
[17]
then the sensitivity of this marker is low . Moreover
there is evidence that degree of ALT elevation is not
[18,19]
useful to predict the presence
or severity of NAFLD
[20]
histological findings . In fact, advanced fibrosis could
[17,21]
be present without ALT levels elevation
. However,
being the ALT dosage inexpensive and easily available,
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it could be considered as useful test for the screening
[9]
and initial evaluation of the NAFLD . Evaluating
ALT levels it is important to use age and sex specific
centiles to not have misleading interpretations of these
[22]
values . Could be reasonable to use as cut-off ALT
levels of 60 U/L and 40 U/L in children aged less than
[22,23]
18 mo and more than 18 mo, respectively
. As
marker of advanced fibrosis in NAFLD, GGT could be
[24]
evaluated . Moreover, there is evidence that serum
ferritin levels higher than 1.5 upper normal limits
are associated with hepatic iron deposition, NASH
diagnosis, and advanced hepatic fibrosis in NAFLD
[25]
affected patients .
As imaging technique, the US is useful in NAFLD
screening because of lack of invasiveness, widely
[26]
diffusion and being inexpensive . US give also
the possibility to identify any evidence of portal
[27]
hypertension . The liver at the US scan appears
similar to other solid organs. When the liver presents
brightness or hyperechogenicity compared with the
right kidney or spleen, a diagnosis of steatosis could
be performed. The degree of fatty infiltration could
[9]
be quantified by the echogenicity degree . Steatosis
is detectable by US when fat infiltration affects more
[28]
than 20% of hepatocytes
and the sensitivity and
[29]
specificity are 100% and 90% respectively . However,
around the US use in pediatric NAFLD there is an
[30]
important debate. Recently, Awai et al
concluded
their systematic review affirming that available
evidence does not support the use of ultrasonography
for the diagnosis or grading of fatty liver in children.
Therefore, also if US can be used as screening because
of its relative low cost, large diffusion in medical
[31]
community and feasibility in the pediatric population ,
the clinicians must be aware of the US limits: this
method can not differentiate between steatosis and
steatohepatitis, can not establish with certainty
the degree of fatty infiltration, can not differentiate
between steatosis and other diffuse liver diseases
characterized by increased echogenicity, and finally,
can not always identify the spared or focal steatosis
[32]
areas from hepatic focal lesions . In future, using
the computerized analysis of US images and especially
the new elastographic techniques the US capacity to
[32]
individuate steatosis could increase .
Unenhanced computed tomography (CT) pre
sents more specificity than US for the fatty liver
[9]
quantification . With this technique the fatty liver is
detected measuring the difference in liver and spleen
attenuation values with a sensitivity and specificity in
adults compared with liver biopsy of 82% and 100%,
[33]
respectively . However, there is evidence of a not
clinically acceptable CT diagnostic performance for
[33]
quantitative assessment of macrovesicular steatosis .
Moreover, considering that repeated CT carries an
established risk of increase incidence of cancer in the
[34]
pediatric patients , the CT use in pediatric NAFLD is
to consider impracticable and should be reserved only
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for emergencies and malignancies.
Magnetic resonance (MRI) could be of interest in
childhood because neither invasive nor irradiating
and presents the capacity to reliably quantify liver fat
[9]
[35]
infiltration . Pacifico et al
demonstrated a good
correlation between MRI and US especially in pediatric
patients with moderate and severe steatosis. Data
about sensitivity and specificity of MRI compared to
liver biopsy in childhood are not available; in adult
population, the sensitivity and specificity compared
to histopathological findings are 100% and 90.4%,
[36]
respectively . However, because histology gives a
fraction of hepatocytes involved rather than fraction of
tissue volume occupied by fat as available with MRI,
it not possible to perform a direct comparison. Also if
this technique is not invasive and without radiations,
it is expensive and not widely available. In addition,
young and not collaborative children performing MRI
need of sedation. Therefore, at the present time, MRI
is not applicable for a screening program and the
available data are insufficient to give evidence-based
[30]
recommendations regarding its use in children .
1
1
H-MR spectroscopy ( H-MRS) evaluates the hepatic
triglyceride content by directly measuring protons in the
acyl groups of the liver tissue triglycerides and then can
quantify the hepatic steatosis. It has been successfully
used to measure hepatic fat content in a pediatric
cohort of histopathological assessed NASH before and
[37]
after pharmacological treatment . This technique is
time-consuming and requires off-scan analysis by an
expert. Therefore, at present time, its use is limited to
[9]
research studies and not suitable for daily clinical use .
Recently, the transient elastography has been
introduced and it showed the capacity to evaluate
liver fibrosis based on stiffness being noninvasive,
[9]
rapid, painless, and reproducible . There is a good
[38]
correlation with hepatic histology both in adults
and
[39]
children
with chronic liver disease including NAFLD.
This technique is not yet performed in everyday clinical
practice also if a probe with size appropriate also for
[40]
smaller children has been made .
A recent method for non-invasive steatosis assess
ment is the controlled attenuation parameter (CAP)
evaluated with transient elastography. It can quantify
hepatic fat content along with assessment of liver
stiffness. The available data, however, are limited to
adult population and to the probes M and XL. If will
be available similar data in pediatric population, CAP
should become an important tool for liver fat content
[41]
quantification in children .
The magnetic resonance elastography (MRE) uses
a modified phase-contrast MRI sequence to visualize
propagating share waves in tissues. It could be used
in addition to MRS to evaluate the degree of steatosis
and of liver stiffness in a not invasive way; however,
further studies are needed before introducing MRE in
[9]
the daily use .
An alternative elastography method is represented

6446

June 7, 2015|Volume 21|Issue 21|

Marzuillo P et al . Controversy in pediatric NAFLD diagnosis
Table 1 Advantages and disadvantages of non-alcoholic fatty liver disease diagnostic techniques
Diagnostic techniques

Advantages

Disadvantages

Biopsy

Gold Standard, highest sensitivity and specificity

ALT serum levels dosage
Ultrasound

Widely available and inexpensive, useful as screening
Widely available, inexpensive. When the percentage
of steatosis is > 20%, sensitivity and specificity are
acceptable. Useful as screening

Unenhanced computed
tomography

Good sensitivity and specificity compared to live
biopsy

Magnetic resonance

Good sensitivity and specificity compared to live
biopsy in adult population
It is not invasive and it is not irradiating
1
H-MR spectroscopy
It has been applied successfully in a pediatric pilot
study to measure hepatic fat content in patients with
histopathological evidence of NASH before and after
pharmacological treatment
Transient elastography
Good correlation with hepatic histology both in adults
and children
Magnetic resonance elastography It could be a complement to 1H-MR spectroscopy to
estimate non-invasively the degree of steatosis and
degree of liver stiffness
Biomarkers, prediction scores
Could help the clinicians to perform NAFLD diagnosis
Equations and tests
and evaluate progression to NASH without performing
liver biopsy

Invasive and expensive;
Sampling error of liver biopsy can result in substantial
misdiagnosis and staging inaccuracies;
Low sensitivity
Can not differentiate between steatosis and steatohepatitis;
Can not establish with certainty the degree of fatty infiltration;
Can not differentiate between steatosis and other diffuse liver
diseases characterized by increased echogenicity;
Can not always identify the spared or focal steatosis areas
from hepatic focal lesions
Quantitative assessment of macrovesicular steatosis is not
clinically acceptable;
Radiations exposure
There are insufficient data to make evidence-based
recommendations regarding its use in children
It is time-consuming and requires off-scan analysis by an
expert
Its use appear to be more appropriate for research studies and
not suitable for widespread use
It is not yet performed in everyday clinical practice
Further studies are needed before to validate this method

There are contrasting results and more validation studies are
needed

NAFLD: Non-alcoholic fatty liver disease; ALT: Alanine transaminase; NASH: Non-alcoholic steatohepatitis; 1H-MR: 1H-Magnetic resonance.

by the Acoustic Radiation Force Impulse Imaging
(ARFI), a new non-invasive method quantifying the
tissue stiffness during ultrasound examination. Data
in pediatric age are available but further studies are
[42]
needed to validate this technique .
In literature many studies evaluating biomarkers
[43-48]
[49-53]
of hepatic inflammation
, oxidative stress
,
[54-56]
[57,58]
apoptosis
, or hepatic fibrosis
, with the aim
to identify children with NAFLD and predict those at
increased risk for progression to NASH, are available.
[59,60]
Moreover, also prediction scores equations
or
tests containing combinations of markers (such as
[61]
[58]
Steatotest
or NashTest ) have been developed
with contrasting results. Noninvasive prediction scores
for NAFLD are highly demanded to enable clinicians
[59]
to screen for NAFLD easily and rapidly . Particularly,
accurate exclusion of the presence of NAFLD in highrisk groups would allow clinicians to select patients
[59]
needing more expensive and invasive diagnostics .
[59]
Koot et al
built a new equation (ALT-HOMA-leptin)
that performed better than the equations previously
built (NAFLD liver fat score, fatty liver index, hepatic
steatosis index and ped-NAFLD score) but its
diagnostic accuracy for excluding NAFLD was still
insufficient for daily clinical practice. Also prediction
scores evaluating advanced fibrosis in children with
[60]
NAFLD have been tested. Alkhouri et al showed that
noninvasive hepatic fibrosis scores developed in adults
have poor performance in diagnosing advanced fibrosis
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in children with NAFLD. Moreover, in this study, a new
pediatric specific score called PNFS was proposed
[60]
and showed improved performance characteristics .
However, the authors stated that the score must
be validated in other populations before it can be
recommended for daily clinical practice in diagnosing
[60]
advanced hepatic fibrosis in children with NAFLD .
In conclusion, these are interesting research fields
but, before biomarkers, prediction scores or tests could
be used in clinical practice more validation studies are
needed.

CONCLUSION
The increasing prevalence of pediatric NAFLD and
the risks, limitations and costs of liver biopsy have
led the clinicians to use, also if highly imperfect,
non-invasive methods to diagnose and stage
NAFLD (these methods are summarized in Table
1). Considering that, in pediatric age, the NAFLD
is, frequently, a benign condition, we think that the
most important diagnostic issue for the clinicians
is to not perform a certain NAFLD diagnosis but to
not miss other causes underlying or mimicking the
NAFLD. Because of the high prevalence of NAFLD in
[6]
obese children and adolescents , we suggest, on the
basis of available literature, to perform ALT dosage
and hepatic ultrasound as screening of NAFLD in this
population. However when there are the conditions
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indicated by the ESPGHAN Hepatology Committee is
reasonable to perform the liver biopsy referring the
patient to a specialist centre with good experience
both in performing the biopsy and in evaluating the
histopathological lesions. The Latin aphorism “primum
non nocere” must drive our clinical practice.
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Diagnostic and therapeutic applications of water-immersion
colonoscopy
Shinya Sugimoto, Takeshi Mizukami
popular. They were originally designed to reduce
colonic spasms, facilitate cecal intubation, and lower
patient discomfort and the need for sedation. These
maneuvers straighten the rectosigmoid colon and enable
the colonoscope to be inserted deeply without causing
looping of the colon. Water-immersion colonoscopy
minimizes colonic distension and improves visibility
by introducing a small amount of water. In addition,
since pain during colonoscopy indicates risk of bowel
perforation and sedation masks this important warning,
this method has the potential to be the favored insertion
technique because it promotes patient safety without
sedation. Recently, this water-immersion method has not
only been used for colonoscope insertion, but has also
been applied to therapy for sigmoid volvulus, removal of
lesions, lower gastrointestinal bleeding, and therapeutic
diagnosis of abnormal bowel morphology and irritable
bowel syndrome. Although a larger sample size and
prospective head-to-head-designed studies will be
needed, this review focuses on the usefulness of waterimmersion colonoscopy for diagnostic and therapeutic
applications.
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Core tip: Water-immersion colonoscopy minimizes
colonic distension, reducing patient discomfort and
the need for sedation. Due to these characteristic
advantages, this method has been applied to treatment
in diverse ways, not just as an insertion technique
during colonoscopy. Its ease and safety are favorable
for detorsion for sigmoid volvulus and treatment of
lower gastrointestinal bleeding in the early postoperative
period. Underwater endoscopic mucosal resection
increases the proportion of completely resected lesions,

Abstract
Colonoscopy techniques combining or replacing air
insufflation with water infusion are becoming increasingly
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yet widely available, and its inherent utility currently
suffers from criticisms such as “Preferable results may
not be achieved when performed by less experienced
endoscopists” and “The prolonged insertion time due
to the time-consuming suction and exchange of water
is a waste of time”. Yet, these are misapprehensions:
colonoscopy with water infusion can be easily per
[3,10,17]
formed by even less experienced endoscopists
and is very useful not only for the insertion of the
colonoscope but also as a diagnostic and therapeutic
tool. Recently, this method has been applied to therapy
for sigmoid volvulus, the removal of lesions, lower
gastrointestinal bleeding, and therapeutic diagnosis
of abnormal bowel morphology and irritable bowel
syndrome. This review focuses on the unique merits of
water infusion and its therapeutic applications.

and reduces recurrence, posttreatment bleeding, and
perforation. Water-immersion colonoscopy is also useful
for estimating the colon morphology based on changes
in the water surface and the rotated direction of the
colon.
Sugimoto S, Mizukami T. Diagnostic and therapeutic applications
of water-immersion colonoscopy. World J Gastroenterol 2015;
21(21): 6451-6459 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i21/6451.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i21.6451

INTRODUCTION
Colonoscopy is performed both diagnostically and
therapeutically, and considered the gold standard for the
[1,2]
examination and removal of lesions in the colorectum .
Although it may be not true of specialists, the reported
cecal intubation rate in unsedated colonoscopy using air
insufflation (AI) is about 80%, while the rate in sedated
[3]
colonoscopy is greater than 90% . Loop formation,
distension, and elongation of the colon, particularly at
[4]
the sigmoid colon, are all causes of pain for patients ,
especially when procedures are performed without
sedation. Pain associated with pushing through loops
reduces the cecal intubation rate in unsedated patients.
[5]
Therefore, in the United States and in some Asian
[6,7]
and Western European countries , conscious sedation
or deep sedation is almost universally utilized during
[3]
colonoscopy . By right, deciding on the appropriate
approach requires an assessment of the patient’s
sedation needs and risks prior to the colonoscopy. It
requires scrupulous attention to whether the patient
has an increased risk of difficult airway management
or increased cardiopulmonary complications of
colonoscopy such as co-morbidities or being elderly, or
obese. In addition, pain during colonoscopy indicates
risk of perforation, but sedation masks this important
[3]
warning . From a safety point-of-view, unsedated
colonoscopy seems to be more feasible if it is well
tolerated by patients. Recently, the feasibility of
[3]
unsedated colonoscopy has become well established
due to advances in gastrointestinal endoscopy, but it
is often difficult to persuade endoscopists in countries
where sedation is almost universally utilized of the merit
of unsedated colonoscopy; they might even believe that
this issue is of marginal clinical importance.
Colonoscopy techniques combining or replacing
AI with water infusion were originally designed to
reduce colonic spasms, facilitate cecal intubation,
and lower patient discomfort and the need for
[8-10]
sedation
. Indeed, the water infusion method has
shown promise in minimizing discomfort and the
[10-16]
need for sedation
. When water infusion in lieu
of AI is used without sedation, the cecal intubation
[11-16]
rate is enhanced to more than 90%
. While water
infusion is becoming increasingly popular, it is not
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WATER-IMMERSION COLONOSCOPY
Concept

[8]

Falchuk et al first described water colonoscopy, i.e.,
the basic idea of water-immersion (WI) colonoscopy,
for patients with severe diverticulosis in 1984.
They filled the colon with 100-300 mL of water in
lieu of AI to distend the lumen. The water opened
and straightened this portion of the sigmoid colon,
making it possible to distinguish clearly the real from
the apparent lumen. The water was subsequently
removed by suction. This technique was then modified
by other groups seeking to facilitate cecal intubation,
reduce colonic spasms, lower patient discomfort, and
[9,18,19]
decrease the need for sedation
. To sum up, this
water method requires the infusion of water in lieu
of AI to distend the lumen during the insertion of the
colonoscope.
[20]
In Japan, Hamamoto et al
reported the first
randomized controlled trial (RCT) associated with
unsedated water colonoscopy performed by three
trainees. In this RCT, the water method was used in
which 500-1000 mL of water were instilled into the
colon by an enema. Compared with using AI, the
proportion of patients who complained of abdominal
pain during the procedure was lower (water method
17.1% vs AI 33.3%, P < 0.01) and cecal intubation
was faster (10.5 min vs 16.2 min, P < 0.01).
[17]
Mizukami et al , later modified the water
[10]
method . This version, called the “collapsesubmergence method” or “water-navigation method”
demonstrated novelty in its removal of the boundary
line between intracolonic water and air and complete
suctioning of residual luminal air to improve visibility.
This kind of water method associated with complete
removal of residual luminal air is widely used as a WI
method at present. The WI method combined with a
cap attached to the tip of the colonoscope allows an
adequate distance between the instrument and the
colonic wall to be maintained, thus keeping the luminal
[10]
direction in view and improving insertion . With
this cap-assisted combination, the endoscopic view is
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[11-16]

maintained by the space inside the cap filled with a
small amount of clear water. Water accumulates around
the tip of the colonoscope, flows straight down into the
descending colon, and straightens the rectosigmoid
colon. This mechanism enables the colonoscope to be
inserted through the sigmoid colon without causing
looping of the colon. In an RCT performed by 10
[21]
endoscopists (including trainees), Asai et al confirmed
that WI increased the success rate of insertion through
the sigmoid colon without loop formation using a
magnetic endoscope imaging device. The success rate
of insertion without loop formation was 37.5%, 40.0%,
and 53.8% in the standard AI, cap-assisted AI, and
cap-assisted WI groups, respectively. There were no
significant differences among the groups with respect to
cecal intubation rate, cecal intubation time, or number
of polyps > 5 mm in diameter per patient. Importantly,
there were no significant differences among the three
groups in terms of cecal intubation time, including the
time taken to infuse the water (approximately 30 s) and
the short time required for water removal. Many other
[22-31]
RCTs have been performed
and the WI method has
been shown to reduce pain scores, need for sedation,
[11-14]
and general patient distress
.

lightly sedated or unsedated
. WI, performed
together with carbon dioxide insufflation during
withdrawal, has added benefits for improving patient
[38,39]
comfort
. If patients tolerate the procedure well
without sedation, pain during colonoscopy can be a
warning sign of impending complications, such as
[3]
perforation . WI also enhances cecal intubation in
[40]
previously incomplete colonoscopies .
Systematic reviews indicate that the WI method
has no impact on the adenoma detection rate
[11-14]
[41,42]
(ADR)
, an indicator of colonoscopy quality
.
In contrast, some meta-analyses that separated RCTs
using WI with those using WE have suggested that WE
[15,16]
may be superior in increasing the ADR
, but this
[36]
difference was not statistically significant .
To further increase the ADR, indigo carmine and
cap-assisted colonoscopy can be combined with
[43]
the WE method. Leung et al
reported that indigo
carmine (concentration: 0.008%) used in conjunction
with the WE method enhances the ADR (WE 44%
vs combined 62%, P = 0.03). It has already been
reported that cap-assisted colonoscopy combined
with WI has the potential to reduce patient discomfort
[10,44]
and make colonoscope insertion easier
. In a later
study, the potential improvement to ADR by cap[45]
assisted colonoscopy was evaluated by Yen et al ,
who reported that the WE method combined with it
resulted in a higher ADR compared to AI colonoscopy
in consecutive patients (cap-assisted WE 75.0% vs AI
59.4%, P = 0.02), although this was a retrospective
study. The impact of WE colonoscopy on ADR has
become a new avenue of investigation.
One of the biggest disadvantages of WE compared
to WI is the longer procedure time, because suctioning
dirty water and replacing it with clean water can be
time-consuming. However, there are complementary
[36]
advantages. Hsieh et al
reported in a RCT that for
their AI, WI, and WE groups, while the cecal intubation
time averaged 6.3 min, 5.7 min, and 16.4 min, the
painless insertion rate was 30.0%, 43.3%, 61.1%,
respectively. The improved ADR with WE might also
be explained by the improved bowel cleansing and
the longer insertion time. Whether WE colonoscopy
becomes one of the more preferred techniques in daily
medical practice is controversial due to the prolonged
insertion time caused by time-consuming suction
and exchange of water. Although WE colonoscopy
may improve the ADR, the benefit of water-aided
colonoscopy that most practitioners mainly focus on is
improved patient comfort. However, concerned readers
should note that WE is not an essential component in
the therapeutic applications of WI described below in
this review.

Uncertain classification

Water-aided colonoscopy entails infusion of water in
lieu of AI to distend the lumen during the insertion
[15]
of the colonoscope. Leung et al
suggested that
water-aided colonoscopy be broadly classified into two
categories depending on the the timing of the removal
of infused water: the WI method (water infusion with
[22-31]
water removal predominantly during withdrawal)
and the water exchange (WE) method (water
infusion with water removal predominantly during
[32-37]
insertion)
. However, there is a lack of consensus
among other groups on the clear distinction between
WI and WE.
In daily medical practice, procedures are sometimes
a mixture of the two techniques. WI includes suctioning
residual luminal air using a small amount of water:
even if endoscopists intend to perform WI, poor bowel
preparation requires a degree of suction and then
reinfusion of fresh water to see the lumen and continue
the insertion. On the other hand, WE amounts to nearly
the same thing as WI when the bowel is prepared
properly because there is no need for the exchange of
water. In principle, water infusion involves turning the
insufflation gas off and filling the colon with water only
[15]
during insertion . However, WI colonoscopy can be
usually performed together with air or carbon dioxide
insufflation during insertion after passing through
the sigmoid-descending junction. These undefinitive
classifications remain issues of note, especially when
performing RCTs or meta-analyses.

Ease and safety for trainees

Since the majority of published RCTs using water
infusion at present were performed by endoscopists
highly experienced with this method, there appears to
be a misunderstanding that this method is difficult for

Merits

Compared with AI, recent studies show that both
WI and WE reduce insertion pain in patients who are
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less experienced endoscopists. Actually, WI colonoscopy
is the preferred method for trainees, and colonoscopy
with water infusion was easily performed by trainees
[20-23,26]
in some published RCTs
. In our experience,
trainees can perform painless unsedated colonoscopy
[10,17]
from the outset after training with a colon model
,
even if they have no experience in colonoscopy or
esophagogastroduodenoscopy.
Loop formation and the distension and elongation
of the colon, particularly at the sigmoid colon, are often
[4]
the cause of pain in patients . WI resolves passing
though the sigmoid-descending junction without
loop formation, which is often a technical challenge
[17]
for trainees , and prevents excessive AI. WI also
minimizes discomfort and the need for sedation,
which can mask pain, a warning sign of impending
[3]
complication . Thus, WI is useful for trainee education,
and the ease and safety of this method renders it useful
for therapeutic applications.

colon proximal to the obstruction. During the insertion
phase of colonoscopy, WI instead of traditional AI
[10]
has been proposed in order to reduce pain . Once
perforation occurs during treatment, a large amount
of intestinal fluid, including stool, leaks into the
abdominal cavity, creating a high risk of peritonitis. In
these perforation cases, emergency surgery should be
done immediately and the peritonitis risk is the same
with traditional AI colonoscopy. Therefore, reducing
the risk of perforation is paramount. WI colonoscopy
minimizes colonic distension and improves visibility
[10]
by introducing a small amount of water . Since
excessive AI increases the risk of perforation, the
risk of perforation may be particularly high when the
trainees perform endoscopic detorsion. In addition,
since pain during colonoscopy is indicative of possible
bowel perforation and sedation masks this important
[3]
warning , a painless, unsedated colonoscope insertion
technique during endoscopic detorsion is essential for
[52]
patient safety .
[54-56]
Sugimoto et al
reported the prognosis of 21
SV patients who underwent 71 endoscopic detorsion
procedures using WI colonoscopy without sedation.
The procedures were carried out by 14 colonoscopists,
including 9 trainees. Because the WI was cap-assisted,
aspiration of all air made it possible to maintain a
clear endoscopic view even without bowel preparation.
Endoscopic detorsion was successfully completed in all
cases without complications. Although the recurrence
rate of endoscopic detorsion with WI was relatively
high (56% per patient and 75% per procedure),
resection of the sigmoid colon was avoidable in most
[54]
cases . However, this was not a comparative study
but a retrospective collection of descriptive clinical
results, and so the results cannot be said to prove that
WI colonoscopy is better than AI colonoscopy. Around
[57]
the same time, Tan et al
reported two cases of SV
using a similar method and described the possibility of
greatly reduced perforation risk. It is also difficult to
make a definitive conclusion from this report because
of the small number of patients. A larger sample size
and a prospective head-to-head-designed study are
needed to confirm the effectiveness of this method.
Nonetheless, these clinical results suggest that WI
colonoscopy for the management of SV should be
considered a therapeutic option for avoiding high-risk
surgery in high-risk and elderly patients.

THERAPEUTIC APPLICATION FOR
SIGMOID VOLVULUS
Clinical characteristics

Colonic volvulus is one of the most common causes of
acute large bowel obstruction. The long, redundant,
sigmoid colon, with an elongated mesentery, is prone
to twisting on itself; it is the most common location of
[46]
colonic volvulus (60% of cases) . Sigmoid volvulus
(SV) has a high associated mortality rate in cases of
obstruction and ischemic changes. SV occurs more
frequently in elderly patients, particularly those with
psychiatric issues or dementia, or senile patients in
[47]
nursing homes .
The therapeutic management of SV remains
controversial and can be classified into nonsurgical and
surgical treatment. However, nonsurgical treatment
such as endoscopic detorsion is generally considered
[48,49]
appropriate, to minimize invasive treatment
.
After endoscopic detorsion, an elective resection of
the sigmoid colon is recommended in cases where the
risks associated with elective surgery are less than
[50]
those associated with recurrence . The controversy
surrounding the indications for elective surgery is based
on the high surgical risk for patients of advanced age,
[51-53]
or with multiple comorbidities
. Since mortality
rates are significantly lower in patients without ischemic
change, early diagnosis and endoscopic treatment are
of primary concern.

Performing endoscopic detorsion using waterimmersion colonoscopy

To accord with the torsion of the sigmoid colon, the
colonoscope is inserted with a twisting motion. At the
point of the obstruction, the colonoscope passes through
the twisted colonic segment without AI (Figure 1A).
If this operation is successful, the distended proximal
segment appears (Figure 1B) and the endoscopic suction
decompresses the lumen, often resulting in spontaneous
detorsioning. Successful detorsion can be confirmed
without the need for fluoroscopic guidance as when
soft, aqueous stool flows out from the oral side (Figure

Endoscopic detorsion using water-immersion
colonoscopy

It is important that endoscopic detorsion should only
be attempted in patients not contraindicated for
endoscopic therapy: such excluded patients include
those with hemodynamic instability peritonitis,
[54]
intestinal ischemia, or perforation . Meticulous
attention should be taken to minimize the introduction
of air due to the risk of perforation in an already dilated
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Scheme

Colonoscopic view

A

B

C

Figure 1 Scheme and colonoscopic view during endoscopic detorsion of sigmoid volvulus. A: The twisted colonic segment under water; B: After passing
though the point of obstruction, the distended lumen of the sigmoid colon appears and endoscopic suction decompresses the lumen; C: After detorsioning, aqueous
stool flows out from the oral side.
[54,55]

1C)
. In addition, unsedated procedures can be safely
performed by careful checking of a patient’s symptoms;
these symptoms often resolve when the detorsion is
[54]
successful . The ease and safety of WI colonoscopy is
beneficial, especially for trainees. For these reasons, WI
has been applied to endoscopic treatment, rather than
just an insertion method.

The procedure is sometimes difficult, especially in
the sigmoid colon, which is often dependent and
will not retain insufflated air. To solve this problem,
carbon dioxide, which is more rapidly absorbed than
[38,39]
air, is commonly used
. On the other hand, water
infusion has been recently used for the removal of
lesions. While AI makes the angulations in the sigmoid
more acute, water infusion straightens the sigmoid in
[10]
patients in the left lateral decubitus position .
[58]
Binmoeller et al
described underwater EMR
(UEMR) of large colon polyps using the WI method.
Filling the sigmoid with clear water provides luminal
distention and allows easy underwater polyp visua
lization. UEMR is applied to the removal of lesions of
[59-64]
varying sizes, forms, and locations
. UEMR is useful
in difficult polypectomy cases and has potential as a
salvage intervention when endoscopic treatment with AI
[59-61]
is unsuccessful
. For example, UEMR eliminates the
need for submucosal injection and is useful for salvage
treatment of recurrent adenomas with fibrosis after

THERAPEUTIC APPLICATION FOR THE
REMOVAL OF LESIONS
Generally, after reaching the cecum, the residual
water is suctioned and air insufflated, distending the
colon to facilitate inspection and removal of lesions
including polypectomy, endoscopic mucosal resection
(EMR), and endoscopic submucosal dissection (ESD)
each of which are usually performed upon scope
withdrawal. However, AI can cause colonic spasms and
contractions. Colonic spasms around larger lesions in
an air-filled colon often interfere with lesion removal.

WJG|www.wjgnet.com

6455

June 7, 2015|Volume 21|Issue 21|

Sugimoto S et al . Applications of water-immersion colonoscopy
[60]

piecemeal EMR . Compared with conventional EMR,
UEMR increases the proportion of complete resection
of medium- to large-sized lesions, and reduces the
proportion of recurrences, posttreatment bleeding,
[58-64]
transmural burns, and perforation
. Since water
does not affect the conductivity of the tissue during
polypectomy, cold as well as hot snare polypectomy
can be safely executed in a water-filled lumen. Water
acts as a heat sink and prevents direct contact of the
polyp tip with the nearby colonic wall; thus, UEMR can
minimize the risk of contralateral mucosal burns during
[62]
polypectomy .
UEMR is a relatively simple and safe method for
the removal of large colorectal lesions and is simple for
endoscopists with extensive experience in conventional
[63]
EMR or ESD to master . On the other hand, the
major limitation of UEMR is that it does not work well
under conditions of poor bowel preparation, as the
residual stool tends to obscure the endoscopic view. In
such cases, residual stool must be removed with clean
water by WE. Large, prospective controlled studies
from multiple institutions are needed.

Japan), which is designed with passive-bending and
[69-71]
high-force transmission
, combined with the WI
method, significantly shortens cecal intubation time
and reduces pain thanks to its minimal turning radius
in these difficult cases. Abnormal colon morphology
such as mesocolon descendens and sigmoid colon
malrotation was frequently observed in such cases.
Although there are marked geographic variations, with
high incidences in Japan and low incidences in Western
countries, abnormal colon morphology is common in
irritable bowel syndrome (IBS) patients, and seems to
[72-74]
cause disorders related to defecation
. Significant
[75]
association between IBS and physical activity or past
[76]
surgical history
suggests that bowel morphology
is a potentially influential factor on gastrointestinal
symptoms.
WI colonoscopy is useful not only for minimizing
discomfort but also for estimating colon morphology.
Colon morphology can be roughly determined based on
changes in the water surface and the rotated direction
of the colon. The accuracy of this determination can
be confirmed by computed tomographic colonography
or barium enema soon after the colonoscopy. After
evaluation of colon morphology, patients with abnormal
colon morphology can be treated by exercise, massage,
[72-74]
and administering saline laxatives
. WI colonoscopy
is a useful diagnostic tool that can lead to better
treatments for defecation disorders due to abnormal
colon morphology. As this idea is only of theoretical
interest at present, interpreting WI colonoscopy findings
in terms of colon morphology is still only learnable
through experience, and just a few experienced
endoscopists understand this role that the evaluation
method can serve. The studied results are available in a
[72]
[73,74]
meeting abstract
and in Japanese-only articles
,
books, and TV shows. Developing objective criteria and
methods to evaluate colon morphology and assessing
the appropriateness of WI are needed.

THERAPEUTIC APPLICATION FOR
LOWER GASTROINTESTINAL BLEEDING
Colonoscopy is generally not recommended in the
early postoperative period after colorectal anastomosis,
as this leads to a high risk of anastomosis leakage
due to excessive AI or inadvertent pressure from the
endoscope. Since WI minimizes colonic distension
[10]
relative to AI , WI colonoscopy may reduce the risk
of anastomosis leakage. This concept of using WI
colonoscopy is similar to that of endoscopic detorsion
[54]
[65]
[66]
for SV . Frossard et al
and Gor et al
have
reported that WI colonoscopy renders the location
of the anastomosis and the source of active bleeding
identifiable with minimum colonic distension in patients
that have undergone colorectal anastomosis, thus
allowing the safe placement of clips on the active vessels
to stop the bleeding. In a water-filled lumen, the blood
from the bleeding site streams into the water, making
it easy to pinpoint the site of bleeding for treatment.
However, large prospective studies are needed to
determine the feasibility of WI colonoscopy for locating
and staunching postoperative gastrointestinal bleeding,
as the reports mentioned above involved only three
patients.

CONCLUSION
In summary, WI colonoscopy is useful not only for
the insertion phase of colonoscopy but also as a tool
with diverse diagnostic and therapeutic applications.
Especially in difficult cases, the WI method can act
as a salvage intervention when endoscopic treatment
with AI is unsuccessful. The ease and safety of WI
colonoscopy is also beneficial and is advantageous to
therapeutic applications. To promote the use of WI
in colonoscopy and other situations and to address
typical criticisms of this technique, further large
prospective studies are needed to straighten out
misunderstandings related to the WI method. It is
hoped that use of WI colonoscopy and its therapeutic
applications will become increasingly widespread.

ABNORMAL COLON MORPHOLOGY
While colonoscopy can be performed without pain
in most cases, some patients do experience it. Most
of these patients have abnormal colon morphology
and the pain is caused when the colonoscope is
passing the flexures, which are hairpin bends in the
[4,67]
[68]
colon
. Mizukami et al
reported that the use of
the PCF-PQ260 colonoscope (Olympus Co., Tokyo,
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Innovations and techniques for balloon-enteroscopeassisted endoscopic retrograde cholangiopancreatography
in patients with altered gastrointestinal anatomy
Hiroshi Yamauchi, Mitsuhiro Kida, Hiroshi Imaizumi, Kosuke Okuwaki, Shiro Miyazawa, Tomohisa Iwai,
Wasaburo Koizumi
(ERCP) remains challenging in patients who have
undergone surgical reconstruction of the intestine.
Recently, many studies have reported that balloonenteroscope-assisted ERCP (BEA-ERCP) is a safe and
effective procedure. However, further improvements
in outcomes and the development of simplified
procedures are required. Percutaneous treatment,
Laparoscopy-assisted ERCP, endoscopic ultrasoundguided anterograde intervention, and open surgery
are effective treatments. However, treatment should
be noninvasive, effective, and safe. We believe
that these procedures should be performed only in
difficult-to-treat patients because of many potential
complications. BEA-ERCP still requires high expertiselevel techniques and is far from a routinely performed
procedure. Various techniques have been proposed to
facilitate scope insertion (insertion with percutaneous
transhepatic biliary drainage (PTBD) rendezvous
technique, Short type single-balloon enteroscopes with
passive bending section, Intraluminal injection of indigo
carmine, CO2 inflation guidance), cannulation (PTBD
or percutaneous transgallbladder drainage rendezvous
technique, Dilation using screw drill, Rendezvous
technique combining DBE with a cholangioscope,
endoscopic ultrasound-guided rendezvous technique),
and treatment (overtube-assisted technique, Short
type balloon enteroscopes) during BEA-ERCP. The
use of these techniques may allow treatment to be
performed by BEA-ERCP in many patients. A standard
procedure for ERCP yet to be established for patients
with a reconstructed intestine. At present, BEA-ERCP
is considered the safest and most effective procedure
and is therefore likely to be recommended as firstline treatment. In this article, we discuss the current
status of BEA-ERCP in patients with surgically altered
gastrointestinal anatomy.

Hiroshi Yamauchi, Mitsuhiro Kida, Hiroshi Imaizumi, Kosuke
Okuwaki, Shiro Miyazawa, Tomohisa Iwai, Wasaburo
Koizumi, Department of Gastroenterology, Kitasato University
Hospital, Sagamihara, Kanagawa 252-0375, Japan
Author contributions: Yamauchi H performed research and
wrote the paper; Kida M, Imaizumi H, Okuwaki K, Miyazawa
S, Iwai T and Koizumi W contributed critical revision of the
manuscript for important intellectual content.
Conflict-of-interest: The authors declare no conflict of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Hiroshi Yamauchi, MD, Department of
Gastroenterology, Kitasato University Hospital, 1-15-1 Kitasato,
Minami-ku, Sagamihara, Kanagawa 252-0375,
Japan. yhiroshi@kitasato-u.ac.jp
Telephone: +81-42-7788111
Fax: +81-42-7788390
Received: January 19, 2015
Peer-review started: January 20, 2015
First decision: March 10, 2015
Revised: March 24, 2015
Accepted: May 7, 2015
Article in press: May 7, 2015
Published online: June 7, 2015

Abstract

Key words: Balloon enteroscopy; Endoscopic retrograde
cholangiopancreatography; Altered gastrointestinal

Endoscopic retrograde cholangiopancreatography
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[6]

first successfully by Haruta et al used to treat a late
anastomotic stricture in a patient who undergone
biliary reconstruction by R-Y choledochojejunostomy
after liver transplantation. The advent of balloon
enteroscope allowed a scope to relatively easily reach
the blind end (the papilla of Vater or bilioenteric
or pancreatoenteric anastomosis). Subsequently,
dramatic progress was made in procedures for ERCP
in patients with altered gastrointestinal anatomy, and
many studies have reported good outcomes with
[7-24]
balloon-enteroscope-assisted ERCP (BEA-ERCP)
(Table 1). Recently, short-type DBE (model EI530B, Fujifilm, Osaka, Japan) and single-balloon
enteroscopes (SBE; model SIF-Y0004, SIF-Y0004-V01,
Olympus Medical Systems, Tokyo, Japan) have been
developed and used to perform ERCP in patients with
[7-14,21-23,25]
surgically altered gastrointestinal anatomy
.
Between January 1, 2012 and December 31, 2012,
a total of 7488 sessions of ERCP were performed
in 11 high-volume centers in Japan; 490 (6.1%)
of these sessions were performed in patients who
[26]
had undergone intestinal reconstruction surgery .
Although the demand is increasing, BEA-ERCP still
requires high expertise-level techniques and is far from
a routinely performed procedure. In this article, we
discuss the current status of BEA-ERCP in patients with
surgically altered gastrointestinal anatomy.

anatomy; Balloon-enteroscope-assisted endoscopic
retrograde cholangiopancreatography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic retrograde cholangiopancrea
tography (ERCP) remains challenging in patients
with reconstructed intestine. Recently, many studies
have reported that balloon-enteroscope-assisted
ERCP (BEA-ERCP) is a safe and effective procedure.
However, further improvements in outcomes and the
development of simplified procedures are required.
Various techniques have been proposed to facilitate
scope insertion, cannulation, and treatment during BEAERCP. We discuss the current status of BEA-ERCP in
patients with surgically altered gastrointestinal anatomy
and introduce the techniques that are considered
necessary in order to improve the outcomes.
Yamauchi H, Kida M, Imaizumi H, Okuwaki K, Miyazawa S, Iwai
T, Koizumi W. Innovations and techniques for balloon-enteroscopeassisted endoscopic retrograde cholangiopancreatography
in patients with altered gastrointestinal anatomy. World J
Gastroenterol 2015; 21(21): 6460-6469 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6460.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6460

CHALLENGES OF ERCP IN PATIENTS
WITH ALTERED GASTROINTESTINAL
ANATOMY

INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP) has become an essential endoscopic technique
for the diagnosis and treatment of pancreatobiliary
disease. The success rate of ERCP in patients with
normal gastrointestinal anatomy has been estimated
[1]
to be 95% . However, ERCP is challenging after
intestinal reconstruction, particularly in patients who
have undergone Billroth-II (B-II) reconstruction with
Braun’s anastomosis and a long afferent limb, Rouxen-Y (R-Y) reconstruction (R-Y reconstruction with total
gastrectomy, R-Y reconstruction with gastric bypass,
R-Y reconstruction with pancreaticoduodenectomy,
R-Y reconstruction with pylorus-preserving pan
creaticoduodenectomy, R-Y reconstruction with hepa
ticojejunostomy, etc.) or pancreaticoduodenectomy
(Whipple resection, Child’s operation, etc.). ERCP has
been performed using a side-viewing duodenoscope
or a forward-viewing adult or pediatric small-caliber
[2-4]
colonoscope in patients with a reconstructed intestine ,
but the results were far from satisfactory. Success or
failure appeared to depend on the skill and passion
of the operator, and the procedures were generally
considered unrealistic. Percutaneous treatment and
surgery were performed in many patients.
In 2001, double-balloon enteroscope (DBE) was
[5]
reported by Yamamoto et al to be an effective
procedure for the diagnosis and treatment of small
intestinal lesions. In 2005, DBE-assisted ERCP was
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Challenge of reaching the blind end

The first challenge is whether the papilla of Vater
or bilioenteric or pancreatoenteric anastomosis
(hepaticojejunostomy or pancreaticojejunostomy) can
be reached. The degree of difficulty differs depending
on the reconstruction method. There main reasons
for difficulty in reaching the blind end are as follows:
(1) a conventional endoscope cannot reach the blind
end owing to the long length of the reconstructed
intestine; (2) passage of the endoscope is often
precluded by postoperative adhesions or sharp bends
of the reconstructed intestine; and (3) because a
postoperative reconstructed intestine is like a labyrinth,
it is difficult to identify the afferent limb leading to the
blind end.
The use of a tip cap helps to maintain a proper
distance between the scope tip and the intestine,
thereby ensuring an adequate field of vision at the
time of insertion. Application of abdominal compression
as needed can facilitate successful insertion of the
scope.

Challenge of cannulating the papilla of Vater or
bilioenteric or pancreatoenteric anastomosis

After reaching the blind end, the next challenge
is whether the papilla of Vater or bilioenteric or
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Table 1 Studies of balloon-enteroscope-assisted endoscopic retrograde cholangiopancreatography n (%)
Ref.

Enteroscope and
No. of patients
(prodecures)

Anatomy

Reaching the
blind end

Diagnostic
success

Raithel et al[15]

DBE 31 (86)

23 (74)

21 (91.3)

21 (91.3)

Schreiner et al[24]

DBE 26 (26)

R-Y (24)
(CDJ or HJ:19, TG:5)
B-II (6)
HJ (1)
R-Y GB(26)

23 (72)

19 (83)

19 (100)

Pohl et al[17]
Shimatani et al[11]

DBE 15 (25)
sDBE 68 (103)

21 (84)
100 (97)

21 (100)
98 (98)

16 (100)
98 (100)

Siddiqui et al[12]

sDBE 79 (79)

23 (74)

21 (91.3)

21 (91.3)

4 (5)
Pancreatitis (3)
Bleeding (1)

Osoegawa et al[13]

sDBE 28 (47)

45 (96)

40 (89)

40 (100)

Cho et al[14]

sDBE 20 (29)

25 (86)

24 (96)

24 (100)

1 (2.1)
Perforation (1) requiring
surgery
0 (0)

Tsujino et al[21]

sDBE 6 (12)

12 (100)

12 (100)

12 (100)

Shah et al[18]

DBE 27 (27)
SBE 45 (45)

20 (74)
31 (69)

17 (85)
27 (87)

17 (85)
27 (87)

Chua et al[16]

DBE 16 (21)
SBE 2 (3)

Azeem et al[20]
Saleem et al[19]

SBE 36 (58)
SBE 50 (56)

Itokawa et al[22]

SBE 44 (44)
sSBE 16 (16)
sDBE 2 (2)
sSBE 22 (31)

R-Y CDJ (15)
R-Y TG (36)
B-II (17)
PD (15)
R-Y (53)
(GB:39, GJ:5, HJ:4,PJ:3, CDJ:2)
PD (20)
B-II (3)
HJ (3)
R-Y (25)
B-II (19)
PD (3)
R-Y (13)
(HJ:7, GJ:5, EJ:1)
B-II (6)
PD (1)
HJ (7)
R-Y gastrectomy (3)
PD (2)
R-Y GB (15)
non R-Y GB (12)
R-Y GB (22)
non R-Y GB (23)
R-Y with OLT(12)
R-Y HJ (6)
B-II (1)
PD (1)
Kasai procedure (1)
R-Y with OLT (36)
R-Y HJ (41)
R-Y GB (15)
R-Y HJ (28)
Whipple resection (16)

DBE 12 (75)1 DBE 12 (100)1
SBE 2 (100)1 SBE 2 (100)1

Therapeutic
success

Complications

5 (5.8)
Perforation (2)
Bleeding (1)
Pancreatitis (2)
1 (3.1)
Pancreatitis (1)
0 (0)
5 (5)
Perforation [5 (surgery:1)]

2 (16.6)
Cholangitis (1)
Perforation (1)
NA (complications not
separately described according
to procedure)

DBE 7 (78)1
SBE 2 (100)1

1 (5.55)1
Cholangitis (1)

53 (91.4)
42 (75)

44 (75.9)
39 (93)

41 (100)
21 (91.3)

0 (0)
0 (0)

54 (87)

53 (98)

37 (92.5)

1 (1.6)
Bleeding (1)

R-Y gastrectomy (21)
R-Y HJ (2)
B-II (8)

19 (91)
2 (100)
7 (88)

17 (90)
2 (100)
6 (86)

15 (94)
2 (100)
5 (100)

SBE N/A (28)
sSBE N/A (62)

R-Y (71)
B-II (19)

25 (89)
57 (92)

19 (76)
51 (89)

17 (94)
48 (94)

Shimatani et al[10]

sSBE 26 (26)

24 (92.3)

22 (91.7)

22 (100)

Kawamura et al[23]

sSBE 18 (27)

24 (89)

20 (74)

19 (70)

Obana et al[8]

sSBE 8 (12)

R-Y (12)
(HJ:8, gastrectomy:4)
PD (9)
B-II (3)
Other (2)
R-Y (25)
(gastrectomy:15, CDJ:10 )
B-II (2)
R-Y gastrectomy (8)

4 (12.9)
Pancreatitis (2)
Perforation (1)
Bleeding (1)
8 (8.8)
Pancreatitis (5)
Perforation (2)
Bleeding (1)
1 (3.8)
Hematoma (1)

Yamauchi et al[7]

2

Iwai et al[9]

7 (87.5)1

5 (71.4)1

5 (71.4)1

0 (0)

0 (0)

1

Date per patient; 2Concluding the results of Yamauchi et al[7]. B-II: Billroth-II; CDJ: Choledochojejunostomy; (s)DBE: (Short type) double balloon
enteroscope; EJ: Esophagojejunostomy; GJ: Gastrojejunostomy; HJ: Hepaticojejunostomy; NA: Not available or not applicable; OLT: Orthotopic liver
transplant; PD: Pancreatoduodenostomy; PJ: Pancreaticojejunostomy; R-Y: Roux-en-Y; (s)SBE: (Short type) single balloon enteroscope; TG: Total
gastrectomy.
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A

Unsuccessful case
of reaching the blind end
Reasons of unsuccess
Cannot pass through
sharp bends in
intestine

Insertion with
PTBD rendezvous
technique

Bends in
endoscope

Difficulty in securing
visual field

Insufficient scope
1
length

Abdominal
compression

Distal cap at the tip
of endoscope

Change scope
from short type
to long type

Cannot identify
afferent limb

Short-type SBE with
passive bending
section

CO2 inflation
guidance

Intraluminal injection
of indigo carmine

B

Unsuccess case of
Cannulation

Papilla of Vater

Difficult case in
securing visual field

Distal cap at the
tip of endoscope

Severe stenosis of bilioenteric/
pancreatoenteric anastomosis

Easy case in
securing visual field

Turning around
the scope
Unsuccess

Rendezvous
technique

IHBD dilatation?
Yes

No

PTBD
rendezvous
technique

PTGBD
rendezvous
technique

Can guidewire
pass through?
Yes

No

Dilation using dilation
catheter
or
screw drill
(wire-guided needleknife, wire-guided
diathermic dilator)

Bilioenteric
anastomosis

Pancreatoenteric
anastomosis

Rendezvous
technique combining
DBE with a
cholangioscope

EUS-guided
rendezvous
technique

Figure 1 Innovations and techniques for reaching the blind end (A) and for cannulation of papilla of Vater/bilioenteric or pancreatoenteric anastomosis (B).
1
If short-type balloon endoscope was used. PTBD: Percutaneous transhepatic biliary drainage; SBE: Single-balloon enteroscopes.

be inserted.

pancreatoenteric anastomosis can be successfully
cannulated. Cannulation of the naive papilla is more
difficult than that of a bilioenteric or pancreatoenteric
anastomosis. The use of a tip cap helps to maintain
a proper distance between the scope tip and the
papilla of Vater or bilioenteric or pancreatoenteric
anastomosis, thereby ensuring an adequate field
of vision, which facilitates successful cannulation.
However, cannulation is difficult when a frontal view
of the papilla cannot be obtained because it faces the
contralateral side after surgery or when the papilla
is located within a diverticulum. When the papilla is
located in a diverticulum, it is often difficult to identify
without turning around the scope. Cannulation can be
easily performed in many patients with a bilioenteric
or pancreatoenteric anastomosis. In some patients
with severe anastomotic stricture, however, the
anastomosis cannot be identified, or a catheter cannot

WJG|www.wjgnet.com

Challenge of therapeutic procedures

The third challenge is whether treatment can
be performed. Since the introduction of balloon
enteroscope, the success rate of scope insertion to
the blind end has risen to higher than 80%. However,
initially marketed balloon enteroscopes had a working
effective length of 200 cm and a working channel
diameter of 2.8 mm. Most conventional devices for ERCP
were too short to be used, and complex procedures
could not be performed. The advent of short-type DBE
(models EC-450B15 and EI-530B; working length, 152
cm; working channel diameter, 2.8 mm; Fujifilm, Osaka,
Japan) allowed most conventional devices to be used.
However, several problems remain to be solved, such as
wire-guided devices cannot be used, and only stents of
a limited diameter can be inserted.
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Figure 2 Insertion with percutaneous transhepatic biliary drainage rendezvous technique.

Peristalsis direction
of efferent loop

Peristalsis direction
of afferent loop

Figure 3 Intraluminal injection of indigo carmine.

Innovations and techniques

pancreatoduodenectomy in 5, and others in 2). The
success rate of reaching the blind end was 92.3%.
Passive bending, high-force-transmission insertion
tubes are already clinically used in colonoscopes and are
considered to facilitate passage through sharp bends
in the intestine. Such tubes are also expected to be
effective for BEA-ERCP.
Innovations and techniques for identification of
the afferent limb (Figure 1A). Intraluminal injection of
[28]
indigo carmine (Figure 3). Yano et al
described the
intraluminal injection of indigo carmine in patients with
an R-Y anastomosis who underwent double-balloon
ERCP. In the second portion of the duodenum or distal
to the esophagojejunostomy, indigo carmine is injected
into the lumen, and the scope is inserted. Intestinal
peristalsis moves the indigo carmine dye distally.
However, because peristalsis normally proceeds from
the blind end to the distal colon, indigo carmine easily
flows into the efferent limb, with little flow into the
afferent limb. The afferent limb can thus be identified
on the basis of the presence or absence of indigo
carmine. The afferent limb was correctly identified in
80% of patients with an R-Y anastomosis.
[9]
CO2 inflation guidance (Figure 4). Iwai et al
evaluated the usefulness of a carbon dioxide inflation
guidance for identifying the afferent loop. After
reaching the intestinal anastomosis, the scope was

Innovations and techniques for reaching the blind
end: innovations and techniques for passing through
sharp bends in the intestine and anastomoses (Figure
1A). insertion with percutaneous transhepatic biliary
drainage (PTBD) rendezvous technique (Figure 2).
[27]
Itoi et al described a method for inserting a scope
into the blind end, using a rendezvous technique. A
guidewire is passed in an antegrade fashion through
the major papilla after needle puncture by the
percutaneous transhepatic biliary drainage technique.
A hydrophilic guidewire with an ERCP catheter is
advanced in an antegrade direction beyond the Rouxen-Y limb. After firmly grasping the guidewire with
snare forceps, it is pulled out of the body, allowing the
enteroscope to advance to the papilla.
Short-type SBE equipped with a passive bending,
high-force-transmission insertion tube. Shimatani et
[10]
al
reported the usefulness of a prototype shorttype SBE equipped with a passive bending, high-forcetransmission insertion tube (SIF-Y0004-V01; working
length, 1520 mm; working channel diameter, 3.2 mm;
Olympus Medical Systems, Tokyo, Japan). SBE-assisted
ERCP (SBE-ERCP) was performed in 26 patients who
had surgically altered gastrointestinal anatomy (R
-Y reconstruction in 12, Billroth II gastrectomy in 3,
pancreatoduodenectomy in 4, pylorus-preserving
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Figure 4 CO2 inflation guidance.

Figure 5 Rendezvous technique for percutaneous transgallbladder
drainage.

inserted into either the afferent loop or efferent loop.
Next, the balloon was inflated and then insufflated
with carbon dioxide. The direction of the insufflated
intestine was confirmed radiographically. If the scope is
placed into the afferent loop, the blind end is depicted,
and the direction of movement becomes clearer.
Innovations and techniques for cannulation:
Rendezvous technique for PTBD or percutaneous
transgallbladder drainage (Figure 1B and Figure 5).
If transpapillary cannulation is difficult, use of
the rendezvous technique after PTBD can facilitate
cannulation. However, in some patients with surgically
altered gastrointestinal anatomy, the common bile duct
is dilated after surgery, whereas the intrahepatic bile
[29]
ducts are not. Okuno et al
reported the usefulness
and safety of the percutaneous transgallbladder
rendezvous technique in such patients. In this
technique, percutaneous puncture of the gallbladder
is performed, and a guidewire is manipulated in an
antegrade fashion through the gallbladder, cystic duct,
common bile duct, papilla, and duodenum. Cannulation
is then performed by the rendezvous technique. The
percutaneous transgallbladder rendezvous technique
was successfully performed in all 6 patients studied.
One patient had mild pancreatitis. However, puncture
was not associated with any complications.
Cannulation in patients with severe stricture
of a bilioenteric or pancreatoenteric anastomosis.
®
[30]
Soehendra Stent Retriever . Tsutsumi et al reported
®
that a Soehendra Stent Retriever (Cook Medical
Inc., Winston-Salem, NC, United States) was useful
for dilating a severe stenosis of a bilioenteric or
pancreatoenteric anastomosis in 2 patients.
Rendezvous technique combining DBE with a
®
SpyGlass direct visualization system (Figure 6).
[31]
Shimatani et al
assessed the usefulness of a ren
®
dezvous technique combining DBE with a SpyGlass
direct visualization system (SDVS; Boston Scientific
Corp., Natick, MA, United States) in a patient in
whom a wire could not be passed in a retrograde or
antegrade direction through a severe stenosis of a
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Figure 6 Rendezvous technique combining double-balloon enteroscope
with a SpyGlass® direct visualization system.

bilioenteric anastomosis. The SDVS was inserted via the
percutaneous transhepatic colangiodrainage route and
functioned as a light source. An incision was made with
a needle knife towards the light of the SDVS, facilitating
passage through the stenosis and accurate incision
into the biliary duct. Guidewires were then advanced
through the anastomotic stenosis and dilatation was
successfully performed.
EUS-guided rendezvous technique (Figure 7). Itoi
[32]
et al
used an endoscopic ultrasound (EUS)-guided
rendezvous technique to treat severe stenosis of a
pancreatoenteric anastomosis. In contrast to the bile
duct, percutaneous puncture of the pancreatic duct
is not feasible. The pancreatic duct was therefore
accessed by transgastrically puncturing the main duct
with a 19-gauge needle under EUS guidance. The wire
was then passed from the pancreaticojejunostomy
to the intestine. The anastomotic stricture was thus
treated by the rendezvous technique.
In patients in whom a catheter cannot pass
through a stricture despite successful insertion of a
guidewire, a wire-guided needle-knife (MicroKnife XL
[33]
sphincterotome, Boston Scientific)
or a 6F wireguided diathermic dilator (Cysto-Gastro-Set; Endo-Flex,
[34]
GmbH, Voerde, Germany) may be useful (Figure 1B).
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Figure 7 Endoscopic ultrasound-guided rendezvous technique.

Innovations and techniques of procedures:
[35]
Overtube-assisted technique - Itoi et al
reported an
overtube-assisted technique for SBE-assisted ERCP
in which the SBE is replaced with a conventional
forward-viewing upper endoscope. After a long-type
SBE reaches the blind end, the scope is removed,
while allowing the overtube to remain in the intestine.
Then, an aperture is made in the overtube, and
the conventional endoscope is inserted. If scope
replacement is successful, conventional devices
used to perform ERCP can be used. The scope was
successfully replaced in 11 of 12 patients.
Short-type balloon endoscope - Although the
overtube-assisted technique is an effective procedure,
switching scopes is sometimes difficult in patients with
multiple loops or severe adhesions. A short-type DBE
(working length, 152 cm; working channel diameter,
2.8 mm) was therefore developed to perform ERCP
[11-14]
and has been reported to be useful
. Because the
working length is 152 cm, conventional devices can be
used to perform ERCP. However, because the working
channel diameter is only 2.8 mm, wire-guided devices
and devices with a diameter of 8-French or greater
could not be used. To overcome these drawbacks, a
short-type SBE with a working length of 152 cm and a
working channel diameter of 3.2 mm was developed.
This scope has the advantage that the larger working
channel allows the use of wire-guided devices and
devices up to 8.5-Fr in diameter. The success rate
of reaching the blind end with a short-type SBE is
comparable to that with a long-type SBE, and several
[8,9]
advantages have been reported . However, a shorttype balloon endoscope is not yet commercially
available.

enteroscope in patients who have undergone this
[24]
procedure. Schreiner et al
reported that therapeutic
success rate of BEA-ERCP was 88% in patients with
a total small bowel length of less than 150 cm, as
compared with only 33% for a length of 150 to
225 cm, and 0% for a length greater than 225 cm.
Reaching the blind end with a short-type balloon
endoscope, capable of performing sophisticated
treatment procedures, is thus expected to be difficult.
However, even if the blind end can be reached with a
long-type balloon endoscope, only a limited number
of procedures can be performed; high-level treatment
is thus not feasible. A recent study estimated that
50 billion adults or 10% to 14% of the worldwide
[36]
population met the diagnostic criteria for obesity .
Further growth of the obese population is expected
to be accompanied by increasing numbers of patients
who undergo long-limb R-Y gastric bypass to reduce
body weight.
Percutaneous-assisted transprosthetic endoscopic
[37]
[38]
therapy - Law et al
and Baron et al
performed
percutaneous-assisted transprosthetic endoscopic
therapy in patients who had undergone R-Y gastric
bypass. Even if a long-type balloon endoscope can
reach the papilla of Vater, high-level treatment
procedures are difficult to perform in some patients.
In such patients, retrograde percutaneous endoscopic
gastrostomy (PEG) is performed after reaching the
stomach. Then, a self-expandable metal stent (SEMS) is
deployed within the gastrostomy tract. The metal stent
is dilated with the use of a balloon. A duodenoscope
is advanced through the percutaneous metal stent in
an antegrade manner to reach the duodenal papilla.
Conventional treatment can then be performed. In
contrast to gastrostomy-assisted transgastric ERCP,
the SEMS can remain in situ after PEG to perform
subsequent procedures without waiting for fistula
formation. Treatment can therefore be done on the
same day. Percutaneous-assisted transprosthetic
endoscopic therapy was performed in 5 patients.
The treatment success rate was 100%, and only 1
patient had complications. The mean procedure time

Innovations and techniques for patients in
whom reaching the blind end and treatment
are difficult with a balloon endoscope: Longlimb R-Y gastric bypass with a reconstructed afferent
limb of 100 cm or longer is generally performed in
obese patients to promote weight loss. It is difficult
to reach the blind end even with the use of a balloon
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was 97 min. If the PEG tube is left in place, additional
[39]
treatment procedures can be done. Flynn et al
compared gastrostomy-assisted transgastric ERCP (24
sessions) with SBE-ERCP (35 sessions) and reported
that the rate of reaching the blind end was significantly
higher for transgastric ERCP (100%) than for SBEERCP (77%, p < 0.02). The therapeutic success rate
was also significantly higher for transgastric ERCP
(96%) than for SBE-ERCP (64%, p < 0.01). However,
the rate of complications was significantly higher for
transgastric ERCP (38%) than for SBE-ERCP (9%,
p < 0.08). A drawback of transgastric ERCP is that
treatment cannot be performed during the period
between gastrostomy placement and gastrostomy
maturation; emergency treatment is also not possible.
Percutaneous-assisted transprosthetic endoscopy has
resolved these problems.
Laparoscopy-assisted ERCP (LA-ERCP) - Because
percutaneous-assisted transprosthetic endoscopic
therapy requires retrograde insertion of a balloon
enteroscope into the stomach, the blind end cannot
be reached in some patients. LA-ERCP was developed
to overcome this drawback. A route for direct
insertion of an endoscope into the stomach or the
jejunum is made under laparoscopic guidance. Then,
an endoscope is inserted through the access port
of the laparoscope and advanced to the blind end.
This procedure is performed in an operating room
and allows conventional ERCP as well as emergency
treatment to be performed. A retrospective study
[24]
comparing LA-ERCP with BEA-ERCP
showed that
LA-ERCP was superior to BEA-ERCP in terms of papilla
identification (100% vs 72%, P < 0.005), cannulation
rate (100% vs 59%, P < 0.001), and therapeutic
success (100% vs 59%, P < 0.001). The study
recommended that laparoscopy-assisted ERCP should
be initially performed in patients in whom the length of
the Roux limb + ligament of Treitz to the jejunojejunal
anastomosis is 150 cm or longer, whereas BE-ERCP
should be performed in patients with a length of less
than 150 cm. However, LA-ERCP is associated with
a high rate of complications (13% to 20%) and a
[24,40,41]
longer mean procedure time (89 to 200 min)
.
Therefore, close cooperation with surgeons and
anesthesiologists is required.
[42]
EUS-guided anterograde intervention - Weilert et al
performed EUS-guided antegrade stone removal in
6 patients. The following technique was used. First,
EUS-guided fine-needle aspiration (FNA) puncture into
an intrahepatic bile duct is performed. EUS-guided
cholangiography is then done to confirm the bile duct.
A guidewire is advanced from the bile duct to the
intestine. Subsequently, the transhepatic-transgastric
access tract is dilated, and the papilla is dilated with
a balloon in an antegrade manner. Finally, biliary
stones are pushed out from the papilla in an antegrade
fashion, using a balloon catheter. The success rate of
cholangiography was 100%, and the stone extraction
success rate was 67%. One patient had complications.
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CONCLUSION
BEA-ERCP has been reported to be safe and have
good outcomes in patients with surgically altered
gastrointestinal anatomy and is thus considered
a promising procedure. As described above, the
development of various techniques and new models of
endoscopes has allowed more reliable, higher-quality
therapy to be performed, even in patients in whom
difficulty is encountered in reaching the blind end or
in performing treatment. Percutaneous treatment,
LA-ERCP, EUS-guided anterograde intervention,
and open surgery are effective treatments. Ideally,
however, treatment should be noninvasive, effective,
and safe. The procedures described above should be
performed only in difficult-to-treat patients because
of many potential complications. At present, there is
no standard treatment for ERCP in patients who have
undergone intestinal reconstruction. We believe that
BEA-ERCP should be considered as an initial treatment
in such patients.
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Abstract
The colon is derived from the embryological midgut
and hindgut separately, with the right colon and left
colon having different features with regards to both
anatomical and physiological characteristics. Cancers
located in the right and left colon are referred to as
right colon cancer (RCC) and left colon cancer (LCC),
respectively, based on their apparent anatomical
positions. Increasing evidence supports the notion that
not only are there differences in treatment strategies
when dealing with RCC and LCC, but molecular
features also vary between them, not to mention the
distinguishing clinical manifestations. Disease-free
survival after radical surgery of both RCC and LCC are
similar. In the treatment of RCC, the benefit gained
from adjuvant FOLFIRI chemotherapy is superior, or
at least similar, to LCC, but inferior to LCC if FOLFOX
regimen is applied. On the other hand, metastatic LCC
exhibits longer survival than that of RCC in a palliative
chemotherapy setting. For KRAS wild-type cancers, LCC
benefits more from cetuximab treatment than RCC.
Moreover, advanced LCC shows a higher sensitivity to
bevacizumab treatment in comparison with advanced
RCC. Significant varieties exist at the molecular level
between RCC and LCC, which may serve as the
cause of all apparent differences. With respect to
carcinogenesis mechanisms, RCC is associated with
known gene types, such as MMR, KRAS, BRAF, and
miRNA-31, while LCC is associated with CIN, p53,
NRAS, miRNA-146a, miRNA-147b, and miRNA-1288.
Regarding protein expression, RCC is related to GNAS,
NQO1, telomerase activity, P-PDH, and annexin A10,
while LCC is related to Topo I, TS, and EGFR. In
addition, separated pathways dominate progression
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to relapse in RCC and LCC. Therefore, RCC and LCC
should be regarded as two heterogeneous entities, with
this heterogeneity being used to stratify patients in
order for them to have the optimal, current, and novel
therapeutic strategies in clinical practice. Additional
research is needed to uncover further differences
between RCC and LCC.

Table 1 Differences regarding survival, treatment, and molecular
levels between right and left colon cancer.
RCC

Survival
5-yr OS in 1990s
56.3%
59.7%
in 2000s
67%
71%
5-yr DFS in 2010
73%
74%
in 2014
88.6%
89.4%
Median OS (mo)
18.2%
29.4%
Dominant
FOLFIRI
FOLFOX
treatment Adjuvant
Palliative
Anti-EGFR therapy Anti-angiogenesis
Molecular levels
Carcinogenesis
MMR, KRAS,
CIN (p53), NRAS;
mechanisms
BRAF, miRNA-31 miRNA-146a, 147b,
1288
Protein
GNAS, NQO1,
ANXA10, Topo I,
TS, EGFR
expressions
Telomerase, p-PDH
Relapse
Cell cycle control Stromal expression,
pathways
genes, high WNT low WNT signaling
signaling
Prognostic
CDX2, ITGA3
NOX4
biomarkers

Key words: Colon cancer; Right; Left; Survival; Molecular
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The colon is derived from the embryological
midgut and hindgut separately, with the right colon
and left colon having different features with regards
to anatomical and physiological characteristics. Based
on the location, colon cancers are referred to as
either right colon cancer (RCC) or left colon cancer
(LCC), respectively, with both having distinct clinical
manifestations. Increasing evidence supports the notion
that differences exist in terms of sensitivity to adjuvant,
palliative, and targeted treatments between RCC and
LCC. In further analysis, significant varieties exist at the
molecular level between RCC and LCC. Therefore, RCC
and LCC should be regarded as two heterogeneous
entities. Clinically, this heterogeneity is highly beneficial
in therapeutic decision-making.

P < 0.01
P < 0.01
P > 0.05
P > 0.05
P < 0.001

RCC: Right colon cancer; LCC: Left colon cancer.

comparison with LCC, RCC has a prevalence toward
being poorly-differentiated in nature, commonly in the
form of the mucinous histology type, a more advanced
disease, and often metastasized to the lymph node
or peritoneal region rather than the liver or lung,
which are the organs usually affected when left colon
cancer metastasis is involved. Other than that, RCC
has a higher rate of co-morbidities such as anemia,
intestinal perforation, and obstruction, which are also
the presenting clinical symptoms of RCC. However,
comparison of survival between RCC and LCC is
undefined. Therefore, published articles were reviewed
here in order to compare their treatment sensitivities
to various therapies, and distinct genetic profiles were
tracked to explain the origin of apparent differences
(Table 1).

Shen H, Yang J, Huang Q, Jiang MJ, Tan YN, Fu JF, Zhu LZ,
Fang XF, Yuan Y. Different treatment strategies and molecular
features between right-sided and left-sided colon cancers. World
J Gastroenterol 2015; 21(21): 6470-6478 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6470.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6470

INTRODUCTION
The colon is derived from the embryological midgut
and hindgut, separately. They are joined together at
the joint of the proximal two-thirds and distal onethird of the transverse colon. From an anatomical
perspective, blood supplies, innervations, lymphatic
drainages, and lumen environments are among
the differences between the right and left colons.
Correspondingly, numerous varieties present in right
colon cancer (RCC) and left colon cancer (LCC).
Colon cancers are more commonly found on the left
side. However, a continuous right-shift in the site of
primary colon cancer is observed as a result from the
increasing proportion of RCC occurrence in recent
years. The incidence of RCC is associated with a
number of risk factors, for example female gender, old
age, previous cancer history, and insulin resistance,
while LCC is related to individuals with a low fiber
diet, heavy smokers, and alcoholics. Small and flat
neoplastic lesions located in the right colon are more
[1]
likely to be missed during colonoscopy screening . In
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LCC

PROGNOSIS AND TREATMENT
STRATEGIES
Radical surgery

Surgery resection is generally recognized as the most
effective treatment for colon cancer. Survival rates
after going through radical surgery were found to
be similar between stage Ⅰ -Ⅲ RCC and LCC. The
5-year disease-free survival (DFS) rates were 73%
for RCC and 74% for LCC according to Benedix et
[2]
[3]
al in 2010, while Moritani et al reported 88.6% for
RCC and 89.4% for LCC in 2014. In further subgroup
analysis, at stage Ⅰ disease, RCC patients presented
with a better 5-year DFS than LCC patients (100% vs
95.2%, P = 0.034). However, there was no significant
difference in survival for stage Ⅱ or Ⅲ patients. In
Benedix’s study, the 5-year DFS rates were reported
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to be 79% for RCC and 78% for LCC at stage Ⅱ
disease, and 59% for RCC and 58% for LCC at stage
Ⅲ disease. However, the data from Moritani’s study
were 79.4% for RCC and 84.7% for LCC at stage Ⅱ-Ⅲ
disease (P = 0.152). The differences in overall survival
(OS) between colon cancers varied over time. Studies
in the 1980s showed similar OS between RCC and
[4,5]
LCC . Later, in the 1990s, published studies reported
that differences emerged in 5-year OS rates of RCC
[5]
and LCC; namely 56.3% vs 59.7% (P < 0.01) . These
numbers improved to 67% and 71% (P < 0.01) in the
[2]
2000s . This variation trend may be attributed to the
development of adjuvant and palliative chemotherapies
in the treatment of colon cancer.

RCC and LCC patients, but for the stage Ⅱ disease
population, RCC patients had greater benefit than LCC
patients after receiving FOLFIRI therapy. Concerning
survival after relapse, RCC patients had poorer
outcome than those with LCC (HR = 1.97; P < 0.01)
on the whole. Stage Ⅱ and Ⅲ disease showed similar
results. It is evident that survival after relapse was
influenced by later palliative therapies.
As for FOLFOX adjuvant chemotherapy setting,
[9]
Sinicrope et al analyzed resected stage Ⅲ colon
cancer patients in the N0147 trial. The results indicated
that DFS was longer for patients with LCC than RCC
(HR = 0.82; P < 0.001). In a subgroup of proficient
mismatch repair cancers, DFS was inferior for patients
with RCC compared to LCC (HR = 1.26; P = 0.0047),
while in a subgroup of deficient mismatch repair
cancers, favorable DFS was observed in RCC patients,
but not LCC patients (P < 0.01). In short, survival
benefit from FOLFOX was greater for patients with LCC
on the whole, yet was differed by genotype.
[10]
Furthermore, Yoon et al
found that RCC was
significantly associated with a shorter DFS compared
with LCC when patients with BRAF-wild-type stage Ⅲ
disease received adjuvant FOLFOX +/- cetuximab. But
[11]
in another study with a similar aim , no difference
was observed concerning time to recurrence (TTR)
between the RCC and LCC groups (HR = 0.86; P =
0.164). In the RCC subgroup, KRAS status did not
significantly affect either TTR (HR = 1.29; P = 0.96)
or DFS (HR = 0.89; P > 0.05). On the contrary, in
the LCC subgroup, TTR and DFS were poorer in KRAS
mutation cancers, with an increased risk of relapse (HR
= 1.96; P < 0.0001) for KRAS codon 12 mutations and
the results showing a borderline significance for codon
13 mutations (HR = 1.59; P = 0.051).

ADJUVANT CHEMOTHERAPY
Survival benefit from adjuvant chemotherapy for colon
cancer patients is influenced by two factors: how far
the cancer has spread and where the tumor is located.
[6]
In a review study by Weiss et al , 23578 stage
Ⅱ colon cancer patients received curative surgery
through Surveillance, Epidemiology, and End Results
(SEER)-Medicare data. Adjuvant chemotherapy was
performed in 18% of patients with RCC and 22% with
LCC. No OS benefit was observed for RCC (HR = 0.97;
P = 0.64) or LCC (HR = 0.97; P = 0.68). For stage
Ⅱ disease, adjuvant chemotherapy did not improve
overall survival for either RCC or LCC. Among 17,148
cases of stage Ⅲ disease, 5-year OS benefit from
chemotherapy was observed for both RCC (HR = 0.64;
P < 0.001) and LCC (HR = 0.61; P < 0.001). For stage
Ⅲ disease, adjuvant chemotherapy could reduce death
risks by 36% and 39% for RCC and LCC, respectively.
Different responses to specific adjuvant che
motherapy regimens were further analyzed. Elsaleh
[7]
et al reported that in the stage Ⅲ colorectal cancer
population, the adjuvant chemotherapy regimen
consisted of fluorouracil and levamisole and was
performed in 39% of 260 RCC cases and 22% of 396
LCC or rectal cancer cases. Compared with those
who did not receive adjuvant chemotherapy, striking
survival benefits were seen for RCC patients who
received the therapy (HR = 0.37; P < 0.0001), yet
LCC or rectal cancer patients did not share this result
(HR = 0.77; P = 0.081). Fluorouracil exhibited a
greater benefit in stage Ⅲ RCC patients than in those
with LCC. That being said, the result would be more
convincing if DFS was compared and consistent with
the discovery of stage Ⅲ RCC patients who had a
better response to fluorouracil.
Based on 3045 colon cancer patients who received
[8]
FOLFIRI adjuvant chemotherapy, Missiaglia et al
found DFS was similar for patients with RCC and
LCC on the whole (HR = 0.98; P = 0.89). In further
subgroup analysis, DFS was still similar in stage Ⅲ
disease, but RCC patients showed longer DFS when
filtered for stage Ⅱ disease. Therefore, the benefit
from the FOLFIRI regimen was similar for stage Ⅲ

WJG|www.wjgnet.com

Palliative chemotherapy

For stage Ⅳ colon cancer patients receiving palliative
therapy, survival is differentiated by tumor site. Price et
[12]
al
found that survival was inferior for RCC patients
when basic supportive care was given. For patients
who received active therapies, RCC patients had a
median OS of 18.2 mo, while LCC patients had 29.4
mo (P < 0.001). The amount of patients who received
first-line chemotherapy and the proportion of single
drug or combination chemotherapy used were similar
between RCC and LCC. Notably, the use of second-,
third-, or fourth-line therapy was higher in LCC
[5]
patients . Evidently, LCC patients had better survival
than RCC. The median OS for the entire group of RCC
patients vs LCC patients was 9.6 mo and 20.3 mo,
respectively (P < 0.001). Furthermore, RCC had more
negative prognostic factors, which included poorlydifferentiated, advanced stage, invasive histology type,
and these factors contributed to the disappointing
outcomes of the RCC patients. As a result, tumor site
was found to be an independent prognostic predictor
[13]
for stage Ⅳ colon cancer .
[14]
Modest et al
examined 423 metastatic colorectal
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cancer (MCC) patients who received chemotherapy
with FuFIRI or mIROX in their efforts to elucidate the
different response to specific palliative chemotherapies.
Tumors of a midgut origin were associated with inferior
outcome compared with those of a hindgut origin,
with an objective response rate of 37% vs 43% (P =
0.34), respectively. Moreover, median progression-free
survival (PFS) was 6.0 mo vs 8.2 mo (P = 0.024), and
median OS was 13.6 mo vs 21.8 mo (P = 0.001). RCC
patients showed a significant inferior outcome when
treated with FOLFIRI, with a median PFS of 6.0 mo
vs 8.7 mo (P = 0.02) and a median OS of 12.5 mo vs
25.0 mo (P = 0.001). The results indicated that FuFIRI
therapy was able to delay disease progression in LCC
patients. However, there was no significant difference
in the response between RCC and LCC in the mIROX
arm, with a median PFS of 6.0 mo vs 7.8 mo (P = 0.35)
and a median OS of 14.0 mo vs 22.4 mo (P = 0.12).
Benefit from the mIROX arm was similar for both RCC
and LCC patients. Undeniably, FOLFOX regimen plays
an important role in the treatment of MCC patients.
The lack of data concerning different responses to
FOLFOX based on primary tumor location is frustrating,
and has restricted its potential.

2-fold higher response rate than RCC patients. It is
widely reported that LCC patients benefit more from
cetuximab therapy.

Anti-angiogenic therapy

Anti-angiogenic therapy is an anti-cancer strategy that
targets the new vessels that grow to provide oxygen
and nutrients to actively proliferating tumor cells. Antiangiogenic therapy could improve patient survival from
advanced colon cancer, in which the benefit differs by
[18]
tumor location. Boisen et al
analyzed the data of
metastatic CRC patients who received CapeOX +/bevacizumab as standard first-line therapy. Patients
treated with CapeOX + bevacizumab with primary
tumors located in the sigmoid colon and rectum had a
significantly better outcome than patients with primary
tumors located anywhere between the cecum to the
descending colon, with results showing PFS (9.3 vs
7.2 mo, HR = 0.68) and OS (23.5 vs 13.0 mo, HR
= 0.47). The difference was affirmed by using the
method of multivariate analysis adjusted for other
potentially prognostic factors. Notably, in the case
of patients who received CapeOX only, there was no
association found between primary tumor location
and outcome. The availability of tumor location
as a predictor of bevacizumab should be further
[19]
investigated in randomized clinical trials. Volz et al
studied single-nucleotide polymorphisms (SNPs) in
genes related to early pericyte maturation in order
to predict the efficacy of bevacizumab in metastatic
CRC patients who received the first-line treatment
regimen of FOLFIRI and bevacizumab. Among RCC
patients, PFS was longer for RGS5 (rs1056515) T/T
type than G/Tor G/G type (P = 0.012). Among LCC
patients, PFS was longest in CSPG4 (rs1127648) T/T
type (PFS, 13.5 mo), then C/C type (PFS, 11.4 mo),
and then C/T type (PFS, 10.6 mo) (P = 0.029). The
study result also indicated that response rate (RR) was
associated with RALBP1 (rs329007), in which RR was
highest in A/A type (68%), then A/G type (53%), and
then G/G type (33%) (P = 0.008). It was concluded
that bevacizumab exhibited a greater benefit in LLC
patients, but this differs by distinct genotype.

Anti-EGFR therapy

The majority of clinical experience with anti-EGFR
therapy in MCC has been conducted with the
monoclonal antibody cetuximab. Clinical data suggest
that cetuximab could improve survival of patients
with RAS wild-type tumors, which are also affected by
[15]
tumor location. von Einem et al
investigated firstline therapy of MCC with cetuximab combined with
chemotherapy. The results indicated that LCC patients
had a significantly longer outcome, with a median
PFS of 7.7 mo vs 5.2 mo (HR = 0.67, P = 0.02) and a
median OS of 23.6 vs 14.8 mo (HR = 0.63, P = 0.016)
compared to RCC patients. As a whole, RCC patients
gained fewer benefits from cetuximab.
Further analysis showed KRAS status influenced the
impact of tumor location. The impact of tumor location
was not evident in patients with KRAS mutation tumors
according to PFS (HR = 1.01, P = 0.96) and OS (HR
= 1.3, P = 0.46) results. On the contrary, a prominent
effect was present in the KRAS wild-type population,
as indicated by PFS (HR = 0.54, P = 0.007) and OS (HR
[16]
= 0.42, P < 0.001). Brulé et al studied patients with
chemotherapy refractory and KRAS wild-type MCC.
Among the patients who received best supportive
care, tumor location (right vs left) was not prognostic
for PFS (HR = 1.07; P = 0.67) or OS (HR = 0.96, P
= 0.78), while among homogeneous patients who
received cetuximab, a much greater PFS was observed
for LCC than RCC (P = 0.002). They concluded that, in
refractory MCC, tumor location was a strong predictor
of PFS benefit from cetuximab therapy. Missiaglia et
[17]
al
also confirmed that cetuximab-treated KRAS
wild-type LCC patients had prolonged PFS and a
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GENOTYPE (MOLECULAR FEATURES)
There are epidemiological, morphological, and
molecular differences between normal mucosa, as is
the case with the situation with right and left colon
as well. A study which applied cDNA microarray
technology showed that more than 1000 genes are
expressed differentially in right vs left colon, with 165
genes showing > 2-fold differences and 49 genes
[20]
showing > 3-fold differences . Colon cancers arising
from the right and left colon of animal models had
distinct phenotypes even when they had the same
human clonal origin, with higher expressions of MMP2,
[21]
p53, and beta-catenin in RCC than LCC . Tumors
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originating from the right and left colon showed
obvious divergent in gene expression profiles. Most
colon cancers develop in the course of polypusadenoma-adenocarcinoma, in which a variety of genes
take part. Among all the genes being studied, some
play a role in carcinogenesis, others are used for early
diagnosis, while still others are capable of predicting
efficacy or prognosis. Differences in genotype
according to location are summarized in this review.

originate from the right colon. However, Carethers
[24]
et al
reported that, among RCC African American
patients, the condition of MSI was absent. Although
MSI appeared to be a common phenotype, patients
with MSI cancers had better survival rates than those
with microsatellite stable cancers. If both factors of
mismatch repair status and tumor location were taken
into consideration, survival was longest in RCC patients
with MSI and shortest in RCC patients with MSS.
Several studies have confirmed the notion that patients
with MSI status gained no benefit from 5-Fu based
adjuvant chemotherapy; in fact the regimen was even
[25,26]
harmful for them
. Therefore, with that in mind,
clinical oncologists should assess and stratify patients
accordingly by mismatch repair status, especially those
with RCC, before treatment strategies are decided and
applied.

Chromosome instability

Chromosome instability (CIN) results from abnormal
structure or number of chromosomes, which then
leads to a series of genetic changes, such as loss
of heterozygosity, which involves the activation of
oncogenes and inactivation of tumor-suppressor genes.
Known as the first major carcinogenesis mechanism
of colon cancer, CIN differs by primary tumor location.
The CIN pathway contributes about 75% of LCC and
30% of RCC. In addition, CIN tumors are easy to
be identified in LCC. Therefore, relatively speaking,
CIN plays an important role in LCC occurrence and
development. p53 is the most studied tumor suppressor
gene. In p53 gene mutation cancers, p53 protein has a
prolonged half-life period, allowing it to be detected by
immunohistochemistry in cancer tissues. p53 mutation
type is more common in LCC than RCC (45% vs 34%).
In subgroup of stage T3N0 colon cancer, Gervaz et
[22]
al
found overexpression of p53 protein in 60% of
LCC vs 16% of RCC. This result implied that tumor
location was more influential in stage Ⅱ disease. CIN
has been recognized as an independent factor of poor
survival in colon cancer patients. An increased risk of
death was documented in patients with tumors of p53
gene mutation or protein overexpression, especially in
LCC patients. Overexpression of p53 protein was also
an independent factor of poor survival, with 5-year OS
rates of 78% in p53 negative tumors vs 63% in p53
positive tumors.

CpG island methylator phenotype

CpG Island Methylator Phenotype (CIMP) results
from the hypermethylation of cytosine at CpG
islands in gene promoter, which further leads to
tumor suppressor gene silencing and carcinogenesis.
CIMP shows an incidence of 16.7%-27.8% in colon
[27]
cancer. Barault et al
observed a poor 5-year OS in
microsatellite stable colon cancer patients with CIMP
vs CIMP negative. CIMP was significantly-associated
with RCC (P = 0.011). Furthermore, in a meta-analysis
[28]
conducted by Juo et al , CIMP was independentlyassociated with a significantly worse prognosis in
CRC patients (HR = 1.7; P = 0.0005). CIMP was
more prevalent in RCC and was also associated with
[29,30]
BRAF mutation and MSI tumors
. Aside from
CpG islands, genome-wide methylation analysis
demonstrated that differential methylation state was
based on colon location. DNA methylation presented
[31]
more often in RCC than LCC . Furthermore, PRAC
gene hypermethylation mainly occurs in RCC, while
CDX2 hypermethylation is more commonly found in
[32]
LCC . Interestingly, Olsen et al’s meta-analysis (which
identified 52 relevant articles) indicated that loss of
CDX2 expression was probably correlated to CIMP and
right-sided tumor location.

Microsatellite instability

Microsatellite instability (MSI) is an outcome from
somatic inactivation of the DNA mismatch repair genes
by hypermethylation of their promoter, leading to
secondary widespread mutation of short repetitive DNA
sequences (namely microsatellites), lack of DNA repair
function, and accumulation of abnormal genes. Known
as the second major carcinogenesis mechanism of colon
cancer, MSI has a prevalence of 12%-20% in sporadic
CRC. By analyzing 245 patients with stage Ⅱ/Ⅲ
[23]
CRCs, Shin et al
found that MSI cancers were more
commonly located in the right colon (90.0% vs 19.1%;
P < 0.0001). In the N0147 trial, which included stage
[9]
Ⅲ colon cancers , MSI tumors predominantly occurred
in the right colon (21% vs 2.8%). Approximately
30%-50% of RCC presented as MSI phenotype, with a
much lower proportion of LCC showing MSI phenotype.
Many studies have indicated that most MSI tumors
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RAS

The RAS-RAF-MAPK signal pathway has been the
subject of intense research scrutiny, leading to the
development of pharmacologic inhibitors for the
treatment of cancer, in which EGFR and its downstream
component regulate key cellular events that drive the
progression of many neoplasms. EGFR expression
status is related to the efficacy of cetuximab. RAS (i.e.,
KRAS, NRAS) is a key downstream effector of EGFR,
which is mutationally activated and/or overexpressed
in many colon cancers. Patients with KRAS mutation
colon cancer greatly benefit from cetuximab treat
ment. KRAS mutation was found to be associated with
[33]
poor prognosis (HR = 1.44) . Incidence of KRAS
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mutation was reported to be 23.5%-42.5% in sporadic
[34,35]
CRC
. RCC had a higher frequency of KRAS
[36]
mutation than LCC (57.3% vs 40.4%; P < 0.0001)
and KRAS mutation was significantly associated with
[37]
RCC (OR = 2.05; P < 0.01) . The status of KRAS
[10,38]
mutation also differs by tumor location
. Rates of
mutation in codon 12 and 13 were 34% and 12% in
RCC, respectively, but lower in LCC, which was 28%
and 6%, respectively. Compared to colon cancer
patients with KRAS wild-type, survival was inferior
for patients with codon 12 mutation cancer (HR =
1.30; P = 0.0001), but there are contradicting results
[39]
with regards to codon 13 mutation. Imamura et al
indicated that KRAS codon 13 mutated patients were
not significantly associated with a successful prognosis.
[10]
Yoon et al
pointed out that KRAS mutation in codon
13 was associated with inferior survival in patients
with resected colon cancer (HR = 1.36, P = 0.0248),
[11]
whereas Blons et al
found that the survival of
patients with KRAS codon 13 mutation differs by
tumor location, with LCC having an inferior outcome
(P < 0.05) when compared to RCC outcome (without
statistical significance). Among stage Ⅲ colon cancer
patients who received adjuvant FOLFOX +/- cetuximab
therapy, the KRAS genotype did not affect TTR and
DFS in RCC patients, but affected TTR and DFS in LCC
patients, with a significantly increased risk of relapse
for KRAS codon 12 mutation (HR = 1.96, P < 0.0001)
and codon 13 mutation, with borderline significance
[40]
(HR = 1.59, P = 0.051). Shen et al
used direct
sequencing to analyze mutation status for 676 cases
from the East Asian colorectal cancer population.
The results showed that RCC had a higher PIK3CA
mutation (P < 0.001), while LCC and rectal cancer
shared a higher NRAS mutation (P = 0.010).

MSI was 76% in BRAF mutation cancers, while merely
9.5%-16% in BRAF wild type cancers (P < 0.001).
Overall, a tumor with BRAF mutation status is more
likely to be right-sided, have a poor outcome, and
have a MSI condition.

MicroRNAs

MicroRNAs (miRNAs) constitute a class of small
non-coding RNA molecules that function as posttranscriptional gene regulators, either as oncogenes or
tumor suppressors. MiRNAs could be over-expressed
or under-expressed in colon cancers. By analyzing 760
[46]
miRNAs in 29 colon cancers tissues, Nosho et al
found miRNA-31 had a higher expression in RCC (P
< 0.0001) and was associated with KRAS and BRAF
mutation. Moreover, patients with higher miRNA-31
had higher cancer-specific mortality (HR = 2.06, P =
0.0008), which was consistent with the characteristics
[47]
of RCC. Omrane et al
found that miRNA-146a and
miRNA-147b expression was significantly higher in LCC
compared to RCC after investigating 25 colon cancer
specimens. The result implied that these two miRNAs,
especially miRNA-146a, appeared to be markers for
[48]
LCC. In a large cohort study of 122 CRC patients ,
[48]
Gopalan et al discovered that although the expression
of miRNA-1288 was reduced or absent in 76% of
patients, it was higher in LCC and rectal cancers than
RCC (P = 0.013). Based on the aforementioned studies,
an apparent conclusion can be drawn that various
miRNAs have different expressions.

Other genes

Genes express differently based on the alteration of
tumor location. For instance, a number of genes and
proteins are expressed predominantly in RCC. By
conducting a study which involved investigating the
tumor locations and genetic profiles of 580 cases,
[49]
Maus et al found that gene expression of ERCC1 was
significantly higher in RCC than LCC in KRAS wild-type
[50]
colon cancers. Fecteau et al
found GNAS mutation
arose in 2.3% of 428 colon tumors assayed, which all
presented in the right colon (P < 0.007). Freriksen et
[51]
al
studied single-nucleotide polymorphisms (SNPs)
of the NADPH gene in 1457 CRC patients and 1457
age- and gender-matched controls. The result was that,
for the SNP rs1800566 group, a significant association
between the CT genotype and RCC was detected (OR
= 1.60). By assessing the telomerase activity from
[52]
samples of 49 CRC patients, Ayiomamitis et al
found colon cancers had significantly more telomerase
than rectal cancers, and RCC expressed significantly
higher telomerase than LCC. Analysis performed on
104 samples of surgically-resected CRCs indicated that
expression of critical gate enzyme p-PDH tended to
be higher in RCC than in left-sided CRC (P = 0.0883).
PODXL, an anti-adhesive transmembrane sialomucin,
is associated with an aggressive tumor phenotype and
poor prognosis. Associations of PODXL expression and

BRAF

BRAF is another component in the RAS-RAF-MAPK
signal pathway, with a reported incidence of 2.5%-20%
[41,42]
in CRC
. RCC took up 95% of BRAF mutation
cancers, but only 48% in BRAF wild type cancers.
On the other hand, the incidence of BRAF mutation
was 18.4%-22.4% in RCC and 1.3%-7.8% in LCC
[38]
and rectal cancer . Many studies have indicated
that BRAF mutation was associated with RCC (OR
[37,42,43]
[44]
= 6.74, P < 0.01)
. Notably, Yamauchi et al
described a linear correlation between BRAF mutation
and tumor location, with BRAF mutation incidence
gradually decreasing from nearly 40% to less than
2.3% (P < 0.0001) as the tumor location shifted from
[45]
the ascending colon to the rectum. Eklöf et al metaanalysis echoed this result, with BRAF mutation mainly
occurring in RCC (OR = 5.22; P < 0.001) and being
associated with a poor prognosis (HR = 2.09). A close
relationship was observed between BRAF mutation
and MSI, with the incidence of BRAF mutation being
5% in mismatch repair stable CRCs, but increased to
51.8% in MSI CRCs. On the other hand, incidence of
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tumor location with other clinicopathological variables
[53]
were explored in 849 consecutive CRC patients .
High expression was strongly associated with the
right colon (P < 0.001). Furthermore, RCC was
more poorly differentiated (P < 0.0001) and showed
higher PODXL expression (P < 0.001). High PODXL
expression was significantly associated with a higher
risk of cancer-specific death in both RCC and LCC.
ANXA10 has recently been identified as a marker of
sessile serrated adenomas/polyps of the colorectum. By
immunohistochemistry analysis of ANXA10 expression
[54]
status in 168 MSI CRCs, Kim et al
found 17% of
tumors exhibited positive ANXA10. Most of them were
located in the right colon (96%; P < 0.001), as well
as being significantly associated with CIMP phenotype
(P < 0.001). Several other genes and proteins are
predominantly expressed in LCC. For example, topoi
somerase I (Topo I) and thymidylate synthase (TS) are
essential enzymes for the replication, transcription, and
[55]
repair of DNA. Azzoni et al
assessed Topo I and TS
expression in 112 consecutive CRCs and discovered that
there was an increase in the expression of both, mostly
in distal cancers (including LCC and rectal cancers),
as well as being associated with the CIN pathway.
[8]
Missiaglia et al assessed gene expression and DNA
copy number profiles in 1,404 samples of colon cancer.
They found that not only was EGFR or HER2 more often
amplified in RCC, but also that epiregulin was more
frequently overexpressed in RCC.
There is growing evidence to show that RCC
[56]
and LCC follow different pathways to relapse .
Using microarray data from 102 RCC cases and 95
[56]
LCC cases, Bauer et al
found different pathways
dominate progression to relapse in RCC and LCC. RCC
with high relapsing risk exhibited elevation in both
the expression of cell cycle control genes and Wnt
signaling. In comparison, relapse-prone LCC showed
elevated expression of genes which promote stromal
expansion and reduced expression of tumor suppressor
genes responsible for initiating Wnt signaling. In
addition, single gene prognostic biomarkers were
found separately for RCC and LCC. In LCC with low
expression levels of NADPH oxidase 4 (NOX4), the
5-year relapse-free survival probability was 0.89,
and in tumors with elevated NOX4 expression the
probability was 0.51. RCC with elevated expression
levels of caudal type homeobox 2 (CDX2) had a 5-year
relapse-free survival probability of 0.88, and those with
low CDX2 expression had a corresponding probability
of 0.39. Notably, both NOX4 and CDX2 were much
less prognostic on the opposite sides. Another study
showed that in stage Ⅱ disease, NOX4 was identified
to be highly predictive of relapse in LCC, whereas
integrin alpha 3 beta 1 (ITGA3) is predictive of relapse
in RCC.

surgery was similar between resected RCC and LCC.
Benefits from adjuvant chemotherapy for colon cancer
patients is influenced by both stage and tumor location.
Although survival improvement is non-significant for
stage Ⅲ disease, it is significant for stage Ⅱ disease.
Longer survival is exhibited in metastatic LCC than
RCC after palliative chemotherapies. For KRAS wildtype cancers, LCC benefited more from cetuximab
treatment than RCC. Advanced LCC also showed
superior response to bevacizumab in comparison to
advanced RCC. Moreover, significant varieties exist at
the molecular level between RCC and LCC, which may
be the reason behind all these apparent differences.
In regards to carcinogenesis mechanisms, RCC was
associated with MMR, KRAS, BRAF, and miRNA-31,
while LCC was associated with CIN, p53, NRAS,
miRNA-146a, miRNA-147b, and miRNA-1288. In the
case of protein expression, RCC was related to GNAS,
NQO1, telomerase activity, P-PDH, and annexin A10,
while LCC was related to Topo I, TS and EGFR. In
addition, distinct pathways dominate progression to
relapse in RCC and LCC. Therefore, RCC and LCC
should be regarded as two heterogeneous entities
and that this heterogeneity should be used to stratify
patients in order for them to have the most optimal,
current, and novel therapeutic strategies in clinical
practice. Additional research is needed to uncover
further differences between RCC and LCC.
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REVIEW

Recent developments in pathogenesis, diagnosis and
therapy of Barrett's esophagus
Magnus Halland, David Katzka, Prasad G Iyer
disease development by screening and surveillance
might exist. This review examines recent updates in
the pathogenesis of BE and comprehensively discusses
known risk factors. Diagnostic definitions and challenges
are outlined, coupled with an in-depth review of
management. Current challenges and potential solutions
related to screening and surveillance are discussed. The
effectiveness of currently available endoscopic treatment
techniques, particularly with regards to recurrence
following successful endotherapy and potential
chemopreventative agents are also highlighted. The field
of BE is rapidly evolving and improved understanding of
pathophysiology, combined with emerging methods for
screening and surveillance offer hope for future disease
burden reduction.
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Core tip: This review highlights recent updates in the
pathogenesis, diagnosis and therapy for Barrett’s eso
phagus (BE), the pre-malignant lesion for esophageal
adenocarcinoma (EAC). The incidence of EAC con
tinues to rise, and prognosis once diagnosed is poor.
In this paper we critically reviewed the diagnostic
criteria as well as new understanding of risk factors.
Comparative recommendations from gastrointestinal
societies are presented, and approaches to BE therapy,
and management of recurrent BE after ablation is
discussed.
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Abstract
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The burden of illness from esophageal adenocarcinoma
continues to rise in the Western world, and overall
prognosis is poor. Given that Barrett’s esophagus (BE),
a metaplastic change in the esophageal lining is a
known cancer precursor, an opportunity to decrease
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INTRODUCTION
Barrett’s esophagus (BE), a metaplastic change of
the esophageal mucosa from squamous to columnar
mucosa with intestinal metaplasia, is the dominant
pre-malignant lesion of esophageal adenocarcinoma
(EAC) (Figure 1). The incidence of EAC continues to
[1,2]
rise in the western world
and thus efforts to prevent
EAC by screening and surveillance for BE, coupled
with endoscopic therapy for BE related dysplasia/
neoplasia is practiced in many clinical settings (Table
1). Despite this, the effectiveness of current strategies
[3,4]
in preventing EAC is not well proven
as only a small
[1]
fraction of patients with BE will develop cancer .
Furthermore, up to 95% of EAC develops in patients
[5,6]
with no prior diagnosis of BE despite its presence .
New developments in the understanding of BE
pathogenesis, screening, the neoplastic potential of BE,
along with improvements in endoscopic therapeutic
options, imaging techniques and molecular markers
may impact future EAC mortality. In 2015, however,
the management of the individual patient with BE
remains challenging and the optimal approach to EAC
[7]
prevention on a population level remains uncertain .

Figure 1 Endoscopic picture of gastroesophageal junction with Barrett’s
esophagus.

to EAC in subjects exhibiting columnar metaplasia
with goblet cells (a marker of intestinal differentiation)
compared to those without goblet cells is robust,
with large population based cohort studies showing
substantially different progression risks amongst these
[11,12]
two histologic types
. Nevertheless, there is some
evidence of comparable molecular abnormalities found
in columnar esophageal metaplasia with and without
goblet cells associated with neoplastic risk in cross
[13]
sectional studies of Barrett’s patients . Moreover,
sampling error and/or a patchy distribution of these cell
types may account for a variable appearance of goblet
cells on biopsy as repeated biopsies may demonstrate
goblet cells in those without goblet cells at baseline. A
recent study longitudinally followed 107 patients with
columnar lined epithelium (CLE) without metaplasia.
At repeat endoscopy after 2 years, 71% had suspected
CLE confirmed at repeat endoscopy of which 29% had
IM consistent with a BE diagnosis. These data suggest
that surveillance may be discontinued in those without
goblet cells at a second endoscopic examination
after ensuring adequate sampling to detect intestinal
[14]
metaplasia .

DIAGNOSTIC CHALLENGES
Correctly defining the presence of BE in patients
is crucial before committing patients to lifelong
surveillance endoscopy. BE can be found in up to
10%-15% of patients with gastroesophageal reflux
[8,9]
(GERD) symptoms who undergo upper endoscopy .
In a recent study three gastroenterologists underwent
intensive didactic and practical training in accurate
identification of gastroesophageal junction (GEJ)
landmarks and BE diagnosis which lead to a third of
previously diagnosed BE patients being re-classified to
have minor squamocolumnar junction abnormalities,
[8]
but no longer to have BE . This study demonstrates
that misdiagnosis of BE is common in clinical practice.
This could likely lead to underestimation of the
protective effect of a surveillance program by including
patients with intestinal metaplasia of the GEJ or cardia
(IMGEJ) frequently misclassified as short segment
[10]
BE , which is found in up to 15% of the normal
population. Furthermore, the risk of progression
to EAC in IMGEJ is vastly different when compared
[10]
to Barrett’s as demonstrated by Jung et al
who
followed 86 patients with IMGEJ for 8 years and no
patient progressed to dysplasia or adenocarcinoma.
A diagnosis of BE also adds significant financial and
psychological burden to patients. Therefore improved
diagnostic skills of endoscopists will be crucial to avoid
misclassification between intestinal metaplasia at the
cardia and BE.
The need for intestinal metaplasia for a diagnosis of
BE continues to be a point of controversy, particularly
between American and European gastroenterology
societies. Evidence of an increased risk of progression
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NEW INSIGHTS INTO BARRETT’S
PATHOGENESIS AND RISK FACTORS
In addition to the classic risk factors of gastroes
ophageal reflux, male gender and Caucasian race,
other BE risk factors recently identified include
[15]
[16]
obesity , specifically central obesity , metabolic
[17]
[18]
syndrome , and obstructive sleep apnea . These
factors may contribute to BE risk independent of their
additive effects on gastroesophageal reflux. More
recently it has become clear that the distribution
of excess body fat appears important, with central
[19]
obesity confirmed as an independent predictor of BE
[20]
although the effect on progression of BE is less clear .
A recent meta-analysis summarized the findings of 40
studies which examined the association of body mass
index (BMI) and central obesity (waist circumference,
waist to hip ratio and quantitative measures of visceral
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Table 1 Comparison of societal guidelines for screening and surveillance in Barrett’s esophagus
Screening
AGA[104]

BSG[48]

ASGE[33]

ACP[34]

Surveillance NDBE

Surveillance LGD

Surveillance HGD

Screening for patients with multiple risk factors
Recommend surveillance
Low-grade
High-grade dysplasia in the
Age 50 yr or older
No dysplasia:
dysplasia: 6-12
absence of eradication therapy: 3
Male sex
three to five years
mo
mo
White race
Chronic GERD
Hiatal hernia
Elevated body mass index
Intra-abdominal distribution of body fat
Screening in the general population is not
recommended
Endoscopic screening can be considered in patients Patients with Barrett’s oesophagus High resolution
Not recommended
with chronic GERD symptoms and multiple risk shorter than 3 cm, with IM, should endoscopy every
factors (at least three of age 50 yr or older, white
receive endoscopic surveillance
6 mo
race, male sex, obesity)
every 3-5 yr
The threshold of multiple risk factors should be
Patients with segments of 3 cm or
For HGD and Barrett’s-related
lowered in the presence of family history including
longer should receive
adenocarcinoma confined to the
at least one first-degree relative with Barrett’s or
surveillance every 2-3 yr
mucosa, endoscopic therapy is
OAC
preferred over esophagectomy or
endoscopic surveillance
Endoscopic screening for BE can be
Consider no surveillance
Confirm with
Confirm with expert GI
expert GI
pathologist
pathologist
considered in select patients with multiple risk
If surveillance is elected, perform Repeat EGD in Consider surveillance EGD every
factors for BE and EAC, but patients should be
EGD every 3 to 5 years with
6 mo to confirm 3 mo in select patients, 4-quadrant
informed that there is insufficient evidence to affirm 4-quadrant biopsies every 2 cm
LGD
biopsies every 1 cm
Consider endoscopic ablation in
Surveillance
Consider endoscopic resection or
that this practice prevents cancer or prolongs life
select cases
EGD every year,
RFA ablation
4-quadrant
biopsies every 1
to 2 cm
Consider
Consider EUS for local staging and
endoscopic
lymphadenopathy
Consider surgical consultation
resection or
ablation
Upper endoscopy may be indicated among men
For surveillance evaluation in men and women with a history of be. In men and women
older than 50 yr with chronic GERD symptoms
with be and no dysplasia, surveillance examinations should occur at intervals no more
(symptoms for more than 5 yr) and additional risk frequently than 3 to 5 yr. More frequent intervals are indicated in patients with Barrett
factors (nocturnal reflux symptoms, hiatal hernia,
esophagus and dysplasia
elevated body mass index, tobacco use, and intraabdominal distribution of fat) to detect esophageal
adenocarcinoma and be

AGA: American Gastroenterology Association; BSG: British Society for Gastroenterology; ASGE: American Society for Gastrointestinal Endoscopy; ACP:
American College of Physicians; HGD: High grade dysplasia; GERD: Gastroesophageal reflux; NDBE: Non-dysplastic BE; BE: Barrett’s esophagus; LGD:
Low grade dysplasia; EAC: Esophageal adenocarcinoma; RFA: Radiofrequency ablation.

fat by cross sectional body imaging) and the risk of
erosive esophagitis, BE and EAC, and a reflux and
BMI independent effect of central adiposity was again
[16]
noted .
The exact molecular mechanisms by which
central obesity promotes replacement of injured
squamous epithelium with columnar metaplasia
are the focus of intense research. While increased
gastroesophageal reflux disease due to mechanical
effects has been proposed as the mediator of this
[21]
[22]
association , a recent study by Lagergren et al
support the existence of additional mechanisms.
[22]
Lagergren et al
analyzed data from a populationbased Swedish nationwide study of patients with a
new diagnosis of EAC or GEJ adenocarcinoma and
matched controls and found no evidence that the

WJG|www.wjgnet.com

increased risk of EAC in obese subjects is mediated
by symptomatic reflux alone. However, it is clear
that symptoms alone underestimate the severity of
[23]
reflux in Barrett’s patients . Several studies have
assessed the association of smoking and alcohol
[24-27]
with BE and EAC
. In a recent meta-analysis
which included thirty-nine studies comprising 7069
[28]
BE patients , having ever-smoked was associated
with an increased risk of BE compared with nongastroesophageal reflux disease controls (OR = 1.44;
95%CI: 1.20-1.74), population-based controls (OR =
1.42; 95%CI: 1.15-1.76), but not GERD controls (OR
= 1.18; 95%CI: 0.75-1.86). With regards to alcohol
consumption, a recent meta-analysis of population
based case-control studies found that there was a
no significant association (any vs none, summary
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OR = 0.77, 95%CI: 0.60-1.00) between any alcohol
[29]
consumption and the risk of Barrett ’s esophagus .
Genetic factors which contribute to BE have
also been discovered. Two recent genome wide
association studies have identified polymorphisms
which are associated with an increased risk of BE
[30,31]
and EAC
. Associations have been found in
19p13 in CRTC1, whose aberrant activation has been
associated with oncogenic activity, as well as 9q22 in
BARX1 which encodes a transcription factor which is
[31]
important in esophageal specification . Furthermore,
polymorphisms near TBX5 and GDF7 which encode
for a bone morphogentic protein and a transcription
factors which regulates esophageal development
respectively, are associated with an increased risk of
[30]
BE .
An inverse relationship between Helicobacter pylori
(H. pylori) and BE has been noted in observational
studies, but significant heterogeneity between studies
exists. In a meta-analysis which focused on only four
methodologically robust studies found a relative risk of
0.46 (95%CI: 0.35-0.60) for the development of BE
[32]
among persons infected with H. pylori . A subgroup
analysis of seven studies showed that this effect was
stronger for infection with CagA-positive strains (OR
= 0.38; 95%CI: 0.19-0.78). Despite this association
the increased risk of gastric cancer outweights the
protection against GERD offered by H. pylori induced
gastric atrophy.

adverse effects were reported. The examination was
well-tolerated based on post-procedure surveys. Transnasal endoscopy was also compared with standard
[38]
endoscopy in a randomized cross-over study . In
this study of 95 patients TNE correctly diagnosed
48 of 49 BE cases and thus had a sensitivity and
specificity of 0.98 and 1.00, respectively. Furthermore,
physician extenders have also been shown to be able
to accurately recognize esophago-gastric landmarks
and reliably perform BE screening using transnasal
[39]
endoscopy after a short training program . A recent
study demonstrated that the majority of adults in
a population based survey was willing to undergo
screening for BE, and that unsedated techniques were
[40]
preferred by 64% vs 36% for sedated endoscopy .
Another recently described non-invasive screening
method has been described using an ingestible
[41]
sampling device, (Cytosponge) . This device consists
of an ingestible gelatin capsule containing a compressed
mesh attached to a string. The brushings obtained by
the device are analyzed with an immunological assay for
trefoil factor 3, a marker for columnar epithelium with
intestinal metaplasia. In the largest study of this device,
501 of 504 patients were able to swallow the capsule
with a sensitivity and specificity of 73% and 94%,
[41]
respectively for detection of BE . The test also appears
cost-effective compared to no screening assuming
increased participation when compared to conventional
[42]
endoscopy . Trials of other office based devices such
as the EG II Scan (Intromedic, Seoul, South Korea), an
ultrathin transnasal operator-controllable video capsule
based esophagoscope with a disposable delivery
system are underway (NCT02066233). Data on patient
tolerance and diagnostic accuracy from these trials are
awaited.
Novel biomarkers that examine chromosomal
alterations, epigenetic markers as well as gene
expression markers and microRNAs are all being
[31,43]
[44]
evaluated
. Kendall et al
demonstrated that a
high serum leptin was associated with BE among men.
[39]
Furthermore, Alashkar et al found that patients with
the high serum insulin levels had an increased risk (OR
= 2.02, 95%CI: 1.15-3.54) of having BE, indicating
a potential role for insulin or insulin-like growth factor
in BE pathogenesis. These results were echoed in a
case-control study where levels of circulating cytokines
including adipokines had a modest association with
[45]
BE . A biomarker panel was also recently evaluated
in a case-control study of predominantly white male
[45]
veterans . A risk prediction model including a
multi-biomarker score, derived from serum levels
of cytokines and leptin, as well as GERD frequency
and duration, age, sex, race, waist-to-hip ratio, and
H. pylori infection, achieved an area under the curve
of 0.85, thus more accurately identifying persons in
this population with BE than in previous non-invasive
[45-47]
methods
.

UPDATES IN SCREENING
New tools

The role of screening is controversial. Even the
leading United States gastroenterology societies
differ in recommendations on whether screening
should be performed. For example, the American
Gastroenterological Association states that screening
may be considered in patients 50 years and older with
multiple risk factors whereas the American Society
for Gastrointestinal endoscopy states that screening
should be offered after the pros and cons are
discussed. In general, however, most societies agree
that the high risk group for BE includes Caucasian
men aged 50 and above with chronic reflux symptoms
and with other coexisting risk factors such as central
[9,33,34]
obesity and history of smoking
. Conventional
endoscopy for screening is expensive, not widely
applicable and is usually performed by a physician. A
possible alternative is un-sedated ultrathin endoscopy
which avoids ancillary costs of sedation, personnel,
recovery time and requirement for time off work and
[35,36]
[37]
a patient escort
. Peery et al
assessed the use
of office based trans-nasal endoscopy using a 4.5
mm scope (Vision Sciences, Orangeburg, NY) with
a disposable sheath. 426 participants were scoped
and 99% completed the examination and no serious
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group had no dysplasia detected during follow up
despite expert pathologists confirming the diagnosis
at study entry. This suggests that not all patients with
LDG will necessarily benefit from ablation, but that in a
small subgroup of patients with persistent and perhaps
multifocal confirmed LGD endoscopic ablation may be
considered.
Ideally, the ability to non-invasively determine who
is at risk of progression would make both ablation
and surveillance programs more cost effective. This is
particularly prudent as one of the most rigorous studies
on the impact of endoscopic surveillance on mortality
[59]
from EAC failed to find a significant benefit ,
[60,61]
supporting findings from previous studies
. These
sobering data urge a review of current clinical practice,
and the need for novel approaches in preventing
deaths from EAC.

UPDATES IN SURVEILLANCE AND RISK
OF PROGRESSION
Currently surveillance is recommended for all patients
with BE at intervals depending on the grade of
dysplasia. In those without dysplasia, intervals of
[9,33,48]
3-5 years are suggested
. In patients with low
grade dysplasia (LGD) the interval in shortened to
6-12 mo, and high grade dysplasia (HGD) is generally
accepted as a reason to intervene endoscopically
or surgically. The rationale behind surveillance is
based on estimated risk of progression from nondysplastic BE to dysplasia and EAC. However, recent
large studies have consistently demonstrated a lower
than previously estimated annual risk of progression
to EAC, and a recent meta-analysis estimated the
incidence of EAC in non-dysplastic BE (NDBE) to be
[11,49,50]
0.33% per year
. Furthermore, Gaddam et
[51]
al
recently demonstrated that patients who have
had persistence of nondysplastic BE after several
surveillance endoscopies may have an even lower risk
of progressing to EAC. In this study of predominantly
white men, the annual risk of EAC was decreased by
50% and 70% after 3 and 5 consecutive surveillance
endoscopies respectively, without dysplasia. These
data support the need for revised surveillance intervals
for such patients and perhaps even development of
“exit-rules” for those as lowest risk as risk stratification
evolves.
The risk of progression to EAC in patients with BE
[52,53]
with LGD is less well defined
. Recently, a metaanalysis found that the annual rate of progression
to EAC among patients with LGD is 0.54%, but the
authors commented on the wide variability that was
[54]
observed across studies . This may be related to
the low interobserver agreement for the diagnosis
[55]
of LGD among pathologists . However, when
LGD is confirmed by three expert gastrointestinal
[56,57]
pathologists progression is significantly higher
.
Staining for aberrant p53 over-expression may
help corroborate the presence of dysplasia and has
now been recommended as an adjunct to standard
[48]
histopathological examination in some guidelines .
Because of the variable progression rate of LGD and
diagnostic uncertainty, surveillance has been favored
over endoscopic intervention until recently. Recently,
a randomized trial compared radiofrequency ablation
(RFA) vs endoscopic surveillance for patients with
[58]
LGD . 136 subjects were randomized to receive RFA
or endoscopic surveillance. During a median follow up
period of 36 mo 1.5% of patients in the ablation group
developed HGD or EAC compared to 26.5% in the
control group (p < 0.001). The trial was terminated
early due to the superiority of ablation, but the external
validity of these trial results warrant consideration.
First, the progression rate of 11.8% per person-year is
higher than that what is observed in community based
studies, and second, 28% of patients in the control
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Advances in endoscopic detection of dysplasia

Detection of dysplasia during routine endoscopy relies
[62]
on obtaining random biopsies per Seattle protocol in
addition to targeting any visible abnormality. In a study
which compared inspection times of less than 1 minute
vs longer per 1 centimeter of BE, more patients with
endoscopically suspicious lesions (54.2% vs 13.3% P =
0.04) and HGD/EAC (40.2% vs 6.7%, P = 0.06) were
[63]
detected with longer inspection time . Also, some
data suggest that neoplastic lesions in BE are more
commonly found in the right half of the esophagus
compared to the left (84.9% vs 15.1%, P = 0.001),
[64]
with the highest rate in the 12 to 3 o’clock quadrant ,
and thus particular attention to this anatomical
location is important. This observation is not surprising
as this is the area of greatest acid exposure and
[65]
erosive esophagitis . Newer developments in
endoscopic techniques, such as image magnification,
chromoendoscopy (dye or filtering techniques which
highlight dysplasia) and use of autofluorescence
imaging have been evaluated, but have failed to
become standard of care either due to lack of efficacy
[66-70]
or practicality
. For example, a recent study found
only a 2% extra yield of autofluorescence compared
to high definition white light endoscopy with random
[68]
biopsies . The use of autofluorescence combined
[71]
with magnification narrow band imaging was found
to not be a useful technique for detection of dysplasia.
More promise was observed with the first human
data of targeted imaging of esophageal neoplasia
[72]
using a fluorescently labeled peptide . In this study,
a novel peptide which binds to areas of HGD and
neoplasia provided 3.8 greater fold fluorescence
intensity, and demonstrated 75% sensitivity and
[73]
97% specificity for neoplasia. Canto et al
recently
evaluated in-vivo endoscope based confocal laser
endomicroscopy (eCLE, a probe based technique
which has resolution to yield close to a histologic view
of the epithelium) in a randomized design. Among
the 192 patients studied, the addition of eCLE to high
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Table 2 Estimated effectiveness and durability of current endotherapies for Barrett’s esophagus
1

Radiofrequency ablation with
[75,77,78,105]
or without EMR
Initial eradication of HGD
Initial CRIM
Recurrence of non-dysplastic
Barrett’s
Recurrence of dysplasia or
cancer
Adverse events

Cryotherap

[79]

Endoscopic mucosal
[80]
resection

[106,107]

Photo-dynamic therapy

90%-95%
70%-86%
13%-33% at 2-3 yr

100%
100%
19% at 36 mo1

90%
90%
39.5% at 5 yr

81%
72%
Unknown

1.6%-11% at 1.5-2.5 yr

3% at 36 mo

6.2% at 5 yr

16%-20% at 2-5 yr

Stricture 4%-11.9%

Stricture 9%

Stricture 47%
(widespread EMR)

Stricture 37%

1

The 37.5% required touch up treatment after initial eradication 19% developed recurrent HDG but were successfully re-treated. Study methods: EMR for
focal nodular BE, ablation of flat BE with any modality followed by EMR if ablation failed. CRIM: Complete remission from intestinal metaplasia; EMR:
Endoscopic mucosal resection; BE: Barrett’s esophagus; HGD: High grade dysplasia.

A

B

Figure 2 Photomicrograph of endoscopic mucosal resection specimen of neosquamous mucosa showing buried (subsquamous) adenocarcinoma. A: Low
magnification of entire endoscopic mucosal resection tissue; B: Medium magnification of submucosal lesion.

definition white light endoscopy and target biopsies
led to a lower number of mucosal biopsies and higher
diagnosis yield for neoplasia (34% vs 7%, P = 0.001),
compared with compared high definition white light
endoscopy with random biopsies, with but comparable
accuracy. The use of such techniques may allow for
targeted rather than random biopsies but experience
is currently limited to tertiary centers with expert
endoscopists. More recently techniques using optical
coherence tomography are being developed to allow
comprehensive assessment of the BE segment with
assessment of the subepithelial layers making this an
[74]
intriguing technique to study sub-squamous BE .

ablation with chemoprevention of EAC, 78% vs 53%
[65]
(P ≤ 0.1) preferred ablation . Table 2 presents
an estimate of efficacy and durability of current
endotherapies for BE. RFA, liquid nitrogen spray
cryotherapy and EMR all have acceptable success rates
for eliminating HGD and IM in the short to medium
term. A systematic review of studies assessing efficacy
and durability of RFA found that complete eradication
of dysplasia (CE-D) and complete remission from
intestinal metaplasia was achieved in 91% and 76%
[75]
respectively . However, IM recurred in 13% over
an average follow up of 18 mo. EAC developed in 9
of 3802 patients during 20.5 mo of treatment (0.1%
[76]
per year). More recently, Orman et al
reported
a lower recurrence rate of 5.2% per year, but this
study was limited by relying on a single, negative
endoscopy utilizing Seattle -protocol biopsies. Several
larger studies which assessed durability of remission
of intestinal metaplasia of longer time periods are now
[77,78]
delivering more sobering results
reporting higher
recurrence rates. A recurrence rate of 33% at 24 mo
following complete remission has been found. 25% of
the recurrences were dysplastic and 50% occurred at
the GEJ. All except one were treated endoscopically.
These data highlight the need for careful endoscopic
surveillance following successful BE eradication. Less
data exist for the long term outcomes of liquid nitrogen

UPDATES ON OUTCOMES OF
ENDOTHERAPY FOR BE AND MANAGING
RECURRENCE
How durable is endotherapy?

An increasing number of patients now undergo
endoscopic ablative therapy for BE. Techniques include
thermal ablation with radiofreqency ablation (RFA),
freezing of BE tissue with liquid nitrogen or endoscopic
mucosal resection (EMR). In a recent study where
patients with non-dysplastic BE were presented
a simulated scenario which compared endoscopic
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spray cryotherapy after successful ablation, but in
one such study of 32 patients a rigorous surveillance
[79]
program was employed . 37.5% of patients needed
treatment for recurrence during surveillance.
Outcomes of endoscopic mucosal resection of BE
and early esophageal cancer are also encouraging,
[80]
although recurrence of BE is common. Almond et al
reported outcomes of 90 patients who underwent
widespread EMR with the aim of eradicating BE,
with ablative procedures used as an addition during
follow up. CE-IM was achieved in 90% of patients,
but during follow 5 years of follow up NDBE recurred
in 39.5% and neoplastic BE was found in 6.2%. In
another study of 81 patients who underwent EMR
for esophageal lesions (50% HGD and 50% EAC)
the complete eradication rate of HGD was 84% at a
[81]
median follow up of 3.25 years . The cancer specific
survival was 100%. More recently, a meta-analysis
compared the safety and efficacy of endotherapy vs
surgery for early neoplasia in BE in 7 retrospective
[82]
studies which included a total of 870 patients . No
difference between endotherapy and esophagectomy
was seen with regards to neoplasia remission rate (RR
= 0.96, 95%CI: 0.91-1.01) and overall survival rate at
1, 3 and 5 years (5 years survival RR = 1.00, 95%CI:
0.93-1.06). Endotherapy was associated with a
higher neoplasia recurrence rate (RR = 9.50, 95%CI:
3.26-27.75), but fewer major adverse events (RR
= 0.38; 95%CI: 0.20-0.73). Furthermore, a recent
randomized trial examined the use of argon plasma
coagulation therapy to residual non-neoplastic BE with
[83]
PPI compared with standard surveillance and PPI .
The number of secondary lesions was 1 in the ablation
group (3%), and 11 in the surveillance group (36.7%),
leading to significantly higher recurrence-free survival
for the patients undergoing ablation (P = 0.005). The
most significant problem with circumferential EMR is
the occurrence of esophageal strictures in up to 40%
[75]
of patients .
All eradicative therapies rely of the replacement
of BE with neosquamous epithelium but the durability
and functional characteristics of this tissue are less
clear. In a recent study, biopsies of the neosquamous
epithelium exhibited dilated intracellular spaces and
[84]
defective barrier function . The molecular profile
on FISH analysis is also different in neosquamous
[85]
epithelium when compared to native type . Finally,
it is also important to note that the existence of “sub
squamous” intestinal metaplasia occurs in up to
5%-30% of patients undergoing ablation which may
[86]
lead to neoplasia
(Figure 2). For all these reasons,
ongoing surveillance despite successful eradication
is recommended until the long term behavior and
durability of the neosquamous epithelium has been
further delineated.

troversial. Non-steroidal anti-inflammatory agents,
statins and metformin have all been studied as
[87-89]
potential chemopreventative agents in BE
.
Previous studies have produced conflicting results with
regards to a potential role of NSAIDs in preventing
[88,90,91]
neoplastic progression of BE
, and no protective
role against the development of BE itself has been
[92]
observed . No interventional trials till date have
examined the role of NSAIDs in chemoprevention, and
thus currently the overall risk-benefit ratio is estimated
from observations studies, and routine use is not
[93]
currently recommended . Metformin has shown
[94]
in vitro effects on esophageal cancer cells , but
[95]
clinical data on adenocarcinoma appear negative .
In a recent trial of 74 patients with BE, twelve week
administration of metformin for 12 wk did have an
effect on cell proliferation as measured by levels of
[96]
pS6K1, compared with placebo . Statins, which have
a proven role in primary and secondary prevention for
cardiovascular disease, may also prevent development
of EAC through inhibition of proliferation and induction
of apoptosis among esophageal cancer cells. Previous
association studies have also found an inverse
[87,88]
relationship between statin use and EAC
. A recent
nested case-control study found that in addition to
the inverse association between statin prescription
and EAC (OR = 0.58, 95%CI: 0.39-0.87, p < 0.01) a
[97]
robust dose and duration response was observed .
Furthermore, a recent meta-analysis of observational
study found an 28%) reduction in the risk of
esophageal cancer among patients who took statins
[98]
(adjusted OR = 0.72; 95%CI: 0.60-0.86) . This
adds further weight to the potential chemo protective
role of statins, although no data from a randomized
controlled trial are currently available. Proton pump
inhibitors are frequently prescribed to patients with BE
to control reflux symptoms, but given the role of acid
damage in BE pathogenesis a potential protective role
[99]
for progression has been postulated . Conversely,
given the rise in serum gastrin produced by PPIs
a potential for oncogenesis could also be present.
Epidemiological studies of a potential association
between acid-suppressive therapy and progression to
[100,101]
EAC have produced conflicting results
. A recent
meta-analysis pooled data from seven observational
studies and found that PPI use associated with a
71% reduction in risk of EAC or high grade dysplasia
[102]
(adjusted OR = 0.29; 95%CI: 0.19-0.79)
. Thus,
PPIs, which is already universally prescribed to BE
patients, may have a significant chemo protective
effect and further randomized trials are warranted. A
recent study also suggests that the use of PPIs might
be a cost-effective approach assuming a minimum risk
[103]
reduction in EAC of 19% .

CONCLUSION

Updates on chemoprevention

Current efforts at preventing deaths from esophageal

The role of chemoprevention in BE remains con
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adenocarcinoma by screening for and surveying BE
come at a great cost to society. New insights into BE
pathogenesis, coupled with the development of noninvasive risk assessment tools will hopefully lead to
more focused and effective non-invasive screening
programs in a well-defined population. The currently
available endotherapies for HGD and early cancer
appear to be effective and are less morbid than
surgery, but identifying patients who are most likely to
benefit from these therapies is currently challenging.
The ability to predict which patients are less likely to
progress to cancer, and thus may not need ongoing
surveillance is emerging, and will be crucial for costeffectiveness of current surveillance strategies.
Chemoprevention, including use of PPI’s, statins
and anti-inflammatory medications may become
important public health strategies to help hamper the
overall disease burden from esophageal cancer on a
population basis.
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Abstract
Human nocardiosis, caused by Nocardia spp., an
ubiquitous soil-borne bacteria, is a rare granulomatous
disease close related to immune dysfunctions. Clinically
can occur as an acute life-threatening disease, with
lung, brain and skin being commonly affected. The
infection was classically diagnosed in HIV infected
persons, organ transplanted recipients and long term
corticosteroid treated patients. Currently the widespread
use of immunomodulators and immunossupressors
in the treatment of inflammatory diseases changed
this scenario. Our purpose is to review all published
cases of nocardiosis in immunomodulated patients
due to inflammatory diseases and describe clinical
and laboratory findings. We reviewed the literature
concerning human cases of nocardiosis published
between 1980 and 2014 in peer reviewed journals.
Eleven cases of nocardiosis associated with anti-tumor
necrosis factor (TNF) prescription (9 related with
infliximab and 2 with adalimumab) were identified; 7
patients had inflammatory bowel disease (IBD), 4 had
rheumatological conditions; nocardia infection presented
as cutaneous involvement in 3 patients, lung disease in
4 patients, hepatic in one and disseminated disease in 3
patients. From the 10 cases described in IBD patients 7
were associated with anti-TNF and 3 with steroids and
azathioprine. In conclusion, nocardiosis requires high
levels of clinical suspicion and experience of laboratory
staff, in order to establish a timely diagnosis and by doing
so avoid worst outcomes. Treatment for long periods
tailored by the susceptibility of the isolated species
whenever possible is essential. The safety of restarting
immunomodulators or anti-TNF after the disease or the
value of prophylaxis with cotrimoxazole is still debated.
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for articles till November 2014, using these key
words alone or in combination: “Nocardia spp.”,
“nocardiosis”, “immunosuppressed patients”, “nocardia
diagnosis”, “nocardia treatment”, “nocardia sensibility”,
“inflammatory bowel disease”, “Crohn Disease”,
“ulcerative colitis”, “anti-TNF therapy”. We selected
review articles of nocardiosis and 14 articles of case
reports all in English language except one case report,
all together 50 articles.

Core tip: Opportunistic infections in immunomodulated
patients with inflammatory diseases has gained renewed
interest because of the new biological therapies.
Concerning inflammatory bowel disease, in particular
anti-tumor necrosis factor drugs, turned granulomatous
infection diseases a real risk. The awareness and
knowledge about nocardiosis, a rare but severe granu
lomatous infection, is probably lacking for the majority of
doctors treating these patients. Our aim is to increase the
awareness about the infection and review the published
cases in this particular group of patients. We would
like that our reads increase knowledge about clinical
manifestations and up-to-date treatment, be aware of the
risk of the disease and when to suspect nocardiosis.

NOCARDIA SPP: THE BACTERIA AND
PATHOGENIC MECHANISMS
Nocardia species are ubiquitous soil-borne aerobic
microorganisms which belong to a large group of
bacteria, aerobic actinomycetes, with more than 80
different species of Nocardia identified, of which at
[6]
least 33 species are pathogenic . The majority of
Nocardia infections are caused by inhalation, but
some may be acquired by percutaneous inoculation
after direct contact with soil. Nocardia species can
spread hematogenously from lung parenchyma,
particularly within the upper lobes, or from cuta
neous infection sites to the brain, kidneys, joints,
bones, soft tissues and eyes causing disseminated
[7]
nocardiosis . Bacteria dissemination has been
related to immunocompromising conditions as cell[2]
mediated response and macrophages function .
Therefore, patients under corticosteroids, in which
macrophage and T-cell function are decreased,
and patients treated with infliximab, an inducer of
apoptosis of macrophages and T cells, are at risk of
[8]
developping nocardiosis . The need for continuous
immunosuppressive therapy, disseminated disease
[9]
and central nervous system involvement are factors
associated with poor prognosis. In a review of 10 cases
of nocardiosis occurring in rheumatic patients 6 out of
10 had disseminated disease when their pulmonary
[10]
lesion was diagnosed .

Abreu C, Rocha-Pereira N, Sarmento A, Magro F. Nocardia
infections among immunomodulated inflammatory bowel
disease patients: A review. World J Gastroenterol 2015;
21(21): 6491-6498 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i21/6491.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i21.6491

INTRODUCTION
Human nocardiosis is generally recognized as an
opportunistic disease close related to immune dys
functions, however any host may be affected. The
infection can range from a sub-clinical infection to
[1]
acute life-threatening disease .
Classically the infection was more common in
patients living with human immunodeficiency virus
(HIV) infection, organ transplant recipients and those
[2]
on long-term corticosteroid therapy . Concurrent
use of immunosuppressants, preexisting pulmonary
diseases and diabetes mellitus are also associated with
[3]
increased risk of nocardiosis .
The incidence of Nocardia infection is low, never
theless early diagnosis and treatment in immuno
suppressed patients is essential, due to its high
[4]
morbidity and mortality . Nocardia infection causes
granulomatous diseases and differential diagnosis
should be made with more frequent granulomatous
[5]
diseases, like tuberculosis and Crohn’s disease. After
the introduction of anti-tumor necrosis factor drugs
(TNF-a) an increase in the incidence of granulomatous
[5]
infections, including nocardiosis was noticed.
Our purpose is to focus on the descriptions of
nocardiosis in immunomodulated patients due to
inflammatory diseases and to review published cases
in this setting.

CLINICAL ASPECTS
[7]

Nocardiosis may have several clinical presentations .
(1) pulmonary Nocardiosis: in more than two-thirds
of cases the lungs are the primary site of nocardial
infection; the onset of the disease may be subacute
or chronic and it is not distinguished by any specific
signs or symptoms. Fever, weight loss, anorexia,
[2]
dyspnea, cough, and haemoptysis may be present.
Radiographic findings of lung involvement may
include single or multiple nodules, lung masses (with
or without cavitation), reticulonodular infiltrates,
[7]
interstitial infiltrates, lobar consolidation (Figure
1). Brain imaging should be performed in all patients
with pulmonary nocardiosis as cerebral dissemination
is frequent and the bacteria seems to have a special
[9]
tropism for neural tissue ; (2) cerebral Nocardiosis:
CNS is involved in approximately 20 percent of

RESEARCH
We searched PubMed, B-On, OVID databases
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Figure 1 Torax computed tomography scan 73-year-old man with disseminated nocardiosis (cutaneous, pulmonary and cerebral involvements). A:
Consolidations in upper right pulmonary lobe; B: Cavitation with heterogenous filling in right upper pulmonary lobe; C: Coronal image showing a cavitation in right
lower pulmonary lobe.

A

B

C

Figure 2 Cerebral magnetic resonance of 73-year-old man with disseminated nocardiosis (cutaneous, pulmonary and cerebral involvements). A: Axial T2
FLAIR (Fluid attenuated inversion recovery). Multiple focal lesions in bilateral fronto-parietal subcortical white matter, with proeminent edema and mass effect resulting
in sulcal effacement; B: Post-gadolinium T1 3D-MPRAGE, axial reformat. Ring enhancing lesions were depicted in post-contrast images; C: Post gadolinium T1
3D-MPRAGE, sagittal reformat. Ring enhancing lesions were depicted in post-contrast images, forming clusters in right occipital lobe.
[9]

nocardiosis and in 44 percent of disseminated cases .
Most commonly it results from dissemination of
infection from a pulmonary or cutaneous site. Cerebral
lesions are parenchymal abscess that can occur in any
[9]
region of the brain (Figure 2). Signs and symptoms
of nocardial brain abscess are diverse and nonspecific:
fever, headache, meningismus, seizures, and/or
focal neurologic deficits. Nocardial meningitis is rare
and can occur with or without an associated brain
[11]
abscess . The clinical presentation is a subacute
or chronic meningitis and the cerebrospinal fluid is
[11]
similar to other bacterial meningitis ; and (3) skin
and cutaneous Nocardiosis: cutaneous disease most
commonly results from direct inoculation of organisms
into the skin after trauma in immunocompromised
individuals. Primary infections usually present as
superficial painless cellulitis or abscess with localized
[7]
lymphadenopathy, and progress slowly .
Disseminated nocardiosis is defined as two or more
noncontiguous sites of involvement that may or may not
include a pulmonary focus. There are no pathognomonic
signs or symptoms of nocardiosis. The infection should
be suspected in any patient who has brain, soft tissue,
or cutaneous lesions, and a concurrent or recent
pulmonary lesion. Pulmonary nocardiosis may mimic an
exacerbation of an underlying lung disease, like chronic
[12]
obstructive pulmonary disease
and pulmonary
[13]
sarcoidosis . Nocardiosis may be misdiagnosed as
tuberculosis (since upper lobe involvement is common

WJG|www.wjgnet.com

and Nocardia spp. are weakly acid fast), invasive fungal
[2]
disease and malignancy .

NOCARDIA LABORATORIAL DIAGNOSIS
Nocardia spp. appear as delicate, filamentous,
[6]
branching gram-positive rods in clinical specimens .
The bacteria, like Mycobacterium, Corynebacterium,
Rhodococcus, Gordona and Tsukamurella , members
of the Nocardiform actinomycetes subgroup, are all
[7]
variably acid-fast on appropriate staining . However
acid-fast staining property of Nocardia is often lost
[1]
in older cultures . Growing of Nocardia species in
culture is slow and incubation should be carried out
for at least two weeks, and ideally cultures should be
maintained for 4-6 wk before they are red as negative.
Therefore, when Nocardia infection is suspected, the
laboratory should be notified for specific culture media
and staining procedures. For instance some sputum
decontamination solutions are toxic to Nocardia
spp., particularly sodium hydroxide, N-acetylcysteine
[2]
and benzalkonium chloride . Curiously Nocardia
spp. only rarely can be recovered in blood cultures
[14]
despite frequent hematogenous dissemination .
Most cases of bacteremia are associated with central
[14]
venous catheters or other endovascular devices .
Nocardia species identification is essential as not
all species are pathogenic and different Nocardia
species and strains often have markedly different
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Table 1 Usual susceptibility patterns of common Nocardia species in human diseases
Nocardia species
N. asteroids sensu stricto
N. farcinica

N. nova

N. brasiliensis
N. transvalensis

Susceptibility

Resistance

Ref.

TMP-SMX, TGC, Amikacin
Imipenem (64%-98%)
Amikacin
TMP-SMX, Minocycline

TGC

Lerner et al[2]
Sorrel et al[43]
Wallace et al[21]
Lerner et al[2]
Uhde et al[44]
Uhde et al[44]
Wallace et al[21]
Larruskain et al[46]
Uhde et al[44]
Sorrel et al[43]
Sorrel et al[43]
McNeil et al[47]
Lerner et al[2]

Tobramycin
TMP-SMX (80%), TGC

TMP-SMX, TGC, Imipenem, Amikacin
Clarithromycin (96%)

TMP-SMX and TGC (53%)

TMP-SMX, Amikacin
TGC (88%-100%), Imipenem (20%-30%)
TMP-SMX (88%), Imipenem (90%), TGC (50%)

Ceftriaxone (81%)

Amikacin, Minocycline

TMP-SMX

N. otitidiscaviarum

Amikacin

TMP-SMX: Trimethropim-sulfamethoxazol; TGC: Third generation cephalosporins.
[15]

[23]

susceptibility patterns . Identification of the species
is difficult when using routine phenotypic tests but
identification based on conventional phenotypic and
enzymatic tests enables for the rapid identification
[16]
of the most common . Alternatively, polymerase
chain reaction (PCR) for identification of Nocardia
spp. permits faster results than the conventional
[17]
methods . Susceptibility patterns of Nocardia varies
among different species; the most common patterns
of sensibility and resistance are detailed on Table
1. Results of laboratorial antimicrobial susceptibility
testing of Nocardia should be interpreted with caution
because few studies correlated in-vitro data with
clinical outcome. Nevertheless, it should be pointed
that susceptibility of all Nocardia spp. to trimethoprim
plus sulphamethoxazole, amikacin and linezolid has
[6,15,18-20]
been confirmed by several studies
, whereas
susceptibilities to beta-lactams, other aminoglycosides,
[15]
ciprofloxacin and clarithromycin varied markedly .
From 93 Nocardia isolates in clinical specimens,
belonging to 15 strains of Nocardia spp., activity
of beta-lactams was variable, with 89% of isolates
being susceptible to imipenem, 84% to amoxicillin +
clavulanate, 55% to ceftriaxone, 50% to amoxicillin
[15]
and 9% to piperacillin + tazobactam . High-level
of resistance to beta-lactams, including ceftriaxone
and imipenem, was found in reference strains of N.
[15]
brasiliensis, N. otitidiscaviarum and N. niigatensis .
Also N. farcinica characteristically demonstrates
resistance to third-generation cephalosporins and
[15,21,22]
is often resistant to imipenem
. Antimicrobial
susceptibility testing is recommended as a guide
to therapy for severe disease, refractory cases and
for patients who are intolerant to treatment with
[15]
trimetroprim-sulphamethoxazole . Susceptibility
testing is particularly important in patients infected
with Nocardia species that have high frequencies of
antimicrobial resistance, such as N. farcinica. Drugs to
be tested by microdilution are: amikacin, amoxicillinclavulanate, ceftriaxone, ciprofloxacin, clarithromycin,
imipenem, linezolid, minocycline (which predicts
doxycycline susceptibility), sulfamethoxazole or

WJG|www.wjgnet.com

trimethoprim-sulfamethoxazole, and tobramycin

.

THERAPY
Trimethoprim-sulphamethoxazole (TMP-SMX) is the
first line option and can therefore be used as an
initial empirical treatment in patients with extensive
disease, including brain abscess. It has been reported
that this drug has excellent penetration into most
tissue compartments, including the central nervous
system, and high serum concentrations even after
oral administration (recommended oral dose: 2.5-5
mg/kg of the trimethoprim component orally twice
daily). Concerning endovenous TMP-SMX the doses
should be similar to the treatment of pneumocystosis
(15 mg/kg per day of the trimethoprim component
in two to four divided doses ). There have been few
[24]
reports of patients failing to respond to TMP-SMX .
Although, in patients with life-threatening disease and
in those failing treatment, sulfonamide levels should
be monitored. A sulfonamide level measured two
hours after a dose should have a serum concentration
[2]
between 100 and 150 mcg/mL . If the patient is
allergic to sulfonamides, desensitization should be
performed. For patients infected with sulfonamideresistant Nocardia spp. or those who are allergic to
sulfonamides, imipenem (500 mg IV every six hours)
plus amikacin (7.5 mg/kg iv every 12 h) is an option.

Cutaneous infections

Oral TMP-SMX or amoxicillin-clavulanic acid are the
drugs of choice for 1 to 3 mo in the case of mild
cutaneous disease. Immunocompromised patients
must be treated for a minimum of six months to one
year.

Severe nocardia infections

Severe nocardiosis refers to some cases of pulmonary
disease, all cases of disseminated disease or central
nervous system disease, and infections involving more
than one site in immunocompromised patients. In
severely ill patients combined therapy with endovenous
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Table 2 Clinical forms of Nocardiosis related to anti-TNF therapy in inflammatory bowel disease, rheumatic and psoriatic patients
Clinical form

Cutaneous
IBD-P
R-P
Pulmonary
IBD-P

R-P
Disseminated
R-P
P-P
IBD-P
Hepatic
IBD-P

Anti-TNF
IFX
or ADA duration of therapy

Age

Associated treatment

Nocardia isolation

Outcome

Ref.

IFX -3 infusions
IFX- 1,5 yr
IFX -3 yr

45
61
70

No
No
Metothrexate + steroids

Nocardia spp.
Nocardia spp.
N. otitidiscaviarum

Favourable
Favourable
Favourable

Singh et al[30]
Ali et al[31]
Fabre et al[32]

IFX - 8 mo -6 infusions
IFX - 3 infusions
IFX - 6 mo
ADA - 4 mo

77
53
81
63

Steroids
Azathioprine + steroids
6-mercapto-purine
Steroids (DPOC)

N. asteroids
N.cyriacigeorgica
Nocardia spp
N. asteroids

Favourable
Favourable
Favourable
Favourable

Stratakos et al[33]
Parra et al[34]
Saleemuddin et al[35]
Doraiswamy et al[48]

ADA1- 4 mo
IFX2- 2 mo
IFX - 5 infusions

63
66
73

Metotrexate
Alefacet 6 mo before
Prednisolone methrotexate

N. farcinica
N. farcinica
N. asteroids

Favourable
death
Favourable with
sequelae

Wendling et al[38]
Al-Tawfiq et al[37]
Sidney et al[49]

IFX ≤ 1 mo

23

Steroids

N. farcinica

Favourable

Nakahara et al[36]

1

Previously was treated with 3 mo of etanercept; 2Diabetic patient. IBD-P: IBD-patients; R-P: Rheumatologic patients; P-P: Psoriatic patients.
[2]

drugs with activity against Nocardia, like amikacin,
imipenem, meropenem, ceftriaxone or cefotaxime is
[7]
advisable . Initially treatment with two intravenous
[2,6]
drugs is recommended by some authors . For more
severe infection, even three intravenous drugs should
[6]
be used . When the severe infection does not involve
CNS initial treatment may consist of TMP-SMX (15
mg/kg iv of the trimethropim per day in two to four
divided doses) plus amikacin (7.5 mg/kg iv every 12 h).
An alternative would be imipenem (500 mg IV every
[2]
6 h) plus amikacin . When there is CNS disease TMPSMX plus imipenem is an option. Amikacin may be
associated in case of multiorgan involvement.

involvement should be treated for at least one year .

RISK OF NOCARDIA RELAPSES
Because of the relapsing nature of Nocardia infection,
long duration antimicrobial treatment is recommend.
The need for continuation therapy in those who need
re-introduction of immunosupressors is not well settled.
Some authors recommend prolonged oral maintenance
therapy to prevent relapse of nocardiosis in patients who
continue to be immunosuppressed as a result of their
[27]
disease or treatment . TMP-SMX is the drug of choice
but protection is not complete and it is not known the
[27]
most appropriate regimen . Thus, in patients whose
immunosuppression cannot be reversed, a maintenance
regimen of TMP-SMX one single strength tablet daily if
the Nocardia isolate is susceptible to TMP-SMX is the
[28]
choice . Alternative maintenance regimens have not
been systematically evaluated, although doxycycline
100 mg daily is a possible alternative.

SURGERY
In several settings surgical intervention may be
needed: (1) cerebral or some large soft tissue
[25]
abscesses that do not respond to antibiotic therapy ;
(2) empyemas and mediastinal infection with fluids;
and (3) pulmonary nocardiosis complicated by
pericarditis, which is almost always fatal if pericardial
[26]
drainage is not performed .

NOCARDIOSIS IN PATIENTS UNDER
ANTI-TNF-a
Nocardiosis is an infrequent complication in patients
with chronic inflammatory diseases under anti- TNF-α
agents. A total of eight cases of nocardiosis were
identified among approximately 300000 patients
treated with anti-TNF agents with a rate of 3.55 and
0.88 per 100000 treated patients with infliximab or
[5,29]
etanercept, respectively
. To our knowledge 10
cases were published (Table 2). Following infliximab
therapy three cutaneous cases of nocardiosis were
[30,31]
published: two in IBD patients
. and the other in
[32]
a rheumatic patient . Three pulmonary nocardiosis
[33-35]
[36]
cases
and one hepatic nocardiosis
have been
reported in IBD patients under infliximab therapy.
Disseminated nocardiosis was described following

TREATMENT DURATION
The optimal duration of antimicrobial treatment for
severe disease has not been clearly settled. Drugs
should be switched to oral medication 3 to 6 wk
after initial endovenous therapy and maintained
for at least 6 to 12 mo in the case of cerebral or
extensive disease. Immunocompromised patients
may require longer courses of initial IV therapy (3 to
6 mo, depending on the extent of the disease, and
clinical response) and the addition of amikacin, or
a carbapenem or ceftriaxone may be advisable. All
immunocompromised patients (except those with
isolated cutaneous infection) and all patients with CNS

WJG|www.wjgnet.com
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Table 3 Clinical cases of nocardia disease in inflammatory bowel disease patients: Literature review
Ref.

IBD

Age
(yr)

Sex

Medication

N. species

Clinical form

Treatment
(duration)

Evolution

Vohra et al[40]

CD

16

F

N. asteroids

UC

68

M

Brain abcess;
calf abscess
Pulmonary
(abcess)

Singh et al[30]

CD

45

M

Infliximab 6 wk

Cutaneous

77

F

TMP-SMX, 6 mo

Favourable

53

F

Infliximab 8 mo,
steroids
Infliximab,
azathioprine, steroids

Pulmonary

Parra et al[34]

CD
(DM)
CD

N. spp.
(polymerase chain
reaction)
N asteroids
(+Pneumocystis jiroveci)
N. cyriacigeorgica

TMP-SMX + ceftriaxon:
not established
Amikacin + cefotaxime-3
wk followed by
cefuroxime 3 mo
TMP-SMX, 3 yr

Favourable

Stack et al[41]

6-Mercaptopurine 6 wk
steroids
Cyclosporine, steroids

Pulmonary

Favourable

Arora et al[42]

UC

61

F

Azathioprine, steroids

N. nova

TMP-SMX + amikacin +
imipnem - 6 wk followed
by TMP-SMX, 7.5 mo
TMP-SMX, 1 yr

Nakahara et al[36]

CD

23

M

N. farcinia

Ali et al[31]

CD

61

M

Infliximab, < 3 wk,
steroids
Infliximab > 1 yr

Saleemuddin et al[35]

CD

81

M

Infliximab (3 mo)
6-mercapto-purine

Nocardia spp.

Sidney et al[49]

CD

73

F

Infliximab
(5 infusions)
Prednisolone
methotrexate

Nocardia asteroids

Stratakos et al[33]

N. asteroids

N. spp.

Cutaneous,
abscess:
brain lung,
renal,
pancreatic
Liver
nocardiosis
Cutaneous

TMP-SMX for? not known

Favourable

Favourable

Favourable,
remission 2 yr
after treatment

Favourable

TMP-SMX for 6 mo

Favourable,
restarted antiTNF after
therapy
Pulmonary TMP-SMX for? not known Favourable; 5 mo
after
restarted antiTNF under TMPSMX; ok 1 yr
after diagnosis
Disseminated: TMP-SMX for? not known Favourable with
Pulmonary
sequelae
cerebral

TMP-SMX: Trimethoprim- sulfamethoxazole; DM: Diabetes mellitus; CD: Crohn's disease; UC: Ulcerative colitis.
[37]

infliximab treatment in one case of psoriasis
and in
[38]
another of rheumatoid arthritis . One patient with
disseminated nocardiosis did not survived: he was a
[37]
man, 66-year-old, on infliximab due to psoriasis .
Outside immunologic diseases it was reported a
disseminated nocardiosis in a patient with alcoholic
[39]
hepatitis treated with etanercept .

the teenager) years-old and 5 were male. All but two
patients, with cutaneous forms, were under two or more
immunomodulatory drugs. Six patients were under
steroids and six under anti-TNF. Pulmonary nocardiosis
was the most common clinical form of Nocardiosis,
described in 44% of patients. N asteroids was isolated
in 3 patients, N. farcinica, N. cyriacigeorgica and N.
nova in one case each. Two patients restarted antiTNF therapy: one under TMP-SMX, 5 mo after starting
Nocardia therapy and the other after 6 mo of therapy
with TMP-SMX.

NOCARDIOSIS IN PATIENTS WITH IBD
In patients with inflammatory bowel diseases to
the best of our knowledge nine cases had been
reported. Three cases were reported in patients
under immunomodulation (steroids in two associated
with 6-mercaptopurine/azathioprine and in one with
[40-42]
cyclosporine
) and two of them were disseminated.
Six other cases were associated with anti-TNF: two
[30,31]
cutaneous forms were under anti-TNF alone
and
four with anti-TNF combined with immunomodulators
(steroids, thiopurines), with pulmonary disease in
[33-36]
three cases and hepatic disease in one
(Table 3).
Seven out of nine patients had a diagnosis of Crohn
colitis with median age of 49 (61 if not considering
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CONCLUSION
Nocardiosis is an uncommon disease caused by
a Gram positive bacteria with acid-fast staining
proprieties and diagnosis requires high levels of
suspicion and experience of laboratory staff. The
clinical impact of the disease is partly unknown,
suggesting an underestimating of the real role
of nocardiosis in human diseases. Persons under
immunomodulation or immunossupressive therapy
require, as those with HIV, organ transplant re
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cipients, patients with pulmonary diseases and
diabetes mellitus, special attention concerning the
risks of nocardiosis. Remarkably double or triple
immunosuppression seems to represent a higher risk
for the disease. When concerning patients treated
with anti TNF alone, just two cases of cutaneous
forms were described. The most common clinical
presentations are pulmonary and cutaneous, but
the bacteria has the ability to disseminate and affect
any organ, in particular the central nervous system.
Laboratorial diagnosis is based on the identification
of the bacteria (that growths slowly) on biological
products, rarely on blood, and in alternative by PCR.
The optimal duration of antimicrobial treatment for
severe disease is not established but a prolonged
course (one year) is advisable, because of the
relapsing nature. There are several unanswered
questions in nocardiosis infection as the safety of
restarting immunomodulators or anti-TNF or the
value of prophylaxis with TMP-SMX claiming urgent
attention from physicians and investigators devoted to
infection and immunological diseases.
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Role of dietary polyphenols in the management of peptic
ulcer
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Peptic ulcer disease is a multifactorial and complex
disease involving gastric and duodenal ulcers. Despite
medical advances, the management of peptic ulcer
and its complications remains a challenge, with
high morbidity and death rates for the disease. An
accumulating body of evidence suggests that, among a
broad reach of natural molecules, dietary polyphenols
with multiple biological mechanisms of action play
a pivotal part in the management of gastric and
duodenal ulcers. The current review confirmed that
dietary polyphenols possess protective and therapeutic
potential in peptic ulcer mediated by: improving
cytoprotection, re-epithelialization, neovascularization,
and angiogenesis; up-regulating tissue growth factors
and prostaglandins; down-regulating anti-angiogenic
factors; enhancing endothelial nitric oxide synthasederived NO; suppressing oxidative mucosal damage;
amplifying antioxidant performance, antacid, and antisecretory activity; increasing endogenous mucosal
defensive agents; and blocking Helicobacter pylori
colonization associated gastric morphological changes
and gastroduodenal inflammation and ulceration.
In addition, anti-inflammatory activity due to downregulation of proinﬂammatory cytokines and cellular
and intercellular adhesion agents, suppressing
leukocyte-endothelium interaction, inhibiting nuclear
signaling pathways of inflammatory process, and
modulating intracellular transduction and transcription
pathways have key roles in the anti-ulcer action of
dietary polyphenols. In conclusion, administration
of a signiﬁcant amount of dietary polyphenols in the
human diet or as part of dietary supplementation
along with conventional treatment can result in perfect
security and treatment of peptic ulcer. Further welldesigned preclinical and clinical tests are recommended
in order to recognize higher levels of evidence for
the confirmation of bioefficacy and safety of dietary
polyphenols in the management of peptic ulcer.
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peptic ulcer

Oxidative damage

The pivotal role of antioxidants in the prevention and
healing of peptic ulcer has been widely studied in
numerous investigations. Tissue damage is always
associated with intense generation of free radicals
such as reactive oxygen species (ROS) that cause
oxidative stress and subsequent mucosal injury.
Likewise, oxidative mucosal damage contributes with
DNA fragmentation, lowering cellular DNA content, and
impairment of protein expression which is mediated
by the intense generation of ROS. These free radicals
also disturb the cellular antioxidant enzyme function
that acts as an important cellular defense against
oxidative stress, which leads to aggravated tissue
damage during gastroduodenal ulceration. Leukocytes
(particularly neutrophils) encompass a nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase,
which has an oxidative action; reduction of molecular
oxygen to superoxide anion radical, one of the main
[2,5,8,9]
type of ROS
. Free radicals initiate microvascular
permeability, leading to extra infiltration of plasma
cells and macrophages to gastric endothelial cells.
Numerous endogenous anti-oxidative agents like
sulfhydryl (SH) non-protein compounds, enzymatic
antioxidants [including superoxide dismutase (SOD)
and catalase (CAT)], as well as non-enzymatic proteins
like glutathione (GSH) block biological production of
[9,10]
ROS and consequent tissue damage
.

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

Core tip: Polyphenols ubiquitously present in vegetables
and fruits are progressively viewed as natural dietary
ingredients vital for a balanced diet. An accumulating
body of evidence indicates that dietary polyphenols
with multiple biological mechanisms of action play a
pivotal part in the management of gastric and duodenal
ulcers. Administration of a sufficient amount of dietary
polyphenols in the human diet or as part of dietary
supplementation along with conventional treatment
can result in perfect prevention and treatment of peptic
ulcer.
Farzaei MH, Abdollahi M, Rahimi R. Role of dietary polyphenols
in the management of peptic ulcer. World J Gastroenterol 2015;
21(21): 6499-6517 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i21/6499.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i21.6499

INTRODUCTION
Peptic ulcer disease is a multifactorial and complex
[1,2]
disease involving gastric and duodenal ulcers . For
many years, peptic ulcer was considered one of the
main reasons for performing gastrointestinal surgery,
owing to its high prevalence of morbidity and mortality.
Peptic ulcer disease affects a wide range of people
worldwide, and is one of the most common diseases of
[3]
the twenty-first century .

Gastric mucus

Gastric mucosal layers act as a barrier which restricts
the exposure of the gastric cells to various injurious
agents of both exogenous and endogenous origin.
Enhancement of mucus production could be assumed
as a central factor in ulcer healing by protecting
the damaged tissue against various aggressors like
harmful drugs and oxidants. In fact, secretion of
mucus is an obvious contributor in improving epithelial
recovery after acute injury through formation of a
mucoid cover beneath initializing re-epithelization.
Additionally, the formation of buffering capacity and
neutralization of luminal acid are main physiological
[11,12]
functions of the gastric mucus
.

PATHOPHYSIOLOGICAL PROCESSES IN
PEPTIC ULCER
Peptic ulcer results from a pathological condition
in which the biological balance between defensive
and offensive factors in the gastrointestinal tract is
disturbed. Gastric hydrochloric acid, pepsin, reactive
free radicals and oxidants, leukotrienes, refluxed bile,
and endothelins are among the main endogenous
[4,5]
aggressive factors
. In addition, gastric mucus
barrier, bicarbonate, mucosal blood flow, surface active
phospholipids, prostaglandins (PG), nitric oxide (NO),
as well as enzymatic and non-enzymatic antioxidant
[4-6]
performance are considered defensive factors . The
exact pathogenesis of peptic ulcers is not clear, but
diverse factors, including consumption of non-steroidal
anti-inflammatory drugs (NSAIDs) and corticosteroids,
stressful lifestyle, alcohol consumption, Helicobacter
pylori (H. pylori) infection, smoking, and family history
are considered as risk factors in the pathogenesis of
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NSAIDs

NSAID-induced peptic ulcer is the most serious com
[13]
plication of any synthetic drug therapy . It is now
well-recognized that ulceration induced by NSAIDs
is mediated by suppression of the cyclooxygenase
(COX)-dependent pathway and subsequently blocking
synthesis of PG. Different factors, such as leukocyteendothelium interaction, neutrophils infiltration,
cytokine imbalance, and oxidative mucosal stress,
contribute to the pathogenesis of gastric mucosal
injury initiated by NSAIDs. Activation of adhesion
molecules, including cellular adhesion molecules
(CAMs) and intercellular adhesion molecule (ICAM-1) is
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[14-17]

associated with neutrophil infiltration
. In addition,
NSAIDs delay the healing process of gastric injury
resulting from suppressing angiogenesis by downregulation of the pro-angiogenic agents along with upregulation of anti-angiogenic proteins. Angiogenesis
possess a key role in ulcer healing due to elevating
mucosal blood flow and providing vital substances to
the injured tissue, resulting in the promotion of re[13,17,18]
epithelialization and healing
.

shown different side effects, such as: abdominal pain,
diarrhea, vaginal bleeding, constipation, and abortion
in pregnant women. Prevention and effective remission
of gastrointestinal ulcers remains a concern for both
[4,5,24]
researchers and physicians
. Given the obvious
role of H. pylori in gastritis and gastrointestinal ulcers,
different combination therapies have been used in
order to eradicate this pathogen, in addition to offering
protective effects or remission of gastrointestinal
diseases. Although combination therapy of a proton
pump inhibitor with two antibiotics improves the
symptoms and status of the disease via enhancement
of eradication rate, this therapeutic approach is not
commonly successful, with ulcer recurrence often
occurring. Several investigations have reported
treatment failure in antibiotic-resistant H. pylori
infection (more specifically for antibiotics containing
clarithromycin and metronidazole), which results
in serious problems in the management of peptic
[23,25]
ulcer
.
Although various pharmacotherapeutic choices
which suppress one or more processes involved in the
pathogenesis of peptic ulcer are under evaluation, a
perfect cure for this disease has not yet been achieved.

Helicobacter pylori

Chronic infection of gastric mucosa with H. pylori is
generally associated with gastric lesions. H. pylori is a
prevalent human pathogen with an incidence of 90%
in some developing countries. H. pylori undergoes
asymptomatic gastric colonization in approximately
70% of the population, with a 10%-20% susceptibility
of developing into peptic ulcer. The pathogenesis
and pattern of H. pylori-induced gastritis is intensely
associated with the morbidity of mucosal atrophy and
duodenal/gastric ulcers. Eradication of H. pylori from
the gastric mucosa of infected patients is considered
to be the best therapeutic approach for complete
remission of H. pylori associated gastritis and its
[19,20]
consequent ulcers
. H. pylori infection stimulates
overexpression of pro-inflammatory cytokines [e.g.,
interleukin (IL)-1b, IL-6, tumor necrosis factor (TNF)-a,
and IL-8] in gastric epithelial cells, which act as
neutrophil-activating chemokines and lead to leukocyte
infiltration. It is possible that H. pylori-associated
IL-8 activation results in disturbing mucosal integrity
due to generation of ROS, as well as the activation of
[21]
proteolytic enzymes . Various factors are involved
in the severity of H. pylori-associated disease, such
as age of acquisition, host immune system, and
bacterial strain. Strains of H. pylori that carry the CagPAI (Cag Pathogenicity Island) show a more potent
inflammatory and chemoattractant response than
those that are Cag-negative. This early and severe
response of Cag-positive strains is mediated by
activating protein-1, as well as nuclear transcriptional
[19,22,23]
factors [e.g., nuclear factor (NF)-kB]
.

HEALTH BENEFITS OF POLYPHENOLS
Polyphenols are one of the largest secondary plant
metabolites ubiquitously present in fruits and
vegetables considered an integral part of the human
diet. Polyphenols are characterized by the presence
of different numbers of phenolic rings, along with
two or more hydroxyl substitutions. Polyphenols
consist of a wide variety of chemical structures based
on the substitutions of the basic chemical structure
of polyphenols, polymerization, and the degree of
oxidation. Polyphenols are classified as flavonoids and
non-flavonoids, based on their chemical structure.
Flavonoids are comprised of two benzene rings
linked by a linear three-carbon chain, which form an
oxygenated heterocycle. Flavonoid-type polyphenols
are divided into different subclasses according to the
oxidation state of the central pyran ring, including
anthocyanins, anthocyanidins, flavones, flavanols,
catechins, isoflavones, flavanones, and flavonols.
Non-flavonoids are comprised of stilbenes, phenolic
[26-28]
acids, lignans, and hydroxycinnamic acids
. Their
basic phenolic structure, known as “aglycone”, can be
connected with different carbohydrates and organic
acids to form “glycone” structures, as well as with
various polyphenols to form “polymers”. Phenolic
compounds with pharmaceutical interest are simple
phenolic compounds such as gallic acid, ellagic acid,
catechin, eugenol, vanillin, caffeic acid, ferulic acid,
apigenin, quercetin, gingerol, kaempferol, myricetin,
[26,29]
resveratrol, rutin, naringenin, and cyanidin
.
Mounting evidence suggests that polyphenols
are health promoting phytochemicals. A large
number of human studies have demonstrated that

CONVENTIONAL TREATMENT FOR
PEPTIC ULCER
Several chemical drugs are presently available for the
prevention and treatment of peptic ulcer, but none
without adverse effects. Headache, anti-androgenic
effect, pancreatitis, and confusion in elderly patients
have been reported for H2 receptor antagonists.
Proton pump inhibitors have demonstrated itching,
skin rash, diarrhea, dizziness, and inactivation
of some anti-fungal drugs. Likewise, indigestion,
drowsiness, nausea, constipation, dizziness, and back
pain are among the main side effect of sucralfate.
Misoprostol, which is administrated for the prevention
and treatment of NSAIDs-induced gastric ulcer, has
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polyphenol intake is associated with a reduced risk
of various chronic illnesses, including cardiovascular
disease, neurodegenerative disorders, diabetes,
cancers, osteoarthritis, and gastrointestinal diseases.
The biological activities of polyphenols vary due
to numerous parameters, such as food processing
methods, metabolism, absorption, bioavailability,
[26-28,30]
derived compounds, and bioefficacy
. At
the cellular and molecular levels, a wide range of
pharmacological functions have been confirmed
for polyphenols, including as an antioxidant, antiapoptotic, anti-carcinogenic, anti-aging, antiviral, antiallergic, antiplatelet, anti-estrogenic, anticarcinogenic,
anti-inflammatory, and anti-proliferative properties.
These therapeutic beneficial effects of polyphenols
are associated with molecular mechanisms of action
on intracellular signaling pathways; regulation of
NFκB, mitogen-activated protein kinases (MAPKs),
extracellular signal-regulated kinase (ERK), c-Jun
N-terminal kinase (JNK), and signal transduction
pathway interference [e.g., toll-like receptor 4 (TLR4)].
The antioxidant potential of polyphenols are performed
by their direct action on free radical scavenging,
breaking of radical chain reactions, peroxide reduction,
and metal chelating properties, or indirectly by
interacting with definite proteins of oxidative stress
signaling pathways and by activating anti-oxidative
[26-28,31]
enzymes like CAT and SOD
.

glucose transporter, or sodium-glucose transporter,
resulting in limited absorption of glycosylated
[35,36]
polyphenols
.
Considering the wide variety of therapeutic benefits
which has been reported for polyphenols, the current
study was conducted to discuss the potential effects of
commonly used dietary polyphenols in the prevention
and/or treatment of peptic ulcer based on cellular,
preclinical, and clinical studies, along with the possible
molecular and intracellular mechanisms.

POLYPHENOLS FOR THE MANAGEMENT
OF PEPTIC ULCER
It has been reported that polyphenols possess various
pharmacological effects in the gastrointestinal tract.
Numerous studies have been carried out to investigate
the efficacy of polyphenols in the management of
peptic ulcer. Some of the most efficacious dietary
polyphenols with well-established preclinical studies
on the prevention and treatment of peptic ulcer are
discussed below.

Allylpyrocatechol

Allylpyrocatechol is a phenolic compound elicited
from the leaves of Piper betel (P. betel) commonly
grows in a tropical humid climate and the leaves are
widely-used as a mouth freshener in South East Asia.
Allylpyrocatechol is an excellent antioxidant agent
and also possess anti-inflammatory, antibacterial,
and anti-arthritic effects. Various investigations have
confirmed the therapeutic potential of allylpyrocatechol
for the management of peptic ulcer via different
[37]
molecular mechanisms. Yadav et al
showed the
significant protection of allylpyrocatechol against
indomethacin-induced gastric ulcer in an animal
model in comparison with that of standard drugs
(misoprostol and omeprazole). In a histopathological
assay, allylpyrocatechol demonstrated a protective
effect on mucosa and submucosa. Indomethacininduced gastric damage is mediated by a decrease
in COX-1 expression, along with simultaneous
elevation of COX-2 expression, which is reversed
by allylpyrocatechol. Prostaglandins have a pivotal
role in the prevention and treatment of peptic
ulcer. They alleviate indomethacin-induced gastric
mucosal damage and promote ulcer healing via the
enhancement of bicarbonate and mucus secretion, as
well as the acceleration of angiogenesis and mucosal
[12]
blood flow . Allylpyrocatechol markedly increases
the level of PGE2 and PGEM, a metabolite of PGE2
produced by 15-hydroxyprostaglandin dehydrogenase
(15-PGDH). Indomethacin-induced peptic ulcer is also
associated with hypermotility and compression of the
stomach, causing impairment of mucosal blood flow
and angiogenesis, as well as leukocytes adhesion,
which is attributed to lessoned pro-angiogenic/antiangiogenic ratio and von Willebrand factor (VWF)

DIETARY SUPPLEMENTATION OF
POLYPHENOLS
There is ample evidence in the literature suggesting
the beneficial role of a healthy diet in the prevention
and remission of various diseases. One of the most
sustainable approaches in order to protect against
various chronic diseases and alleviate symptoms
is removing patients from their habitual diet and
[32]
providing them with natural dietary agents . As a
disorder of the GI tract, pathological conditions in
peptic ulcer could be alleviated by nutritional factors.
Dietary consumption of a significant amount of
“natural” protective supplements in early life leads to
[4,5,33]
prevention or delayed peptic ulcer
.
Regarding the wide range of positive biological
effects of polyphenols, as well as their crucial role
in human health, incorporation of these dietary
supplements in a balanced diet is necessary for the
prevention and management of diseases. The average
daily dietary intake of polyphenols in a balanced diet
[34]
is estimated at nearly 1 g/d . Oral consumption
of polyphenols typically produces very few side
effects, and no significant toxicity was reported in
the literature. The gastrointestinal absorption of
polyphenols varies based on their chemical structure;
aglycone forms are absorbed through passive diffusion,
whereas some glycoside forms, generally glucosides,
interact with proteins such as cytosolic β-glucosidase,
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expression. Allylpyrocatechol enhances angiogenesis
through improvement of vascular endothelial growth
factor (VEGF) and VWF, as well as by the reduction
of endostatin. It also inhibits leukocyte infiltration
and interactions with the endothelial layer via the
suppression of adhesion molecules, including E-selectin,
[13-15,37]
P-selectin, and VCAM-1
.
Inflammatory situations exacerbate gastric lesions
and prohibit healing parameters. Allylpyrocatechol
prevents TNF-α stimulated expression of proinflammatory cytokines such as NF-κB through the
inhibition of the intracellular inflammatory signaling
pathway, IκB phosphorylation, MAPK-a signaling
cascade regulating transcription, and translation of
proteins involved in the inflammatory process (JNK
[13-16]
and ERK1/2)
.
The cytoprotective potential of allylpyrocatechol
is through improvement of prostaglandin expression
and activation, which is mediated by the stimulation
of COX-1. Antioxidant activity is another protective
mechanism which is mediated by preventing
monocytes and macrophages from producing ROS, as
well as inhibiting the ROS/NF-κB dependent pathway
[37,38]
within gastric tissue
.
Seven-day administration of allylpyrocatechol
significantly alleviated histopathological damage of
the gastric mucosa in rats with indomethacin-induced
[38]
peptic ulcer. Bhattacharya et al
showed that the
healing capacity of allylpyrocatechol is not significantly
different from misoprostol, and is mediated by
antioxidant activity. Allylpyrocatechol improves the
levels of the antioxidant enzymes SOD and CAT, as
well as preventing lipid peroxidation and protein and
DNA oxidative damage in gastric tissue. Likewise,
allylpyrocatechol significantly enhances mucin, a
macromolecular glycoprotein which is the major
component of gastric mucus that accelerates epithelial
recovery and forms a mucoid layer that promotes
[38]
tissue repair . It has been demonstrated that the
ulcer healing function of allylpyrocatechol is attributed
to the augmentation of cellular growth factors
[39]
including VEGF and epidermal growth factor (EGF) .
This polyphenol improves angiogenesis through the
enhancement of VWF/factor Ⅷ complex, as well as
growth factors. Healing potential of the molecule is
mainly through enhancement of PGE2 expression and
[39]
reduction of COX cascade .

flavonols (quercetin glycosides), dihydrochalcones
(phloretin glycosides), and flavan-3-ols (oligomeric
pro-cyanidins). Among the abundant apple poly
phenols are chlorogenic acid, procyanidins, and
[41,42]
dihydrochalcones
. Several preclinical investigations
have revealed the protective and healing potential
of apple polyphenols on peptic ulcer through various
[43-45]
intracellular and molecular mechanisms
.
[43]
Paturi et al reported 10-d dietary intake of apple
polyphenols following aspirin-induced gastric ulcer
in rats has significant gastroprotective effects, which
were confirmed by histopathological examination. The
main mechanism of action is antioxidant activity in
gastric mucosa via up-regulation of GSH. Consistent
with this, apple polyphenol enhances glutathione-Stransferase P1 expression, acting as an enzymatic
antioxidant in gastric tissue. Apple polyphenols also upregulate mucin-2 and trefoil factor-2 gene expression,
which have an important role in the defensive function
[44]
of the stomach barrier. D’Argenio et al demonstrated
pretreatment with apple polyphenols reduce acute and
chronic aspirin-induced ulceration, which confirmed
by microscopic gastric tissue examination. Apple
polyphenols suppress overexpression of mRNA and
protein of COX-2 in gastric tissue. They also inhibit
peroxidation of tissue lipids and reduce the level of
malondialdehyde (MDA) in gastric mucosa. Likewise,
apple polyphenol protects human gastric epithelial cells
against xanthine-xanthine oxidase-induced damage,
as well as indomethacin-induced oxidative damage,
in vitro via enhancement of antioxidant capacity and
[45]
preventing lipid peroxidation . However, polyphenols
[44]
have no significant effect on gastric acid secretion .
Anti-H. pylori properties are another main biological
mechanism of apple polyphenols in the management
of peptic ulcer. Apple peel polyphenol-rich extract
exhibited inhibitory activity on H. pylori growth,
infection, and tissue adhesion, as well as its vacuolation
induced by vacuolating bacterial toxin. Likewise, in an
animal model of H. pylori infection, the polyphenols
ameliorate H. pylori-associated inflammatory reaction
[46]
and gastritis .

Curcumin

Curcumin (diferuloylmethane) is the major constituent
of turmeric (a spice derived from the rhizome of
Curcuma longa), which is extensively consumed in
Asian foods as an additive, coloring, and preservative
agent. Curcumin is the active constituent responsible
for its vibrant yellow color. It has been characterized
that curcumin is a strong antioxidant and anti[47]
inﬂammatory substance . It has been shown that
curcumin possesses several positive biological activities
in different types of tissue, including hepatoprotective
and anti-hepatotoxic, anti-arthritic, and protective
effects in cardiovascular tissue, in addition to
[48]
hypocholesterolemic and hypolipidemic properties .
Positive functions of curcumin, including free radical

Apple polyphenols

Apples (Malus spp., Rosaceae) represent an excellent
source of polyphenols. Various studies suggest that
dietary intake of apple polyphenols and apple-derived
polyphenolic products can prevent such chronic
diseases as oxidative stress-associated disorders,
cardiovascular disease, and arthritic diseases, and
also reinforce gastrointestinal protection from drug
[40]
damage . Apple polyphenols encompass different
structural classes, including hydroxycinnamic acids,
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scavenging, as an antioxidant, modulating of key
enzymes regulating cell life, and anti-inﬂammatory
properties, resulted in considering this molecule as one
of the most promising natural agents in the prevention
[49-53]
and treatment of peptic ulcer
.
Pretreatment with intraperitoneal (ip) administration
of curcumin lessened indomethacin-induced small
intestinal ulcer significantly. The role of curcumin as
an antioxidant indicates the mechanism of protective
effect in intestinal lumen. Curcumin enhance the level
of antioxidant enzymes CAT and glutathione peroxidase
(GPx). It also prevents peroxidation of membrane
lipids and promotes maintaining integrity of cellular
membrane. It suppresses xanthine oxidase activity,
which generates superoxide radicals via catalytic
function, as well as myeloperoxidase (MPO) activity
as a source of ROS. Thus, curcumin via antioxidant
performance suppresses oxidative stress-associated
[49]
cellular apoptosis in the small intestine .
Pretreatment with curcumin can alleviate gastric
lesions induced by indomethacin through amelioration
of oxidative damage, scavenging ROS, suppressing thiol
depletion and lipid peroxidation, and protecting gastric
mucosal peroxidase against drug-associated inactivation
resulting in inhibiting the accumulation of endogenous
H2O2 and its OH derivative. This polyphenol ameliorates
ulcer aggravation by suppressing elevated gastric acid
[50]
secretion. Chattopadhyay et al
showed that antiulcer activity of curcumin is comparable to the standard
drugs ranitidine and omeprazole. Likewise, Swarnakar
[51]
et al
demonstrated both ip and oral administration
of curcumin prevented gastric lesions induced by
indomethacin dose, dependently. Prevention of GSH
depletion and protein oxidation are among curcumin’s
anti-oxidative stress mechanisms in peptic ulcer.
Matrix metalloproteinase (MMPs) are a developing
group of zinc-dependent endopeptidases which
selectively degrade constituents of the extracellular
matrix. MMPs possess dynamic function in remodeling
the extracellular matrix and regulation of matrix proteins
like collagens. Curcumin possesses gastroprotective and
healing properties through the enhancement of MMP-2
expression, along with reduction of MMP-9 activity in
gastric tissue causing re-epithelialization and remodeling
[14-16,52]
of endothelial tissue
. Furthermore, angiogenesis
and collagenization within gastric tissues are among
the main molecular mechanisms of curcumin, which is
modulated via the up-regulation of VEGF, membrane
type (MT) 1-MMP, MMP-2, and transforming growth
factor (TGF)-β expression at both protein and mRNA
[52]
levels .
Pretreatment with curcumin (200 mg/kg BW
dissolved in olive oil) in rats with indomethacin-induced
peptic ulcer markedly attenuated tissue erosions,
leukocyte infiltration, and adherence to postcapillary
venule compared to control. This activity is mediated
by suppressing the pro-inflammatory cytokine TNF-α,
[53]
as well the intercellular adhesion molecule ICAM-1 .
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It has been reported that curcumin has a strong
antibacterial effect against 65 clinical isolates of H.
pylori with the MIC range of 5-50 µg/mL, in vitro. The
antibacterial potential of curcumin on metronidazoleresistant H. pylori strains revealed different mechanisms
from the mode of action of current antibiotics for
the prevention of H. pylori infection. Curcumin also
demonstrated a therapeutic effect in an animal model
of H. pylori infection. It was able to significantly
eradicate H. pylori from infected mice and improve H.
pylori-associated gastric damage. Inhibiting shikimate
dehydrogenase, an essential pathway for the synthesis
of vital metabolites in bacteria, seems to be among
the main biological mechanisms of curcumin in the
[54]
eradication of H. pylori .
Several clinical investigations have evaluated the
therapeutic effect of curcumin in the management
of peptic ulcer, as well as the eradication of H. pylori
[55-58]
infection (Table 1)
.
In addition, curcumin mucoadhesive microspheres
enhance the stomach residence time of curcumin,
leading to an improvement in its ability to eradicate H.
[59]
pylori and its related gastropathy .

Gallic acid

Gallic acid (3,4,5-trihydroxybenzoic acid) is a
polyhydroxy phenolic compound commonly used as a
dietary herbal supplement. Gallic acid is naturally found
in various vegetables and fruits, such as gallnuts,
Tragopogon species, sumach, grapes, pineapple,
[60-62]
Phyllanthus spp., and zinger
. It is a strong
antioxidant and possesses various therapeutic effects,
including anti-cancer, anti-obesity, hepatoprotective,
[63]
and anti-asthmatic effects . Gallic acid is considered
an essential active constituent of a wide range
of herbal preparations used for the management
[8]
of peptic ulcer . The bioavailability of gallic acid
in humans is low and its plasma concentration
subsequent to 50 mg oral consumption of gallic acid is
1.8 μmol/L. This polyphenol is generally metabolized
into 4-O-methylgallic acid, which is presumed to play
an important role in its therapeutic action in peptic
[8,61,62]
ulcer
.
Gallic acid encompasses the ability to prevent and
heal gastric mucosal damage induced by NSAIDs
by its antihistaminic activity, as well as inhibiting
up-regulation of pro-inflammatory cytokines and
[63,64]
modulating inflammatory reactions
. Iron-chelating,
free radicals scavenging, and preventing OH-mediated
oxidative endothelial damage have been assumed to be
its main mechanisms in preventing and healing peptic
ulcers. In addition, gallic acid diminishes diclofenacand indomethacin-associated mitochondrial oxidative
stress by suppressing mitochondrial protein carbonyl
generation, thiol depletion, and lipid peroxidation.
It is suggested that apoptosis is the main cause of
cellular injury in gastropathy. Gallic acid significantly
suppresses apoptosis induced by indomethacin in

6504

June 7, 2015|Volume 21|Issue 21|

Farzaei MH et al . Dietary polyphenols in peptic ulcer
Table 1 Clinical evidence of dietary polyphenols in the management of peptic ulcer
Polyphenol

Preparations
Treatment group

Study design

Disease

Control group
Liquid antacid:
Randomized Benign gastric
aluminum
controlled
ulcers
hydroxide (333 g)
clinical
and magnesium
hydroxide (33.3 g)
per
1000 mL (30 mL,
four times per day

No. of
patients

Treatment
duration

Outcomes

Level of
1
evidence

Ref.

60

12 wk

Both antacid drug
and turmeric
significantly
reduced the
formation of gastric
ulcer. The former
was more effective
in reducing the
ulcers
12 (48%) of patients
showed remission
after 4 wk, 18 of
patients after 8
wk of treatment
and 19 of patients
after 12 wk. There
was no significant
alteration in
hematological
parameters, liver,
or renal functions
after treatment
The eradication
rate of H. pylori in
curcumin group
was 5.9% while
in control group
was 78.9%. IL-8
mRNA expression
in control
group reduced
significantly
in comparison with
before trial, while
curcumin had no
effect on IL-8
12% of patients
showed eradication
of H. pylori
infection, overall
severity of
gastrointestinal
symptoms was
significantly
decreased after
treatment in
comparison with
baseline (P < 0.001).
Serum pepsinogens
were significantly
reduced after
treatment in
comparison with
baseline (P < 0.05)
The incidence of
H. pylori infection
was lower in
patients consuming
green tea (45.2%)
compared with
the other patients
(64.8%)

1b

Kositchaiwat
et al[55]

4

Prucksunand
et al[56]

1b

Koosirirat
et al[57]

4

Di Mario
et al[58]

4

Boyanova
et al[87]

Curcumin

Turmeric 250
mg,
four times per
day

Curcumin

Capsule-filled
turmeric 3 g/d

-

Uncontrolled
clinical trial

Peptic ulcer

54

4 wk

Curcumin

Turmeric
tablet (40 mg
curcumin)

Omeprazole
(20 mg),
amoxicillin (1 g),
metronidazole
(800 mg), twice a
day for 1 wk

Randomized
controlled
trial

Chronic
gastritis with
H. pylori
infection

36

4 wk

Curcumin

Curcumin
(30 mg), bovine
lactoferrin
(100 mg),
N-acetylcysteine
(600 mg), and
pantoprazole
(20 mg), twice
daily

-

Uncontrolled
clinical trial

Peptic ulcer

25

7d

Green tea

More than 1 d in
week

-

Cohort study

Peptic ulcer

150

-

1

Level of evidence was calculated based on Oxford Centre for Evidence-based Medicine - Levels of Evidence (March 2009).
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[11,17,65]

preclinical studies. In fact, this polyphenol prevents
apoptosis via suppressing activation of caspase-3, a
key mediator in the execution level of indomethacinassociated gastric mucosal cell apoptosis, and
caspase-9, which is a mediator of the mitochondrial
[14-17,63]
pathway of apoptosis
. In addition, gallic acid
modulates oxidative damage-induced mitochondrial
dysfunction by regulating mitochondrial transmembrane
[63]
potential and mitochondrial dehydrogenase activity .
Seven days of pretreatment with gallic acid in an
animal model of gastric ulcer induced by aspirin plus
pylorus ligation reduced mucosal injury and gastric juice
volume, which indicated the anti-secretory potential of
this polyphenol. It prevented the release of endogenous
offensive factors, pepsin, and free and total acidity,
along with the enhancement of pH and carbohydrate
concentration in the stomach. Likewise, it inhibited
protein and DNA leakage from gastric mucosa through
reinforcement the mucosal barrier. Enzymatic and nonenzymatic antioxidant proteins encompass an obvious
role in the prevention of peptic ulcer. Phenolic acid
elevated the level and activity of SOD, CAT, reduced
GSH, GPx, glutathione reductase, and glucose-6phosphate dehydrogenase, while peroxidation of
lipids was significantly lessened in mucosal tissue. It
suppresses MPO level in mucosal tissue, indicating
diminishing neutrophil migration and infiltration within
[8]
damaged tissue .
One week treatment with gallic acid enriched herbal
extract (Phyllanthus emblica) significantly alleviated
indomethacin-induced ulcer in animals. The healing
potential of gallic acid enriched extract was reversed
by the nonspecific NOS inhibitor, N-nitro-L-arginine
methyl ester (L-NAME), while the i-NOS-specific
inhibitor, L-N6-(1-iminoethyl) lysine hydrochloride
(L-NIL) did not prevent healing activity, indicating the
[65]
important role of eNOS in its therapeutic action . It is
now well-recognized that gastric ulceration induced by
indomethacin is associated with elevated expression
and activity of mucosal iNOS, while eNOS activity
is lessened. Considering the key role of nitrogen
metabolizing enzymes in the ulcer healing process, it
is confirmed that gallic acid-enriched extract enhances
eNOS/iNOS ratio along with eNOS-derived NO in
[65]
gastric mucosal tissue significantly .
Gallic acid extract enhances blood vessel formation
and microvessel number via the elevation of vWF/
factor Ⅷ complex. Moreover, augmentation of tissue
growth factors, including VEGF, which improves cell
proliferation, as well as hepatocyte growth factor, which
regulates cell migration and re-epithelialization, are key
contributors in the gastric mucosal repairment of gallic
acid. It is suggested that the cytoprotective potential of
gallic acid extract’s anti-ulcer mechanism is mediated
by COX dependent cascade and up-regulation of PGE2
expression. These finding support the positive effect of
dietary gallic acid in the vasodilation and angiogenesis
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pathways of ulcer healing

.

Grape polyphenols

The grape, a fruiting berry of the woody vines (Vitis
spp.) from the family Vitaceae, is an essential source
of nutritional phytochemicals such as flavonoids and
anthocyanins. A wide variety of anthocyanins containing
glycosidic forms of cyanidin, delphinidin, peonidin,
malvidin, pelargonidin, and petunidin have been
identified in grapes. Several experimental investigations
reported that grape polyphenol encompass positive
medicinal functions like antioxidant, anti-inflammatory,
[66,67]
antimicrobial and anti-platelet activities
. Grape seed
extract is rich in flavonoids (generally proanthocyanidin)
and possesses preventive activity against numerous
diseases, such as atherosclerosis, vascular injury,
cardiovascular disease, and cancer, as well as com
bating the aging process. It has been shown that
proanthocyanidin of grape seeds has an adequate
bioavailability in the vital organs. Its protective potential
against biochemically-produced free radicals, ROSinduced peroxidation of tissue lipid, and oxidation of
protein is significantly higher than vitamin E, vitamin
C, β-carotene, and a combination of vitamins C and
[68-70]
[71]
E
. Saito et al
showed grape seed extract and
its proanthocyanidin constituents possess a preventive
effect on ethanol/hydrochloride-induced gastric injury.
Physical stress has been demonstrated to associate
with oxidative tissue damage, resulting in severe
gastrointestinal mucosal injury in animal models. Grape
seed proanthocyanidin extract mitigates gastrointestinal
mucosal injury induced by acute or chronic stress via
the prevention of superoxide anion production, DNA
fragmentation, lipid peroxidation, and membrane
[69]
microviscosity .
Ten-day pretreatment with proanthocyanidinenriched grape seed extract decreased gastric lesions
and gastric MDA level induced by ethanol more
effectively than vitamins E and C. Likewise, it diminishes
aspirin-induced gastric injury and peroxidation of
mucosal lipid in a similar manner to antioxidants agents
[70]
and vitamins E and C . Dietary supplementation
of grape seed proanthocyanidin (89.3%) for 2 wk
protected against gastric ulcer induced by stress (waterimmersion restraint) and reduced the secretion of
somatostatin, gastrin, and histamine significantly. The
protective effect of dietary grape proanthocyanidin
is mediated by hormonal mechanisms, including
anti-gastrin and anti-histaminic potential, as well as
[72]
stimulation of PGE2 secretion. Iwasaki et al reported
that inhibition of neutrophil infiltration to gastric mucosal
tissue (reduction of gastric MPO) and enhancement of
enzymatic antioxidant defense (e.g., SOD) are among
the main contributors of dietary grape proanthocyanidin
in the prevention of peptic ulcer.
Grape extract (seed and skin) showed antibacterial
effect on both cagA-negative and cagA-positive H.
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[73]

pylori clinical strains, in vitro . It also inhibits H. pylori
attachment to gastric cells, which is considered to be
a key step in the colonization and virulence of this
bacterium. Moreover, dietary supplementation of grape
polyphenols mitigated H. pylori infection associated
gastritis via the reduction of lymphocyte, plasma cell,
eosinophil, and neutrophil infiltration in the lamina
propria, as well as alleviating inflammatory response
in infected mice. This therapeutic function of dietary
grape polyphenols is mediated through the suppression
of pro-inflammatory cytokines IL-1β, TNF-α, and IFN-γ,
which are elevated by H. pylori infection. Likewise,
polyphenols promoted H. pylori eradication from the
[74,75]
gastric tissue of infected mice
.

cytokine imbalance caused stimulation of oxidative
stress and up-regulation of adhesion molecules. EGCG
modulates the cytokine imbalance and reinforces antiinflammatory cytokines, leading to the promotion of
ulcer healing. Such anti-inflammatory potential of
EGCG in damaged gastric tissue via the modulating
COX-independent pro-inflammatory pathway is
significantly more potent than the standard drug
[78,80]
omeprazole
.
Given the importance of COX isoforms and PGs
in the pathogenesis of ulceration, the effect of EGCG
on these inflammatory mediators was evaluated by
[80]
Adhikary et al . Treatment with this polyphenol in
indomethacin-induced ulcerated animals enhanced
the levels of COX enzyme, as well as PGE level,
significantly (P < 0.001). It also improves mucin
content in gastric tissue, causing enhancement of
mucosal membrane protection. Oxidative damage
in gastric tissue, which possesses a strong effect in
initializing and exacerbating peptic ulcers, is modulated
by EGCG; it enhances thiol defense, suppresses lipid
peroxidation, and protein oxidation in ulcerated gastric
[81]
tissue. Mei et al
reported that 16-wk intake of tea
polyphenol as a dietary supplement in drinking water
protects against gastric lesions induced by N-methylN’-nitro-N-nitrosoguanidine with inhibition of apoptosis
and cell proliferation in an animal model.
Inhibitory function on H. pylori infection is another
pharmacological mechanism of tea polyphenol for
[82]
the management of peptic ulcer . EGCG alleviate
H. pylori-associated gastropathy, which is mediated
by the TLR4 signaling pathway. TLR-4 is activated
by the lipopolysaccharide of H. pylori and plays a
key role in initializing and adapting the immune
[83]
reaction to this pathogen. Lee et al
showed EGCG
inhibits glycosylation of TLR-4. H. pylori induced host
intracellular signaling and its subsequent pathways.
EGCG suppresses NF-κB-DNA binding, which is a
major transcription mediator involved in inflammation
and redox. Likewise, it prevents phosphorylation
of ERK1/2, one of three major subfamilies of MAPK
cellular inflammatory signaling. In addition, tea
polyphenols significantly diminish gastric mucosal
cytotoxicity and DNA damage of epithelial cells induced
by H. pylori infection. They also have inhibitory effects
against urease enzyme, a virulence factor of H. pylori
which is vital for its colonization and establishment in
[84]
gastric mucosa .
Anti-secretory potential of catechin derivatives
have a crucial role in green tea’s protective ability
against peptic ulcer, which is mediated by the
+
+
inhibition of gastric H , K -ATPase activity. Murakami
[85]
et al
demonstrated (+)-catechin, (-)-epicatechin,
(-)-epicatechin gallate, (-)-epigallocatechin, and
(-)-epigallocatechin gallate significantly inhibit this
gastric enzyme. Crude catechin, as one of the main
phenolics in green tea, possesses a remarkable
preventive effect on stress-associated peptic ulcer.

Green tea polyphenols

Green tea (Camellia sinensis) is an evergreen shrub
which has been used for approximately 4000 years.
Green tea is the most popular beverage in the
world after water and encompasses a wide range of
polyphenols, including catechin, epicatechin, epicatechin
[76]
gallate, epigallocatechin, and epigallocatechin gallate .
Epigallocatechin gallate (EGCG), the main green tea
polyphenol (about 40% of tea polyphenols), possesses
anti-diabetic, anti-cancer, and cardioprotective
functions. Various studies indicated EGCG as the
greatest antioxidant and anti-inflammatory substance of
tea polyphenols, as well as having a higher antioxidant
effect than vitamins C and E, and promising anti[77]
inflammatory activity . Numerous studies have shown
that the positive anti-ulcer action of EGCG is based on
its ability to alleviate the production of key inﬂammatory
mediators within the pathological condition of ulceration.
[78]
Adhikary et al evaluated the role of COX-independent
pro-inflammatory pathway in the gastroprotective
effects of EGCG and showed that this polyphenol
significantly reduces neutrophil infiltration and MPO
activity. MPO is an enzyme produced by activated
neutrophils which has strong pro-oxidative and proinflammatory activities.
iNOS-derived NO is involved in oxidative epithelium
damage and the exacerbation of ulceration. The ability
of EGCG in the reduction of NO level and altering the
iNOS/ eNOS ratio at the gastric tissue has an important
role in its therapeutic benefit for peptic ulcer. Moreover,
EGCG inhibits neutrophil-endothelial cell interactions
via the suppression of soluble E-selectin (sE-selectin)
and P-selectin (sP-selectin) levels in damaged gastric
tissue. Consistent with this, indomethacin up-regulates
soluble ICAM-1 (sICAM-1) and VCAM-1 (sVCAM-1)
in gastric tissue, which is significantly modulated by
EGCG. Thus, this polyphenol suppresses both the early
rolling phase through the selectins down-regulation as
well as the late firm adhesion phase through the CAMs
[78,79]
down-regulation
.
During the pathological process of ulceration, the
pro-inflammatory Th1 cytokines are elevated and the
anti-inflammatory Th2 cytokines are lessened. This
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Dietary supplementation of crude catechins [52.6%
(w/w) epigallocatechin gallate and 16.7% (w/w)
epicatechin gallate] for 14 d significantly alleviated
water immersion restraint stress-induced gastric
mucosal lesions in an animal model. Endocrine
parameters are involved in the gastroprotective
effect of dietary catechin due to the reduction of
[86]
somatostatin, gastrin, and histamine levels . In
addition, dietary consumption of green tea reduced the
incidence of H. pylori infection in patients with peptic
[87]
ulcer (Table 1) .

antioxidant, hepatoprotective, and anti-mutagenic
effects. In addition, intestinal microbiota metabolizes the
most active pomegranate phenolics (ellagitannins) to
urolithins, which are subsequently absorbed and reach
different tissue. Urolithins have an anti-inflammatory
function (i.e., suppressing the inflammatory response,
pro-inflammatory cytokines expression, and inflam
matory cells infiltration), which acts through the MAPK
[95]
intracellular signaling pathway .
[96]
Beserra et al
reported the gastroprotective
effect of ellagic acid on ethanol-induced ulcers was
attributed to the enhancement of endogenous NO
production, in addition to anti-oxidative damage
potential, by restoring depleted non-protein sulfhydryls
and suppressing the pro-inflammatory cytokine TNF-α.
Ellagic acid also reduces gastric ulcer and bleeding
induced by indomethacin in which suppressing
leukotriene (LT)-B4 expression is a key molecular
factor. It showed remarkable healing properties in
chronic gastric ulcer associated with acetic acid as well,
which is due to the mitigation of the pro-inflammatory
cytokines INF-γ, IL-4, IL-6, and TNF-α.
Pretreatment with ellagic acid prevents hemor
rhagic lesions induced by stomach ischemia, followed
by reperfusion, which is considered oxidativeassociated mucosal damage. The preventive potential
of this oxidative mucosal injury was more effective
[97]
than the antioxidant enzyme SOD. Iino et al
exhibited that free radical scavenging potential, as
well as inhibiting lipid peroxidation, has a pivotal role
in the protective effect of ellagic acid. Ellagic acid also
protects gastric tissue against injury and damage of
mucosal blood flow induced by stomach ischemia
followed by ammonia (NH4OH), which is mediated
[97,98]
by replenishing anti-oxidative performance
.
[99]
Murakami et al
demonstrated ip administration of
ellagic acid mitigates stress-induced gastric lesions and
suppresses acid secretion significantly. Anti-secretory
activity of ellagic acid is mediated by lowering gastric
+
+
H , K -ATPase activity.
Polyphenolic extract of peel and fruit rind has a
strong growth inhibitory effect on H. pylori clinical strains
in vitro, which was comparable with metronidazole.
Investigations revealed that pomegranate extract
possess both bacteriostatic and bactericidal effects, as
well as possessing the potential to modulate H. pylori
[100,101]
cell surface hydrophobicity
.

Pomegranate polyphenols and ellagic acid

Pomegranate (Punica granatum L., Punicaceae) is
a popular fruit that is native to Persia, but grown
[88]
and consumed across the world . Polyphenolic
compounds are the main constituent of this fruit in
which ellagitannins and anthocyanins are represented
as the predominant polyphenols. Degradation of
ellagitannins does not occur in the presence of
hydrochloric acid and the gastric enzymes of the
stomach, indicating its stability under stomach
conditions. In addition to ellagitannins, anthocyanins,
as another main polyphenol group of pomegranates,
are quite stable under gastric acidic conditions.
Pomegranate anthocyanins contain 3,5-diglucosides
and 3-glucosides of cyanidin, delphinidin, and
[89,90]
pelargonidin
.
Pomegranate polyphenols possess various the
rapeutic beneficial effects, such as neuroprotective,
anti-colitis, hypoglycemic, cardiovascular protective,
antiproliferative, apoptotic, anti-cancer potential
(especially against colon, prostate, and breast
cancer), hypolipidemic, hypocholesterolemic, and antiatherosclerosis effects, as well as a reduction of the
LDL/HDL ratio. A wide variety of polyphenol-enriched
pomegranate products have commonly been introduced
into the pharmaceutical market and consumed as
a beneficial complementary health drug. Various
investigations support the remarkable antioxidant
and anti-inflammatory properties of pomegranate
[91-93]
[94]
polyphenols
. Ajaikumar et al showed polyphenol
enriched fruit rind extract prevents gastric injury and
necrosis induced by ethanol in animal models. Ethanolassociated gastric mucosal injury is mediated by ROS,
in addition to decreasing endogenous antioxidants,
leading to the endothelial layer becoming more prone
to oxidative damage. Pomegranate extract possess
the ability to scavenge the ROS formation, as well as
reinforce the performance of antioxidant enzymes and
proteins, including SOD, CAT, GSH, and GPx. Likewise,
oral administration of aspirin (400 mg/kg) in fasting
animals caused severe gastric damage and intraluminal
bleeding, which was completely alleviated by
[94]
pretreatment with pomegranate polyphenolic extract .
Ellagic acid, a phenolic lactone compound, is
the main in vivo hydrolysis product of pomegranate
polyphenols, and possesses anti-inflammatory,
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Quercetin

Quercetin (3,5,7,3′,4′-pentahydroxy flavone) is
a flavone present in a wide variety of fruits and
vegetables, and is the major flavonoid in the human
diet. The daily intake of this phenolic compound in a
[102]
healthy diet has been estimated as 5-40 mg/d
.
Quercetin is one of the most potent scavengers of
free radicals (e.g., nitrogen radicals, hydroxyl, and
superoxide) and is more active than the well-known
antioxidants vitamins E and C, which are naturally

6508

June 7, 2015|Volume 21|Issue 21|

Farzaei MH et al . Dietary polyphenols in peptic ulcer
present in glycoside form; 3-rhamnosylquercetin
(quercitrin) or 3-O-rhamnosyl-glucosyl-quercetin
[102,103]
(rutin)
. This phenolic compound possesses a
wide range of positive biological activities, such as:
cardioprotective, anti-atherosclerotic, hypotensive,
anti-diabetic, anti-tumor, anti-proliferative, and anti[102]
metastasis effects
. Bioavailability of quercetin
depends on the type of glycosides present in various
food sources. Subsequent to intake of a balanced
diet, total amount of quercetin in plasma is less than
100 nmol/L. However, the dietary supplementation
of quercetin can improve the plasma level (i.e., 28
d intake of its supplementation at 1 g/d reaches the
[104,105]
plasma concentrations to 1.5 µmol/L)
. It is
worth mentioning that the absorption of quercetin
glycosides is also influenced by gut microflora, which
[104,105]
metabolizes to the locally active aglycone forms
.
Various experimental investigations have studied the
therapeutic benefits of quercetin and its derivatives
on models of peptic ulcer disease. Its antioxidant and
anti-inflammatory properties are contributing factors
[104-106]
to therapeutic efficacy for peptic ulcers
.
Accumulating evidence suggests that ethanolassociated ROS lead to disruption of cellular function
and vital cell constituents, and produces toxic agents
such as lipid hydroperoxides, lipid peroxyl radicals,
and other lipid fragmentations. These toxic agents
disturb the mucosal and interstitial matrix, causing
gastric injury, which is mitigated by pretreatment
with oral administration of quercetin. This phenolic
substance lowers the tissue level of thiobarbituric acid
reactive substances, indicating the inhibitory effect
on lipid peroxidation. It also suppresses free radicalassociated damaging of proteins and the production
of protein carbonyl content significantly. Its ability to
lessen histamine levels as the final chemo-stimulant of
gastric secretion reveals its anti-secretory potential in
gastroprotective function. Quercetin also elevates nonenzymatic and enzymatic antioxidant agents (protein
sulfhydryl, SOD, and CAT). It also inhibits neutrophil
[9,106]
infiltration and the gastric tissue level of MPO
.
[107]
Min et al
reported quercetin-3-O-β-D-glucuro
nopyranoside prevents indomethacin-induced gastric
ulcer dose-dependency. It modulates gastric acid
secretion via the reduction of gastric volumes and
total acidity. It also lessens the level of end-product
lipid peroxidation, indicating the protective role of this
polyphenol against indomethacin-associated oxidative
mucosal stress. The gastroprotective, anti-secretory,
and anti-oxidative effect of quercetin-3-O-β-Dglucopyranoside was significantly higher than that of
quercetin.
Rutin is a quercetin glycoside with strong radical
scavenging, anti-inflammatory, and vasoactive
activity. It has been reported to possess cytoprotective
and gastroprotective effects in animal models of
gastroduodenal ulcer, including restraint stress,
[108]
ethanol, and reserpine
. The protective potential
of rutin against absolute ethanol-associated gastric
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mucosal ulceration and necrosis is due to its antilipoperoxidant effect, as well as an improvement in
[108]
enzymatic antioxidant performance
. Likewise,
mitigating gastric MPO activity, which is attributed to
neutrophil infiltration, elevation of nitrite/nitrate which
shows NO production, and enhanced activity of gastric
antioxidant enzymes (SOD) and proteins (GSH),
is among the main protective mechanisms of rutin
on indomethacin-associated degenerative mucosal
[109]
damage .
[110]
Olaleye et al
compared the healing potential
of cimetidine and a low dose of rutin in animal
experimental models of gastric ulcer induced by acetic
acid, stress, or ethanol. Post-treatment with rutin
in low doses diminished ulcer severity in all animal
models of mucosal injury significantly, and showed
higher therapeutic potential than cimetidine (300
mg/kg) in the management of gastric damage. It is
reported that an increase in the antioxidant activity
of vitamin C and GPx and inhibiting peroxidation of
cellular lipid (reduction of MDA) is a crucial contributor
in the current therapeutic action of rutin.

RESVERATROL
Resveratrol (3,5,4’-trihydroxy-trans-stilbene), a natural
phytoalexin from the stilbenes subgroup, is isolated
[111]
from berries, grape skin, and peanuts . Stilbenes are
phytoalexins, a plant stress-inducible metabolite, which
is only produced in response to pathogen attacks as a
part of plant’s defensive mechanism. Resveratrol is a
natural dietary phenolic compound with various reported
therapeutic benefits, including anti-carcinogenic,
chemopreventive, and anti-aging effects, and is useful
for the management of cardiovascular diseases, cancer,
[112]
and neurodegenerative diseases
. It has been
reported that resveratrol has beneficial effects in various
biological tissues, despite its rapid metabolism and
elimination. In addition, a wide range of investigations
has been executed to enhance resveratrol bioavailability
to overcome its normally poor bioavailability. These
strategies are generally based on encapsulations,
inhibition of CYPs by means of specific inhibitors such as
[113]
piperine, and modifications of resveratrol’s structure .
The potential of resveratrol in the management of
gastric and intestinal injury and inflammation, due to
its strong antioxidant, anti-oxidative stress, free radical
scavenging, and anti-inﬂammatory activities, is widely
[112,114]
evaluated
.
The protective effect of resveratrol in the models
of peptic ulcer is reasonably well-reported, with
most investigations being based on its potential
to suppress the production of key inflammatory
mediators. In vitro studies demonstrated that
resveratrol inhibits the expression and activation of
nuclear factors (NF-kB) and intracellular transcriptional
[114]
enzymes (MAPKs)
. In an experimental study
[115]
by Solmaz et al
, resveratrol exhibited both pro
tective and therapeutic effects in an animal model
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of gastric ulcer induced by acetic acid, which was
due to attenuating gastric MPO activity (inhibition
of leukocyte infiltration), MDA (suppressing tissue
lipid peroxidation), elevating collagen content, and
restoring depleted GSH. Suppressing the key proinflammatory agent TNF-α has an essential role in its
therapeutic function in gastric tissue. This polyphenol
also diminished the level of lucigenin- and luminolenhanced chemiluminescence, indicating its significant
suppression on intracellular and extracellular oxidative
events in gastric mucosal tissue.
In another experimental study executed by Li
[116]
et al
, this polyphenol protects against gastric
injury induced by acidified ethanol, which is attri
buted to the enhancement of dimethylarginine
dimethylaminohydrolase (DDAH) activity and the
subsequent reduction of asymmetric dimethylarginine
(ADMA) content, resulting in blocked methylarginines
accumulation, the induction of NO synthesis, and
vasodilation in mucosal tissue. Thus, augmentation of
gastric NO production is among the most important
abilities of resveratrol in the protection of gastric
[117]
mucosa. However, Dey et al
reported that resveratrol
has a biphasic protective effect. This polyphenol, in low
doses, showed preventive potential on indomethacininduced gastric ulcer due to the enhancement of eNOS
expression and, in higher doses, blocked PGE2 synthesis
in gastric tissue, which is mediated by inhibiting COX-1
enzyme activity and expression.
It is now well-recognized that resveratrol has
an excellent antibacterial effect against H. pylori
infection. Resveratrol inhibits the virulence factor of
H. pylori and urease enzyme activity significantly. The
inhibitory property of resveratrol on this enzyme is
[118,119]
non-competitive and dose-dependent
. H. pylori
infection stimulates pro-inflammatory mediators,
causing disturbance of surface epithelial cell integrity,
irregularity of the luminal border, damage to the
gastric microvilli, and inducing mucosal vacuolation.
Among the pro-inflammatory cytokines, IL-8
possesses an obvious effect in the pathogenesis of H.
pylori diseases by activating neutrophils and inducing
cellular chemoattraction. Resveratrol prevents H.
pylori-induced gastric mucosal damage and gastritis
by suppressing the secretion of IL-8 from H. pyloriinfected cells. H. pylori infection associates with ROS
generation, oxidative DNA damage, and epithelial
proliferation. Pretreatment with this polyphenol
mitigates intracellular ROS generation and oxidative
DNA fragmentation induced by H. pylori infection dosedependently in gastric epithelial cell. The interaction
of H. pylori with gastric epithelial cells is associated
with morphological changes that result in the dys
regulation of host cell functions, cell motility, and
the “hummingbird phenomenon” (altered migration,
motility, and adhesion of the gastric endothelial cells),
leading to gastropathy. Cellular studies showed that
H. pylori-initiated gastric morphological changes were
[21,118,119]
noticeably suppressed by resveratrol
.
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CONCLUSION
Peptic ulcer disease has been a major threat to
human health over the past two centuries. Despite
medical advances, the management of peptic ulcer
and its relevant complications remains a medical
[1,4,93]
challenge, due to its high morbidity and mortality
.
Therefore, there is a growing interest in dietary factors
as supplements for the prevention or remission of
gastritis and gastrointestinal ulcers.
Polyphenols, secondary plant metabolites ubiqui
tously present in vegetables and fruits, are progressively
viewed as natural dietary ingredients which must be
present in a balanced diet, owing to their wide range
of biological effects. Natural polyphenols have been
reported to possess numerous beneficial roles in the
gastrointestinal tract, including antispasmodic, anticolitis, anti-secretory, anti-diarrheal, anti-ulcer, and
[26-28]
anti-oxidative stress properties
. Additionally, it
is possible that the therapeutic benefits of various
traditional and complementary medicines in the
treatment of peptic ulcer are related to the presence of
[10,120]
polyphenol constituents
.
An accumulating body of evidence suggests that,
among a wide range of natural molecules, dietary
polyphenols with multiple biological mechanisms of
action can play a pivotal role in the management
of gastric and intestinal ulcers. Figure 1 illustrates
the chemical structure of the most relevant dietary
polyphenols with a potential role for the management
of peptic ulcer. Recently, several distinct molecular
mechanisms that possibly commensurate with peptic
ulcer pathogenesis have been demonstrated. A growing
body of in vitro and preclinical studies suggests a
beneficial role of dietary polyphenols in peptic ulcer,
in terms of their well-established intracellular and
molecular pharmacological mechanisms of action. The
ulcer healing process is a complex one that includes a
combination of injury retraction and re-epithelization.
The complex sequence of events in the ulcer healing
process needs a high degree of coordination modulated
by significant factors, of which the growth factors and
PGs are considered a key contributors that are involved
in the essential cell functions of tissue healing containing
[39,120]
tissue restoration and angiogenesis
. Improving
cytoprotection, re-epithelialization, neovascularization,
and angiogenesis, which are mediated by the upregulation of PGs, tissue growth factors, and vWF/
factor Ⅷ complex, along with the down-regulation of
anti-angiogenic factors, possess a pivotal role in the
anti-ulcer potential of dietary polyphenols. In addition,
polyphenols suppress vascular permeability, leucocyte
infiltration, and leukocyte-endothelium interaction
mediated by the down-regulation of cellular and
intercellular adhesion agents, including CAMs and
selectins. Dietary polyphenols mitigate inflammatory
reactions and down-regulate pro-inﬂammatory
cytokines such as TNF-α and IL-1β within mucosal
ulcers by inhibiting intracellular signaling pathways of
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Figure 1 Structure of the most relevant polyphenol with a potential role for the management of peptic ulcer. A: Allylpyrocatechol; B: Catechin; C: Curcumin; D:
Cyanidin; E: Chlorogenic acid; F: Ellagic acid; G: Epigallocatechin gallate; H: Gallic acid; I: Quercetin; J: Rutin; K: Resveratrol.

the inflammatory process (JNK, ERK, and MAPK), as
well as modulating intracellular transcriptional factors.
Regarding the important role of oxidative stress in
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ulceration, the remarkable ability of polyphenols in
the suppression of oxidative mucosal damage and
the scavenging of gastric free radicals mediated by
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Figure 2 Potential cellular mechanisms of dietary polyphenols as preventive or therapeutic factors in the management of peptic ulcer. IL: Interleukin; NF:
Nuclear factor; MAPK: Mitogen-activated protein kinases; ERK: Extracellular signal-regulated kinase; TNF: Tumor necrosis factor; SOD: Superoxide dismutase; GSH:
Glutathione; GPx: Glutathione peroxidase; EGF: Epidermal growth factor; VEGF: Vascular endothelial growth factor; NO: Nitric oxide; vWF: Von Willebrand factor.

enzymatic and non-enzymatic antioxidant substances
are among its main anti-ulcer mechanisms. It has been
reported that antacid and anti-secretory effects mediated
+
+
by reducing H , K -ATPase activity and antihistaminic
function, along with the enhancement of mucosal
defensive agents (mucin and hexosamine), are among
the other polyphenol abilities in the management of
gastric ulceration. Additionally, modulating cellular
events and functions leading to the enhancement of
tissue eNOS-derived NO level possesses a crucial role in
the management of peptic ulcer. Figure 2 illustrates the
potential cellular mechanisms of dietary polyphenols as
preventive or therapeutic factors in the management
of peptic ulcer. It is worthwhile mentioning that Figure
2 is elicited from the pharmacological mechanisms
demonstrated in the scientific literature with different
dietary polyphenols, and not all of these mechanisms
apply to each dietary polyphenol.
Due to the increase in antibacterial resistance,
a diet-based treatment against pathogens infection
has an important role in the management of various
diseases. The accumulated data confirms that H. pylori
infection can lead to severe gastritis and gastroduodenal
ulceration, and its eradication is considered the
therapeutic approach for peptic ulcer. Hence, host
nutritional factors are thought to play a significant
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role in the management of H. pylori colonization and
[19,121]
subsequent diseases
. A growing body of evidence
shows the strong therapeutic potential of dietary
polyphenols on H. pylori infection and its associated
disease, which is mediated by inhibiting the activity of
vital enzymes of this pathogen like urease and shikimate
dehydrogenase, preventing its adhesion and vacuolation
in gastric tissue, in addition to blocking H. pylori-induced
morphological changes of gastric epithelial cells, causing
dysregulation of host cell functions. Polyphenols prevent
H. pylori-initiated inflammatory response in gastric
tissue via suppressing pro-inflammatory cytokines
TNF-α, IFN-γ, and IL-8 and cellular and nuclear
inflammatory signaling (MAPK), as well as modulating
intracellular transduction and transcription pathways
(TLR4). In addition, dietary polyphenols protect against
H. pylori associated oxidative mucosal damage and ROS
generation. Figure 3 summarizes the possible biological
mechanisms of dietary polyphenols in the management
of H. pylori-associated gastritis and gastroduodenal
ulceration.
The current paper calls attention to a group of
dietary natural phytochemicals, polyphenols, with a
growing body of evidence regarding their beneficial
association in human health. The evidence suggests
that polyphenols, as non-essential dietary supplements,
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Figure 3 Summary of the possible biological mechanisms of dietary polyphenols in the management of Helicobacter pylori associated gastritis and
gastroduodenal ulceration. TLR4: Toll like receptor; IL: Interleukin; ROS: Reactive oxygen species; TNF: Tumor necrosis factor; JNK: c-Jun N-terminal kinase; NF:
Nuclear factor.

probably possess a pivotal role in improving the
inflammatory process, oxidative reactions, degenerative
mucosal events, and recurrence gastroduodenal
ulceration. A wide range of preclinical investigations
support the therapeutic benefits of dietary natural
polyphenols in the management of peptic ulcer,
although there are few clinical trials evaluating the
efficacy of dietary polyphenols in peptic ulcer. Table
1 shows the clinical evidence of dietary polyphenols
in the treatment of peptic ulcers. Among the dietary
polyphenols with therapeutic potential for managing
peptic ulcer, curcumin has the higher level of evidence,
and there are different clinical studies evaluating
its beneficial effect in gastrointestinal ulcers and H.
pylori infection. Further well-designed clinical trials are
necessary to evaluate the role of dietary polyphenols
as promising preventive and therapeutic dietary factors
in the management of peptic ulcer. In addition, our
review exhibited that further in vitro and preclinical
investigations are mandatory to understand the
absorption, metabolism, bioavailability, bioefﬁcacy, and
cellular mechanisms of dietary polyphenols.
In conclusion, the administration of a signiﬁcant
content of dietary polyphenols in the human diet or
as dietary supplementation along with conventional
treatment can resulted in perfect prevention and
treatment for peptic ulcer. Regarding the role of
NSAID intake in the pathogenesis of ulceration, dietary
polyphenols can be considered as adjuvants with
NSAID-therapy for the protection of peptic ulcer. It is

WJG|www.wjgnet.com

suggested that, according to the hierarchy pyramid
of evidence-based medicine, well-designed controlled
clinical trials must be performed in order to recognize
higher levels of evidence for the confirmation of dietary
polyphenol efficacy and safety in the management of
peptic ulcer.
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Abstract
In the last decade trans-arterial radioembolization has
given promising results in the treatment of patients
with intermediate or advanced stage hepatocellular
carcinoma (HCC), both in terms of disease control
and tolerability profile. This technique consists of the
selective intra-arterial administration of microspheres
90
loaded with a radioactive compound (usually Yttrium ),
and exerts its therapeutic effect through the radiation
carried by these microspheres. A careful and meticulous
selection of patients is crucial before performing
the radioembolization to correctly perform the pro
cedure and reduce the incidence of complications.
Radioembolization is a technically complex and
expensive technique, which has only recently entered
clinical practice and is supported by scant results from
phase Ⅲ clinical trials. Nevertheless, it may represent
a valid alternative to transarterial chemoembolization
(TACE) in the treatment of intermediate-stage HCC
patients, as shown by a comparative retrospective
assessment that reported a longer time to progression,
but not of overall survival, and a more favorable safety
profile for radioembolization. In addition, this treatment
has reported a higher percentage of tumor shrinkage,
if compared to TACE, for pre-transplant downsizing
and it represents a promising therapeutic option in
patients with large extent of disease and insufficient
residual liver volume who are not immediately eligible
for surgery. Radioembolization might also be a suitable
companion to sorafenib in advanced HCC or it can
be used as a potential alternative to this treatment
in patients who are not responding or do not tolerate
sorafenib.
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Table 1 Main characteristics and differences between TheraSphere®
and Sir-Spheres

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

Diameters (μm)
Specific weight (g/dL)
Activity per microsphere to date
calibration (Bq)
Number of microsphere (vial, million)
Material
Activity in the vial (GBq)

Core tip: This review provides an overview of transarterial radioembolization, a new therapeutic option for
patients with hepatocellular carcinoma. In particular,
the practical aspects of the technique and available data
on disease control will be presented, with reference to
patients in either early or advanced stages of disease,
treated with trans-arterial embolization alone or within
combination regimens.

TheraSphere®

32 ± 10
1.6
50

22 ± 10
3.6
2500

40-80
Resin
3% ± 10%

1.2-8
Glass
3, 5, 7, 10, 15 or 20

simply as radioembolization or as selective internal
radiation therapy, consists of the selective intraarterial administration of microspheres loaded with a
90
radioactive compound - usually Yttrium or Lipiodol
131
188
labelled with iodine
or rhenium
- through a
percutaneous access.
90
Yttrium is a pure β emitter characterized by
short half-life (64.2 h) and limited tissue penetration
(average 2.5 mm, maximum 11 mm). Two types of
®
microspheres are available, namely TheraSphere ,
®
made of glass, and Sir-Spheres , made of resin. They
differ in size, activity for individual bead, and number
of microspheres injected (as shown in Table 1), but
available data suggest the equivalence of the two
[3]
methods . Differing from other embolizing treatments
such as trans-arterial chemoembolization (TACE),
radioembolization does not exert a macroembolic
effect: therefore, both the benefits and the toxic
effects of the treatment are dependent upon the
radiation carried by the microspheres and not by any
ischemic effect.
The different features of the two types of micro
spheres can explain the hypothetical different use
for each patient and the difference in the mode of
administration and in the activity calculation.
TheraSphere has a minimal embolic power (average
number of glass microspheres injected: 4 million) with
a higher activity for each sphere (2500 Bq vs 50 Bq for
Sir-Spheres). These characteristics prevent vascular
stasis and reflux during the administration, but in the
case of a large lesion an inadequate coverage of the
treated volume can occur, because the higher specific
weight can limit the distribution of the microspheres.
On the other hand, Sir-Spheres, with a higher
number of microspheres injected (average 40 million),
have an important embolic power. Thanks to the
number of microspheres injected it is possible to
achieve an adequate and more homogeneous coverage
of the lesion when compared with TheraSphere;
however, the higher embolic power requires slow
injections and accurate angiographic control during the
administration.
The different coverage of the lesion is also reflected
by the different median lethal dose: for Therasphere
[4]
[5]
it oscillates between 205 and 257 Gy , instead for
[6]
Sir-Spheres we can find a lower value, 120 Gy . Of
note, these values were calculated with the dosimetric

Sacco R, Mismas V, Marceglia S, Romano A, Giacomelli L,
Bertini M, Federici G, Metrangolo S, Parisi G, Tumino E, Bresci
G, Corti A, Tredici M, Piccinno M, Giorgi L, Bartolozzi C,
Bargellini I. Transarterial radioembolization for hepatocellular
carcinoma: An update and perspectives. World J Gastroenterol
2015; 21(21): 6518-6525 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i21/6518.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i21.6518

INTRODUCTION
Hepatocellular carcinoma (HCC) ranks fifth among
the most common cancers worldwide and represents
the third most frequent cause of cancer-related
[1,2]
mortality . In the majority of cases, HCC is dia
gnosed in the intermediate-advanced stage [stage B
and C according to the Barcelona Clinic Liver Cancer
(BCLC) staging categories], when radical therapy is no
longer possible. A number of curative and/or palliative
therapies are available in this setting, but they are not
always characterized by a favorable safety/efficacy ratio.
Therefore, new therapeutic options are eagerly awaited.
Preliminary data on the use of trans-arterial radio
embolization have demonstrated a good tolerability
profile and promising results of this technique in terms
of disease control. Although radioembolization has been
studied more extensively in BCLC-B and BCLC-C HCC
patients, its use has been evaluated also in the early
stages (BCLC-A).
This review provides an overview of trans-arterial
radioembolization. In particular, the practical aspects
of the technique and available data on disease control
will be presented, with reference to patients in either
early or advanced stages of disease, treated with
trans-arterial embolization alone or within combination
regimens.

TRANS-ARTERIAL RADIOEMBOLIZATION:
GENERAL CONCEPTS
Trans-arterial radioembolization, also known
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approach, which differs from the empiric activity
calculation method (described below).
90
The first studies on Yttrium for the treatment
[7,8]
of oncological diseases date back to the 1960s .
However, radioembolization has entered clinical practice
only in the last decade. Available evidence supports the
90
potential effectiveness of Yttrium microspheres in the
treatment of primary (HCC and cholangiocarcinoma)
[9-12]
and metastatic liver cancer
.

tumor lobe (where the lesion is localized) and whole
liver volumes and the body surface area (BSA) of
the patient are considered. This method accounts for
the relation between the size of the patient and their
liver and enables the treatment of different lesions
in separate lobes, preserving healthy tissues; and
[16]
(3) Partition model . Following the Medical Internal
Radiation Dose (MIRD) method, the partition model
takes into account the different distribution of the
microspheres in the lesions and in the healthy tissue.
The evaluation of these distributions is based on the
results of the SPECT/TC with 99mTc-MAA. A (GBq) =
Dliver × [(T/N × Mtumor) + Mliver]49670 × (1 - S).
Where Dliver is the dose to healthy liver (chosen by
nuclear medicine physician in order to preserve it),
Mliver is the whole organ mass, Mtumor is lesion mass,
S is the lung-liver shunt and T/N is the ratio between
activity over mass for tumor and liver: T/N = (Alesion/
Mlesion) (Aliver/Mliver). This method is indicated in
patients who have compromised hepatic functionality.
Another possible approach is voxel dosimetry, in
which the calculation of the activity takes into account
the biological damage required for tumor and healthy
[5]
cells . The final aim of this method, which is based on
the evaluation of the real distribution, voxel by voxel,
of the microspheres, simulated by 99mTc-MAA, is to
treat the lesions with high doses, without overcoming
the dose constraint to healthy liver, chosen for the
single patient. Following this approach, it is possible
to maximize the treatment of the lesion while limiting
liver toxicity and thus giving the chance of a more
[5]
specific and individualized cure to each patient .
The simulation by 99mTC-MAA is important not
only to determine the dose delivered to the injected
healthy liver, but also as a predictive factor. Garin et
[4]
al reported that quantitative 99mTC-MAA SPECT/CT
is predictive of response to treatment, progression
free survival (PFS) and overall survivial (OS), and
has therefore a fundamental role in the selection of
patients and the adaptation of treatment planning.
The personalization of the activity planning could be
further improved by using dual-tracer 99m Tc-MAA99m Tc-SC fusion SPECT, an imaging tool that merges
data on radioactivity distribution with physiologic liver
mapping that has been recently presented by Lam and
[19]
colleagues .

Methods

Radioembolization can be divided into consecutive
stages: (1) patient pre-selection: a multidisciplinary
assessment identifies patients possibly eligible for
[13]
this therapy ; (2) patient selection: a diagnostic
angiography is performed with the aim of evaluating
vascular anatomy and to identify and embolize
any extrahepatic branch which could disperse the
[14]
microspheres to non-target organs . Moreover,
angiography allows the establishment of the most
appropriate point of injection of the catheter. During
this visit, macroaggregates of albumin (MAA) labeled
99
with Tc are injected. They present a diffusion similar
to that of radioembolization microspheres, and can
help predict the distribution of the microspheres. The
diffusion of these macroaggregates is studied by a
single photon emission computed tomography (SPECT/
[15]
CT), performed within 1 h from the injection ; After
the selection phase, other contraindications might
exclude patients from treatment. Among these,
a hepato-pulmonary shunt > 20% of the injected
[16]
dose
or vascular abnormalities not correctable by
embolization; (3) dose calculation: the amount of
90
Yttrium administered is determined specifically for
each patient (as discussed below); and (4) injection of
microspheres: microspheres are injected by a catheter
no later than 4 wk from the selection of patients.

Dose calculation

All the calculation activity methods used today are
generally based on empiric data.
In order to perform the calculation of the activity (A)
of TheraSphere to be injected, the following formula is
generally used:
A = 120 (Gy) × M/[(1 - S) × 50]. Where M is
the mass of the whole liver and S is the lung-liver
shunt. 120 Gy is the dose (lethal dose) that we want
to disburse to the lesion, assuming that there is a
uniform distribution of the glass spheres in the target
[17]
volume .
For Sir-Sphere, 3 methods are available for
[18]
[18]
calculation activity : (1) Empirical Method . The
amount of activity to be injected is chosen in relation
to tumor over whole liver percentage (T): T < 25% →
Gbq; 25% < T ≤ 50% → 2.5 GBq; T > 50% → 3 Gbq.
With this method however, the dose to healthy liver is
not considered and patients could be exposed to non[18]
necessary radiation toxicity; (2) BSA-Method . In the
calculation of activity to be injected, the ratio between

WJG|www.wjgnet.com

Management of complications

Complications of radioembolization are either caused
by delivering a toxic dose to non-tumoral tissues,
or by procedural complications during the catheter’s
placement and manipulation. The main complications
include: (1) liver failure or radio-induced liver disease
[20,21]
(RILD)
, with an incidence up to 4%; (2) biliary
[22]
complications
(incidence < 10%); (3) postradioembolization syndrome (PRS), characterized by
fatigue, nausea, vomiting, anorexia, fever, abdominal
[23,24]
pain
(incidence 20%-55%); (4) gastrointestinal
complications, with an incidence < 5% when an
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Radioembolization for intermediate-stage HCC

[25,26]

accurate angiographic phase is performed
; and
(5) radio-induced pneumonia, whose incidence is
< 1% if the hepato-pulmonary shunt is adequately
[27,28]
calculated
.
A careful and meticulous selection phase is
crucial to reduce the incidence of complications. In
addition, there is some consensus on the use of premedications to help prevent complications, such as
proton pump inhibitors (starting one week before
treatment and continuing for one month after the
procedure), corticosteroids (for approximately 5 d from
[29]
the interventions to reduce the incidence of PRS) ,
antiemetics and analgesics before the interventions
and as needed.

Patients with intermediate-stage (BCLC-B) HCC
[34,35]
represent a very heterogeneous population
. TACE
is usually considered the treatment of choice in this
setting, although alternative loco-regional and medical
(sorafenib) treatment do retain efficacy. In addition,
the use of TACE is limited by a number of absolute
[36]
and relative contraindications . In this population of
patients, radioembolization may be a viable therapeutic
option, given the low incidence of associated adverse
effects.
To date, no randomized trials have directly
compared radioembolization and TACE in patients with
intermediate-stage HCC, available data are therefore
based mainly on retrospective assessments.
[37]
Salem et al
compared 123 patients treated with
radioembolization with 122 subjects who had received
TACE: overall, median time to progression - but not
overall survival - was longer after radioembolization
(13.3 mo vs 8.4 mo, P = 0.046), and this latter
intervention was also associated with a more favorable
safety profile. Similar results have been reported by
[38-41]
other authors
. For instance, a very recent study
[41]
by El Fouly et al
has shown that radioembolization
presents a similar efficacy, but a lower incidence of
adverse events and need for hospitalization when
compared with TACE. From a healthcare-utilization
perspective, radioembolization is definitely more
complex and expensive than TACE; however, TACE
requires more frequent, repeated treatments than
radioembolization and may be associated with a less
favorable safety profile, thus increasing indirect costs.
A retrospective analysis has also suggested that
both radioembolization and sorafenib are effective
in patients with intermediate-stage HCC, and are
[42]
associated with a similar survival .

RADIOEMBOLIZATION IN HCC
TREATMENT: CURRENT EVIDENCE
Since radioembolization has only recently entered
clinical practice, results from phase Ⅲ clinical trials
are still scant. As a consequence, radioembolization is
not currently listed among possible treatment options
for HCC in some guidelines such as those issued by
the American Society of Clinical Oncology. However,
other scientific societies such as the European Society
of Medical Oncology consider radioembolization as a
promising therapeutic option either as a “bridging”
treatment or as the main therapy for patients with
[30]
diffuse intrahepatic tumor spread . In addition, the
National Comprehensive Cancer Network guidelines
consider radioembolization suitable for patients with
unresectable disease due to inadequate hepatic
reserve, poor performance status, comorbidities,
[31]
or specific location and extension of the tumor .
Lastly, according to the National Cancer Institute
(NCI) recommendations, radioembolization may be
considered in selected patients with liver-confined
[32]
HCC, who are not eligible for transplant or resection .
Thanks to its versatility, radioembolization has been
evaluated in different clinical situations, as summarized
in the following paragraphs.

Radioembolization for downsizing

In the large population of intermediate-stage HCC
patients, tumor shrinkage, or “downsizing” may
convert the disease to surgical resectability or may
[43]
offer the opportunity for transplant . Several options,
either percutaneous or trans-arterial, are now available
to achieve tumor downsizing, and radioembolization
has become part of this armamentarium.
A retrospective study has compared radio
embolization and TACE for pre-transplant downsizing,
and has shown that the percentage of tumor shrinkage
was higher after radioembolization (58% vs 31%, P =
[44]
0.023) .
Radioembolization also represents a promising
therapeutic option in patients with large extent of
disease and insufficient residual liver volume, who
are therefore not immediately eligible for surgery.
In these patients, portal vein embolization (PVE)
has been proposed to induce hypertrophy of the
contralateral lobe and make surgical resection possible.

Radioembolization for early stage HCC

Patients with early-stage (BCLC-A) HCC are candidates
for curative treatments such as liver transplant.
However, the low number of donors and the long
waiting list expose patients to the risk of disease
progression, with subsequent withdrawal from the
waiting list.
Therefore, patients on the waiting list are fre
quently treated with locoregional approaches, such as
percutaneous ablation or TACE, in order to limit the
risk of local progression.
Recently, radioembolization has been proposed
as a valuable therapeutic option for patients on the
[33]
transplant waiting list , although this approach is not
widely performed due to its procedural costs.
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However, PVE is associated with some risks of tumor
progression within the liver lobe during hypertrophy.
Radioembolization can induce a marked hypotrophy
of the treated hepatic lobe, associated with an evident
hypertrophy of the contralateral lobe (the so-called
[45]
“radiation lobectomy”) . Therefore, radioembolization
has been proposed as an alternative to PVE in HCC
patients. In addition, radioembolization offers the
advantage of treating the cancer itself, thus reducing
the risk of pre-interventional tumor progression, and
represents a therapeutic option also in patients with
[46]
neoplastic venous thrombosis . Of note, 6-12 wk
are necessary to achieve radiation lobectomy; during
this time span, patients with more favorable biological
tumor behavior and who may therefore gain most
[46]
benefit from surgical resection can be identified .

“mRECIST criteria” : according to mRECIST, the
response to a given treatment is evaluated according to
the reduction of the diameter of vital residual portion.
These criteria have been shown to be accurate in
identifying the complete necrosis of tumor mass after
[59]
radioembolization . However, post-radioembolization
diagnostics still remain an open issue, especially in
patients with partial response or stable disease which represent the majority of cases. In fact, tumor
necrosis is often irregular in distribution and contrast
enhancement, making it difficult to measure vital
portions. Therefore, the routine use of volumetric
measurements of tumor necrosis have been proposed
as a more accurate, reproducible and sensitive method
[60,61]
for the early identification of responding patients
.
The optimal time for the evaluation of treatment
response is also debated. Although the first dimensional
changes may already be observed after 1 mo, it is
widely accepted that at least 3 to 4 mo are necessary
to reliably estimate the actual response and therefore
evaluate whether re-treatment may be considered.

Radioembolization for advanced stage HCC

Sorafenib represents the treatment of choice in patients
with advanced stage (BCLC-C) HCC, and is associated
[47-50]
with an overall survival of about 11 mo
. The overall
survival associated with radioembolization in this setting
[9,10]
ranges from 6 to 10 mo
; given its good safety
profile, radioembolization might represent a potential
alternative to sorafenib in selected patients who are not
responding or do not tolerate this treatment. Of note,
the preliminary results of the SORAMIC randomized
trial, which compares radioembolization plus sorafenib
with sorafenib alone in BCLC-C HCC patients, have
shown that radioembolization followed by sorafenib
[51]
appears to be as well tolerated as sorafenib alone .
Among patients with advanced HCC, radioem
bolization may provide the best outcome in subjects
with PVT involving segmental or lobar branches, where
the median overall survival has reached 17 mo with
[37,52]
glass microspheres
and 23.2 mo using MAA SPECT/
[53]
CT based dosimetry . This compares with a median
survival of 3-6 mo for patients with PVT of the common
portal trunk. Less satisfactory results are documented
[12,54]
for patients with distant metastases
.

CONCLUSION
Radioembolization represents a feasible and promising
therapy for the treatment of all stages of HCC.
Although it is technically complex and expensive,
radioembolization may represent a valid alternative to
TACE in intermediate-stage HCC and may be a suitable
companion to sorafenib in advanced HCC.
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Abstract
AIM: To establish a cellular model correctly mimicking
the gastric epithelium to overcome the limitation in the
study of Helicobacter pylori (H. pylori ) infection.
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METHODS: Aiming to overcome this limitation, clones
of the heterogenic cancer-derived NCI-N87 cell line
were isolated, by stably-transducing it with the human
telomerase reverse-transcriptase (hTERT) catalytic
subunit gene. The clones were first characterized
regarding their cell growth pattern and phenotype. For
that we measured the clones’ adherence properties,
expression of cell-cell junctions’ markers (ZO-1 and
E-cadherin) and ability to generate a sustained
transepithelial electrical resistance. The gastric properties
of the clones, concerning expression of mucins,
zymogens and glycan contents, were then evaluated by
haematoxylin and eosin staining, Periodic acid Schiff (PAS)
and PAS/Alcian Blue-staining, immunocytochemistry and
Western blot. In addition, we assessed the usefulness
of the hTERT-expressing gastric cell line for H. pylori
research, by performing co-culture assays and measuring
the IL-8 secretion, by ELISA, upon infection with two H.
pylori strains differing in virulence.
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stomach rely on the distinct populations of specialized
epithelial cells present at the gastric mucosa. Early
in foetal life, this simple columnar epithelium forms
invaginations into the inner layers of the mucosa,
which originate the gastric pit glands. In the continuous
renewing of this tissue, its organization is maintained
through a bidirectional migration of the gastric stem
and progenitor cells, primarily located at the isthmus of
the glands (reviewed in). In oxyntic glands (glands from
fundus and corpus), the stem cells migrating upward
into the pit and surface give rise to mucin (MUC) 5AC
(MUC5AC)-secreting cells, while those that migrate
down differentiate into MUC6-secreting and parietal
(HCl-secreting) cells at the neck, and mature chief
(zymogens-secreting) cells at the base of the gland.
In pyloric glands (glands from the antrum), instead of
parietal and chief cells, the downward migrating stem
cells give rise to cells specialized in the production of
gastrin (G cells) and of somatostatin (D cells). These
hormones ensure the endocrine regulation of the acid
[1-4]
production by oxyntic parietal cells .
Despite our knowledge on the importance of this
organization, the research on the identification of
specific regulators of the development and maintenance
of human gastric functions, and their underlying
mechanisms, requires the establishment of human
gastric cell lines closely resembling the natural features
of the gastric epithelium. Such in vitro model is
also urgently needed for the study of the still poorly
understood molecular mechanisms involved in the
pathogenesis of severe gastric diseases associated with
the Gram-negative bacterium Helicobacter pylori (H.
pylori). Having the human gastric mucosa as ecological
niche, this spiral-shaped, microaerophilic bacterium
survives the extreme conditions of the human stomach
and, constantly evading (or interacting with) the human
immune system, persists throughout the patient life.
Indeed, almost invariably, this pathogen/host interaction
starts in patient’s childhood, always eliciting an acute
host immune response, which is however inefficient for
[5,6]
bacteria clearance . Although often asymptomatic,
most patients experience dyspeptic symptoms (nonulcer dyspepsia) because of the resulting chronic
[7]
gastritis and, later in the adulthood, 15%-20% of
them end up developing peptic ulcer disease and 2%-5%
[8,9]
gastric cancer . Despite all the spent efforts, there is
still a lack of knowledge on the events that occur in the
time lag that goes from the colonization in the childhood
to peptic ulceration and/or gastric carcinogenesis, late
in the patients’ adult life. We have shown that these
events are dependent on the virulence of the strain
[10-13]
itself
, but also on its interaction with the human
host, changing the expression pattern of mucins of
[14-17]
the patient’s gastric mucosa
. Indeed, sustained
infection is known to depend on the bacteria adhesion
to host mucins of the epithelial cells’ surface and mucus
[5,6]
layer lining the gastric epithelium . Many experiments
addressing these issues have been conducted on
primary cultures of cells freshly isolated from human

most promising NCI-hTERT-derived clones (CL5 and CL6)
were composed of cells with homogenous phenotype,
presented higher relative telomerase activities, better
adhesion properties, ability to be maintained in culture
for longer periods after confluency, and were more
efficient in PAS-reactive mucins secretion. Both clones
were shown to produce high amounts of MUC1, MUC2
and MUC13. NCI-hTERT-CL5 mucins were shown to be
decorated with blood group H type 2 (BG-H), Lewis-x
x
y
a
(Le ), Le and Le and, in a less extent, with BG-A
antigens, but the former two antigens were not detected
in the NCI-hTERT-CL6. None of the clones exhibited
x
a
detectable levels of MUC6 nor sialylated Le and Le
glycans. Entailing good gastric properties, both NCIhTERT-clones were found to produce pepsinogen-5 and
human gastric lipase. The progenitor-like phenotype of
NCI-hTERT-CL6 cells was highlighted by large nuclei and
by the apical vesicular-like distribution of mucin 5AC and
Pg5, supporting the accumulation of mucus-secreting
and zymogens-chief mature cells functions.
CONCLUSION: These traits, in addition to resistance
to microaerobic conditions and good responsiveness
to H. pylori co-culture, in a strain virulence-dependent
manner, make the NCI-hTERT-CL6 a promising model
for future in vitro studies.
Key words: Helicobacter pylori infection; Pathogenesis;
Human gastric epithelium; Cellular model; NCI-N87
cells
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we aimed to establish and
characterize novel human gastric epithelial cell lines
derived from NCI-N87 cells after over-expression of
human telomerase catalytic activity. The two most
promising NCI-N87-derived clones were shown to be
composed of cells with homogenous phenotype, to
produce gastric zymogens and to produce and secrete
neutral mucins. In addition, these clones showed
very good in vitro growth properties, resistance to
microaerobic conditions and good responsiveness to
Helicobacter pylori . Due to their improved properties,
compared to the heterogeneous parental line, these
NCI-N87-derived clones are promising models of the
human gastric epithelium.
Saraiva-Pava K, Navabi N, Skoog EC, Lindén SK, Oleastro M,
Roxo-Rosa M. New NCI-N87-derived human gastric epithelial
line after human telomerase catalytic subunit over-expression.
World J Gastroenterol 2015; 21(21): 6526-6542 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i21/6526.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i21.6526

INTRODUCTION
The normal physiological functions of the human

WJG|www.wjgnet.com

6527

June 7, 2015|Volume 21|Issue 21|

Saraiva-Pava K et al . New cellular model of the human gastric epithelium
[1,4,18]

gastric biopsy samples
. Albeit being more
representative of the human gastric epithelium, such
primary cultures present important limitations regarding
the availability of human donors, restricting the number
of experiments that can be performed. Furthermore,
primary cultures can only be cultured for a few days
before they become apoptotic, limiting the type of
experiments that can be performed. Similarly, for many
studies gastric primary cultures of rodents are not a
suitable option due to important distinctive features
[19]
of their physiology compared to the human’s . In
fact, only human chief cells produce/secrete not only
pepsinogen, but simultaneously an acid-tolerant gastric
lipase, ensuring gastric digestion of triglycerides, a
prerequisite for optimal intestinal lipolysis. Again, these
are not a suitable option for long-term studies because,
beyond the limitations of their availability, these cells
also proliferate for only a small number of doublings
[1,4]
before entering into senescence . An extensively used
alternative are cancer cell lines derived from poorly
differentiated [e.g., KATO-III [American type culture
collection (ATCC) HBT-103] and Hs746t (ATCC HBT-135)
cells], or moderately [e.g., AGS (ATCC CRL-1739) cells]
and well differentiated [e.g., NCI-N87 (ATCC CRL-5822)
and MKN-7 (Riken Cell Bank, Japan) cells] human
[1,20,21]
gastric carcinomas
. Lacking important epithelial
and/or glandular properties, these in vitro cellular
models are limited in resembling the native tissue.
For instance, AGS cells harbour a mutated E-cadherin
encoding gene that results in a non-functional truncated
form of this protein, thus these cells form monolayers
that do not polarize and eventually lose their integrity
[1,21-23]
after reaching confluency
. Furthermore, despite
reaching a good polarization status upon transfection
with E-cadherin cDNA, they do not secrete mucus, acid
[22,24]
or zymogens
. The MKN7 cell line, polarize and
present the mucin MUC1 apically, however, again the
problem is that it does not produce an adherent mucus
[21,25]
layer
. As far as we can ascertain, the properties of
this cell line regarding the acid/zymogens production/
secretion have never been described.
The NCI-N87 cell line is known by its distinctive
features, including colony-forming growth pattern,
maintenance at post-confluency, expression of
increased levels of gastric zymogens [namely, human
gastric lipase (HGL) and fundic-type pepsinogen-5
(Pg5)], as well as expression of MUC6, zonula adherens
marker E-cadherin and zonula occludens marker
[1]
ZO-1 . Compared to the widely use AGS cells (ATCC,
CRL-1739), the NCI-N87 cell line responds to H. pylori
infection in a closer manner to that of primary gastric
[26]
epithelial cell preparations . However, the expression
of these epithelial/gastric markers are confined only
[23]
to some cell sub-populations . Indeed, this is a
heterogenic cell line composed of several phenotypic
variants, also including non-epithelial cells. Homotypic
epithelial phenotype was, interestingly, achieved by
isolating non-transfected clones (using the limit-dilution
approach) of those cell sub-populations, allowing the
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establishment of two NCI-N87-derived clones: the
HGE-17 (human gastric epithelial-17 cell line), exhibiting
features reminiscent of the granule-free stem cell type
found in the isthmus of the glands; and the HGE-20,
possessing a more differentiated, pre-zymogenic-like
status (simultaneous synthesis and efficient secretion of
[23]
MUC6 and zymogens) .
The ectopic expression of human telomerase
reverse-transcriptase catalytic subunit gene (hTERT)
in differentiated normal human cells is sufficient to
restore telomerase activity, thus preventing telomeres’
[27]
shortening and inducing continuous cell proliferation .
Indeed, telomerase activity is only dependent on
the presence of its hTERT subunit, since its template
RNA component, used for the addition of telomere
repeats at the chromosome tips at each cell cycle, is
[28]
constitutively synthesized in normal cells . Based
on these findings, the induction of hTERT has been
intensively used in the last decade in the establishment
of novel immortalized cell lines from primary cultures
of a variety of human cells and tissues (e.g., skin
[28]
[29]
fibroblasts , T lymphocytes , airway epithelial
[30]
[31]
cells , proximal renal tubules epithelial cells ,
stromal and epithelial immortalized endometriotic
[32]
cells , etc.). These hTERT-expressing cell lines grow
out of a background of senescence, present fewer, if
any, karyotypic modifications and maintain their normal
features of differentiation, a major improvement
[30,31,32,33]
over the use of viral oncogenes
. The effect
of hTERT over-expressing in immortalized cell lines,
characterized by unlimited life span, is still poorly
known. However, hTERT over-expression was shown
to improve the classical immortalized and continuously
dividing CHO-K1 (Chinese hamster ovary) cell line,
increasing its resistance to serum-deprivation induced
apoptosis and allowing this serum-dependent cell line
to survive, attach and divide in un-supplemented basal
[34]
medium . Thus, considering these approaches as
valuable strategies for cell engineering, here we aimed
to establish novel NCI-N87-derived epithelial cell lines
by ectopic over-expression of the hTERT, characterize
them and assess their usefulness in H. pylori-infection
in vitro assays.

MATERIALS AND METHODS
Expression vector

The pGRN145 (ATCC MBA-141, Geron Corporation,
Menlo Park, CA, United States) is a mammalian
expression vector containing the full coding region of
the hTERT catalytic subunit gene, under the control
of the myeloproliferative sarcoma virus promoter. The
plasmid contains the resistance gene for hygromycine
B (HygB) for selection in mammalian cells.

Cell culture conditions

The NCI-N87 cell line (ATCC CRL-5822) was grown at
37 ℃ with 5% CO2 and 99% humidity in Dulbecco’s
modified Eagle’s medium (DMEM/F12) (Invitrogen,
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Transepithelial electrical resistance

Life Technologies, Carlsbad, CA, United States)
supplemented with 10% (v/v) of heat inactivated (56 ℃
for 30 min) foetal bovine serum (FBS) (Invitrogen).
Cells were sub-cultured using 0.05% trypsin/EDTA
solution (Invitrogen) for 5 min.

In order to test for epithelial monolayer polarity and
integrity, cells were seeded on porous membranes (0.4
μm) supported by a detachable ring and transepithelial
electrical resistance (TEER) was measured with an
epithelial voltohmmeter (EVOM; World Precision
Instruments, Sarasota, FL, United States) in the following
days post-confluence. All cultures were started by
4
expanding the cells in flasks, then about 7.5 × 10 cells
were harvested and 200 to 400 μL of cells suspended
in fresh media were added to the apical side of each
tested filters. Proper volume of media (determined
according to the manufacturer’s instructions) was also
added to the basolateral compartment. These were
considered the standard culture conditions. Tested
TM
inserts: Snapwell 3407 (polycarbonate) with a 12 mm
2
diameter, providing a growth area of 1.12 cm (Corning
Costar Corp., Cambridge, MA, United States); collagen®
coated Transwell -COL 3491 (polytetrafluoroethylene)
with a 24 mm diameter, providing a growth area of
2
4.67 cm (Corning Costar Corp.); Transwell-clear 3450
(polyester) with a 24 mm diameter, providing a growth
2
area of 4.67 cm (Corning Costar Corp.); hydrophilic
polytetrafluoroethylene Millicell CM standing filters with
2
a 12 mm diameter, providing a growth area of 0.6 cm
(Millipore, Bedford, MA, United States); and polyester
Millicell inserts with a 30 mm diameter, providing a
2
growth area of 4.2 cm (Millipore). The latter 3 were precoated with a 0.05% (w/v) collagen IV solution (SigmaAldrich, St Louis, MO, United States) before use. The
following culture conditions were also tested: DMEM/F12
medium (Lonza, Switzerland) containing 10% (v/v) FBS
(Lonza) and 1% (v/v) penicillin-streptomycin (Lonza);
Glucose free RPMI medium (Lonza) supplemented
with 1% (w/v) galactose (AppliChem, Germany), 10%
(v/v) FBS or FBS replacement media (Ultra media,
Lonza) with 1% (v/v) penicillin-streptomycin; DMEM/
F12 followed by mechanical stimulation; and glucose
free RPMI medium supplemented with 1% (w/v)
galactose followed by mechanical stimulation. Semiwet interface was produced by 2 mL media in the
basolateral compartment and 50 μL media in the apical
compartment after confluency. Mechanical stimulation
and continuous wetting of the apical surface were
achieved by placing the culture plates on a rocking
board in the incubator. Basolateral media was refreshed
every two to three days. Electrical resistances of the
supporting filter and buffer medium were subtracted
to calculate TEER of the monolayer with final results
2
reported per unit surface ohms × cm .

Stable expression conditions of telomerase

Transfection of NCI-N87 cell line with 2 μg of pGRN145
®
was made using the FuGENE -HD reagent (Roche
Diagnostics, Mannheim, Germany). After two weeks
in 250 μg/mL HygB (Invitrogen) selection medium,
8 isolated clones were scraped with a micropipette
under the microscope and seeded in new plates.
The remaining hTERT-expressing clones were pulled
together for control. From here, the hTERT-expressing
cell lines were maintained under the same conditions
as the parental cell line, with the culture medium
now further supplemented with 250 μg/mL of HygB
(medium that was found to be toxic for the parental
NCI-N87 cell line). Longer incubations (20 to 30 min)
with trypsin/EDTA were however required for total
detachment of the hTERT-expressing cells, in the subculturing procedure.

Measurement of hTERT catalytic activity

The relative telomerase activity was measured with
the telomeric repeat amplification protocol (TRAP),
using the photometric enzyme immunoassay Telo
PLUS
TAGGG Telomerase PCR ELISA
(Roche Diagnostics),
according to the manufacturer’s instructions. Briefly,
5
protein extracts prepared from 2 × 10 cells/sample
were incubated with a biotin-labeled synthetic primer,
allowing telomerase present on the cell sample, if
expressed, to add telomeric repeats (TTAGGG) to its
3’-end. These elongation products were then amplified
by PCR in the presence of an additional primer
(anchor-primer). An internal standard provided by the
manufacturers was also added to the reaction vessel,
in order to detect Taq DNA polymerase inhibitors
during this elongation step. The resulting products
were denatured and hybridized to digoxigenin-labeled
detection probes (specific for the telomeric repeats).
Such complexes were immobilized in a streptavidincoated microplate, via their biotin label, and were
then detected with a horseradish peroxidase (HRP)conjugated antibody anti-digoxigenin. After incubation
with 3, 3’, 5, 5’-tetramethylbenzidine, the peroxidase
substrate, the generated product was quantified by
measuring the absorbance (Abs) of each sample
at 450 nm, against the blank value (reference
TM
wavelength 690 nm) using an ELISA reader (Synergy
2, BioTek Instruments, Inc., Vermont, E.U.A.) and the
TM
respective software GEN5 (BioTek Instruments, Inc.).
A template control provided by the manufacturers
was run in parallel. The level of telomerase activity
is expressed in percentage as relative telomerase
activity of each sample, compared with that of control
template.
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Cell staining

®

Cells were seeded onto 8-well chamber slides (Lab-Tek ,
Nalge Nunc International, Roskilde, Denmark) and allowed
to reach high density before processing. Cells were fixed in
10% (v/v) formaldehyde (Sigma-Aldrich) in 96% ethanol
for 1 min and at the end of all staining procedures, slides
were mounted with glycerol and sealed with nail polish.
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For eosin/haematoxylin staining cells were incubated
with a Harris haematoxylin solution (Sigma-Aldrich) for
10 min, ammoniacal water 0.4% (v/v) for 3 s and with
Eosin Y 2% (w/v) (Panreac Química SA, Barcelona,
Spain) for 2 min, with extensive phosphate-buffered
saline (PBS) (Invitrogen) washings between each
step. For Periodic acid Schiff (PAS)-staining, cells were
incubated for 5 min with Periodic acid solution (SigmaAldrich), then for 15 min with Schiff reagent (SigmaAldrich) and, in some case, an extra incubation period
of 90 s with Harris haematoxylin solution was carried
out, again with extensive PBS washings between each
step. For PAS/Alcian Blue-staining cells were grown
TM
on Snapwell 3407 inserts (Corning Costar Corp.),
in glucose free RPMI, supplemented with galactose
followed by mechanical stimulation. Paraffin sections
were cut and after a dewax step specimens were
treated in 100% ethanol (10 min), rinsed in water (10
min) followed by a 3 min incubation with 3% acetic
acid, 2.5 h in 1% Alcian Blue 8GX in 3% acetic acid,
rinsed in water for 10 min, oxidized in 1% periodic acid
for equal period of time, washed for 5 min, immersed
in Schiff´s reagent for 15 min. A final washing with
water (5 min) and 0.5% sodium meta-bisulphite
(3 min) was followed by a de-hydration step before
mounting.

1:100 in 1% (w/v) BSA in PBS) for primary mAb and
pAb recognition, respectively. After three additional
washing steps, cell slides were mounted in Vectashield
(Vector Laboratories, Burlingame, CA, United States)
(whenever necessary it was used Vactashield containing
4, 6-diamino-2-phenylindole (DAPI) (Sigma-Aldrich)
for nucleic acid staining) and their immunofluorescence
was observed and recorded on an Axiovert 40CFL
fluorescence microscope (Carl Zeiss, Jena, Germany)
equipped with an Axiocam MRc5 (Carl Zeiss) camera.
Images were processed with the software AxioVision
Rel. 4.6.3 (Carl Zeiss). Confocal images were recorded
with the 405 nm, 488 nm, and 532 nm laser lines of
a Leica TCS-SPE confocal microscope and processed
with Leica and Adobe Photoshop software.

Immunohistochemistry for mucins and glycans

Cell lines cultured on Snapwell membranes (5 μm)
were fixed in Methanolic Carnoy’s solution, paraffinembedded, dewaxed and rehydrated. Antigen retrieval
used was: 10 mM citric acid (Sigma-Aldrich), pH 6
at 99 ℃ for 30 min, then 40 min at RT, followed by
washing with PBS for MUC1, MUC5AC and MUC13;
or with an additional step for the MUC2 and MUC6
antibodies using 10 mM 1,4-dithiothreitol (Fisher
Scientific) in 0.1 M Tris/HCl buffer (pH 8.0) (37 ℃)
for 30 min, followed by 25 mM iodoacetamide (Alfa
Aesar, United States) at RT (in dark) for 30 min and
washed with PBS. No antigen retrieval was used for
carbohydrate antigens. Sections were then treated
with 3% (v/v) hydrogen peroxide (Fisher Scientific)
for 10 min RT, washed twice with water and once with
PBS containing 0.05% Tween 20. Nonspecific binding
was blocked using serum free protein block (DAKO,
Denmark) for 30 min and incubated with primary
antibody for 1 h. The primary antibodies were diluted
in serum free antibody diluent (DAKO): anti-MUC5AC
mAb (clone 45M1, Sigma-Aldrich, diluted 1:4000),
[36]
anti-MUC2 pAb (LUM2-3 , diluted 1:1000) and anti[36]
MUC6 pAb (LUM6-3 , diluted 1:1000). The anti[37]
[38]
MUC13 (R20C1) , the anti-MUC1 (BC2)
and the
anti-carbohydrate antibodies [anti-Lewis A (BG5,
Seraclone, Biotest, Dreieich, Germany); anti-Lewis B
(BG6, Seraclone); anti-Lewis x (BG7, Seraclone); antiLewis y (BG8, Seraclone); anti-blood group A (A0581,
Dako); anti-blood group B (A0582, Dako); and antiblood group H (A0583, Dako)] were used at 1 μg/ml.
The specimens were incubated with Broad Spectrum
Zymed Poly HRP-conjugated polymer (Invitrogen)
for 10 min followed by DAB chromogen (DAKO) for
10 min and counterstained with haematoxylin for
1 min. The samples were washed 3 times with PBS
containing 0.05% Tween-20 between each step and
in distilled water after the final stain. A human sample
from antrum was used as positive control for MUC1
and MUC5AC, duodenum for MUC6, small intestine for
MUC2 and colon for MUC13. The percentage of cells
expressing the mucin was estimated using blinded

Immunofluorescent analysis

Cells were grown to total confluence on 8-well chamber
slides for immunofluorescent images and on Transwell
filters 3450 for confocal images. Cells were then rinsed
twice with cold PBS supplemented with 1 mM CaCl2
and 1 mM MgCl2 and fixed for 30 min at 4 ℃ in a 4%
(v/v) formaldehyde and 3.7% (w/v) sucrose (Merck,
Darmstadt, Germany) solution, in PBS. After two
washes with PBS, cells were permeabilized for 30 min
with 0.2% (v/v) Triton X-100 (Sigma-Aldrich) in PBS
at room temperature (RT), washed three times more
with PBS and blocked with 1% (w/v) bovine serum
albumin (BSA) in PBS for 1 h at RT, prior to incubation
for 1 h at RT with the respective primary antibody
(Ab). These were: anti-E-cadherin monoclonal Ab
(mAb) (courtesy of Professor Figueiredo’s lab) (diluted
1:1000 in 0.5% (w/v) BSA in PBS); anti-α-tubulin
(clone DM1A) mAb (Sigma-Aldrich) (diluted 1:50 in
0.5% (w/v) BSA in PBS); anti-MUC5AC (clone 2H7)
mAb (Sigma-Aldrich) (diluted 1:25 in 1% (w/v) BSA
in PBS); anti-MUC6 (clone H5) mAb (courtesy of
[35]
Reis CA ) (diluted 1:5 in 1% (w/v) BSA in PBS);
anti-PGA5 (clone 4G9) mAb (Sigma-Aldrich) (diluted
1:25 in 1% (w/v) BSA in PBS); and anti-HGL (H-70)
polyclonal Ab (pAb) (Santa Cruz Biotechnology, Inc.,
CA, EUA) (diluted 1:25 in 1% (w/v) BSA in PBS). Cells
were then washed three times with PBS and incubated
for 1 h at 37 ℃ with the fluorescein isothiocyanate
(FITC)-conjugated anti-mouse IgG (Sigma-Aldrich)
[diluted 1:100 in 1% (w/v) BSA in PBS] and the FITCconjugated anti-rabbit IgG (Sigma-Aldrich) (diluted
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scoring of the whole membrane.

plates were maintained under standard cell growth
conditions for 24 h. Non-infected cells were used as a
control.

Western blotting

For total protein extracts preparation, cells (about 2 ×
6
10 ) were lysed in 100 μL of Laemmli sample buffer
[1.5% (w/v) SDS; 5% (v/v) glycerol; 0.001% (w/v)
bromophenol blue; 0.5 mM dithiothreitol (DTT); 31.25
mM Tris, pH 6.8] supplemented with 5 U of Benzonase
(Sigma-Aldrich) and 10 mM MgCl2 for nucleic acids
degradation. Protein quantification was carried out
TM
with the RC DC Protein Assay (BioRad, Laboratories,
Hercules, CA, United States) according with the
manufacturer’s instructions. For mucin detection,
100 μg of total protein extract were vacuum-fixed
onto nitrocellulose filters (Schleicher and Schuell,
TM
Dassel, Germany) using a Bio-Dot apparatus (BioRad). For zymogen detection, 100 μg of total protein
extract were separated by SDS-PAGE on 12.5%
(w/v) polyacrylamide mini-gels and transferred onto
nitrocellulose filters. After 15 min wash with 0.1%
(v/v) Tween-20 in PBS (PBS-T), membranes were
blocked for 2 h in 5% (w/v) skim milk in PBS-T at RT
and, then, probed over-night, at 4 ℃ , with mucin/
zymogen specific Ab diluted in the same skim milk
solution. Used antibodies: anti-MUC5AC (clone 2H7)
mAb (1:1000 diluted); anti-MUC6 (clone H5) mAb (1:5
diluted); anti-PGA5 (clone 4G9) mAb (1:800 diluted);
and anti-HGL (H-70) polyclonal Ab (pAb) (1:800
diluted). For immunodetection, blots were incubated
for 2 h at RT with the respective secondary Ab (antimouse IgG conjugated with HRP (BioRad) with
proper dilution for mAb recognition, or anti-rabbit IgG
conjugated with HRP (BioRad), with proper dilution
for pAb recognition). Finally, blots were developed
®
using the SuperSignal West Pico Chemiluminescent
Substrate detection system (Pierce, Rockford, IL,
United States) and exposed to X-ray films (Fuji Super
RX 100NIF, Fujifilm, Tokyo, Japan). Four washing
steps with PBS-T were always performed between
consecutive incubations.

Cell viability analysis

Human gastric cells’ viability was assessed by a standard
®
MTT assay (Vybrant MTT Cell Proliferation Assay,
Invitrogen) according with the manufacturer’s instructions.
For normalization the value of 100 corresponds to
the viability of the control cells (under standard
atmosphere conditions).

Cytokine production

Culture supernatants were diluted 1:10 and cytokine
production was quantified using the CBA Human Inflam
matory Cytokines Kit (BD Biosciences, Franklin Lakes, NJ,
United States) according to the manufacturer’s instructions.
The samples were analyzed on a FACSCalibur™ (BD
Biosciences).

Statistical analysis

Statistical methods should be described when they are
used to verify the results. Choose suitable techniques
for the statistical treatments; for example, t test (group
2
or paired comparisons), χ test, Ridit, probit, logit,
regression (linear, curvilinear, or stepwise), correlation,
analysis of variance (ANOVA), analysis of covariance,
etc.

RESULTS
Isolation of hTERT-transfected NCI-N87 clones

The NCI-N87 cell line was stably transfected with the
pGRN145, a plasmid containing the hTERT cDNA.
After HygB selection, surviving isolated clones were
re-seeded resulting in establishment of eight new
cell lines, hereafter named of NCI-hTERT-CL1 to NCIhTERT-CL8. For control experiments, the remaining
hTERT-transfected clones were pooled together,
originating the NCI-hTERT-pool cell line. Relative
telomerase activity analysis resulted in a clear evidence
of the endogenous expression of telomerase in the
parental NCI-N87cells (213 units) (Figure 1). This is
easily justified by the origin of this cell line in a gastric
[27,39]
carcinoma
and should allow the cells to proliferate
beyond senescence. Even though, higher relative
telomerase activity levels were observed for the
majority of the isolated clones. In average, the clones
exhibited a relative telomerase activity of 476 units (±
161), similar to that obtained for the NCI-hTERT-pool
cell line (474 units), corresponding to 2.2 times the
relative telomerase activity registered for the parental
cell line. The highest relative telomerase activity level
(717 units, i.e., 3.4 times the relative telomerase
activity of the NCI-N87 cell line) was exhibited by the
NCI-hTERT-CL6 clone. Therefore, by following our
strategy, we were able to efficiently isolate clones of
NCI-N87 cell sub-populations exhibiting higher relative

Bacterial growth conditions

Bacteria were grown in H. pylori selective medium
(Biogerm, Maia, Portugal) at 37 ℃ in a microaerobic
®
environment (Anoxomat , MART Microbiology BV,
Drachten, The Netherlands) for 24 h.

Co-culture assays

The bacterial biomass recovered from a 24 h grown
blood agar plate was resuspended in NCI-N87 cells
growth medium, and diluted to a final concentration
8
of 1 × 10 CFU/mL. NCI-hTERT-CL6 cells grown on
24 multi-well plates (Nalge Nunc International) for
cellular viability determination or on snapwell inserts
for cytokine secretion evaluation, until 80% to 90%
confluence were rinsed twice with PBS and fresh
growth medium was added. Bacterial pools were then
added at a multiplicity of infection (MOI) of 5 and the
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rate, doubling the cell population in about 24 h. When
seeded at low density, the NCI-hTERT-clones extended
more pronounced elongations (lamellipodia-like
protrusions) towards the neighbouring cells, a marked
phenotype of CL6 (Figure 2E and 2H). Additionally,
despite maintaining a colony growth pattern, the NCIhTERT-clones 5 and 6 originated more organized postconfluent monolayers (Figure 2D and G, respectively)
with all sub-confluent and post-confluent cells
systematically expressing E-cadherin (Figure 2F and I,
respectively). Again the CL6 presented a more uniform
honeycomb-like pattern (Figure 2I).
In contrast with the observations of Fiorentino et
[40]
[41]
al
and Lemieux et al , that have described the
expression of ZO-1 in the all NCI-N87 cell contacts,
[23]
and of Chailler and Ménard
that reported the
expression of this protein in relative small cell subpopulations of the NCI-N87 cell line, we were not able
to detect the expression of ZO-1 in our parental cell
line, nor in the NCI-hTERT clones. This may explain
the inability of any of these new cell lines to generate
sustained TEER despites all the efforts spent in
optimization of culture conditions. Indeed, after testing
several proper filters and different culture conditions
(see Material and Methods), only low values of TEER
2
(about 70 ohms × cm ) were registered for prolonged
cultures (21 d post-confluency) of NCI-hTERTclones 5 and 6 in polycarbonate Snapwells (3407,
Corning Costar Corp.), once grown in RPMI medium
supplemented with galactose followed by mechanical
stimulation. Notwithstanding, and contrasting with the
parental NCI-N87 cells, these hTERT-expressing cell
lines, particularly the CL6, could be maintained for long
periods post-confluency (up to 4 wk).

Relative telomerase activity
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Figure 1 Relative telomerase activity measured for 8 NCI-N87 derived
clones (NCI-hTERT-CL1 to NCI-hTERT-CL8), a pool of the remaining hTERTexpressing NCI-N87 derived clones (NCI-hTERT-pool cell line) and for the
parental cell line (NCI-N87, ATCC CRL-5822). These values were obtained
using the TeloTAGGG Telomerase PCR ELISAPLUS (Roche Diagnostics),
according to the manufacturer’s instructions. The dashed line indicates the
average level of the relative telomerase activity measured for the clones.

telomerase activities, justified by the ectopic induction
of the hTERT, which we went to further characterize
in terms of growth pattern, phenotype and gastric
properties.

Cell growth and phenotype

Corroborating its true epithelial nature, already
[23]
described by Chailler and Ménard , the parental
NCI-N87 cell line exhibited a colony growth pattern
with regions of dense clusters (Figure 2A). Complete
adherence was only achieved in hydrophilic plastic
surfaces (proper for tissue culture assays) with culture
medium supplemented with 10% (v/v) of heatinactivated FBS. In such conditions, the population
doubling time was about 48 h. When seeded at low
density, some cells appeared elongated, extending
fibres towards the neighbouring cells (Figure 2B) and,
at confluency, cells expressed E-cadherin in their cell
to cell contacts (Figure 2C).
In agreement with similar experiments with other
[34]
cell lines , over-expression of hTERT resulted in subcloned cell lines with enhanced adherence properties.
Indeed, those NCI-hTERT clones presenting higher
levels of relative telomerase activity (Figure 1),
namely CL3, CL5 and CL6, presented the ability to
grow in conditions that did not favour the attachment
of NCI-N87 cells, i.e., in hydrophobic plastic surfaces
with the culture medium supplemented with non-heatinactivated FBS. This was particularly evident in the
NCI-hTERT-CL6, for which longer periods of incubation
(30 min compared with the 5 min required for the
parental cell line) with trypsin/EDTA were required
for complete CL6 cells detachment in sub-culturing
procedures. Moreover, those NCI-hTERT-clones
exhibited higher mitotic rates compared with the
parental cell line, with the CL6 presenting the highest
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Gastric properties of the clones

PAS-staining revealed the expression of neutral mucins
by the parental NCI-N87 cell line and all the NCIhTERT clones. The intense vesicular PAS-reactivity
exhibited by some cells of the parental cell line (Figure
3A) is supportive of the presence of mucus secreting
vesicles that are formed in the endoplasmic reticulum
vicinity (arrow head at Figure 3B). Such vesicles, in a
close interaction with the microtubule network (white
arrow at Figure 3C), migrate towards the cytoplasmic
membrane and are exocytosed (black arrows at
Figure 3B), following a mucin secretion pathway
[42]
described by others . However, such phenotype
was only acquired by the NCI-hTERT clones in a more
differentiated state, upon full confluence. Indeed, subconfluent cultures of NCI-hTERT cell lines, in particular
the NCI-hTERT-CL2, CL5, CL6 and CL7, exhibited
a less intense cytoplasmatic PAS reactivity (Figure
3D-G, respectively). A similar pattern was described
[23]
by Chailler and Ménard , who have linked it with
an enhanced ability for mucin-secretion exhibited by
their non-transfected NCI-N87-derived cell lines. This
hypothesis was further supported by the continuous
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Figure 2 Microscopy analysis of NCI-N87 and NCI-hTERT-clones CL5 and CL6 cell lines. Confluent cultures (A, D, G); square in (A and B), subconfluent cultures (E
and H); E-cadherin immunodetection (C, F and I) (green; 1:1000, E-cadherin mAb plus FITC-conjugated secondary Ab). White bar: 100 μm.

observation of extracellular accumulation of PASreactive mucins in some NCI-hTERT clones, namely in
CL5 and CL6 (Figure 3H). This event was sometimes
accompanied by the appearance of more organized
cellular structures, suggesting a more differentiated
state for the cells (dashed arrow at Figure 3I).
Additionally, traces of Alcian Blue-reactive mucins
(acid mucins) were detected for both NCI-hTERTCL5 and CL6 when grown in polarization favouring
culture conditions (semi wet interphase culture for 28
d post confluency), indicated the presence of residual
amounts of acidic mucins (dotted arrows at Figure
3J and K). Despite these important data, the tested
clones were only able to generate a loose/partial
mucus layer, as determined by observation of PAS/
Alcian blue stained fixed slides (data not shown).
By immunodetection (Figure 4), we were able to
confirm the presence of MUC5AC among the secreted
and intracellular PAS-reactive mucins. Indeed, our
immunocytochemistry data on paraffin-embedded
cell lines cultured on Snapwell membranes pointed
to an equivalent number of MUC5AC-positive cells
in both NCI-hTERT-CL5 and -CL6 (about 25% and
about 20%, respectively) (Table 1). Slot-blot analysis
proved the expression of MUC5AC by NCI-hTERT-CL6
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(Figure 4A), but showed a much lower abundance
of this mucin in protein extracts of both NCI-hTERTCL5 and the parental cell lines. These discrepancies in
the abundance of MUC5AC may be explained by the
use of different anti-MUC5AC antibodies in each of
these two approaches, the 45M1 mAb (Sigma-Aldrich)
more suitable for immunocytochemistry and the 2H7
mAb (Sigma-Aldrich) more suitable for western-blot
analysis, both recognizing different epitopes. Despite
the traces of Alcian-blue-reactive mucins, we were
not able to immunodetect MUC6 with none of the
[35]
used anti-MUC6 antibodies (H5 mAb
for western[36]
blot and LUM6-3 pAb
for immunocytochemistry), in
any of the tested cell lines, i.e., NCI-hTERT-CL5, CL6
and parental cell line (Table 1). Nevertheless, MUC2
is counting for those traces of Alcian-Blue-reactive
mucins, since it was detected in about 2% of the cells
of both clones 5 and 6. Regarding the membranebound mucins, we observed by immunocytochemistry
analysis that about 2% of the cells of both clones were
positive for MUC13 expression and that about 90%
and about 60% of the cells of NCI-hTERT-clones 5
and 6, respectively, were positive for MUC1 (an acidic
mucin counting for the membrane/intracellular PASreactive mucins) (Table 1). This is a quite interesting
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Figure 3 Cell staining analysis for mucins detection on the NCI-N87 parental cell line (A-C) and NCI-hTERT-CL2 (D), CL5 (E, H, I and J), CL6 (F and K) and
-CL7 (G). For neutral mucins detection (stained in pink): PAS-staining (A, D-I); and PAS/haematoxylin staining (B). For acidic mucins detection (J and K) PAS/Alcian
blue staining (Alcian positive/PAS negative mucins stained in blue; PAS/Alcian positive mucins stained in purple). α-Tubulin immunodetection (C; green) (1:1000
α-Tubulin mAb plus FITC-conjugated secondary Ab). Black arrow, mucus secreting vesicles that are formed in the endoplasmic reticulum vicinity. Arrow heads, mucus
secreting vesicles migrating towards the cytoplasmic membrane and being exocytosed. White arrow, mucus secreting vesicles in close interaction with the microtule
network. Dashed arrow suggestive of a more differentiated state for the cells. Dotted arrows, acidic mucins staining.
x

CL

6

and Lewis x (Le ) antigens that were not detected in
a
y
CL6 cells. Moreover, Lewis a (Le ) and Lewis y (Le )
antigens were found in a smaller percentage of NCIhTERT-CL6 (21 to 70%) than CL5 (100%) cells. Both
cell lines exhibited BG-A (blood group A) antigens.
Further analysis on the glycan status of these mucins
led us to conclude that, if present at all, both cell lines
display undetectable levels of BG-B (blood group B),
b
a
x
Le , Sialyl-Le and Sialyl-Le (Table 2).
[23]
Chailler and Ménard
described the less intense
cytoplasmatic PAS-reactivity, similar to that observed
in the NCI-hTERT clones (Figure 3), as being typical
of the cells with mixed phenotype, i.e., able of
simultaneous production of mucins and zymogens.
Further corroborating this assumption, the majority of
the NCI-hTERT clones exhibited a homogenous positive
PAS/haematoxylin staining (in Figure 5 it is exemplified
with NCI-hTERT-CL6), suggesting the presence
of basic molecules, such as zymogens, in the cell
cytoplasm, in addition to neutral mucins (PAS-reactive
mucins). Such PAS/haematoxylin positive pattern was
observed in all subconfluent and postconfluent NCIhTERT transfected cells, in contrast to the parental
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NC
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52 kDa
42 kDa

6
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-N
87
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I

6
CL
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NCI-hTERT

CL

NC
I

B

-N
87
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52 kDa
42 kDa
Pg5
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Figure 4 Evaluation of the expression of epithelial gastric markers by the
parental NCI-N87 and NCI-hTERT-clones 5 and 6 cell lines. A: Slot-blot of
100 µg of total protein extracts for detection of mucin 5AC (MUC5AC) with the
anti-MUC5AC mAb (1:1000 diluted); B: Western blot of 100 µg of total protein
extracts separated in a 12.5% (v/v) SDS-PAGE, with the anti-Pg5 mAb (1:800
diluted) and the anti-HGL pAb (1:800 diluted).

result because of the importance of MUC1 for the
[43]
interaction with H. pylori . These two cell lines differ
in their glycan content (Table 2); the NCI-hTERT-CL5
cells were all positive for blood group H type 2 (BG-H)
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NCI-hTERT-CL6

NCI-N87

50 mm

10 mm

Figure 5 PAS/haematoxylin cell staining analysis for simultaneous detection of mucins (stained in pink) and zymogens (stained in blue) on the NCI-N87
parental cell and the NCI-hTERT-CL6. The duple PAS/haematoxylin reactivity was observed in only some cell subpopulations of the parental cell line (black arrows)
and, in contrast, in all cells of the NCI-hTERT-CL6 cell line.

images showed ubiquitous apical vesicular-like
distribution of both MUC5AC and Pg5 and cytoplasmic
granular-like (dotted signal) distribution for HGL.

Table 1 Mucin expression of NCI-hTERT-clones 5 and 6 cell
lines
Percent of positive cells
Cell line
NCI-hTERT-CL5
NCI-hTERT-CL6

MUC1

MUC2

MUC5AC

MUC6

MUC13

+++
++

(+)
(+)

++
+

-

(+)
(+)

Usefulness for in vitro infection assays with H. pylori

To better recreate the natural niche of H. pylori
infection it would be important to carry out the coculture assays under microaerobic conditions to avoid
[1,21]
bacterial death
. After 48 h of incubation in this
conditions, confluent NCI-hTERT-CL6 monolayers
showed only a slight decrease (with no statistical
significance) in cell viability (Figure 7A) and maintained
their integrity (data not shown), favouring its use for
in vitro H. pylori infection assays. The measurement of
IL-8 and other secreted cytokines has been important
in assessing the cellular response of in vitro models
[40]
to H. pylori virulence factors . Therefore, to further
assess the usefulness of this hTERT-expressing gastric
cell line for H. pylori research, co-culture assays
were performed using two H. pylori strains differing
in virulence, i.e., the clinical strain 417, positive for
homB, which is a paediatric-ulcer associated biomarker,
with proinflammatory characteristics, and its homB
double mutant (strain 417DM), with both homB copies
[10]
inactivated . By measuring the IL-8 secretion by
NCI-hTERT-CL6 cells upon infection (Figure 7B), it was
possible to verify that these cells are quite sensitive
to H. pylori, presenting a response dependent on the
virulence of the strain. Indeed, 24 h of co-culture
with the strain 417 caused a about 66 fold increase

-: Negative; (+): Less than 5% stained; +: Less than 21% stained; ++:
21%-70% stained; +++: More than 71% stained; MUC: Mucin.

cell line in which this phenotype was observed only
in some cell subpopulations (black arrows in Figure
5). Such observation led us to conclude that the NCIhTERT-CL5 and CL6 derive from these NCI-N87 cell
subpopulations. With this staining procedure, it has
also become evident (Figure 5) that the cells of both
clones exhibit relative large nuclei, feature shared
[3]
by progenitor-like gastric cells (reviewed in ). In
contrast, no reactivity to eosin was observed either in
the parental cell line or in its hTERT-expressing-derived
clones (data not shown), clearly demonstrating the
absence of parietal-related cells in these cell lines.
By Western blot analysis, we were able to confirm
the expression of both HGL and Pg5 zymogens in the
parental cell line and NCI-hTERT-clones 5 and 6 (Figure
4B). Immunocytochemistry analyses (Figure 6) have
further confirmed the progenitor-like phenotype, i.e.,
simultaneous expression of mucins (MUC5AC) and
zymogens (Pg5 and HGL), of NCI-hTERT-CL6. Confocal
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Table 2 Glycan structures of NCI-hTERT-clones 5 and 6 cell lines
Glycan structures
Cell line
NCI-hTERT-CL5
NCI-hTERT-CL6

BG-A

BG-B

BG-H

Sialyl-Le

++
++

-

+++
-

-

a

Sialyl-Le

x

Le

-

x

Le

+++
-

y

+++
++

Le

a

+++
++

Le

b

-

-: Negative; +: Less than 21% stained; ++: 21%-70% stained; +++: More than 71% stained. Le: Lewis.

A

NCI-hTERT-CL6

125

MUC5AC

NCI-hTERT-CL6
viability (%)

100
75
50
25
10 mm
0
Standard atmosphere

Pg5

B

Microaerophily

40000

IL8 (pg/mL)

32000
24000
16000
8000
0

HGL

Uninfected

H. pylori strain H. pylori strain
417

Figure 7 Usefulness of the NCI-hTERT-CL6 cell line for in vitro infection
assays with Helicobacter pylori. A: Viability in percentage of the cells when
grown in a microaerobic environment (bacterial growth conditions) for 48 h
compared to those grown at standard atmosphere (taken as 100%). Bars and
respective error bars are mean ± SD of the values at each condition for twelve
observations; B: IL8 secretion by NCI-hTERT-CL6 cells upon infection with
the Helicobacter pylori (H. pylori) strain 417 (virulent strain) or the respective
double-mutant for homB gene strain (strain 417DM) (less virulent strain),
compared to uninfected cells. Bars are values obtained from one observation.

Figure 6 Gastric markers expression by the NCI-hTERT-CL 6 cell line.
Mucin 5AC (MUC5AC), Pg5 and HGL were respectively immunodetected
(green) with the anti-MUC5AC mAb (1:25), the anti-Pg5 mAb (1:25) and
the anti-HGL pAb (1:25) plus a FITC-conjugated secondary Ab. Nuclei were
counterstained with DAPI. Fluorescent signals were recorded by confocal
microscopy. Left panels, vertical sections with apical membrane on top of the
image. Right panels, horizontal section of same cell sample.

observed that these cells preserve the colony-forming
growth pattern, the expression of E-cadherin in cell to
cell contact and, only in some cell sub-populations, the
expression of PAS-reactive mucins and haematoxylinreactive zymogens. Although advantageous in closerresembling the heterogeneity of the native tissue,
the presence of several types of cells with marked
phenotypic differences among them, may hamper
the reproducibility of in vitro studies using this cellular
model. Indeed, lab maintenance of heterogenic cell
lines may lead to accidental loss of some cell subpopulations, always favouring the presence of those
with better adhesion and/or mitotic rates properties,
which may not necessarily be the ones that better

in IL-8 secretion by NCI-hTERT-CL6 cells, which was
dramatically higher than with the homB double-mutant
strain (417DM), in accordance to the pro-inflammatory
characteristics of this virulence factor.

DISCUSSION
Corroborating the findings of others, here we have
demonstrated that the NCI-N87 cell line exhibits some
[1,44]
of the features of a true gastric epithelium
. Deriving
from a well differentiated human gastric carcinoma, we
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represent the functions of that native tissue. This
may explain differences between our NCI-N87 cell
[23,41]
line and the equivalent cell line used by others
,
despite their common origin (ATCC CRL-5822).
Indeed, in contrast to the previously described
intense immunodetection of MUC6 in some cell sub[1,23]
populations of the NCI-N87 cell line
, we were not
able to immunodetect this particular mucin, either in
protein extracts or in cell slides. In addition, no ZO1-expressing cells were detected in the NCI-N87
cell line used in the present study, opposing to the
[40]
observations of Fiorentino et al
and Lemieux et
[41]
al
that described the expression of ZO-1 in the all
[23]
NCI-N87 cell contacts and of Chailler and Ménard
that reported the expression of this protein in few
NCI-N87 cell sub-populations.
[23]
As Chailler and Ménard , we were thus prompted
to generate new NCI-N87-derived cell lines exhibiting
more homogenous phenotype and, simultaneously,
the functional properties of the gastric glandular
epithelial cells. Using a completely different approach,
we succeed in isolating eight NCI-N87-derived
clones of cells by transduction of the hTERT cDNA,
which in average showed a 2.2 times increase in the
relative telomerase activity over the endogenous
level registered for the parental cell line. In normal
circumstances, telomerase is active in embryonic
cells, germ cells, and some cell sub-populations in
tissues with regenerative capacity, but repressed
(partially or fully) in somatic cells. Such somatic cells
once in culture, by loosing telomeric DNA at each
cell division, eventually enter in senescence, a nonreplicative state that can be avoided by transfection
[45]
with some viral oncogenes . Nevertheless, when
telomeres become critically short, these transformed
cells with extended replicative life span eventually
cease dividing, a second proliferative blockade named
crisis. Therefore, telomeric shortening represents the
molecular device that tallies replicative doublings and
[27]
induces senescence and then crisis . Accordingly,
spontaneous telomerase activation warrants the
ability of cancer cells to divide beyond the replicative
capacity of normal somatic cells, exhibiting unlimited
growth in culture. This is fairly known to be a frequent,
although not essential, late event in gastric cancer
[39]
progression . Naturally, its origin in a human
gastric carcinoma justifies the endogenous relative
telomerase activity registered in our parental NCI-N87
cell line. In 1998, the ectopic over-expression of
hTERT was shown to be sufficient to induce cellular
immortalization by allowing cells to proliferate beyond
[27]
crisis . This strategy has been ever since extensively
used in the establishment of novel immortalized cell
lines without inducing malignant phenotypic effect,
[28-33]
but instead preserving their native features
.
hTERT over-expression was also shown to bring
better features to the CHO-K1 cell line. Indeed, by
presenting higher amounts of hTERT than those
endogenously observed for the CHO-K1 cell line, the
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hTERT-transfected CHO-K1 cells presented an increase
in the maximum cell number in batch culture, reduced
apoptosis, prolonged culture duration and reduced
[34]
serum dependency . Corroborating these findings,
we have shown here that the NCI-hTERT-clones
presenting higher levels of relative telomerase activity
(CL3, 5 and 6) exhibited better adhesion properties,
much higher mitotic rates and much prolonged culture
maintenance compared to the parental NCI-N87 cell
line. These properties were much more pronounced
in the NCI-hTERT-CL6, the one with the highest rate
of relative telomerase activity, which we were able to
maintain in culture for up to 4 wk post-confluency.
Additionally, this clone exhibited more pronounced
lamellipodia-like structures at low cell density,
[23]
protrusions observed by Chailler and Ménard
in
their NCI-N87-derived clone HGE-17 (human gastric
epithelial-17 cell line), but only under the exogenous
growth factors treatment. The NCI-hTERT-CL6 cell line
also exhibited a more uniform honeycomb-like pattern
of expression for E-cadherin. Probably due to the lack
of ZO-1 expression, also registered for the other tested
clones and for the parental cell line, only low levels of
TEER were achieved even for prolonged cultures (21
2
d post-confluency), never exceeding 70 ohms × cm .
[23]
Better values were obtained by Chailler and Ménard
for their NCI-N87-derived clones, reaching similar
TEER values for the clone HGE-17 and higher values
2
(about 300 ohms × cm ) for the clone HGE-20, at 14
days post-confluency, both cell lines exhibiting ZO-1
expression at all cells’ periphery. Contrasting with us,
[40]
but also with these authors, Fiorentino et al
and
[41]
Lemieux et al presented independently the NCI-N87
cell line itself, as a gastric epithelial barrier model, able
to generate per si much higher TEER values (> 1000
2
[40,41]
and of about 500 ohms × cm , respectively)
.
As mentioned above, in this case, and probably
justifying these data discrepancy, the used NCI-N87
cell line exhibited generalized expression of ZO-1 at
cell contact surfaces. Future experiments will dictate
whether higher TEER values can be generated after
ectopic induction of ZO-1 in our NCI-hTERT-CL6 cell
line.
PAS-staining revealed huge differences between
the parental cell line and its hTERT-expressing derived
clones, suggestive of a more differentiated secretory
phenotype for the latter. Indeed, for NCI-hTERT-CL5
and -CL6, although presenting slightly distinctive
features between them, abundant expression of MUC1
and MUC5AC, and traces of MUC2 and MUC13 were
detected by immunohistochemistry, corroborating
[46]
previous results . In this way, we demonstrated
the ability of both NCI-hTERT-CL5 and -CL6 to
produce and secrete the gel-forming glycoprotein
MUC5AC (supported by the PAS-positive secreted
glycoconjugates and the apical accumulation of
fluorescent signal specific for MUC5AC in confocal
images), a major component of the mucus layer
covering the healthy gastric superficial epithelium. It is
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an important finding, even considering that these cells
are able to generate only a loose mucus layer (data
not shown). In addition to close resemblance of the
healthy epithelial native tissue, these cells expressed
high amounts of MUC1, the most common membranetethered mucin of the healthy gastric mucosa. In
contrast, these cell lines did not show reactivity with
the used anti-MUC6 antibodies, indicating that MUC6,
the second most abundant mucin of the mucus
layer, mainly found in the deep glands of the healthy
gastric mucosa, if present at all, occurs in very low
amounts. It is known that the normal pattern of
mucins expression changes during gastric neoplasic
transformation, resulting in a decrease of MUC5AC in
the late stages of disease and of MUC6 in intestinal
metaplasia and/or intestinal-type gastric carcinomas.
Moreover, such disease process is also accompanied by
an increase in the gastric expression of MUC2 (secreted
mucin) and MUC13 (transmembrane mucin), two
human intestinal mucins usually absent in the normal
[47]
gastric mucosa . Thus, the residual expression of
these two mucins by the NCI-hTERT-clones 5 and 6
corroborates the origin of the parental cell line in a well
differentiated-type human gastric carcinoma. Mucins
are naturally decorated with a vast number of glycans
which differ between individuals and change during
[36,48]
disease
. Indicating the isolation of different cell
sub-types, the clones NCI-hTERT-CL5 and CL6 differ
x
in their glycan content. Indeed, the BG-H and Le
antigens were only detected in NCI-hTERT-CL5 cell
line (in about 100% of the cells), which also presented
y
a
higher amounts of Le and Le compared with the NCIhTERT-CL6. Notwithstanding, both cell lines exhibited
equivalent amounts of BG-A and undetectable levels
b
of BG-B and Le . Moreover, in agreement with the
residual expression of cancer-associated mucins (MUC2
and MUC13), we were not able to detect the presence
x
a
of sialyl-Le nor sialyl-Le , glycans commonly found in
[36,48]
tumour samples
.
Entailing good gastric functions to these new cell
lines, both NCI-hTERT-clones 5 and 6 were shown to
express HGL and Pg5. Confocal microscopy showed
the accumulation of Pg5 in vesicle-like structures in
the apical region of the CL6 cells grown in polarizationfavouring conditions, suggesting the efficient secretion
of this zymogen, as described by Chailler and
[23]
Ménard
for their HGE-20 clone. Furthermore, a
dotted fluorescence spread through the cell cytoplasm
for HGL, similar to that observed for the HGE cell
[23]
lines , proved the production and suggests a not
so efficient secretion of this zymogen. Although
future experiments are needed to measure the
enzymatic activity of both Pg5 and HGL (by specific
enzymatic assays) on our new cell lines, based on the
literature we may speculate good lipase and pepsin
[1,4,23,44]
activities
. It is well known that gastric epithelial
cells and their organization into pit-glands (Figure
8) play a major role in the normal physiology of the
human stomach. These include the foveolar cells of
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the surface (MUC5AC-secreting cells) and neck (MUC6secreting cells), the acid-secreting parietal cells of the
neck, and the zymogens (HGL and Pg5)-secreting
chief cells (oxyntic glands) or the endocrine cells
(pyloric glands) of the base of those tubular structures.
Leblond et al, in the late 1940s, have shown that
the cellular renewal of the gastric glands upon tissue
injury is dependent on a group of undifferentiated
[2,3]
cells of the isthmus (reviewed in
). These cells
migrate bidirectionally up to the mucosal surface and
down to the gland base, as they differentiate into
mature cells of the gastric unit. Nowadays, it is well
established that the perpetual renewal of healthy
mucosa is dependent on the presence of isthmal stem
(with high nucleus/cytoplasm ratios, open chromatin,
small and scant organelles, many ribosomes and minigranules) and progenitor cells (still presenting relative
large nuclei). The latter include those exhibiting dual
lineage features (i.e., uncommitted progenitor cells)
and those already presenting features of only one
lineage of mature cells (i.e., committed progenitor
[2,3]
cells) (reviewed in ). One of the cell subpopulations
[23]
isolated by Chailler and Ménard
from the parental
NCI-N87 cell line, the HGE20 clone, presented a prezymogenic-like phenotype, being able of packaging
zymogens (simultaneously HGL and Pg5) into granulelike structures, just as normal gastric chief cells,
and co-synthesized MUC6 (Figure 8). Such type of
immature cells correspond to mucous cells of the
neck that further differentiate into zymogenic cells,
giving rise to mature chief cells during their downmigration into the base of the gland. Interestingly,
cells from both NCI-hTERT-clones 5 and 6 accumulate
the functions of mature surface foveolar cells and chief
cells and present large nuclei, representing a different
type of uncommitted progenitor-like cells (Figure 8).
The glandular organization of this tissue, also critical
to its role as a barrier to a range of environmental
[1,4,44]
noxious and immunogenic molecules
, is jeopardized
[5]
by H. pylori . During an established infection, the
vast majority of H. pylori cells (about 70%) are found
in the mucus layer of the superficial gastric mucosa,
either motile or adhered to the heavily glycosylated
secreted mucins. This location favours the gain of
nutrients released from the damaged host cells. In a
mucin-type dependent manner, this location is also
favourable for the bacteria replication. Indeed, as we
have recently shown, higher H. pylori proliferation rates
were observed with tumour-derived mucins and mucins
from the surface mucosa (MUC5AC) compared with
gland-derived mucins (MUC6), with the latter having
[48,49]
an antimicrobial activity
. Therefore, the lack of
MUC6 expression by NCI-hTERT-clones 5 and 6 may
somehow be advantageous for in vitro infection studies,
facilitating the proliferation of H. pylori in co-cultures.
Only a smaller fraction of bacteria (about 30%) is found
[50]
adhered to the epithelial cells’ surface , a step that
is essential for the ability of H. pylori to cause disease.
This intimate attachment prevents bacteria from being
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Figure 8 Oxyntic gastric gland unit. These are organized in four distinctive zones: the pit zone, which is lined by mucin (MUC) 5AC-secreting pit cells; the isthmus,
which houses the stem and progenitor cells; the neck zone, which contains MUC6-secreting neck cells and HCl-secreting parietal cells; and the base zone, with the
enzyme-secreting chief cells. Gastric epithelial cells turnover is ensured by differentiation bidirectional migration of progenitor cells of the isthmus to the correct place
for the emerging adult cell. The new NCI-hTERT-CL5 and CL6 cell lines present dual features of simultaneous production and secretion of MUC5AC (as pit cells) and
HGL and Pg5 zymogens (as chief cells), a progenitor-like phenotype.

eliminated from the stomach by mucus turnover and
gastric peristalsis, facilitates evasion from the human
immune system and ensures the efficient delivery of the
bacterial toxic proteins. This interaction is highly affected
by the presence of MUC1 in the apical surface of the
[43]
epithelium , highlighting once again the usefulness of
the NCI-hTERT-clones 5 and 6.
H. pylori expresses a multitude of different outer
membrane proteins that are used for bacterial adhesion
to the highly diverse glyco-epitopes on the secreted
and superficial mucins. To date, the best characterized
are the blood group antigen-binding adhesin (BabA),
b
[51]
a ligand of the host Le and H type-1 antigens , and
the sialic acid binding adhesin (SabA) which mediates
attachment to the inflammation-associated sialylated
x
a
[52]
(sialyl-Le and -Le ) antigens . According to our
b
recently presented data, the binding to Le may lead
[48]
to an increase in H. pylori proliferation . Although we
were not able to detect this type of H. pylori-binding
antigens in non-infected NCI-hTERT-clones 5 and 6,
our results point to an efficient adherence of different
H. pylori strains (data not shown). Predictably there
are other equally important ligands mediating this
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bacteria-host interaction.
[26]
Conlin et al
demonstrated that compared
with the AGS cell line, NCI-N87 cells respond to H.
pylori infection in a much closer manner to that of
primary cultures of gastric epithelial cells. However, as
[26,40]
mentioned by them and other authors
, by making
a literature review we may easily reach to the puzzling
conclusion that the former is still the most commonly
used cellular model for in vitro studies of the molecular
events involved in this host-bacterium interaction,
resulting many times in ambiguous and controversial
data. The reliability of this cellular model is, indeed,
questionable if we consider that, lacking E-cadherin
expression, AGS monolayers may eventually lose
[1,4,22,44]
their integrity after reaching confluency
.
This is a significant bias since H. pylori is known to
disrupt the cell-cell adhesion of the gastric epithelium,
[26]
namely interfering with the E-cadherin distribution .
Moreover, the synthesis of zymogens in AGS cell line
is confined to cell sub-populations always presenting
a diffused cytoplasmic distribution, an obvious
disadvantage when compared with their granular-like
distribution observed in the NCI-N87 cell line or its
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[1,4,23,44]

the human gastric epithelium, which is an important contribution in the field of
gastroenterology.

clones
. Despite all these, it is only recently that
the potential of the parental NCI-N87 cell line began to
[22,40,53]
be explored
. Moreover, although quite promising,
the NCI-N87-derived cellular models HGE-17 and
HGE-20 have been scarcely used in the study of the
H. pylori infection. We found only one reference to the
use of the latter, demonstrating the ability of H. pylori
[54]
to disrupt human gastric tight junctional claudin-4 .
Hopefully, the NCI-hTERT-clones, namely CL5
and CL6, with all the improvements here described,
may bring important input for future studies within
H. pylori field. Here, we demonstrated the usefulness
of NCI-hTERT-CL6 cell line for such studies, showing
its resistance to microaerobic conditions. Indeed, in
[1,21]
conditions that favour bacterial survival and growth
,
thus, resembling more closely the natural process of
infection, confluent monolayers of NCI-hTERT-CL6
maintained their integrity and cells’ viability for at least
48 h. Moreover, here we have also shown the strong
response of this hTERT-expressing NCI-derived clone
to H. pylori, by measuring the IL-8 secretion upon
infection with two strains varying in their virulence. As
[40,55]
in the parental cell line NCI-N87
, or perhaps in
a more efficient manner, H. pylori elicits a huge IL-8
secretion in the NCI-hTERT-CL6 cells, which we show to
be dependent on the virulence of the infecting strain.
In summary, NCI-hTERT-CL5 and -CL6 represent
new hTERT over-expressing human gastric cell lines
with very good in vitro growth properties, expression
and secretion of gastric-type zymogens (Pg5 and
HGL) and MUC5AC, as well as expression of normal
membrane-bound mucins (namely MUC1), resistance
to microaerobic conditions and good responsiveness to
H. pylori. As the parental cell line has been established
from a tumor, these subclones should also maintain
the same malignant phenotype. This is an obvious
limitation in their use for cancer related studies.

Innovations and breakthroughs

The available gastric epithelial cell lines are composed of several types of
cells with marked phenotypic differences among them, which may hamper the
reproducibility of in vitro studies using this cellular model. In order to overcome
this problem, in this study we have used an innovative approach to generate
new NCI-N87-derived cell lines exhibiting more homogenous phenotype and,
simultaneously, the functional properties of the gastric glandular epithelial cells.

Applications

This new cellular model will allow more accurate studies on the host-pathogen
interaction in H. pylori infection, since it will be a better model to perform
functional in vitro studies in order to evaluate how the bacterium damages the
human gastric epithelium.

Terminology

Cell lines are permanently established cell cultures that proliferate in laboratory
conditions given appropriate fresh medium and space. All cell lines are
developed from primary cultures
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ORIGINAL ARTICLE
Basic Study

Low G preconditioning reduces liver injury induced by high
+Gz exposure in rats
Bin Shi, Zhi-Qiang Feng, Wen-Bing Li, Hong-Yi Zhang
exposure on liver injury induced by high +Gz exposure
in rats.

Bin Shi, Zhi-Qiang Feng, Wen-Bing Li, Hong-Yi Zhang,
Department of Hepatobiliary Surgery, Chinese PLA Air Force
General Hospital, Beijing 100142, China

METHODS: Sixty male Wister rats were randomly
divided into a blank control group, a low G precon
ditioning group (LG) (exposed to +4 Gz/5 min per day
for 3 d before +10 Gz/5 min exposure), and a +10
Gz/5 min group (10G) (n = 20 in each group). Blood
specimens and liver tissue were harvested at 0 h and
6 h after +10 Gz/5 min exposure. Liver function was
analyzed by measuring serum alanine transaminase
(ALT) and aspartate aminotransferase (AST) levels, and
liver injury was further assessed by histopathological
observation. Malondialdehyde (MDA), superoxide
+
+
dismutase (SOD) and Na -K -ATPase were determined
in hepatic tissue.
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RESULTS: The group LG had lower ALT, AST, and MDA
values at 0 h after exposure than those in group 10G.
+
+
SOD values and Na -K -ATPase activity in the LG group
were higher than in group 10G 0 h post-exposure.
Hepatocyte injury was significantly less in group LG
than in group 10G on histopathological evaluation.
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CONCLUSION: It is suggested that repeated low
+Gz exposure shows a protective effect on liver injury
induced by high +Gz exposure in rats.
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Core tip: We conducted this experimental study to
explore an optimized strategy of reducing liver injury
induced by high +Gz exposure, and to observe more
specific indices of liver function, such as alanine
transaminase, aspartate aminotransferase, malon
+
+
dialdehyde, superoxide dismutase, Na -K -ATPase and
hepatic pathology. We found that low G preconditioning

Abstract
AIM: To investigate the effect of repeated lower +Gz
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+

for several enzyme activities in myocardial tissue after
[20]
high +Gz stress in rats .
The liver is the largest internal organ, and an
[21,22]
important metabolic organ
. Without timely and
effective preventive measures, the natural protective
mechanism of the liver may be overpowered by
continuous and repeated exposures to +Gz accele
ration. In experimental studies, repeated +Gz exposure
can transiently cause liver dysfunction and trigger
pathologic changes. We are interested in whether low
G preconditioning has a similar protective effect on liver
injury and dysfunction induced by high +Gz stress.
The aim of this study is to investigate the possible
protective effect of repeated low +Gz exposure on liver
injury induced by high +Gz exposure in rats.

reduced oxidative stress and significantly improved Na +
K -ATPase activity, inducing minimal liver injury.
Shi B, Feng ZQ, Li WB, Zhang HY. Low G preconditioning
reduces liver injury induced by high +Gz exposure in rats. World
J Gastroenterol 2015; 21(21): 6543-6549 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6543.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6543

INTRODUCTION
Ischemic preconditioning (IPC) refers to a phenomenon
in which the tissue can not only increase resistance
to further ischemic injury but also reduce the degree
of organ dysfunction or subsequent damage following
[1,2]
ischemia reperfusion . To some extent, ischemia
of a brief period initiates an endogenous protection
[3]
for the following sustained ischemic period . At
first, the protective effect of IPC was verified in the
[4]
heart . Although the potential mechanism is not fully
understood, the protective effect of IPC in delaying cell
[5]
[6]
[7]
[8]
injury of skeletal muscle , brain , kidney , liver
[9]
and small intestine is generally accepted. More and
more studies have demonstrated that many different
stimuli can induce preconditioned status of the liver.
[10]
Ren et al
reported that liver IPC played a beneficial
role in hepatic graft function and intestinal barrier
function, contributing to stabilization of intestinal
[11]
microbiota in liver transplantation. Currin et al found
that IPC markedly reduced hepatocellular injury after
aortic clamping and ameliorated the survival rate.
[12]
Lee et al
showed that hepatic IPC directly reduced
distant renal ischemia and reperfusion injury in animal
[13]
experiments. Figueira et al
demonstrated that
hepatic IPC could not only recover portal vein flow, but
also relieve hepatocellular injury.
During a flight, pilots may experience high
sustained +Gz acceleration that results in gravity load
and hemodynamic changes. Repeated +Gz exposure
[14]
can cause accumulative stress damage in the body ,
inducing organ dysfunction and triggering pathologic
changes. For a long time, many researchers were
interested in the problem and tried to figure out some
[15]
[16]
useful safeguard measures . Cao et al
found that
repeated low +Gz preconditioning could obviously
ameliorate memory and balance changes induced
by high +Gz exposure in rats. It was also found that
lower gravity preconditioning was able to dramatically
improve rat learning and memory impairment induced
[17]
[18]
by high gravity exposure . Li et al ’s study showed
that brain injury induced by high +Gz exposure could
be remarkably alleviated by low +Gz exposures in rats.
It was also found that the left ventricular contractility
and secretions of vascular endotheliocytes in the heart
of rats following high +Gz exposure were significantly
[19]
improved by low G preconditioning . Moreover, it was
discovered that low G preconditioning was protective
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MATERIALS AND METHODS
Experimental animals

Sixty male Wister rats (provided by the Experimental
Animal Center of the Academy of Military Medical
Science, Beijing, China), weighing between 250 and
300 g, were randomly divided into three groups：
blank control group (group BC, n = 20), low G
preconditioning group (group LG, n = 20) (exposed
to +4 Gz/5 min per day for 3 d before +10 Gz/5
min exposure) and +10 Gz/5 min group (group
10G, n = 20). All rats were housed under standard
experimental conditions: 12:12-h light-dark cycle,
humidity 70%-80%, and room temperature 23-26 ℃.
Standard laboratory chow and water were provided
and rats were allowed to acclimatize for 7 d. The rats
were fasting but had access to water for 12 h before
the experiment to reduce experimental errors. All
experiments were conducted between 8:00 am and
12:00 am. The experimental schemes were approved
by the Animal Care and Use Committee of China PLA
Air Force General Hospital and carried out according to
the Guide for the Care and Use of Laboratory Animals.

Exposure of animals to acceleration and specimen
collection

The animal centrifuge had an arm length of 2 m and
was provided by the Air Force Aeromedicine Institute
(Beijing, China), with an onset rate of 0.1-6 Gz/s, and
acceleration range of 1-15 G. Each rat was placed
inside a 15 cm × 5 cm × 3 cm cylindrical plastic restraint
device which was mounted in the centrifuge arm with
the head of the rat facing the axis of the centrifuge
for +Gz orientation. In the +10 Gz/5min group, the
rats were exposed to +10 Gz lasting for 5 min as
[23]
reported elsewhere . For the low G preconditioning
group, the rats were exposed to +4 Gz/5 min every
day for 3 d before +10 Gz/5 min exposure. The
onset/offset rate of +Gz was set at +1 G/s. The rats
in the blank control group were mounted on the arms
of centrifuge, but were free from acceleration. After
exposure to acceleration for 0 h and 6 h, general
anesthesia, routine disinfection, and laparotomy were
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Figure 1 Comparison of rat serum alanine aminotransferase and aspartate aminotransferase levels at 0 and 6 h after +Gz exposures in the blank
control group, low G preconditioning group and +10 Gz/5 min group. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in group low G
preconditioning (LG) or group +10 Gz/5 min (10G) were higher than those in blank control group (P < 0.05 BC vs 10G) at 0 h after exposure, respectively. The rats in
LG group showed lower ALT and AST levels than those in 10G group at 0 h after exposure (P < 0.05, LG vs 10G). BC: Blank control.

Histopathological analysis

performed for specimen collection. A blood sample of
about 2 mL was drawn from the inferior vena cava to
measure serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). Liver tissue was
quickly removed and weighed. One part of the tissue
was fixed in 4% formaldehyde for the histopathological
examination, and the other part was immediately
frozen in liquid nitrogen and stored under -80 ℃ for
determination of malondialdehyde (MDA), superoxide
+
+
dismutase (SOD) and Na -K -ATPase.

After being fixed in 4% formaldehyde solution, the
tissue samples were embedded in paraffin, cut into
5-μm-thick sections, and stained with hematoxylineosin (HE). The histological changes after repeated
[25]
+Gz exposure were graded using Suzuki’s criteria .
There were three features to assess the morphometric
parameters: sinusoidal congestion, hepatocyte
necrosis, and ballooning degeneration, graded from
0 to 4. A specific grading method was introduced:
0, none; 1, minimal congestion and ballooning
degeneration as well as single cell necrosis; 2, minor
congestion and ballooning degeneration as well as
< 30% lobular necrosis; 3, moderate congestion
and ballooning degeneration as well as 30%-60%
lobular necrosis; 4, severe congestion and ballooning
degeneration as well as > 60% lobular necrosis. The
pathological changes were observed under microscope
by an experienced blinded histologist.

Blood sampling and analysis

Blood samples were obtained and separated by
centrifugation (1500 rpm, 20 min). Activity changes
of serum ALT and AST were measured using a
serum analyzer (Cobas-Mira Plus; Roche Manheim,
Germany).

Determination of oxidative stress markers

MDA level and SOD activity were measured spectro
photometrically using the corresponding kits (Nanjing
Jiancheng Biotechnology Institute, Nanjing, China),
respectively. Liver specimens were homogenized
and treated in accordance with the manufacturer’s
recommendations. The results were expressed as
nmol/mg protein for MDA, and U/mg protein for SOD.

Statistical analysis

The data was expressed as the mean ± SD. The
unpaired t-test was used to compare low G precon
ditioning group and +10 Gz/5 min group. SPSS 13.0
software (SPSS, Chicago, IL, United States) was
involved for data analysis, and P < 0.05 indicated
significant difference.

Measurement of Na+-K+-ATPase activity levels
+

+

Na -K -ATPase activity in liver specimens was
measured using an ATPase Assay Kit (Nanjing
Jiancheng Biotechnology Institute, Nanjing, China)
+
+
according to the manufacture’s protocol. Na -K ATPase activity was measured based upon the principle
of inorganic phosphate measurement that was
[24]
decomposed by adenosine triphosphate . Changes
of enzymatic activity indirectly indicated membrane
+
+
damage or not. Na -K -ATPase activity was expressed
as μmolPi/mg protein/h.
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RESULTS
Low G preconditioning reduced hepatocellular damage

Plasma ALT and AST levels were measured to assess
liver damage at 0 and 6 h after exposure. ALT and
AST values in the BC group were 46.7 ± 4.6 IU/L and
110.6 ± 7.4 IU/L, respectively. In group LG or group
10G, ALT and AST levels were higher than those in BC
group (P < 0.05) at 0 h after exposure, respectively.
However, the rats in LG group showed lower ALT
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Figure 2 Pathological changes in the liver tissue at 0 and 6 h after +Gz exposures in the blank control group, low G preconditioning group and +10 Gz/5
min group. No significant injury was found in blank control group (A: Suzuki’s score = 2.12 ± 0.13). At 0 h after exposure, there was disorderly hepatic sinus cord-like
structure associated with hepatocyte edema in +10 Gz/5min (10G) group (B: Suzuki’s score = 3.23 ± 0.37). In sharp contrast, there was regular liver lobule structure
in low G preconditioning (LG) group (C: Suzuki’s score = 2.28 ± 0.16). At 6 h after exposure, hepatocyte edema became lighter, and liver lobule structure had orderly
arrangement in 10G group (E: Suzuki’s score = 2.53 ± 0.25; P < 0.01). There was no significant difference between 0 and 6 h after exposure in LG group (C and D:
Suzuki’s score = 2.28 ± 0.16 vs 2.31 ± 0.14, P < 0.01). BC: Blank control.

structure in the LG group (Figure 2C; Suzuki’s score
= 2.28 ± 0.16). At 6 h after exposure, hepatocyte
edema became lighter, and liver lobule structure was
arranged in a more orderly manner in the 10GS group
(Figure 2E; Suzuki’s score = 2.53 ± 0.25; P < 0.01).
There was no significant difference between 0 and 6
h after exposure in the LG group (Figure 2B and D;
Suzuki’s score = 2.28 ± 0.16 vs 2.31 ± 0.14; P < 0.01).

and AST levels than those in 10G group at 0 h after
exposure (P < 0.05). Group LG displayed normal ALT
and AST levels at 6 h after exposure (Figure 1). These
results demonstrate that low G preconditioning had a
protective effect on liver function in rats after high G
stress.
To analyze the extent of hepatocyte injury induced
by high +Gz acceleration, liver sections were stained
with HE at 0 and 6 h after exposure (Figure 2). No
significant injury was found in the blank control group
(Figure 2A; Suzuki’s score = 2.12 ± 0.13). At 0 h after
exposure, there was a disorderly hepatic sinus cordlike structure associated with hepatocyte edema in
the 10GS group (Figure 2B; Suzuki’s score = 3.23 ±
0.37). In sharp contrast, there was regular liver lobule
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Low G preconditioning protected hepatocytes from
damage of oxidative stress

To assess oxidative stress effect on hepatocytes
induced by +Gz exposure, MDA and SOD were
measured at 0 and 6 h after exposure. The MDA level
in the BC group was 1.14 ± 0.25 nmol/mgprot. At 0
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Figure 3 Comparison of the liver tissue malondialdehyde levels (A), the liver tissue superoxide dismutase levels (B) and the rat liver Na+-K+-ATPase
activity (C) at 0 and 6 h after +Gz exposures in the blank control group, low G preconditioning group and +10 Gz/5min group. A: Malondialdehyde (MDA)
level in liver tissue of group low G preconditioning (LG) or group +10 Gz/5 min (10G) was higher than that of blank control group at 0 h after exposure (P < 0.05, BC vs
10G). MDA level in liver tissue in LG group was lower than that in 10G group at 0 h after exposure (P < 0.05, LG vs 10G); B: Compared with blank control group, liver
tissue superoxide dismutase (SOD) level in LG or 10G group reduced significantly at 0 h after exposure (P < 0.05, vs BC). Compared to 10G group, SOD level was
higher in LG group at 0 h after exposure (P < 0.05, LG vs 10G); C: The Na+-K+-ATPase activity in LG group was higher than that in 10G group at 0 h after exposure (P
< 0.05, LG vs 10G). BC: Blank control.
+

h after exposure, levels of MDA activity in the LG and
10G groups were 1.56 ± 0.05, 1.99 ± 0.14 nmol/
mgprot, respectively, which were higher than that of
the blank control group (P < 0.05). However, MDA
level in liver tissue in the LG group was lower than
that in the 10G group at 0 h after exposure. There was
no significant difference between MDA level in liver
tissue of LG and 10G groups at 6 h after exposure (P
> 0.05, Figure 3A). Compared with the blank control
group, liver tissue SOD level in the LG or 10G groups
reduced significantly at 0 h after exposure (255.5 ±
8.15 U/mgprot vs 207.28 ± 8.36 U/mgprot, P < 0.05).
Compared to the 10G group, SOD level was higher
in the LG group at 0 h after exposure (P < 0.05).
There was no significant difference between LG and
10G groups at 6 h after exposure (P > 0.05; Figure
3B). Therefore, low G preconditioning could reduce
oxidative stress injury induced by high +Gz exposure
in rats.

DISCUSSION
With the progress of aviation science and technology,
maneuverability of the fighter plane has been
improved to a large extent. Modern aircrafts are
capable of generating positive acceleration of +9 Gz
range and +6 Gz/s rapid onset rate which is sustained
for 15-45 s, which may exceed the human body’s
[26,27]
physical capabilities
. More attention should be paid
to pilots’ health and flight safety.
In clinical practice, IPC is a surgical tactic to
increase tissue tolerance and reduce ischemia[4,28]
reperfusion injury (I/R)
. Several studies support
[29,30]
the safety and efficacy of IPC against liver IR
.
During flight, direct action and stress response caused
by repeated +Gz exposure may cause liver I/R
injury. Several anti-G measures have been adopted

Low G preconditioning improved hepatic energy
metabolism
+

+

The Na -K -ATPase activity in the liver tissue of the LG
and 10G groups was decreased compared to that of

WJG|www.wjgnet.com

+

the blank control group. The Na -K -ATPase activity in
the LG group was higher than that in the 10G group
at 0 h after exposure (0.742 ± 0.023 μmolPi/mgprot
vs 0.666 ± 0.016 μmolPi/mgprot, P < 0.05). The diffe
rence between group LG and group 10G at 6 h after
exposure was not significant (P > 0.05; Figure 3C).
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Research frontiers

to reduce organism damage and build G tolerance,
[31]
such as anti-G suit , anti-G straining maneuvers and
[32]
[33]
positive pressure breathing , tilt-back seat , and
[34]
comprehensive protection measures . It is worth
mentioning that centrifuge training is an important
[35]
way of improving the strength and stamina of pilots .
Low G training might be a better way to help build
endurance. In the field of gravitation physiology, other
studies have shown that low G training could increase
reserves of circulatory system and elevate the G
[36]
tolerance of pilots . In the preliminary experiments,
it has been demonstrated that long-term exposure to
the +4 G environment shows no harmful effects on
liver morphology, which is the basis of selecting +4 G
as the preconditioning condition in this study (data is
not shown). The liver is a vital organ in the body. Liver
injury after high +Gz exposure may be life threatening.
Hence, we carried out the study to ascertain whether
low G training could reduce liver injury induced by high
+Gz exposure.
Both ALT and AST are markers of hepatic damage
after +Gz exposure. Our results indicated that the
rats in the LG group had lower serum ALT and AST
level than those in the 10G group. Thereby, low Gz
preconditioning was able to reduce liver injury induced
by high +Gz exposure.
MDA is used widely as a sensitive marker of
[37]
oxidative stress . In our study, hepatic MDA in the
LG group was lower compared to the 10G group.
Furthermore, SOD activity was significantly decreased
after +10 Gz/5 min exposure, indicating that liver
tissue was vulnerable to oxidative damage. Our results
showed that low G preconditioning may reduce the
oxidative stress caused by high +Gz exposure and
attenuate subsequent tissue damage.
+
+
Na -K -ATPase activity decreased significantly in
liver tissue after +Gz exposures compared to the blank
+
+
control group. Nevertheless, Na -K -ATPase activity in
the LG group was significantly higher than that in the
10G group at 0 h after exposure, further supporting
that low G preconditioning improved hepatic energy
metabolism. Morphologically, our study of rat liver in
the +Gz exposure model demonstrated that low +Gz
preconditioning could reduce hepatocyte injury.
In summary, low G preconditioning is protective for
liver injury induced by high +Gz exposure in rats, and
the precise mechanism includes decrease of oxidative
stress, preservation of hepatic energy metabolism and
improvement of cellular morphology.

Flight safety and the protective effect of low G preconditioning are the key
research frontiers.

Innovations and breakthroughs

The authors established animal models to study the possible protective
effect of lower +Gz exposures. The experimental results showed that low G
preconditioning could decrease liver enzymes and malondialdehyde levels and
improve superoxide dismutase and Na+-K+-ATPase activity.

Applications

Low G preconditioning shows a protective effect on liver injury induced by high
+Gz exposure in rats.

Terminology

A low G preconditioning group was exposed to +4 Gz/5 min per day for 3 d
before +10 Gz/5 min exposure.

Peer-review

This study result may provide an important method to combat liver injury
induced by high +Gz exposure.
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Abstract
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AIM: To investigate alternative splicing in vascular
endothelial growth factor A (VEGFA ), amyloid beta
precursor protein (APP ), and Numb homolog (NUMB ) in
colorectal cancer (CRC).
METHODS: Real-time quantitative reverse transcrip
tase polymerase chain reaction (qRT-PCR) and PCRrestriction fragment length polymorphism analyses
were performed to detect the expression of VEGFA ,
APP , and NUMB mRNA in 20 CRC tissues and matched
adjacent normal tissues, as well as their alternative
splicing variants.
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RESULTS: qRT-PCR analysis revealed that the
expression of APP , NUMB , and VEGFA 165b mRNA
were significantly downregulated, while VEGFA mRNA
was upregulated, in CRC tissues (all P < 0.05). PCRrestriction fragment length polymorphism analysis
revealed that the expression of VEGFA 165a/b in
CRC tissues was significantly higher than in adjacent
normal tissues (P < 0.05). Compared with adjacent
S
normal tissues, the expression of NUMB -PRR in CRC
tissues was significantly decreased (P < 0.05), and the
L
expression of NUMB -PRR was increased (P < 0.05).
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CONCLUSION: Alternative splicing of VEGFA , APP ,
and NUMB may regulate the development of CRC, and
represent new targets for its diagnosis, prognosis, and
treatment.
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[6-14]

frontotemporal lobar degeneration
.
[15]
Due to its roles in promoting proliferation ,
[16]
increasing microvascular permeability , and inducing
neovascularization, vascular endothelial growth factor
A (VEGFA) is always associated with cancers, and is
involved in tumor vascularity, metastasis development,
and recurrence. Similarly, the expression of amyloid
beta precursor protein (APP) is correlated with cell
adhesion, motility, and proliferation. In addition,
Numb (Drosophila melanogaster) homolog (NUMB)
is a membrane-associated protein that plays critical
roles in asymmetric cell division and is regarded as a
determinant of cell fate. Previous studies have used
AS microarray proﬁling and reverse transcriptase (RT)PCR assays to detect enormously proﬁled alternative
exons and demonstrated the relationship between
the AS of VEGFA, APP, and NUMB genes and cancer,
[10]
especially lung, breast, and colon tumors . However,
the definite mechanisms of AS underlying these genes
have not been fully elucidated.
Colorectal cancer (CRC) is the third most common
cancer and the third leading cause of cancer death in
[17]
men and women . Due to the improvement in living
standards and changes in diet structure, CRC morbidity
and mortality rates have increased rapidly year by
year. Although the exact etiology and mechanism
of CRC is unclear, high-risk factors, such as a higher
intake of meat, fat, calcium, and vitamin D and lower
intake of fiber, fruit, and vegetables, are associated
[18]
with CRC . Early stage CRC almost always has no
symptoms and is difficult to diagnose accurately. When
symptoms and metastasis appear, treatment becomes
more difficult, and a complete cure may be impossible.
Thus, improved efficiency in early diagnosis and
treatment is crucial.
In this study, we performed quantitative reverse
transcriptase polymerase chain reaction (qRT-PCR) and
PCR-restriction fragment length polymorphism (RFLP)
analyses to determine AS changes in matched normal
and tumor tissues from CRC patients. Our results
reveal that AS of VEGFA, APP, and NUMB were closely
related to CRC. These ﬁndings provide evidence that
AS may contribute to the development of CRC and
these markers may have potential clinical value.

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

Core tip: This study was undertaken to investigate the
effect of alternative splicing of vascular endothelial
growth factor A (VEGFA ), amyloid beta precursor
protein (APP ), and Numb homolog (NUMB ) genes
in colorectal cancer (CRC). We demonstrated that
these genes and their alternative splice variants were
different in CRC tissues and matched adjacent normal
tissues using quantitative reverse transcriptase PCR
and PCR-restriction fragment length polymorphism
analyses. We conclude that alternative splicing of
VEGFA , APP , and NUMB may be associated with the
diagnosis, prognosis, and treatment of CRC. This study
may help in understanding the relationship between
alternative splicing and CRC.
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INTRODUCTION
Alternative splicing (AS), through which different
mRNA variants are produced from the splicing of a
[1]
single gene , is a pivotal step in the generation of
proteomic and functional diversity. At least 95% of
human genes are predicted to generate alternatively
[2,3]
spliced transcripts
. AS is performed by the
spliceosome, which is composed of four small nuclear
ribonucleoproteins (snRNPs; U1, U2, U4/U6, and
U5) and a number of non-snRNP auxiliary proteins.
There are several basic patterns of AS: exon skipping
(cassette alternative exon), intron retention, mutually
exclusive, alternative 5′SS, alternative 3′SS, alternative
initiation sites, and alternative polyadenylation
sites. AS is regulated by the interaction between
cisregulatory sequences and transacting factors. Cis
regulatory sequences include exonic and intronic
splicing enhancers, as well as exonic and intronic
splicing silencers. Trans-acting factors function by
binding to splicing enhancers and silencers and
include members of Ser/Argrich and heterogeneous
nuclear (hn) RNP protein families. Ser/Argrich protein
families are generally considered positive regulators
[4]
of AS, but not all of them . Similarly, not all hnRNP
[5]
protein family members are negative regulators .
Previous research has demonstrated that AS and
the RNA binding proteins and other factors which
regulate this process are often disordered in human
diseases, including cancers, spinal muscular atrophy,
tauopathies, Hutchinson-Gilford progeria syndrome,
hypercholesterolemia, familial dysautonomia, and
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MATERIALS AND METHODS
Patient samples

Matched pairs of primary tumor and adjacent normal
tissue samples were obtained from 40 patients with
CRC who underwent resection at the Department of
Surgery, Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital from 2012 through 2014. Six cases
had synchronous hepatic metastases; the primary
tumor and hepatic tumors were simultaneously
resected during surgery. Postoperative pathology
confirmed that all CRC and hepatic metastases
samples were tubular adenocarcinoma. The pathologic
stages, depth, histology, and lymphatic invasion of
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of reverse transcriptase at 98 ℃ for 5 min. The PCR
reaction included 7.2 µL RNase-free H2O, 10 µL 2×
Taq Master Mix, 0.4 µL forward primer, 0.4 µL reverse
primer, and 2 µL cDNA. The 5′ ends of the forward
primers (Generay Biotech Co., Ltd.) were labeled with
the fluorescent molecule, 6-carboxyfluorescein, listed
in Table 3. The annealing temperatures of APP, NUMB,
and VEGFA were 55 ℃, 57 ℃, and 58 ℃, respectively.
Denaturation and extension temperatures were set at
94 ℃ for 90 s and 72 ℃ for 60 s, respectively, for 38
cycles according to routine procedures. Amplified PCR
products were verified by electrophoresis using a 1.5%
agarose gel and detected by capillary electrophoresis
(ABI3730XL sequencer, Applied Biosystems of Thermo
Fisher Scientific, Waltham, MA, United States). The
fragment peak size, area, and height were determined
by GeneMapper (Applied Biosystems).

Table 1 Patient characteristics
Characteristics
Sex
Male
Female
Primary tumor location
Ascending colon
Transverse colon
Sigmoid colon
Rectum
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
T factor
T1
T2
T3
T4
Lymphatic invasion
N0
N1
N2
Distant metastasis
M0
M1

n (%)
21 (52.5)
19 (47.5)
5 (12.5)
7 (17.5)
15 (37.5)
13 (32.5)
7 (17.5)
14 (35.0)
13 (32.5)
6 (15.0)
3 (7.5)
7 (17.5)
11 (27.5)
19 (47.5)

Statistical analysis

19 (47.5)
9 (22.5)
12 (30.0)

Real-time qRT-PCR assays were performed in triplicate.
Data are presented as the mean ± SE for three or
more independent experiments. The differences in
APP, NUMB, and VEGFA mRNA levels and their AS
variants, between tumor and adjacent normal tissue
were compared using a paired t test. Differences in
mRNA expression levels in tissues inside and outside
the serosal layer, tissues with and without lymph node
metastasis, tissues in Tumor-node-metastasis (TNM)
stages were compared by monofactor ANOVA analysis
(GraphPad version 5.01, GraphPad Software, Inc., La
Jolla, CA, United States). P < 0.05 was considered
statistically significant. The statistical methods of this
study were reviewed by Yi-Jun Zhao, Hua-Zhong
Han, Chen-Zhang Shi, Qing-Chao Zhu, and Jun Yang
from Department of Surgery, Sixth People’s Hospital
affiliated to Shanghai Jiao Tong University.

34 (85.0)
6 (15.0)

TNM: Tumor-node-metastasis.

the primary tumors are shown in Table 1. None of the
patients had received preoperative radiotherapy or
chemotherapy. All tissue samples were ﬂash frozen
within 30 min of surgical removal and stored at -80 ℃
until further use.

RNA extraction and qRT-PCR

We performed qRT-PCR to estimate the expression
of VEGFA, APP, NUMB, and VEGFA165b. The
mucosal scrapes (30 mg) were homogenized for
RNA extraction. RNA was extracted using a total RNA
extraction kit (SLNCO, China), followed by RT using a
qPCR-RT kit (Toyobo Co., Ltd., Osaka, Japan). cDNA
was then evaluated by qRT-PCR using Real-Time
PCR Master Mix (Toyobo Co., Ltd.) in a FTC-3000
PCR Cycler (Funglyn Biotech, Inc., Scarborough, ON,
Canada) using the primers (Generay Biotech Co.,
Ltd., Shanghai, China) listed in Table 2. Denaturation,
annealing, and extension temperatures were set at
94 ℃, 61 ℃, and 72 ℃ for 30 s each, respectively, for
40 cycles according to routine procedures.

RESULTS
Different expression levels of VEGFA, APP, and NUMB
mRNA between tumor and adjacent normal tissues

Compared with controls, the relative quantitative
value of VEGFA mRNA was significantly higher in CRC
tissues (P < 0.01), and the expression of APP and
NUMB mRNAs were significantly lower (P < 0.01).
The expression of VEGFA, APP, and NUMB mRNA was
not correlated with the depth of tumor infiltration, the
presence of lymph node metastasis, or the TNM stage
(Figures 1, 2 and 3).

PCR-RFLP

Expression of VEGFA AS variants

PCR-RFLP analysis was performed to detect the
expression of VEGFA, APP, and NUMB AS variants.
RNA extracted from mucosal tissues served as a
template for amplification of these genes using the
total RNA extraction kit (SLNCO, China). The RT
reaction using the ReverTra Ace qPCR RT kit (Toyobo
Co., Ltd.) contained 8 µL H2O, 6 µL total RNA, 4 µL 5×
RT buffer, 1 µL enzyme mix, and 1 µL RT primer, and
was reacted at 42 ℃ for 18 min following inactivation
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VEGFA amplified gene fragments of 206 bp, 338 bp,
and 410 bp represent VEGFA121a/b, VEGFA165a/b,
and VEGFA206a/b, respectively. PCR-RFLP analysis
revealed that the expression of VEGFA AS variant
VEGFA165a/b in CRC tissues was significantly higher
than that in adjacent normal tissues (P < 0.05), the
expression of VEGFA AS variant VEGFA121a/b was
not significantly different between CRC tissues and
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Table 2 Primers for quantitative reverse transcription-polymerase chain reaction
Gene

Primers

Sequence (5'-3')

Products (bp)

GAPDH

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

TGAAGGTCGGAGTCAACGGA
CCTGGAAGATGGTGATGGGAT
TTGCTGCTCTACCTCCACCAT
GGTGATGTTGGACTCCTCAGTG
GGCGGAGCAGACACAGACTA
ACCTCATCACCATCCTCATCGT
GCTGGATCTGTCACTGCTTCAT
CCACATTCCTTCTCCCGCTTC
TCAGAGCGGAGAAAGCATTTGT
TCCTGGTGAGAGATCTGCAAGT

225

VEGFA
APP
NUMB
VEGFA165b

270
131
118
130

Table 3 Primers for polymerase chain reaction-restriction fragment length polymorphism
Gene

Primers

Sequence (5'-3')

Products (bp)

GAPDH

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

FAM-TGAAGGTCGGAGTCAACGGA
CCTGGAAGATGGTGATGGGAT
FAM-TGAGCTTCCTACAGCACAAC
TCGATGGTGATGGTGTGGTG
FAM-CCTACGAAGAAGCCACAGAG
GGGCATGTTCATTCTCATCC
FAM-TGCTCCGATGACCAAACCAG
CACCTCTTCTAACCATCGGTC

225

VEGFA
APP
NUMB

A

150

a

B

200

206/338/410
162/330/387
157/301

Control

50

0

Relative expression levels of
VEGFA (2-ΔΔct)

C

Relative expression levels of
VEGFA (2-ΔΔct)

100

200

Control

CRC
150

100

50

0

50

0

CRC

Control

100

D

250

Relative expression levels of
VEGFA (2-ΔΔct)

Relative expression levels of
VEGFA (2-ΔΔct)

CRC
150

200

Serosal inside

Serosal outside

Control
CRC

150
100
50
0

Tissue without LNM

Tissue with LNM

Ⅰ stage

Ⅱ stage

Ⅲ stage

Ⅳ stage

Figure 1 Expression levels of VEGFA mRNA assessed by quantitative reverse transcription-polymerase chain reaction. A: Colorectal cancer (CRC) tissues
and normal intestinal mucosa tissues; B: Tissues inside and outside the serosal layer; C: Tissues with and without lymph node metastasis (LNM); D: Tissues of tumornode-metastasis (TNM) stages. aP < 0.05 vs control.

Expression of APP AS variants

adjacent normal tissues, and the expression of VEGFA
AS variant VEGFA206a/b was only found in a few
samples (Figures 4 and 5).
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APP generated amplicons of 162 bp, 330 bp, and
387 bp represent APP770, APP751, and APP695,
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b
500
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Relative expression levels of
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0
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2000

1000

0

Tissue with LNM

Ⅰ stage

Ⅱ stage

Ⅲ stage
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Figure 2 Expression levels of APP mRNA assessed by quantitative reverse transcription-polymerase chain reaction. A: Colorectal cancer (CRC) tissues and
normal intestinal mucosa tissues; B: Tissues inside and outside the serosal layer; C: Tissues with and without lymph node metastasis (LNM); D: Tissues of tumornode-metastasis (TNM) stages. bP < 0.01 vs control.
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C
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Relative expression levels of
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Relative expression levels of
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150
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0
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Ⅱ stage
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Figure 3 Expression levels of NUMB mRNA assessed by quantitative reverse transcription-polymerase chain reaction. A: Colorectal cancer (CRC) tissues
and normal intestinal mucosa tissues; B: Tissues inside and outside the serosal layer; C: Tissues with and without lymph node metastasis (LNM); D: Tissues of tumornode-metastasis (TNM) stages. bP < 0.01 vs control.
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The products of 157 bp and 301 bp represent NUMB-PRR and NUMB-PRR . The expression of NUMB AS variant NUMB-PRR in CRC tissues was significantly lower than
L
that in normal intestinal mucosa tissues (P < 0.05), and the expression of NUMB AS variant NUMB-PRR in CRC tissues was significantly higher than that in normal

Expression of NUMB AS variants

respectively. We detected three APP AS variants named APP695, APP751 and APP770, which were not significantly different between CRC tissues and adjacent normal
tissues (Figures 4 and 5).

Figure 4 Electrophoregram of alternative splicing variants in VEGFA, APP and NUMB. CRC: Colorectal cancer.
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Figure 5 Expression levels of alternative splice variants using polymerase chain reaction-restriction fragment length polymorphism analysis. Expression
levels of A: VEGFA; B: APP; and C: NUMB alternative splice variants in colorectal cancer (CRC) tissues and normal intestinal mucosa tissues. aP < 0.05 and bP < 0.01
vs the control group.

intestinal mucosa tissues (P < 0.05) (Figures 4 and 5).

into VEGFAxxx (pro-angiogenic) and VEGFAxxxb
(anti-angiogenic), where xxx denotes the amino acid
[20]
number . AS of VEGFA exons 6 and 7 generates
isoforms including VEGFA121a/b, VEGFA165a/b, and
[21]
VEGFA206a/b. Cheung et al found that VEGFA121a/
b and VEGFA165a/b represented a proportion of the
total VEGFA in both lung and colon samples including
normal and tumor tissues, however, VEGFA206a/b
was not detected in any samples. The protein product
of VEGFA121a/b is unable to bind to heparin, whereas
VEGFA165a/b and VEGFA206a/b are heparin-binding
[22,23]
isoforms
. As previous studies demonstrated that
VEGFA121a/b, VEGFA165a/b, and VEGFA206a/b
[24,25]
are closely associated with melanoma
, lung
[26,27]
[21]
[28]
cancer
, colon cancer , breast cancer , ovarian
[29]
[30]
[31]
cancer , prostate cancer , and bladder cancer ,
our study mainly focused on the expression of these
isoforms in CRC. Based on the results of qRT-PCR and
PCR-RFLP analyses, we found significant upregulation
of VEGFA in CRC tissues, with VEGFA121a/b and
VEGFA165a/b being the predominant isoforms, and

Decreased VEGFA165b expression in CRC tissues

qRT-PCR analysis revealed that the expression of
VEGFAl65b in CRC tissues was significantly lower than
that in normal intestinal mucosa tissues (P < 0.05).
The expression of VEGFA165b was not correlated with
depth of tumor infiltration, the presence of lymph node
metastasis, or TNM stage (Figure 6).

DISCUSSION
Previous studies have confirmed that the expression
of VEGFA correlates with vascularity, metastasis, and
[19]
proliferation of CRC . The VEGFA gene consists of
eight exons separated by seven introns, including three
alternative exons (6, 7 and 8), and thus is composed
of multiple isoforms. Due to alternative selection of
the 3′ splice site in exon 8 resulting in a six amino
acid substitution (Cys-Asp-Lys-Pro-Arg-Arg to SerLeu-Thr-Arg-Lys-Asp), VEGFA isoforms are classified
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Figure 6 Expression levels of VEGFA165b assessed by quantitative reverse transcription-polymerase chain reaction. Expression levels of VEGFA165b in
A: Colorectal cancer (CRC) tissues and normal intestinal mucosa tissues; B: Tissues inside and outside the serosal layer; C: Tissues with and without lymph node
metastasis (LNM); and D: Tissues of tumor-node-metastasis (TNM) stages. bP < 0.01 vs control.

VEGFA206a/b only detected in a few samples. The
upregulation of VEGFA and VEGFA165a/b in CRC
tissues is suggestive of their role in promoting the
development of CRC. Furthermore, we determined the
expression of AS isoform VEGFA165b and found that
it was downregulated in CRC tissues using qRT-PCR.
However, the expressions of VEGFA and VEGFA165b
were not significantly associated with depth of
infiltration, lymphatic invasion, or TNM stage, which
was likely due to an insufficient number of samples.
VEGFA165b functions as a tumor suppressor of CRC.
Due to AS of exon 8, the residual two arginines of
VEGFA165b are substituted by lysine and aspartic acid,
resulting in loss of one disulfide bond and the inability
of VEGFA165b to bind the vascular endothelial growth
factor receptor 2 and neuropilin 1. The properties of
VEGFA165b generate inefficient autophosphorylation
of the receptor, and account for a series of changes in
the downstream pathway. With regard to the major
anti-angiogenic isoform, VEGFA165b was identified
in diverse normal and abnormal human tissues
[32-35]
including various tumors
. It was previously
reported that VEGFA165b is downregulated in several
human cancers, and its overexpression delayed the
[32,35-37]
growth of these cancers
. Recombinant human
VEGFA165b (rhVEGF165b) treatment in vivo has an
inhibitory effect on growth; consequently, VEGFA165b
is deemed a potential anti-cancer target. In addition,
the VEGFAxxx/VEGFAxxxb ratio affects the sensitivity
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of tumors to bevacizumab, and VEGFAxxxb can inhibit
[35]
the effect of bevacizumab by competitive binding .
Hence, bevacizumab may be a feasible treatment by
increasing the amount of VEGFAxxxb or decreasing
the amount of VEGFAxxx. In brief, the differential
expression of VEGFA isoforms, including VEGF165a
and VEGF165b in CRC, appears to be a possible
prognostic factor and potential target in the treatment
of CRC.
APP is a Type Ⅰ integral and widely expressed
membrane protein that normally functions in
[38]
neuroprotection and neurite outgrowth . As a result,
APP is considered a crucial step in the molecular
cascade of events resulting in the pathogenesis
[39]
of Alzheimer’s disease . Previous research has
demonstrated that the expression of APP is associated
with cell adhesion, motility, and proliferation. Increased
expression in prostate, pancreatic, thyroid, and oral
squamous cell cancers showed that APP promotes
[40-43]
the growth of these cancers
. In our research, the
expression of APP decreased in CRC tissues, which
indicates that APP may be involved in the regulation
of proliferation and invasion. The reduced expression
of APP leads to increased activity of tyrosine kinases,
a change in p53-associated cell apoptosis signaling
pathways, reduced cell adhesion, and increased
liquidity, which are linked to cell proliferation and
[44,45]
tumorigenesis
. The differential expression of
APP was the result of the properties of the cancers
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L

compared to CRC. However, the expression of APP was
not significantly associated with depth of infiltration,
lymphatic invasion, or TNM stage, likely due to an
insufficient number of samples. APP contains 19 exons
separated by 18 introns and encodes different isoforms
according to differential splicing of alternative exons
[46]
7, 8, and 15 . Due to the AS of exons 7 and 8, APP
can be spliced to produce isoforms such as APP695
(skipped exons 7 and 8), APP751 (skipped exon 8),
and APP770 (full-length). The 751 and 770 isoforms
contain a 56-amino acid Kunitz-type protease inhibitor
domain, whereas APP695 excludes this region. Ko et
[41]
al
demonstrated that APP770 and APP751, but not
APP695, were upregulated in oral keratinocytes and
oral squamous cell carcinoma. Our results showed that
APP695, APP751, and APP770 were not significantly
different between CRC tissues and adjacent normal
tissues, likely due to an insufficient number of samples.
Consequently, the relationship between the isoforms of
APP and CRC still need to be determined in the future.
NUMB contains an amino-terminal phospho
tyrosine-binding (PTB) domain and C-terminal prolinerich (PRR) and Eps15 homology regions. Related
research has shown that NUMB was involved in
inhibiting the development of cancer through the
suppression of epithelial-mesenchymal transition,
and Notch and Hedgehog pathways, as well as
[47-50]
activation of the p53 gene
. In our research, the
expression of NUMB in CRC tissues was significantly
lower than that in adjacent normal intestinal mucosa
tissues, which suggests that NUMB may have a role
in inhibiting the development of CRC. However, the
expression of NUMB was not significantly associated
with depth of infiltration, lymphatic invasion, or TNM
stage, due to an insufficient number of samples. Due
to the AS of exons 3 and 9, generating two splicing
variant sites in the PTB and PRR domains, NUMB gives
L
L
rise to four alternatively spliced isoforms, PTB PRR
S
L
L
S
S
S
(p72), PTB PRR (p71), PTB PRR (p66), and PTB PRR
(p65). Previous studies have provided evidence that
exon 3 is not significantly different between patient
tumor and normal samples in non-small cell lung
[10]
cancer . Thus, our research focused mainly on the
AS of exon 9, which is the distinction between NUMBL
L
L
S
L
PRR (PTB PRR and PTB PRR , exon 9-included) and
S
L
S
S
S
NUMB-PRR (PTB PRR and PTB PRR , exon 9-skipped).
L
Our results show that NUMB-PRR splice variants are
specifically expressed at elevated levels in CRC tissues.
S
In contrast, the expression of the NUMB-PRR splice
variant was reduced in CRC tissues. Combined with
the increase in NUMB expression in CRC tissues, we
S
suggest that NUMB-PRR may have a role in inhibiting
L
the development of CRC, while NUMB-PRR may have
a role in promoting the development of CRC. NUMBS
PRR appears to be more functional than NUMBL
PRR , and consequently, NUMB mRNA plays a role
in inhibiting the development of CRC. Therefore, the
PRR region encoded by exon 9 is closely correlated
with the development of CRC. The increased level of
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NUMB-PRR results in reduced levels of overall NUMB
with subsequent Notch activation. It is also possible
L
that NUMB-PRR plays a dominant role in suppressing
S[10]
the Notch inhibitory activity of NUMB-PRR
. It
has been reported that increased levels of NUMBL
PRR may promote cell proliferation, whereas NUMBS
PRR mainly has an important role in promoting cell
[51,52]
differentiation
. A study has provided evidence
that the splicing regulators, Nova and Fox2, act in a
dominant manner in the regulation of NUMB exon
[13,53]
9 AS
. However, the mechanism is unclear, and
further studies are essential.
In summary, AS in VEGFA, APP, and NUMB is
closely associated with CRC, however, most cancerassociated AS events have not been functionally
characterized on any level, and many others remain
to be detected. APP functions as a tumor suppressor
at the integral level, whereas VEGFA and NUMB play
crucial roles in the development of cancer at the
integral and individual level. The AS in VEGFA, APP,
and NUMB probably provides a possible prognostic
factor and potential therapeutic target for CRC.
Investigations of these genes at the protein level and
their mechanism of action in CRC are urgently needed.
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Abstract
AIM: To determine the protective effect of triple viable
probiotics on gastritis induced by Helicobacter pylori
(H. pylori ) and elucidate the possible mechanisms of
protection.

Ethics approval: The study was reviewed and approved by
the Tongji University School of Medicine Institutional Review
Board.
Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the Institutional
Animal Care and Use Committee of the Tongji University School
of Medicine (IACUC protocol number: TJLAC-014-012).
Conflict-of-interest: The authors declare that there is no conflict
of interests regarding the publication of this article.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at Zhangjd534@163.
com. Participants gave informed consent for data sharing. No
additional data are available.

METHODS: Colonization of BIFICO strains in the mouse
stomach was determined by counting colony-forming
units per gram of stomach tissue. After treatment
with or without BIFICO, inflammation and H. pylori
colonization in the mouse stomach were analyzed by
hematoxylin and eosin and Giemsa staining, respectively.
Cytokine levels were determined by enzyme-linked
immunosorbent assay and Milliplex. The activation of
nuclear factor (NF)-κB and MAPK signaling in human
gastric epithelial cells was evaluated by Western blot
analysis. Quantitative reverse transcription-polymerase
chain reaction was used to quantify TLR2, TLR4 and
MyD88 mRNA expression in the mouse stomach.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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RESULTS: We demonstrated that BIFICO, which
contains a mixture of Enterococcus faecalis , Bifido
bacterium longum and Lactobacillus acidophilus , was
tolerant to the mouse stomach environment and
was able to survive both the 8-h and 3-d courses of
administration. Although BIFICO treatment had no
effect on the colonization of H. pylori in the mouse
stomach, it ameliorated H. pylori -induced gastritis
by significantly inhibiting the expression of cytokines
and chemokines such as TNF-α, IL-1β, IL-10, IL-6,
G-CSF and MIP-2 (P < 0.05). These results led us to
hypothesize that BIFICO treatment would diminish
the H. pylori -induced inflammatory response in gastric
mucosal epithelial cells in vitro via the NF-κB and
MAPK signaling pathways. Indeed, we observed a
decrease in the expression of the NF-κB subunit p65
and in the phosphorylation of IκB-α, ERK and p38.
Moreover, there was a significant decrease in the
production of IL-8, TNF-α, G-CSF and GM-CSF (P <
0.05), and the increased expression of TLR2, TLR4 and
MyD88 induced by H. pylori in the stomach was also
significantly reduced following BIFICO treatment (P <
0.05).

immune responses . H. pylori infection causes chronic
gastritis, which is asymptomatic in the majority of
carriers but is considered to be a major risk factor for
the development of gastric and duodenal ulcers and
[2]
gastric malignancies . Between 10% and 15% of
individuals suffering from H. pylori-induced gastritis
develop peptic ulcer disease (PUD), and approximately
[4]
1% progress to gastric cancer (GC) . Although
successful eradication of H. pylori cures the majority of
those diagnosed with gastritis and PUD, the prevalence
of strains resistant to currently available antimicrobial
agents has increased dramatically in recent years.
Therefore, alternative treatment approaches, including
novel methods to eradicate H. pylori or to reduce H.
pylori-induced inflammation in the stomach, need to
be investigated.
The gastric mucosa is the first barrier of defense
against H. pylori infection. Direct interaction of H.
pylori with gastric epithelial cells stimulates pattern
recognition receptors (PRRs), such as toll-like receptors
(TLRs) and downstream signaling pathways. The
inflammatory cytokines released upon PRR activation
recruit the innate immune cells residing in the gastric
[3,5,6]
lamina propria under steady state conditions
. As a
result, H. pylori can induce significant inflammation of
the gastric mucosa.
The stomach is not a sterile organ and is estimated
to support a community of up to 200 bacterial
[7]
species . However, when present, H. pylori is usually
numerically dominant and readily visible in gastric
biopsy tissue sections as helical rod-shaped organisms
covering the gastric epithelium and surrounded in
mucus. In a conducive environment, the stomach
bacterial community forms hierarchies in which only
a selected group of bacteria occupy the mucosal
layer and epithelium, and non-selected bacteria are
expelled from the mucosal surface. Competition within
the bacterial community plays a pivotal role in the
prevention of pathogenic bacterial invasion. Therefore,
it is reasonable to hypothesize that supplementation
with probiotic bacterial strains could inhibit the
colonization of H. pylori and the resulting gastritis by
preventing H. pylori access to the mucosal surface.
Indeed, several probiotics including Lactobacillus
spp., Saccharomyces spp., Bifidobacterium spp., and
Bifidobacterium clausii have been studied for their
[8-13]
impact on H. pylori infection
.
BIFICO capsules, which contain a mixture of
the viable bacteria Enterococcus faecalis (EF),
Bifidobacterium longum (BL), and Lactobacillus
acidophilus (L), were approved as an over-the-counter
(OTC) drug product in October 2002 by the current
Chinese regulatory authority, the State Food and Drug
[14]
Administration (SFDA) . This product is indicated for
the treatment of disorders caused by an imbalance of
normal intestinal flora. In this study, we investigated
the effect of BIFICO capsules on an H. pylori SS1infected mouse model and demonstrated that BIFICO
treatment ameliorates H. pylori-induced gastritis by

CONCLUSION: Our results suggest that the probiotic
cocktail BIFICO can ameliorate H. pylori -induced
gastritis by inhibiting the inflammatory response in
gastric epithelial cells.
Key words: BIFICO; Gastritis; Helicobacter pylori ;
Nuclear factor-κB; Inflammation; Toll-like receptors;
Bifidobacterium longum ; MAPK
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the effects of a traditional
probiotic pharmaceutical cocktail in China, composed
of the viable bacteria Enterococcus faecalis , Bifido
bacterium longum and Lactobacillus acidophilus , on
Helicobacter pylori (H. pylori )-induced gastritis in
experimental mice and found that it could ameliorate H.
pylori -induced gastritis by inhibiting the epithelial cell
inflammatory response.
Yu HJ, Liu W, Chang Z, Shen H, He LJ, Wang SS, Liu L, Jiang
YY, Xu GT, An MM, Zhang JD. Probiotic BIFICO cocktail
ameliorates Helicobacter pylori induced gastritis. World J
Gastroenterol 2015; 21(21): 6561-6571 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6561.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6561

INTRODUCTION
Helicobacter pylori (H. pylori) is a common human
pathogen that colonizes approximately 50% of the
[1,2]
world’s population . This bacterium can persist for
decades in its preferred niche, the gastric mucosa,
despite triggering vigorous host innate and adaptive
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7

inhibiting TLR activation.

7

acidophilus, 10 CFU; Bifidobacterium longum, 10
7
CFU; Enterococcus faecalis, 10 CFU) once a day for
7 d. Animals were sacrificed at 3, 4, and 5 wk postinfection. Age-matched uninfected mice were included
as controls in all experiments.

MATERIALS AND METHODS
Animal care and use statement

The animal protocol was designed to minimize pain
or discomfort to the animals. The animals were
acclimatized to laboratory conditions (23 ℃, 12 h/12
h light/dark, 50% humidity, ad libitum access to food
and water) for two weeks prior to experimentation.
Intragastric gavage administration was carried out
with conscious animals, using straight gavage needles
appropriate for the animal size (15-17 g body weight:
22 gauge, 1 inch length, 1.25 mm ball diameter).
All animals were euthanized by barbiturate overdose
(intravenous injection, 150 mg/kg pentobarbital
sodium) for tissue collection.

Inactivation of H. pylori for host cell interaction
experiments
7

The equivalent of 2.5 × 10 cells from a culture were
washed and resuspended in 1 mL of PBS in a six-well
plate. H. pylori was exposed to four doses of 100000
2
μjoules/cm in a CL-1000 UV crosslinker (UVP, Upland,
California, United States) with agitation between each
dose to treat cells evenly.

Epithelial cell-H. pylori interaction
7

Antibodies against phospho-ERK (9101) and phosphoIκB-α (9246) were purchased from Cell Signaling
Technology. Antibodies against p65 (sc8008), PCNA
(proliferating cell nuclear antigen) (sc56), ERK (sc-154)
and IκB-α (sc-371) were obtained from Santa Cruz
Biotechnology.

The equivalent of 2.5 × 10 cells from a culture were
washed extensively to remove any traces of protein or
polysaccharide. UV-inactivated H. pylori was exposed
to confluent human gastric epithelial cells (GES-1) with
or without BIFICO coculture at an MOI of 5. The cells
were lysed after 15, 30, 45 and 60 min of stimulation
to assay for inflammatory signal activation. After 24 h
of stimulation, the cell supernatants were collected for
cytokine assays.

Mice

Western blot

Reagents

C57BL/6 female mice (6-8-wk-old) were obtained from
Shanghai Slac Laboratory Animal Co. LTD (China). All
procedures in this study were carried out in compliance
with National Institutes of Health guidelines for the
Care and Use of Laboratory Animals, and the protocol
was approved by the Animal Ethics Committee of
Tongji University (Permit Number: TJmed-012-65).
The mice were anesthetized with intraperitoneal
pentobarbital sodium and sacrificed by cervical
dislocation.

Epithelial cells were serum-starved overnight, sti
mulated, and lysed in lysis buffer containing 150
mmol/L NaCl, 50 mmol/L HEPES pH 7.4, 1 mmol/L
EDTA, 1% Nonidet P-40, and protease inhibitors to
obtain cell lysate extracts or buffer containing 10
mmol/L HEPES pH 7.9, 1.5 mmol/L MgCl2, 10 mmol/
L KCl, 0.5 mmol/L DTT, and 0.05% NP40 to obtain
nuclear extracts. The nuclear extracts were prepared in
extraction buffer (5 mmol/L HEPES, 1.5 mmol/L MgCl2,
0.2 mmol/L EDTA, 0.5 mmol/L DTT, 6% glycerol, pH
7.9). Cell lysate extracts and nuclear extracts were
subjected to SDS-PAGE and then analyzed using the
indicated antibodies.

Bacterial and cell growth

The H. pylori reference strain SS1 was used in this
study. The bacteria were grown in a microaerobic
humidified atmosphere at 37 ℃ on 10% lysed sheep
blood Columbia agar. After 48-72 h, bacteria were
harvested in PBS (pH 7.4) and re-suspended to a
8
concentration of 6 × 10 colony-forming units (CFU)/
mL using the McFarland standard kit. GES-1 cells
were cultured in DMEM supplemented with 10% FBS
(Hyclone) and 100 μg/mL penicillin/streptomycin.

Cytokine measurements

The levels of TNF-α, IL-8, GM-CSF, and G-CSF in
supernatants of H. pylori-stimulated GES-1 cells
were measured with Ready-SET-GO enzyme-linked
immunosorbent assay (ELISA) kits (eBioscience). All
samples were measured in triplicate according to the
manufacturer’s protocol.

Animal infections

Determining cytokine expression

Female C57BL/6N mice were housed at the animal
facility of Tongji University under standard conditions
in sterile cages. Mice were given drinking water
containing 0.6 g/L of penicillin/streptomycin for 8
d prior to the experiments. The mice were then
9
inoculated intragastrically with 10 CFU H. pylori every
48 h for a total of 6 times. Two weeks after infection,
the mice were administered BIFICO (Lactobacillus
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Homogenized stomach tissue extracts were analyzed
simultaneously for cytokines and chemokines using the
Milliplex MAP mouse cytokine and chemokine magnetic
bead panel (Millipore) according to the manufacturer’s
instructions. Standard curves were generated for each
cytokine and chemokine with the standards included
in each kit. The median fluorescence intensity for
each analysis was calculated with a four- or five-point
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logistic parameter curve. Cytokine and chemokine
measurements below the detection level of the assay
were calculated using a default value of 0 pg/mL for
the particular analysis.

MIP-2.

BIFICO treatment does not suppress the colonization of
H. pylori in the stomach

Because competition within the bacterial community
plays a pivotal role in the prevention of pathogenic
bacterial invasion, it is necessary to determine whether
supplementation with BIFICO strains reduces the
colonization of H. pylori in the mouse stomach. H.
pylori colonization was detected in gastric samples by
histopathologic evaluation with Giemsa staining at 3, 4
and 5 wk after the first administration. The difference
in H. pylori populations between the gastric samples
of mice in the BIFICO pretreatment group and the
control group was not significant at the indicated times
(Figure 3). These results suggest that BIFICO does
not suppress the colonization of H. pylori in the mouse
stomach.

Reverse transcription-polymerase chain reaction
analysis

Total RNA was extracted from stomach tissue with 1 mL of
TRIzol reagent according to the manufacturer’s instructions
(Invitrogen). Next, 1 μg total RNA was reversetranscribed using the ReverTra Ace qPCR RT Kit
(FSQ-101) according to the manufacturer’s instructions
(Toyobo). A LightCycler (LC480, Roche) and a SYBR
reverse transcription-polymerase chain reaction (RTPCR) kit (QPK-212, Toyobo) were used for quantitative
real-time RT-PCR analysis. Expression levels were
normalized to those obtained for the control gene
GAPDH (glyceraldehyde phosphate dehydrogenase).

H. pylori-induced NF-κ B and MAPK signaling is
suppressed by BIFICO

Statistical analysis

The statistical methods of this study were reviewed by
Zi-Sheng Ai from Tongji University School of Medicine.
At least two biological replicates were performed for all
experiments unless otherwise indicated. Differences
between groups were analyzed by Student’s t-test.
P values less than 0.05 were considered statistically
significant.

The NF-κB and MAPK pathways play a central role in H.
pylori-induced gastritis. To investigate the mechanism
underlying the inhibitory effect of BIFICO, we used
inactivated H. pylori to activate the NF-κB and MAPK
pathways. Western blot analysis showed that H. pylori
infection stimulates the NF-κB and MAPK inflammatory
cascade in GES-1 cells, resulting in a significant
increase in p65 and phosphorylation of IκB-α, ERK
and p38 (Figure 4A and B). All of these inflammatory
responses to H. pylori were inhibited by the BIFICO
strains (Figure 4A and B).
Similar results were observed in the inflammatory
cytokine analysis. ELISAs were performed to measure
IL-8, TNF-α, G-CSF and GM-CSF expression in the
supernatants of GES-1 cells treated with or without
BIFICO. Co-culture with BIFICO significantly inhibited
the up-regulation of each of these cytokines and
chemokines (Figure 4C). Taken together, these
results suggest that BIFICO diminishes the in vitro
inflammatory response stimulated by H. pylori via the
NF-κB and MAPK signaling pathways.

RESULTS
Colonization of BIFICO strains in the mouse stomach

To determine whether BIFICO strains are able to
colonize the mouse stomach, bacterial colonization
analysis was carried out. Mice were infected
7
intragastrically with 1 × 10 bacteria per mouse.
Colonization was determined by counting CFU per
gram (CFU/g) of stomach tissue. Two independent
colonization experiments were performed; the first was
an 8-h time point after a single-dose administration, and
the second was a time course colonization experiment
with CFU counts on days 6, 7, and 8 after consecutive
administration of strains for 5 d. Data shown in Figure 1
suggest that BIFICO strains are tolerant to the stomach
environment and are able to survive both the 8-h and
3-d courses of administration.

H. pylori-induced increases in TLR2, TLR4 and MyD88
expression in the mouse stomach are suppressed by
BIFICO

BIFICO ameliorates H. pylori-induced gastritis in mice

Because both commensal and pathogenic bacteria are
recognized by a number of PRRs, we next investigated
the PRRs involved in BIFICO-mediated suppression
of inflammation. Quantitative RT-PCR analyses were
carried out to measure the mRNA levels of TLR2
(Figure 5A), TLR4 (Figure 5B) and MyD88 (Figure 5C).
The H. pylori-induced increases in the mRNA levels of
TLR2 (Figure 5A), TLR4 (Figure 5B) and MyD88 were
inhibited by BIFICO, suggesting that the TLR/MyD88
pathway is involved in the BIFICO-mediated downregulation of the H. pylori-induced immune response
in gastric mucosal epithelial cells.

Gastric mucosa samples from control and BIFICOtreated mice were analyzed. For hematoxylin and
eosin (HE) staining, inflammatory cell evasion was
detected throughout the observation period. However,
a significant decrease in mouse gastric mucosal
inflammation was observed in the BIFICO-treated
group at all time points (Figure 2A).
Analysis of cytokines and chemokines relevant to
gastritis showed that BIFICO treatment significantly
inhibited the H. pylori infection-induced up-regulation
and secretion of TNF-α, IL-1β, IL-10, IL-6, G-CSF and
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Figure 1 Colonization of BIFICO strain in mouse stomach. A: Stomach loads of Lactobacilli acidophilus (L), Bifidobacteria longum (BL) and Enterococci faecali (EF)
at the indicated times after mice were administrated with a single dose of BIFICO (L, 107 CFU; BL, 107 CFU; EF, 107 CFU); B: Stomach loads of L, BL and EF at the
indicated times after mice were administrated with BIFICO (L, 107 CFU; BL, 107 CFU; EF, 107 CFU) once a day for 5 d.

and Lactobacillus acidophilus, were approved as
a prescription drug by the Ministry of Health of
China in April 1995 and were then approved as an
OTC drug product in October 2002 by the current
Chinese regulatory authority, the SFDA. This product
is indicated for the treatment of acute and chronic
diarrhea caused by an imbalance of normal intestinal
flora, mild to moderate diarrhea, indigestion and
abdominal distention. More than 700 million BIFICO
capsules have been consumed by over 8000000
Chinese patients since 1995. These patients ranged
in age from 1 mo to 75 years and received BIFICO
capsules for the treatment of a range of clinical
disorders including diarrhea, irritable bowel syndrome
(IBS), ulcerative colitis (UC), newborn jaundice and
others.
Because competition in the bacterial community
plays a pivotal role in the prevention of H. pylori
invasion, it is believed that supplementation with

DISCUSSION
In this study, we demonstrated that the probiotic BIFICO
cocktail could ameliorate H. pylori-induced gastritis.
Specifically, colonization with probiotic strains of BIFICO
attenuated histopathological changes and gastritis in H.
pylori SS1-infected mice. BIFICO treatment resulted in
reduced levels of cytokines and chemokines relevant to
gastritis, such as TNF-α, IL-1β, IL-10, IL-6, G-CSF and
MIP-2. However, BIFICO did not suppress colonization
of H. pylori in the stomach. BIFICO suppressed the
inflammatory response stimulated by H. pylori in
vitro via the NF-κB and MAPK signaling pathways. In
addition, our results show that the TLR/MyD88 pathway
is involved in BIFICO-mediated down-regulation of the
H. pylori-induced immune response in gastric mucosal
epithelial cells.
BIFICO capsules, which are composed of viable
Enterococcus faecalis, Bifidobacterium longum
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Figure 2 BIFICO ameliorates Helicobacter pylori induced gastritis in mice. A: Stomach histopathology of mice with Helicobacter pylori (H. pylori) infection was
analyzed with hematoxylinand eosin (HE) staining at the indicated times after treatment with BIFICO; B: Production of cytokines and chemokines including TNF-a, IL1β, IL-10, IL-6, G-CSF and MIP-2 in mouse stomach stimulated with H. pylori. The levels of cytokines and chemokines in the extracts of homogenized tissues were
measured with the MILLIPLEX Mouse Cytokine and Chemokine Magnetic Bead Panel. Data shown are representative of three independent experiments; aP < 0.05, H.
pylori vs H. pylori + BIFICO (t test).

probiotic bacterial strains may inhibit the colonization
of H. pylori and subsequent gastritis by preventing
H. pylori access to the mucosal surface. In recent

WJG|www.wjgnet.com

years, the application of probiotics in treating
H. pylori infection has become an active area of
research. Several probiotics, including Lactobacillus
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Figure 3 BIFICO does not suppress Helicobacter pylori colonization in mouse stomach. Stomach histopathology of mice with Helicobacter pylori infection was
analyzed with Giemsa staining at the indicated times after treatment with BIFICO.

spp., Saccharomyces spp., Bifidobacterium spp.
and Bifidobacterium clausii, have been studied for
the treatment of H. pylori infection. However, it
remains unclear whether probiotics can improve the
eradication of H. pylori more effectively than standard
[8-10,15]
triple therapy
. To evaluate the clinical efficacy
of BIFICO capsules, a multi-center, positive parallel
controlled clinical trial was carried out. A total of 85 H.
pylori-positive patients were randomly assigned to a
7-d triple therapy based on rabeprazole (20 mg b.i.d.),
clarithromycin (500 mg b.i.d.) and amoxicillin (1000
mg b.i.d.) (RCA group: 44 subjects) or to the same
regimen supplemented with a 14-d therapy of BIFICO
7
capsules (3 × 10 CFU of each strain, b.i.d.) before
and after triple therapy (RCAB group: 41 subjects).
Analysis of the outcome of this study was based on
clinical improvement, and H. pylori eradication was
confirmed based on the (13)C-urea breath test.
However, these results were not consistent with those
observed in the mouse model. Although colonization
of H. pylori was not significantly suppressed in the in
vivo study, eradication of H. pylori was improved in
the clinical trial. In the RCA group, eradication was
successful in 59.1% of patients (26 out of 44 patients),
and in the RCAB group, the eradication rate increased
to 82.9% (34 out of 41 patients). The frequency of
side effects, including abdominal pain, abdominal
distension, nausea and diarrhea, in the RCAB group
was lower than that in the RCA group (data not
shown).
Recent studies have compared the beneficial
effects of probiotic mixtures and single strains
against a wide range of disorders, and the results
have demonstrated that probiotic mixtures are more
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effective than single-strain treatments for a variety
of end points such as inhibition of pathogen growth
[16-21]
and atopic dermatitis
. Specifically, it has been
demonstrated that probiotic mixtures containing
multiple strains of more than one genus are even
[21]
more effective than multistrain probiotics . As a
cocktail probiotic capsule, BIFICO contains three
strains of probiotic species belonging to the genera
Lactobacillus, Enterococcus and Actinobifida. After
more than 20 years of clinical use in China, BIFICO has
been demonstrated to be more effective than singlestrain preparations in treating diarrhea, indigestion
and abdominal distention (unpublished observations).
The mechanisms underlying these enhanced beneficial
effects of the probiotic combination are summarized
below. First, Enterococcus faecalis contained in the
preparation increases the likelihood of colonization
of Bifidobacterium longum. In addition, strains of
Enterococcus faecalis are oxygen scavengers and
create anaerobic conditions that potentially enhance
the growth and survival of the strict anaerobic
Bifidobacterium longum. Second, the synergistic
health-promoting effects of individual strains exist
in BIFICO probiotic mixtures. Growth of probiotic
organisms is necessary to maintain sustainable
numbers at certain sites in the gastrointestinal tract.
In particular, the growth of Bifidobacterium longum
strain can be stimulated by Lactobacillus acidophilus,
which is known to produce certain growth factors such
as bifidogenic growth factors, amino acids and free
peptides. Finally, BIFICO capsules containing more
than one strain belonging to different genera are able
to produce a wider variety of antimicrobial moieties,
such as weak organic acids, bacteriocins, hydrogen,
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Figure 4 Nuclear factor-κB and MAPK signaling activation in human gastric epithelial cell GES-1 induced by Helicobacter pylori is suppressed by BIFICO. A,
B: Epithelial GES-1 cells treated with or without BIFICO were stimulated by inactivated Helicobacter pylori (H. pylori) (MOI = 5) for the indicated times. The cell lysates
(A) and nuclear extracts (B) were analyzed by immunoblotting with the indicated antibodies. A set of representative results from three independent experiments was
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coaggregation molecules, biosurfactants, and stimulate
sIgA production and mucus secretion by the host. As
described above, BIFICO capsules, which have been
demonstrated to be more effective than single-strain
preparations, may also have synergistic effects for the
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treatment of H. pylori infection.
H. pylori harbors conserved PAMPs that can be
recognized by epithelial cells and innate immune cells
[3,5,6]
via four distinct classes of innate PRRs
. These
PRRs differ in their subcellular localization, in addition
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Figure 5 TLR2, TLR4 and Myd88 overexpression in mouse stomach induced by Helicobacter pylori is suppressed by BIFICO. A-C: Quantitative reverse
transcription-polymerase chain reaction analysis of TLR2 (A), TLR4 (B) and Myd88 (C) mRNAs in mouse stomach stimulated with Helicobacter pylori (H. pylori).
a
P < 0.05, H. pylori vs H. pylori + BIFICO (t test).

to their downstream signaling pathways and ligand
specificity. The best-defined among the four classes
of PRRs are the TLRs. TLRs bind diverse classes
of PAMPs, among which are the ligands for TLR2
(lipoteichoic acid and lipoproteins), TLR3 (doublestranded RNA and polyinosinic polycytidylic acid),
TLR4 [lipopolysaccharide (LPS)], TLR5 (flagellin) and
TLR9 (unmethylated CpG). Studies have suggested
[22,23]
[24,25]
that TLR2
and TLR4
are the main sensors of
H. pylori LPS. Colonization of gastric epithelial cells by
H. pylori activates these TLRs, which predominantly
activate anti-inflammatory signaling pathways
[5,26]
including the NF-κB and MAPK pathways
, leading to
increased production of the proinflammatory cytokines
[27,28]
TNF-α, IL-1, IL-6 and IL-8
. In our study, we
demonstrated that BIFICO treatment diminished the
inflammatory response of gastric mucosal epithelial
cells stimulated by H. pylori in vitro via NF-κB and
MAPK signaling and reduced the release of subsequent
inflammatory cytokines including IL-8, TNF-α,
G-CSF and GM-CSF. Furthermore, H. pylori-induced
overexpression of TLR2, TLR4 and MyD88 in the
mouse stomach was suppressed by BIFICO treatment,
suggesting that the TLR/MyD88 pathway is involved in
BIFICO-mediated down-regulation of H. pylori-induced
immune responses in gastric mucosal epithelial cells.
In conclusion, we investigated the effect of BIFICO
treatment on H. pylori-induced gastritis. BIFICO is a
clinical drug consisting of three species of probiotic
strains. Although unable to reduce the colonization of H.
pylori, BIFICO was able to diminish the inflammatory
response of gastric mucosal epithelial cells stimulated
by H. pylori and the subsequent inflammatory cytokine
release. However, because gastric epithelial cells are
exposed to a myriad of commensal and pathogenic
bacteria, we cannot exclude the possibility that other
signaling cascades other than TLR signaling may be
stimulated by H. pylori infection. Nevertheless, our
results show that NF-κB activation could be reduced
by BIFICO treatment. Further studies are necessary
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to further elucidate these beneficial effects of
BIFICO capsules, and a better understanding of how
probiotics affect epithelial inflammation could lead to
therapeutically relevant strategies for effective H. pylori
treatment. Thus, these results could form the basis for
future clinical studies for microbiota manipulation to
ameliorate H. pylori-induced infection worldwide.
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COMMENTS
Background

Helicobacter pylori (H. pylori) is a common human pathogen that colonizes
approximately 50% of the world’s population. Chronic gastritis caused by H.
pylori infection is considered to be a major risk factor for the development of
gastric and duodenal ulcers and gastric malignancies. Although successful
eradication of H. pylori using currently available antimicrobial agents is able to
cure the majority of patients diagnosed with gastritis and peptic ulcer disease,
a dramatic increase in resistant strains has prompted a need for alternative
treatments.

Research frontiers

H. pylori is usually the dominant species within a community of bacterial species
in the stomach and may induce gastritis under conditions of bacterial imbalance
or immune dysfunction. Because competition in the bacterial community plays a
pivotal role in preventing the invasion of pathogenic bacteria, several probiotics
including Lactobacillus spp., Saccharomyces spp., Bifidobacterium spp.
and Bifidobacterium clausii have recently been studied in H. pylori infection.
However, a combination of multiple probiotics may be more powerful to prevent
invasion by pathogenic H. pylori and subsequent inflammation.

Innovations and breakthroughs

This study demonstrates for the first time that a traditional probiotic
pharmaceutical (BIFICO) in China composed of Enterococcus faecalis,
Bifidobacterium longum and Lactobacillus acidophilus triple viable bacteria,
which was approved for treating intestinal disorders, can suppress H. pyloriinduced gastritis in experimental mice. Although BIFICO treatment had no effect
on the colonization of H. pylori in the stomach, it diminished the inflammatory
response of gastric mucosal epithelial cells stimulated by H. pylori via the TLR/
MyD88 pathway.
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Applications

Due to its inhibitory effects on H. pylori-induced gastritis, BIFICO can
potentially be used to treat patients with H. pylori infection and the associated
inflammation.

13

Terminology

BIFICO is a traditional probiotic pharmaceutical in China composed of
Enterococcus faecalis, Bifidobacterium longum and Lactobacillus acidophilus
triple viable bacteria, which was previously approved for the treatment of
intestinal disorders. The TLR/MyD88 pathway is stimulated in the immune
response to pathogens; specifically, innate immune cells recognize pathogenassociated molecular patterns via Toll-like receptors, which activates
inflammatory signaling pathways and the production of proinflammatory factors.

14

Peer-review
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This is an interesting study where the authors have investigated the effects of
a traditional probiotic pharmaceutical, BIFICO, on H. pylori-induced gastritis
in vivo. The results suggest that BIFICO, which is commonly used to treat
intestinal disorders, could be beneficial for preventing H. pylori-induced gastritis.
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Abstract
AIM: To determine the therapeutic efficacy of
resveratrol on ulcerative colitis (UC) and its underlying
mechanisms.

Ethics approval: All experimental procedures were conducted
in conformity with institutional guidelines for the care and use of
laboratory animals in Southern Medical University, Guangdong,
China, and conformed to the National Institutes of Health Guide
for Care and Use of Laboratory Animals (Publication No. 85-23,
revised 1985).
Institutional animal care and use committee: All animal
experiments were reviewed and approved by the Guangdong
Animal Medical Ethics Committee, China.
Conflict-of-interest: The authors declared that they have no
conflicts of interest to this work.
Data sharing: No additional data are available.

METHODS: The mouse UC model was developed
using 5% dextran sulfate sodium. Mice were randomly
divided into four groups: normal control, UC model
group, resveratrol low-dose group (RLD; 50 mg/kg per
day), and resveratrol high-dose group (RHD; 100 mg/
kg per day).
RESULTS: The results showed that RLD regulates
Treg/Th17 balance mainly through reducing the
number of Th17 cells, whereas RHD regulates Treg/
Th17 balance through both downregulating the number
of Th17 cells and upregulating the number of Treg
cells. Resveratrol can also regulate the level of plasma
and intestinal mucosal cytokines including interleukin
(IL)-10, transforming growth factor-β1, IL-6, and IL-17.
The expressions of hypoxia inducible factor (HIF)1α, mammalian target of rapamycin (mTOR), and
signal transducer and activator of transcription 3 were

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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with the imbalance of Treg and Th17 cells and disorders
[4]
of cytokine levels . Th17 cells affect the innate and
acquired immune responses through the release of
interleukin (IL)-17 and other inflammatory cytokines
that are involved in the immune pathogenesis and
[5]
prognosis of inflammatory bowel disease (IBD) .
Imbalances in Treg/Th17 and their secreted cytokines,
e.g., IL-10, transforming growth factor (TGF)-β1, IL-17,
and IL-6, play important roles in the development
[4]
of IBD . In the past 10-15 years, it was generally
believed that Crohn’s disease is a Th1 cell-mediated
intestinal inflammation, whereas UC is a Th2 cell[6]
mediated inflammatory response . Recently, Th17
cells were recognized as a new subset of helper T cells,
and are closely associated with autoimmune diseases
and IBD. Discovery of Th17 cells helps to explain some
[7]
unusual phenomenon in Th1/Th2 responses in IBD .
Current evidence suggests that IBD is closely associated
[8,9]
with Treg/Th17 imbalance . Hypoxia-mammalian
target of rapamycin (mTOR)-hypoxia inducible factor
(HIF)-1α-Th17 and IL-6-signal transducer and activator
of transcription (STAT)3-HIF-1α-Th17 pathways play
important roles in Th17 development and the activation
of IL-17 production. In addition, HIF-1α can bind Foxp3,
leading to the accelerated degradation Foxp3, thus
[10]
affecting Treg development and function . Previous
studies demonstrated that Treg/Th17 imbalance is
present in many inflammatory and autoimmune
diseases, e.g., rheumatoid arthritis and systemic lupus
[11-13]
erythemoatosus
.
Resveratrol is a naturally occurring active ingredient
that is present in grapes, peanuts, and other plants.
Resveratrol contains a variety of biologic activities,
including immune regulation, anti-inflammation,
antioxidation, antiangiogenesis, and reduction of tissue
[14,15]
damage
. Our previous studies demonstrated that
resveratrol exhibits anti-inflammatory effects on colitis
[14]
in mice via antioxidant activities . Recently, it has
been shown that resveratrol has excellent therapeutic
efficacy on UC by reducing neutrophilic exudate,
inhibiting adhesion molecules, and regulating cytokine
[16,17]
levels
. Clinical studies have shown that antiinflammatory treatment has a very good therapeutic
effect on UC patients. Salazosulfapyridine and
5-aminosalicyclic acid have recently been used in the
[18,19]
treatment of colitis
. These drugs can effectively
relieve intestinal inflammation, but have some adverse
effects. Recent studies suggest that UC patients can
benefit from anti-inflammatory treatments, e.g., the
use of infliximab to inhibit tumor necrosis factor-α or
[20-22]
anti-IL-6-based therapy
. Adverse effects of biologic
agents include increased antibody reaction, increased
risk of infection and hypersensitivity, and an unknown
[23,24]
risk of mutagenesis
. Numerous studies reported
that resveratrol had favorable biologic activities that
can be used for the treatment of rheumatoid arthritis
[25,26]
and pancreatitis
. Resveratrol is a natural biologic
extracts with few toxic side effects and its multiple
therapeutic effects have been demonstrated. In this

significantly decreased in the intestinal tissues of mice
treated with resveratrol.
CONCLUSION: The therapeutic efficacy of resveratrol
in UC is dose dependent and closely associated with
the regulation of Treg/Th17 balance and the HIF-1α/
mTOR signaling pathway.
Key words: Hypoxia inducible factor-α; Mammalian
target of rapamycin; Resveratrol; Th17 cells; Treg cells;
Ulcerative colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ulcerative colitis is an inflammatory bowel
disease manifested by recurrent chronic diarrhea,
bloody and mucous stools, and abdominal pain. The
etiology and pathogenesis are not clear. Resveratrol
is a natural and biologically active polyphenol with a
variety of anti-inflammatory and antioxidant functions,
which are beneficial to human health. This study aimed
determine the therapeutic efficacy of resveratrol on
ulcerative colitis and its underlying mechanisms. The
results demonstrate that the therapeutic efficacy of
resveratrol is dose dependent and closely associated
with the regulation of Treg/Th17 balance and the
hypoxia inducible factor-1α/mammalian target of
rapamycin signaling pathway.
Yao J, Wei C, Wang JY, Zhang R, Li YX, Wang LS. Effect of
resveratrol on Treg/Th17 signaling and ulcerative colitis treatment
in mice. World J Gastroenterol 2015; 21(21): 6572-6581
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i21/6572.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i21.6572

INTRODUCTION
Ulcerative colitis (UC) is a chronic nonspecific
inflammatory disease of unknown cause involving
the rectum and colon. It was hypothesized that UC
is associated with genetic, infectious, immune, and
[1]
environmental factors and intestinal dysbiosis . In
the early stage of UC, colonic mucosa lesions with
visible diffuse inflammation, mucosal congestion, and
edema can be observed. In severe cases, there are
visible focal hemorrhages, and the tissues become
brittle and bleed easily. In the acute phase of UC,
there is an infiltration of lymphocytes, eosinophils, and
[2]
neutrophils . UC animal models can be developed
by feeding the mice 5% DSS for a consecutive 7
d. After 4-7 d of DSS feeding, mice develop loose
stools, bloody diarrhea, and weight loss with histologic
[3]
changes similar to UC .
Previous studies have shown that abnormal
intestinal mucosal immune response and inflammation
disorders are present in UC and are closely associated
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Table 1 Murthy scoring system
Scores

Table 2 Histologic scoring system

Rate of body
weight loss (%)

Viscosity of the stools

0
1
2

(-)
1-5
6-10

Normal (particles)

Normal
Occult blood (+)

3

11-15

Soft (paste, do not
adhere to the anus)
Diarrhea (Water,
adhere to the anus)

4

> 15

Scores

Occult and visible
bloody stools

0
1
2
3
4

Bloody stools

Histologic features
Normal intestinal mucosa
1/3 crypts missing
2/3 crypts missing
Lamina propria contains infiltration of mild inflammatory cells
Significant inflammatory cell infiltration

randomly divided into four groups (n = 10/group):
normal controls (NC), model (MD) group, resveratrol
50 mg/kg per day treatment group (RLD), and
resveratrol 100 mg/kg per day treatment group (RHD).
The NC group was given free access to sterile distilled
water for 14 d; MD group and the treatment groups
were given 5% DSS for the first 7 d and distilled water
th
for a subsequent 7 d. Starting from the 7 day, mice
in the NC and MD groups were given 0.5% ethanol
(0.2 mL) daily via gavage for 7 d, while mice in the
RLD and RHD groups were given the same amount
of ethanol containing 50 mg/kg per day and 100
mg/kg per day resveratrol, respectively. After 14 d,
blood samples were collected from the eye and mice
were subsequently sacrificed by cervical dislocation.
The plasma, spleen, and colon tissue samples were
collected from the sacrificed mice.

study, we demonstrate that colitis mice have severe
Treg/Th17 imbalance, decrease of anti-inflammatory
factors (e.g., TGF-β1, and IL-10), increased
proinflammatory cytokines (e.g., IL-6, and IL-17), and
elevation of nuclear HIF-1α and cytoplasmic mTOR
and STAT3. Our results also show that resveratrol can
regulate the rebalancing of Treg/Th17, increase TGF-β1
and IL-10 levels, decrease IL-6 and IL-17 levels,
and inhibit hypoxia-mTOR-HIF-1α-Th17 and IL-6STAT3-HIF-1α-Th17 pathways. Regulation of immune
disorder in mice with colitis further demonstrates that
resveratrol has an excellent therapeutic effect on UC,
which provides a potential new treatment for UC.

MATERIALS AND METHODS

Disease activity index and spleen index

Animals

Daily disease activity index (DAI) was recorded using
[27]
the Murthy scoring system
(Table 1). The DAI was
calculated as the total scores of weight loss rate,
feces viscosity, and occult/visible bloody stools divided
by 3. After the mice were sacrificed, spleens were
dissected, and the blood on the surface of spleen was
washed with physiologic saline. The spleen was dried
and weighed. The spleen index (SI) was calculated as
[28]
spleen weight (mg) divided by the body weight (g) .

Specific pathogen-free BALB/c mice (males, 6-7-wkold, weight: 22-26 g, n = 40) (Experimental Animal
Center of Southern Medical University, Certificate
number: SCXK Guangdong 2011-0015) were
maintained in a clean animal room with a temperature
of 22 ℃-25 ℃ and relative humidity of approximately
55% under a 12 h light/dark cycle. Mice were provided
controlled access to water and free access to food.

Reagents

Pathologic assessment of colonic tissues in mice

Dextran sulfate sodium (DSS; MW: 5000) was
purchased from Woka Company (Japan), and dissolved
in sterile distilled water to make a 5% solution. Flow
cytometry reagents for analysis of Th17/Treg were
purchased from BD Biosciences (Becton, Dickenson,
and Company, Franklin Lakes, NY, United States).
ELISA detection kits for IL-17, IL-10, IL-6, and TGF-β1
were purchased from Beijing Dakota Biotechnology
Co., Ltd. (Beijing, China). Anti-mouse antibodies
against STAT3 and HIF-1α were purchased from
Cell Signaling Technology, Inc. (Danvers, MA, United
States), and anti-mouse antibody against mTOR was
purchased from Santa Cruz Biotechnology, Inc. (Dallas,
TX, United States). Resveratrol (purity ≥ 99%) was
purchased from Guangzhou Qiyunsheng Biotechnology
Co., Ltd. (China) and was dissolved in ethanol to make
a 0.5% solution as required.

Fresh colon tissues obtained from each experimental
group were immediately placed in a 10% formalin
solution at room temperature and fixed for 48 h in a
dark environment. Tissue dehydration and embedding
were performed, and tissue sections were stained
with hematoxylin-eosin. Colonic tissues were assessed
[29]
according to the histologic scoring criteria (Table 2).

Flow cytometry analysis of mouse spleen Treg/Th17
cells

Appropriate amounts of spleen tissues were placed in
5 mL lymphocyte separation solution and ground for 2
min on 200 mesh nylon using a 5 mL syringe piston.
Spleen tissue homogenate was centrifuged at 800 ×
g for 30 min, and the lymphocyte layer was aspirated.
After washing with 10 mL RPMI-1640 solution, a single
lymphocyte cell suspension was obtained. The single
cell suspension was resuspended in RPMI1640 medium
containing 10% serum, 50 ng/mL of phorbol myristate

Experimental design

After adaptive feeding for one week, 40 mice were
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12.00

RLD

1

RHD

3.5
DAI of the mice

C

Colitis

4.0

3.0

a

a

2.5

2
a

2.0

a

a

a, b

1.5

3
a, b

1.0
0.5
0.0

B

Normal

4.5

a, b

a, b

Day 8

8.00

b

6.00

b, c

4.00
2.00

a, b
4

Day 7

a

10.00
Mean SI of the mice (mg/g)

A

Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

0.00
Normal

Colitis

RLD

RHD

Figure 1 Effect of resveratrol on ulcerative colitis in mice. A: Disease activity index (DAI); B: Spleens from normal mice (1), mice with colitis (2), mice with colitis
treated with low-dose resveratrol (RLD; 3), and mice with colitis treated with high-dose resveratrol (RHD; 4); and C: Spleen index (SI); aP < 0.05 vs normal; bP < 0.05
vs colitis; cP < 0.05 vs RLD.

acetate and 1 µg/mL of ionomycin (Sigma-Aldrich, St.
Louis, MO, United States), and 2 µg/mL of monensin
(BD Biosciences), and incubated for 5 h at 37 ℃.
6
The cell number was adjusted to 2 × 10 /mL, and
centrifuged at 300 g for 5 min. The collected cells were
treated with 20 µL pre-chilled 1 × BD Mouse Foxp3
Fixation Buffer (BD Biosciences), and fixed at 4 ℃ in a
dark room for 30 min. The fixative was then washed
and the cells were collected. Subsequently, 200 µL
preheated 1 × BD Mouse Foxp3 Permeabilization
Buffer (BD Biosciences) was added, and the cells
were incubated at 37 ℃ in a dark room for 30 min.
The permeabilization Buffer was washed away and
cells were incubated with 20 µL of mouse Treg/Th17
phenotype antibody reagents (BD Biosciences) or
isotype control antibody at room temperature for 30
min. The antibody was then washed away and cells
were resuspended in 200 µL FBS for flow cytometry
analysis.

were added. Protein samples were separated by
10% SDS-PAGE and transferred to a membrane.
Following blocking, primary antibodies including STAT3
(1:500), HIF-1α (1:200), mTOR (1:200), lamin,
α-tubulin, and β-actin were added. After extensive
washing, membranes were incubated with appropriate
secondary antibodies and developed with enhanced
chemiluminescence reagents.

Cytokine analysis by ELISA

RESULTS

Statistical analysis

The experimental data are expressed as mean ± SD.
Statistical analysis was performed using SPSS 13.0
(SPSS Inc., Chicago, IL, United States) statistical
software. Differences between groups were analyzed
using single-factor analysis of variance and P < 0.05
was considered statistically significance. The statistical
methods of this study were reviewed by Wei-Seng
Zeng from Southern Medical University in China.

DAI and SI assessments of mice

Heparin was added to blood samples for anticoagulation.
The plasma samples were obtained by centrifugation
at 3000 rpm for 20 min at 4 ℃, and stored at -80 ℃ for
subsequent analysis. Colon tissue (50 mg) was added
to 2 mL cold saline and homogenized using a glass
homogenizer. The homogenates were centrifuged at
low temperature for 20 min at 3000 rpm. The protein
concentration in the supernatant was quantified on a
Nanodrop 2000 (Thermo Fisher Scientific, Waltham,
MA, United States). The concentration of IL-6, IL-10,
IL-17, and TGF-β1 was determined according to the
manufacturer’s instruction.

DAI of mice in the NC group was 0. In the first 7 d,
mice in the MD, RLD, and RHD groups had bloody
stool, weight loss, and decreased activities. Starting
th
from the 10 day, visible bloody stool was not
observed in the RLD and RHD groups. Furthermore,
the RLD and RHD groups had reduced body weight
loss. From day 10 to day 14, the DAI score in RHD
group was significantly lower than that in the MD
group and RLD group (P < 0.05) (Figure 1A). The mice
in the MD group had markedly enlarged spleens (Figure
1B). The SI in the RLD and RHD groups was lower
than that in the MD group (Figure 1C). Compared
to the RLD group, mice in the RHD group had a
significant reduction of SI (P < 0.05).

Western blot analysis

Nuclear and cytoplasmic proteins were obtained from
100 mg of colon tissue, and quantified on a Nanodrop
2000, and the appropriate amount of protein 6 ×
loading buffer and phosphatase and protease inhibitors
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Pathologic assessment of colon tissues

Compared to the NC group (Figure 2A), mice in the
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Figure 2 Histologic assessment of resveratrol effects. Hematoxylin and eosin staining in normal mice (A), mice with colitis (B), mice with colitis treated with lowdose resveratrol (RLD; C), and mice with colitis treated with high-dose resveratrol (RHD; D); E: Histologic scores; aP < 0.05 vs normal; bP < 0.05 vs colitis; cP < 0.05 vs
RLD.

MD group (Figure 2B) exhibited acute inflammation,
accompanied by mucosal erosions, edema, reduction
of crypts, and presence of neutrophils and other
inflammatory cells in the mucosa, submucosa, and
lamina propria. Compared with the MD group, mice
in the RLD (Figure 2C) and RHD (Figure 2D) groups
exhibited relieved colonic inflammatory cell infiltration,
erosion, and edema.

groups were significantly lower than those in the MD
group (both P < 0.05). Furthermore, more dramatic
decreases of IL-6 and IL-17 and increases of IL-10
and TGF-β1 were observed in RHD group compared to
those in the RLD group.

Effect of resveratrol on the expression of HIF-1α , mTOR,
and STAT3

Nuclear HIF-1α and cytoplasmic mTOR and STAT3
in the MD group were significantly increased in
comparison with those in the NC group (both P < 0.05)
(Figure 5). Levels of HIF-1α, mTOR, and STAT3 in the
RLD and RHD groups were lower than those in the MD
group. Furthermore, the reduction of HIF-1α, mTOR,
and STAT3 in RHD groups was greater than that in the
RLD group, suggesting that resveratrol downregulates
their expression in colitis mice in a dose-dependent
manner.

Effect of resveratrol on Treg/Th17

Compared with the NC group, the MD group showed
+
+
significantly increased ratio of CD4 IL-17 (Th17)/
+
+
CD4 lymphocytes and decreased CD4 Foxp3 +
+
(Treg)/CD4 lymphocytes (both P < 0.05) (Figure 3).
Compared with the MD group, the RHD group had
significantly reduced Th17 lymphocytes and increased
Treg lymphocytes (both P < 0.05). Th17 cells were
significantly decreased (P < 0.05), but Treg was not
changed in the RLD group compared with the MD
group.

DISCUSSION

Effect of resveratrol on cytokines in the plasma and
colon tissue

The molecular mechanisms of IBD pathogenesis are
not fully understood. Studies have suggested that the
environmental factors act on genetically susceptible
populations, resulting in excessive immune response
disorders, intestinal inflammation, and ultimately
[28,30]
the intestinal injury
. It was previously believed
that Th1/Th2 imbalance plays a dominant role in
the pathogenesis of UC. The discovery of Th17 cells
explained the unusual phenomenon of Th1/Th2

Compared with the NC group, the MD group showed
significantly increased levels of proinflammatory
cytokines (IL-6, IL-17) and decreased levels of antiinflammatory cytokines (IL-10, TGF-β1) (both P < 0.05)
(Figure 4). IL-6 and IL-17 in RLD and RHD groups
were significantly lower than in the MD group (both P
< 0.05), while IL-10 and TGF-β1 in the RLD and RHD
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Figure 3 Effect of resveratrol on spleen Treg and Th17 cells. A: Flow cytometric sorting of Treg and Th17 cells; B: Quantification of flow cytometry. aP < 0.05 vs
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Figure 4 Effect of resveratrol on the cytokines in the plasma and colonic tissues. The effect of resveratrol on the level of A: Transforming growth factor (TGF)-b1
and interleukin (IL)-6 in plasma; B: TGF-b1 and interleukin (IL)-6 in colon tissues; and C: IL-6 and IL-17 in colon tissues. aP < 0.05 vs normal; bP < 0.05 vs colitis; cP < 0.05
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[6,31]

imbalance in UC
. In this study, we successfully
developed a UC mouse model using 5% DSS. The
colitis mice experienced bloody stools, loss of body
weight, and decreased activities. DAI and SI of the
colitis mice were significantly increased and the
histologic alterations were similar to those observed in

WJG|www.wjgnet.com

human UC. Treatment of colitis mice with resveratrol
significantly reduced DAI and SI and improved
histologic alterations. Furthermore, a high dose of
resveratrol appears to have better efficacy than a low
dose of resveratrol. Resveratrol also improved the
systemic symptoms and intestinal inflammation by
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A

1

2

3

inflammatory response, which may lead to the
[33,34]
development of UC
. IL-10 can downregulate T
cell- and macrophage-secreted IL-1β, IL-6, and tumor
necrosis factor-α by inhibiting antigen-presenting cells,
which ultimately inhibits T cell-mediated immune
response and improves intestinal inflammation in
[33]
UC . Resveratrol achieves its central role in inhibiting
proinflammatory cytokines and anti-inflammatory
effects by increasing IL-10 levels. Second, our results
demonstrate that resveratrol regulates Treg/Th17 in a
dose-dependent manner. RHD regulates the balance
of Treg/Th17 by both downregulating Th17 cells
and upregulating Treg cells, while RLD regulates the
balance of Treg/Th17 mainly through downregulation
of Th17 cells. Furthermore, Treg/Th17 ratio achieved
by RHD is closer to the physiologic level. Th17 cells
+
belong to the CD4 T-cell subset, and are characterized
by secretion of IL-17. Th17 cells play an important
role in the intestinal mucosal immune response and
[35]
inflammatory process . Treg cells can suppress the
inflammatory response cascade and maintain the
balance of the intestinal immune response by secreting
and regulating anti-inflammatory cytokines, e.g., IL-10
[36,37]
and TGF-β
. Our results show that the Treg/Th17
ratio is decreased in colitis mice, which is consistent
[4]
with human IBD . Our results further demonstrate that
resveratrol inhibits the expression of HIF-1α, mTOR,
and STAT3, suggesting that resveratrol regulates
Treg/Th17 balance mainly through inhibiting hypoxiamTOR-HIF-1α-Th17 and IL-6-STAT3-HIF-1α-Th17
pathways. Studies have suggested that local intestinal
tissue hypoxia in colitis activates mTOR and promotes
translocation of HIF-1α into the nucleus, leading to the
activation of Th17, degradation of Foxp3, and inhibition
[10,38]
of Treg
. It was also shown that inflammation leads
to increased IL-6 through the IL-6/STAT3 signaling
pathway, which results in the activation of HIF-1α and
[39-41]
influences the Treg/Th17 balance
. Our studies
suggest that HIF-1α plays a central role in these two
pathways involved in the regulation of Treg/Th17
balance. The HIF-1α-Th17 pathway is closely correlated
with Th17 development, activation, and production
of inflammatory cytokines such as IL-17. HIF-1α
also leads to accelerated degradation of Foxp3 and
downregulation of Treg. Hypoxia directly upregulates
the expression of mTOR, which in turn promotes
translocation of HIF-1α into the nucleus to activate
Th17. Third, resveratrol itself has anti-inflammatory
and antioxidant functions. Resveratrol promotes the
rebalance of Treg/Th17 by inhibiting the production
of leukocyte eicosanoid and inflammatory cytokines,
which further prevents the inflammatory cascade and
plays a very important role in the recovery of UC. At the
same time, resveratrol can reduce and inhibit neutrophil
and macrophage exudation, regulate intestinal immune
disorders, and relieve intestinal endothelial cell swelling
and increased permeability, which further reduces
[42,43]
intestinal inflammation
.
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Figure 5 Effect of resveratrol on protein expression of HIF-1a, mTOR,
STAT3. A: Signal transducer and activator of transcription 3 (STAT3); B:
Hypoxia inducible factor (HIF)-1a; and C: Mammalian target of rapamycin
(mTOR). Lane 1: Normal mice; Lane 2: Mice with colitis; Lane 3: Mice with
colitis treated with low-dose resveratrol; Lane 4: Mice with colitis treated with
high-dose resveratrol.

improving the DAI and intestinal pathology in colitis
mice. The observation that resveratrol affects the
spleen function encourages us to further investigate
the effect of resveratrol on immune responses.
Our results show that the spleens in colitis mice
were significantly enlarged, whereas treatment with
resveratrol substantially reduced the spleen size. It
was thus confirmed that as an important immune
organ, the spleen exhibited compensatory increases
after DSS stimulation. Flow cytometry analysis showed
that colitis mice had a significant decrease of Treg
and increase of Th17 cells, suggesting that DSSinduced systemic and intestinal immune disorder is a
key factor for the formation and progression of colitis.
Previous studies have demonstrated that Th17 cells
affect the innate and acquired immune responses
and are involved in the pathogenesis of IBD immunity
and prognosis through the release of cytokines, e.g.,
[5]
IL-17 . Treg/Th17 imbalance is frequently observed in
a variety of autoimmune diseases. Extensive literature
has reported that human IBD is closely correlated
with the alteration of Treg and Th17 cells and their
secreted cytokines. Therefore, Treg/Th17 imbalance is
[4,11,32]
a potential target for the treatment of IBD
.
Therapeutic efficacy of resveratrol on colitis mice
can be achieved by the following mechanisms. First,
anti-inflammatory cytokines are increased, while
the proinflammatory cytokines are decreased after
resveratrol treatment. Maintaining the balance of
cytokines may play an important role in the treatment
of UC. Cytokines can promote interaction between
immune cells, stimulate proliferation of antigenspecific effector cells, and cause local or systemic
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In conclusion, resveratrol can decrease DAI and SI,
improve histologic alteration, and achieve therapeutic
efficacy in mice with colitis. Mechanistically, the
therapeutic effect of resveratrol is achieved by reducing
proinflammatory cytokines and increasing the antiinflammatory cytokines, which ultimately leads to
the rebalance of Treg/Th17 via inhibition of the HIF1α-Th17 pathway. Our results also demonstrate
that resveratrol inhibits inflammatory responses in a
dose-dependent manner. These results suggest that
resveratrol could be a potential new therapeutic for the
treatment of UC.
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Ulcerative colitis (UC) is an inflammatory bowel disease manifested by
recurrent and chronic diarrhea, bloody and mucous stools, and abdominal pain.
Resveratrol is a natural and biologically active polyphenol with a variety of antiinflammatory and anti-oxidant functions, which are beneficial to human health.
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The etiology and pathogenesis of UC are not clear. This study defines the
mechanism of resveratrol’s therapeutic effect in UC.
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The results demonstrated that the therapeutic efficacy of resveratrol in
inflammatory bowel disease is dose dependent and closely associated with the
regulation of Treg/Th17 balance and the hypoxia inducible factor-1α/mammalian
target of rapamycin signaling pathway.
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Regulation of immune disorder in mice with colitis further demonstrated that
resveratrol had an excellent therapeutic effect on UC, which provides a potential
new treatment of UC.
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The manuscript by Yao et al reports on the effects of resveratrol, a naturally
occurring polyphenolic compound found in the skin of various berries, on
signaling in cells of the immune system in the gut during UC. More specifically,
they have studied the therapeutic effects of resveratrol using a well-established
UC model (mice exposed to dextran sodium sulphate). They observed that
resveratrol affected the Treg/Th17-balance of immune cells and regulated
a number of cytokines and intracellular signal transducers. They concluded
that resveratrol exerts an anti-ulcerative effect by reducing pro-inflammatory
cytokines and increasing anti-inflammatory cytokines.
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Abstract
AIM: To investigate the effects of transplantation
of insulin-producing cells (IPCs) in the treatment of
diabetic rats after 90% pancreatectomy.

Ethics approval: The study was reviewed and approved by the
Huai’an First People’s Hospital Institutional Review Board.
Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of the Nanjing
First Hospital Affiliated to Nanjing Medical University (IACUC
protocol number: SYXK-2009-0015).
Conflict-of-interest: We declare that we have no conflict of
interest.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at 531665908@qq.com.
Participants gave informed consent for data sharing.

METHODS: Human umbilical cord mesenchymal
stem cells (UCMSCs) were isolated and induced into
IPCs using differentiation medium. Differentiated cells
were examined by dithizone (DTZ) staining, reverse
transcription-polymerase chain reaction (RT-PCR), and
real-time RT-PCR. C-peptide release, both spontaneously
and after glucose challenge, was measured by ELISA.
IPCs were then transplanted into Sprague-Dawley rats
after 90% pancreatectomy and blood glucose levels and
body weight were measured.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: The differentiated cells were positive for
DTZ staining and expressed pancreatic β-cell related
genes. C-peptide release by the differentiated cells
increased after glucose challenge (380.6 ± 15.32
pmol/l vs 272.4 ± 15.32 pmol/l, P < 0.05). Further, in
the cell transplantation group, blood sugar levels were
significantly lower than in the sham group 2 wk after
transplantation (18.7 ± 2.5 mmol/l vs 25.8 ± 1.25
mmol/l, P < 0.05). Glucose tolerance tests showed
that 45 min after intraperitoneal glucose injection,
blood glucose levels were significantly lower on day
56 after transplantation of IPCs (12.5 ± 4.7 mmol/l vs
42.2 ± 9.3 mmol/l, P < 0.05).
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CONCLUSION: Our results show that UCMSCs can
differentiate into islet-like cells in vitro under certain
conditions, which can function as IPCs both in vivo and
in vitro .
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need to face: immune rejection and recurrent attacks
[8,9]
against islets by the underlying autoimmunity .
Therefore, there is an urgent need for developing
alternative cellular therapy strategies for DM.
In the search of new cell sources for transplantation,
stem cells represent a critical alternative and would
provide a potentially countless source of islet cells
for transplantation. Mesenchymal stem cells (MSCs)
isolated from human umbilical cord Wharton’s jelly
are more primitive MSCs than those isolated from
bone marrow or adipose tissue and do not express the
major histocompatibility complex (MHC) class Ⅱ (HLA[10,11]
DR) antigens
. Some groups have isolated MSCs
from human umbilical cord Wharton’s jelly and induced
[6,12,13]
them to differentiate into islet-like cell clusters
.
To solve the islet shortage problem, we tried to
induce MSCs isolated from human Wharton’s jelly
to differentiate into IPCs in this study. To imitate the
pathophysiological status of diabetic patients after
TP, we used Sprague-Dawley (SD) rats after 90%
pancreatectomy as a model of type 1 DM. We for the
first time examined the possible curative effects of
transplanting IPCs differentiated from UCMSCs into SD
rats after 90% pancreatectomy.

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

Core tip: It is well known that islet transplantation can
decrease the morbidity related to diabetes mellitus
(DM) after total pancreatectomy (TP); however,
islet shortage limits its application. To solve the islet
shortage problem, we tried to induce mesenchymal
stem cells isolated from human Wharton’s jelly to
differentiate into insulin-producing cells (IPCs) in this
study. To imitate the pathophysiological status of
diabetic patients after TP, we used Sprague-Dawley rats
after 90% pancreatectomy as a model of type 1 DM.
We for the first time tested the possible curative effects
of transplanting IPCs differentiated from umbilical cord
mesenchymal stem cells into the model rats.
Yu YB, Bian JM, Gu DH. Transplantation of insulin-producing
cells to treat diabetic rats after 90% pancreatectomy. World J
Gastroenterol 2015; 21(21): 6582-6590 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6582.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6582

MATERIALS AND METHODS
Statement of ethics

INTRODUCTION

This study involving the use of SD rats was con
ducted in strict accordance with provisions and
general recommendation of Chinese Experimental
Animals Administration Legislation (Permit number
SCXK-2010-0001). The cords were collected from
obstetrical department of Huai’an First People’s
Hospital with the informed consent of the tissue donor,
and following the ethical and institutional guidelines.

Pancreatic adenocarcinoma is a highly malignant and
invasive disease. It has the worst prognosis of all
[1]
gastrointestinal malignancies . Pancreatic resection
plays an essential role in the treatment of pancreatic
adenocarcinoma and is the only treatment with
[2]
the potential to achieve long-term survival . The
most common operation for pancreatic neoplasia is
pancreaticoduodenectomy. The Achilles heel of this
operation is the pancreatic anastomosis, with an
[3]
incidence of pancreatic leak ranging from 2%-29% .
The prognosis remains poor even in patients undergoing
radical resection, and there is a median overall survival
[4]
period of about 20 mo due to the high rate of relapse .
Theoretically, elimination of high risk pancreatic
anastomosis by performing total pancreatectomy (TP)
could reduce perioperative morbidity. Thus, TP has
attracted more attention.
TP for pancreatic adenocarcinoma was first reported
in 1943 and the patient died in the perioperative period
[5]
because of a bile duct leak . It was abandoned for
a long time because of associated brittle diabetes. In
the past decades, TP has shown a definite effect, since
remarkable improvements have been achieved in both
surgery and postoperative management of endocrine
[6,7]
insufficiency of the apancreatic patient . It is well
known that islet transplantation can decrease the
morbidity related to diabetes mellitus (DM) after TP.
However, the problem of the worldwide lack of donor
has yet to be resolved. Moreover, there still exist the
seemingly inevitable problems which doctor and patient

WJG|www.wjgnet.com

Isolation of UCMSCs

With consent from the parents, fresh cords were
obtained after birth and collected in normal saline (NS)
at 4 ℃. Following disinfection in 75% ethanol for 30 s,
the umbilical cord vessels were torn off in NS. After the
removal of the supernatant fraction, the mesenchymal
tissue was diced into cubes and then crushed using
serrated thumb forceps. The mince structure was
washed with DMEM (Gibco, Carlsbad, CA, United
States) and centrifuged at 200 × g for 5 min. The
mesenchymal tissue was digested with collagenase Ⅱ
(Gibco) at 37 ℃ for 1 h and further treated with 0.25%
trypsin (Gibco) at 37 ℃ for 30 min. To neutralize the
excess trypsin, fetal bovine serum (FBS, Gibco) was
added to the mesenchymal tissue. The cells from the
two enzymatic digestion steps were combined and
counted using a hemocytometer. The mesenchymal
cells were then used directly for cultures, and the
medium was changed every third day.

Flow cytometry analysis

After the third passages, UCMSCs were released by
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Table 1 Sequences of reverse transcription-polymerase chain reaction and real-time reverse transcription-polymerase chain reaction
primers
Gene
Insulin
PDX1
Ngn3
Glut2
Pax4
GAPDH

Sequence

Fragment length (bp)

Annealing temperature (℃)

F: 5’- ATC AAG CAG ATC ACT GTC CTT CT-3’
R: 5’- GAG AGC TTC CAC CAG GTG TG-3’
F: 5’- TCC CAT GGA TGA AGT CTA CC-3’
R: 5’- TGT CCT CCT CCT TTT TCC AC-3’
F: 5’- CGC CGG TAG AAA GGA TGA C-3’
R: 5’- GAG TTG AGG TTG TGC ATT CG-3’
F: 5’- AGT ACA ATG ACA GAA GAT AAG GTC-3’
R: 5’- AGC TCC AAC TAA TGA CAG AAT G-3’
F: 5’- ATC CTT AAG GTA TCT AAT GGC TG-3’
R: 5’- GCC ACT GAA TCA GGA TAC TGC-3’
F: 5’-AGA AGG CTG GGG CTC ATT TG-3’
R: 5’-AGG GCC ATC CAC AGT CTT C-3’

162

60

246

60

316

60

423

60

461

60

258

52

F: Forward; R: Reverse.

C-peptide secretion measurement

trypsinization. Mouse anti-human antigens CD13,
CD34, CD45, CD90, CD105 and HLA-DR were acquired
from BD Sciences (Shanghai, CHINA). A total of 1 ×
6
10 cells were incubated with PE- or FITC-conjugated
antibodies for 20 min at room temperature. Mouse
IgG-PE and mouse IgG-FITC were used as isotype
controls. The fluorescence intensity of the cells was
analyzed using a flow cytometer (FACScan; BD
Sciences), and the data were further analyzed using
CELLQUEST Pro software (BD Sciences).

After 2, 3 and 4 wk of induction, cells were rinsed
twice with NS and incubated in L-DMEM (5.5 mmol/L
glucose, Gibco) for 2 h. C-peptide levels in the culture
medium were measured using a C-peptide ELISA
kit (Cusabio, Barksdale, DE, United States). TMB
substrate was used with absorbance read at 450 nm.

Glucose stimulating test

After 4 wk of cultivation, the differentiated cells were
washed twice with NS and incubated in L-DMEM for
2 h. The culture medium was collected and the cells
were then washed twice with NS, incubated for 2 h in
H-DMEM (25 mmol/L glucose, Gibco), and the culture
medium was collected again. C-peptide levels were
measured as above.

Pancreatic endocrine differentiation

For pancreatic differentiation, UCMSCs from fourth
passage reaching 80%-90% confluence were induced
to differentiate into IPCs. The pancreatic inductive
procedure for UCMSCs was performed according to
[6]
a previous study . Cells were cultured in DMEM/F12
(Gibco) medium containing 10% FBS, 10 mmol/L
nicotinamide (Sigma-Aldrich, St.Louis, MO, United
States), 4 nmol/L activin-A (Sigma-Aldrich) and 25 ng/
ml epidermal growth factor (EGF, PeproTech, Rochy
Hill, NJ, United States) for 1 wk. Then the culture
medium was changed to DMEM/F12 for another
week. Finally, 10 mmol/L nicotinamide, 10 ng/ml of
basic fibroblastic growth factor (bFGF, PeproTech) and
insulin/transferrin/selenium (ITS, Gibco) were added,
and incubation was continued for 2 wk.

RT-PCR and real-time RT-PCR analysis

Total RNA was extracted from the cells using TRIzol
reagent (Invitrogen, Grand Island, NY, United States)
according to the manufacturer’s instructions. Gene
expression levels of insulin, PDX1, Pax4, Glut2 and
Ngn3 were determined by RT-PCR or real-time RT-PCR.
The cDNA templates were obtained using oligo(dT)
primers (Invitrogen) and PrimeScript RTase reverse
transcriptase (Invitrogen). The specific primer pairs
and conditions are showed in Table 1.

Experimental animals and 90% pancreatectomy

DTZ staining

Male SD rats at 6 wk age weighing 150-160 g were
used. The rats were raised on a 12-h dark and 12-h
light cycle (darks at 19:00) and fed ad libitum.
Rats underwent surgery to either resect 90% of
the pancreas (Px) or to have a sham procedure, as
[14]
reported previously . After the rats of the Px group
were anesthetized with 10% chloral hydrate, a middle
abdominal incision was made from the xyphoid to hip
level. The gastric, splenic and duodenal regions of the
pancreas were removed by using cotton tip applicators,
leaving all major vessels intact to not compromise the
surrounding organs. The area extending from the duct

DTZ (Sigma-Aldrich) solution was prepared as reported
previously by dissolving 10 mg of DTZ in 1 mL
dimethylsulfoxide (DMSO, Sigma-Aldrich) and reserved
at -20 ℃. The stock DTZ solution was filtered through
a nylon filter before use, and for staining 10 μl of the
solution was added to 1 mL of cell culture medium.
The culture dishes were incubated for 30 min at 37 ℃
in DTZ-containing solution and then were washed
three times with NS. An inverted light microscope
was used to examine the color of the clusters and the
dishes were then incubated with DMEM containing
10% FBS.
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Figure 1 Isolation and identification of umbilical cord mesenchymal stem cells. Cells displayed spindle-shaped, fibroblast-like morphology (A) and they clonally
grew and spread at the bottom of a culture dish within the 12th d (B); Flow cytometric analysis showed that the isolated cells at passage 4 strongly expressed the
surface markers of mesenchymal stem cells, such as CD90, CD105 and CD13, but almost no markers of hematopoietic stem cells, such as CD34, CD45 and HLA-DR
(C). PE: Phycoerythrin; FITC: Fluorescein isothiocyanate.

to the first part of the duodenum was classified as the
residual pancreas (about 10% of the original pancreatic
mass). Animals undergoing surgical spleen removal
were put in a sham group. Fasting blood glucose
concentrations were measured through the angular
vein 4 times (at 08:00) in the first week. Thereafter,
measurements were taken twice a week. Body weight
was also measured twice a week at 08:00.

during the first 5 d of cultivation. The cells were
elongated, adherent and spindle-shaped, and the
individual colonies displayed fibroblast-like morphology
after 48 h of plating (Figure 1A). Many cells then
clonally grew and spread at the bottom of culture
th
dish within the 12 d (Figure 1B). Flow cytometric
analysis showed that the isolated cells at passage 4
strongly expressed the surface markers of MSCs, such
as CD90, CD105 and CD13, but almost no markers
of hematopoietic stem cells, such as CD34, CD45 and
HLA-DR (Figure 1C).

Transplantation and physiological monitoring

After two days of surgery, the rats were restrained and
7
1 × 10 IPCs were injected through the portal vein. The
sham control group underwent the injection of only
NS. Blood glucose and body weight were measured
weekly. On day 56, intraperitoneal glucose tolerance
was tested with 10% glucose (2 g of glucose/kg of
body weight) administered intraperitoneally.

Morphological changes of UCMSCs after 3-stage
differentiation protocol

UCMSCs at passage 5 were induced to differentiate
into islet-like cells (Figure 2A) by a 3-stage, 4-wk
protocol. Upon exposure to serum-free media for an
initial 7 d of induction, the adherent spindle-like cells
acquired a round shape and assembled together (Figure
2B, stage 1). During stage 2, the round cells became
aggregates and some new islet-like clusters began to
appear (Figure 2C). The culture of clusters continued
to mature and further differentiated into β-like cells
(Figure 2D). At the end of stage 3, differentiation
of UCMSCs into IPCs was evaluated through DTZ
staining. DTZ specifically binds to zinc ion in insulin
molecules, which allowed for the identification of
clusters with IPCs, whereas undifferentiated cells were
negative (Figure 2E).

Statistical analysis

Data from the experiment are expressed as the mean
± standard deviation (SD). Group comparisons were
made by Student’s t-test. All statistical analyses were
conducted using SPSS 17.0 software program. P < 0.05
was adopted to show statistical significance.

RESULTS
UC-MSC culture and expansion

The isolated umbilical cord cells showed heterogeneity
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Figure 2 Morphological changes of umbilical cord mesenchymal stem cells during differentiation and C-peptide secretion and stimulation by high glucose
levels. Spindle-shaped and fibroblast-like cells (A, stage 0) were induced to islet-like cluster formation by a 3-stage protocol in 4 wk. After 7 d of induction cells turned
round and assembled together (B, stage 1); After another 7 d the round cells became aggregate and some new islet-like clusters began to appear (C, stage 2) and at
the end of days 21 mature islet-like clusters with the set of differentiated cells (D, stage 3) that were positive for DTZ staining appeared (E); Spontaneous C-peptide
secretion. The media for 106 cells were collected at weeks 2, 3 and 4 and C-peptide concentration were measured (F, aP < 0.05 vs Undifferentiated cells); Glucose
challenge test for C-peptide release in response to low (5.5 mmol/L) or high (25 mmol/L) glucose concentration by week 4 differentiated cells (G, cP < 0.05 vs 5.5
mmol/L glucose). Results are the mean ± SE for 6 experiments.

C-peptide levels of differentiated cells and stimulation
by high glucose

mmol/L) medium and secreted approximately twice
as much in a high glucose concentration (25 mmol/L)
medium (Figure 2G). Thus, these differentiated MSCs
could respond to changes in glucose concentration by
altering their C-peptide production and, presumably,
insulin production.

As a marker of residual insulin production, C-peptide
was used to represent insulin production by our
[15]
differentiated cells . The levels of C-peptide in the
culture media of differentiated cells on weeks 2, 3 and 4
showed that these cells produced more C-peptide than
the pre-treatment cells (Figure 2F). To examine whether
these IPCs could respond to glucose stimulation,
C-peptide level in 4-wk differentiated cells was
measured. The result showed that differentiated cells
secreted C-peptide in a low glucose concentration (5.5

WJG|www.wjgnet.com

Genetic analysis of the differentiated cells

To determine whether the UCMSCs had been induced
to differentiate into pancreatic endocrine cells, gene
expression profiles for pancreatic β-cell differentiation
markers and hormones were assayed by RT-PCR
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Figure 3 Reverse transcription-polymerase chain reaction and real-time reverse transcription-polymerase chain reaction analysis of the expression of
pancreatic β-cell development-related genes and insulin production-related genes. A: RT-PCR of the undifferentiated UCMSCs and those during the phases of
differentiation (weeks 3 and 4). At the end of differentiation (week 4), the gene expression of IPCs was similar to that of human islets; B: Real-time RT-PCR analysis
of UCMSCs. After three-step induction, the UCMSCs expressed high levels of the specific regulation genes for neogenesis and development of pancreatic β-cells,
including PDX1, Ngn3 and of hallmark genes for mature islet cells, including insulin. Compared to those of human islets, the differentiated cells (week 4) expressed
more Ngn3 and Pax4 and insulin (P < 0.05, n = 3). Each gene was tested in triplicate. RT-PCR: Reverse transcription-polymerase chain reaction; UCMSCs: Umbilical
cord mesenchymal stem cells.

and real-time RT-PCR. As illustrated in Figure 3,
the inductive cells expressed genes of pancreatic
β-cell markers PDX1, Pax4, Glut2, Ngn3 and insulin.
However, the expression of PDX1, Ngn3, and insulin in
differentiated IPCs was significantly greater than that
in undifferentiated MSCs (Figure 3).

injection, blood glucose values in rats that had been
transplanted with IPCs were significantly lower
compared to rats that received NS (Figure 4F). In
contrast, blood glucose levels remained elevated
in rats that received NS. Collectively, these results
indicated that transplantation of IPCs led to superior
glucose control and tolerance as compared to controls.

Blood glucose and body weight of rats after surgery

The blood glucose concentrations and body weight
of Px rats and sham rats over the 8 wk of study are
shown in Figure 4A and B. The blood glucose levels of
Px rats elevated two days after surgery (P < 0.05) and
the values kept elevating throughout the experimental
period (Figure 4A). Body weight of Px rats was
significantly lower than that of sham rats by day 17 of
the protocol and remained significantly less than sham
rats throughout the rest of the experimental period
(Figure 4B).

DISCUSSION
Stem cell regeneration is a promising therapy for
patients with insulin dependent DM after TP. Since
multipotent mesenchymal stromal cells are free
of ethical and immunological complications, they
could provide unprecedented opportunity as starting
material to derive insulin secreting cells. Many studies
have demonstrated the low immunogenicity and
[10,11]
pluripotency of UCMSCs
. Thus, these cells are
expected to be an ideal source for transplantation. The
phenotypic characteristic of the UCMSCs isolated in
[16]
our study was in accordance with previous studies .
Indeed, the UCMSCs were positive for surface antigens
CD13, CD90, and CD105 and negative for surface
antigens CD34, CD45 and HLA-DR.
Our results illustrate that UCMSCs could be
differentiated into IPCs under specific conditions. The
pancreatic inductive protocol for UCMSCs was performed
[6]
according to a previous study . The adherent spindlelike cells acquired a round shape and assembled
together after 1 wk of induction. Some new isletlike clusters began to appear after 2 wk of induction.
DTZ staining is a method to identify IPCs, as reported
[17,18]
previously
. DTZ is a substance that can bind to
zinc. Compared with other cells, pancreatic islets have
higher zinc contents. They become crimson red after
[19]
DTZ staining . As control cells were negative for

Effects of cell transplantation on blood glucose and
body weight of SD rats

We sought to determine if the differentiated IPCs had
any effects when transplanted into SD rats. In the
cell transplantation group, blood sugar levels were
significantly lower than in the sham group 2 wk after
transplantation (Figure 4C) and body weights were
significantly higher at 3 wk after transplantation (Figure
4D). The insulin levels in Px rats transplanted with IPCs
for two weeks were increased and maintained to week
8 after transplantation (Figure 4E).

Transplantation of IPCs improves glucose tolerance in
rats after 90% pancreatectomy

To further estimate the function of the transplanted
MSCs, glucose tolerance tests were done on day 56
after transplantation. After intraperitoneal glucose
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Figure 4 Blood glucose and body weight of rats after surgery. Fed blood glucose levels and body weight in Px and sham rats following surgery A: Blood glucose
level was higher in Px vs sham on day 2 following surgery and throughout the protocol (P < 0.05); B: Body weight was lower in Px vs sham on day 17 following
surgery and throughout the rest of the protocol (P < 0.05). Px ( = 10); sham (n = 8); C: Blood glucose level changes of sham-treated controls (n = 8) and rats that
received cell transplantation (n = 6); D: Body weight changes; E: Serum insulin levels. Results are mean ± SE. aP < 0.05 vs controls; F: Improvements in glucose
tolerance in diabetic Sprague-Dawley rats transplanted with mesenchymal stem cells. At the indicated time points, blood glucose levels were measured in samples
from the angular vein using a glucometer. Results are mean ± SD (n = 6).

DTZ staining, our results demonstrated that insulin
has been produced by differentiated cells. We used
human C-peptide to represent insulin secretion by
differentiated cells due to the controversy surrounding
[20,21]
insulin uptake by cells from medium supplements
.
As the precursor of insulin, proinsulin is comprised
of three segments: A-chain, B-chain, and C-peptide.
However, unlike the A- and B-chains, cells cannot take
up C-peptide, so C-peptide levels can be regarded
as a marker of insulin production. In our studies,
differentiated cells secreted more C-peptide than
control cells after 2, 3 and 4 wk of induction. The isletlike clusters were found to be responsive to glucose
challenge as evidenced by an around 1.5-fold increase in
C-peptide secretion over basal stimulation. It indicated
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the ability of islet generated to synthesize, store and
release insulin in response to glucose challenge. In our
in vitro studies, RT-PCR and real time RT-PCR were used
to examine the expression of β-cell development-related
genes before and after induction of differentiation. After
3 wk of differentiation, the IPCs expressed the genes of
pancreatic β-cell marker s PDX1, Pax4, Glut2, Ngn3 and
insulin. Real-time RT-PCR showed that the expression
of PDX1, Ngn3, and insulin was significantly greater in
differentiated IPCs than in undifferentiated MSCs.
[14]
According to a previous study , we created
the experimental diabetic rat models by removing
90% of the pancreas. We then transplanted the
differentiated cells into diabetic rats in order to
[22]
examine the function of IPCs. The portal vein , renal

6588

June 7, 2015|Volume 21|Issue 21|

Yu YB et al . Transplantation of IPCs to treat diabetic rats
[23]

[24]

critical alternative and would provide a potentially countless source of islet cells
for transplantation. Some groups have isolated MSCs from human umbilical
cord Wharton’s jelly and induced them to differentiate into islet-like cell clusters.
To solve the islet shortage problem, we tried to induce MSCs isolated from
human Wharton’s jelly to IPCs in this study. To imitate the pathophysiological
status of diabetic patients after TP, we used SD rats after 90% pancreatectomy
as a model of type 1 DM.

subcapsularspace , and tail lateral vein
have been
previously reported as stem cell transplant locations
in the rat. We transplanted the cells into the rat liver
through the portal vein as this method is faster and
easier to perform. In this study, after transplanting
IPCs into diabetic rats, blood glucose levels decreased,
suggesting that the transplanted cells secreted
functional insulin. Thus, after transplantation, IPC
grafts could reduce hyperglycemia in SD rats. At two
weeks after transplantation, blood glucose levels
decreased to about 18.7 mmol/L compared to 25.8
mmol/L in the control SD rats. The body weight of the
transplanted diabetic rats increased rapidly, whereas
the body weight of the untreated rats increased
slowly. In vivo glucose tolerance test results showed
that blood glucose levels were decreased in the cell
transplantation group.
Taken together, our results show that UCMSCs
can differentiate into islet-like cells in vitro under
certain conditions and function as IPCs both in vivo
and in vitro. These results suggest that UCMSCs are
a promising stem cell source for β-cell regeneration.
However, there are many questions that remain
unresolved, such as how to push these cells to become
mature β-cells, will the antibodies destroy the insulinproducing cells, and whether tumor formation will
happen. Further work is required to address these
problems.
The currently published literature on early clinical
studies of autologous hematopoietic stem cells, MSCs,
conditioned lymphocytes, mononuclear cells, and a
combination of these cells in patients with DM has
shown that these cell-based therapies are safe and
feasible with some evidence of efficacy. Taking into
account all the currently available results, we can
expect DM to be treated successfully using stem cell
regeneration therapy in the near future. However,
questions such as the survival of the cells after grafting
and improvements in the viability and maintenance
of cellular function after transplantation remain to be
answered.

Innovations and breakthroughs

The authors for the first time examined the possible curative effects of
transplanting IPCs differentiated from UCMSCs in SD rats after 90%
pancreatectomy.

Applications

Based on the effect of reducing blood sugar levels of IPCs differentiated from
UCMSCs, this study suggests the therapeutic potential of insulin producing
cells in diabetic mellitus.

Terminology

UCMSCs are a kind of stem cells isolated from human Wharton’s jelly. TP is an
operation containing resection of all pancreatic tissue.
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Abstract
AIM: To investigate the continuous hepatic histo
pathological processes which occur in response to the loss
of Dicer1.
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and Technology Major Project of China, No. 2012ZX10002-017.

METHODS: We generated a hepatocyte-selective
Dicer1 knockout mouse and observed the gradual
hepatic histopathological changes in the mutant liver.
Immunohistochemistry and Western blotting were
performed to detect Dicer1 expression. We performed
hematoxylin and eosin staining, Periodic acid-Schiff
staining, Oil Red O staining, and Masson’s trichrome
staining to detect histological changes in Dicer1deficient livers. Ki67 immunohistochemistry, terminal
deoxynucleotidyl transferase-mediated dUTP nickend labeling assay, and Western blotting were used to
determine hepatocyte proliferation and apoptosis. Serum
biochemistry, cytokine assays, and flow cytometric
analysis were performed to quantity liver necrosis and
inflammation. Fibrogenic markers were determined
by Western blotting and qPCR. CK19, CD133, and
OV6 immunofluorescence were used to observe liver
progenitor cells. Immunofluorescence and qPCR were
performed to reveal embryonic gene expression. We
also performed histological staining and Western blotting
to analyze hepatocellular carcinoma (HCC) development.
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RESULTS: Dicer1 inactivation resulted in significant
architecture disorganization and metabolism disruption
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[3,4]

miRNAs . Dicer1 depletion essentially causes a global
loss of mature Dicer1-dependent miRNAs, resulting in
a lethal phenotype at approximately embryonic day
7.5 (E7.5) due to loss of pluripotency and embryonic
[5]
stem cell proliferation defects . Thus, approaches
involving the conditional deletion of the Dicer1 allele
have been used to evaluate miRNA function in a
range of tissues and organs. Accumulating reports
have revealed the critical role of miRNAs in diverse
fundamental biological processes, such as proliferation,
differentiation, apoptosis, genomic stability, and
[1,6-9]
signaling pathways
. Moreover, hundreds of
miRNAs have previously been identified in mammalian
genomes, and these miRNAs are estimated to regulate
[7]
more than 50% of human protein-coding genes . In
[10]
addition, each miRNA targets numerous mRNAs .
Given that miRNAs are key players associated with
various diseases or cancers, growing evidence suggests
that miRNAs function as either tumor suppressors
[11,12]
or oncogenes in tumorigenesis
. Specific deletion
of hepatocyte Dicer1 results in increased fetal gene
expression in the mature liver, defective liver zonation,
preserved hepatic function, and the spontaneous
[13-15]
development of hepatocellular carcinoma (HCC)
.
Understanding the progression of HCC will contribute
to the development of better diagnosis and therapies;
however, the functions of Dicer1 and miRNAs in liver
cancer remain unclear. miR-122 is a product of Dicer1
and the most abundant hepatocyte-specific miRNA,
accounting for approximately 70% of the total miRNA
population in the liver. miR-122 plays a fundamental
role in fatty acid and cholesterol metabolism, as well
[16,17]
as in hepatitis C viral replication
. miR-122 loss in
murine liver results in the development of nonalcoholic
[18]
steatohepatitis, liver fibrosis, and HCC . Decreased
[19]
miR-122 levels in liver cancer promote metastasis .
miR-199a/b-3p suppresses HCC growth through
[20]
the PAK4/Raf/MEK/ERK pathway , whereas miR26a targets cyclin D2 and cyclin E2 mRNA to induce
[21]
G1 arrest and promote tumor development . The
downregulation of certain miRNAs, such as miR24a, miR-15a/b, miR-150, and miR-195, has also
been noted in human liver cancer through the use of
[22,23]
a c-Myc-induced mouse model of HCC
. miRNAdeficient hepatocytes exhibit a delay in cell cycle
progression via a G1 to S phase block during liver
[24,25]
regeneration
.
Despite the important role of miRNAs in the
liver, their function in the development of HCC
remains unclear. Here, we developed a hepatocytespecific Dicer1-deficient mouse and comprehensively
elucidated the gradual hepatic pathological changes
that occur over time.

in the liver. Dicer1 disruption impaired hepatocyte
survival and resulted in profound cell apoptosis and
continuous necrosis. In contrast to previous reports,
the mutant liver exhibited chronic inflammation and
progressive fibrosis, and could not be repopulated by
Dicer1-positive cells. In addition, extensive activation
of hepatic progenitor cells was observed. Primary HCC
was observed as early as 4 mo after birth.
CONCLUSION: Hepatic loss of Dicer1 results in complex
chronic pathological processes, including hepatocyte
death, inflammatory infiltration, chronic fibrosis,
compensatory proliferation, progenitor activation, and
spontaneous hepatocarcinogenesis.
Key words: Dicer1; microRNAs; Liver inflammation;
Liver fibrosis; Hepatocellular carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: MicroRNAs (miRNAs) play a critical role in
the regulation of multiple biological genes in the liver.
The liver-specific loss of Dicer1, an endoribonuclease
essential for precursor miRNAs maturation, results
in liver injury and spontaneous development of
hepatocellular carcinoma (HCC); however, the gradual
histological changes involved in these processes have not
been completely characterized. In contrast to previous
reports, we found that Dicer1 inactivation causes typical
chronic liver injury characterized by profound hepatocyte
apoptosis, continuous liver necrosis, active compensatory
proliferation, noticeable triad inflammation, progressive
liver fibrosis, significant progenitor activation, and
spontaneous hepatocarcinogenesis. Our work provides
new insights into the role of miRNA in liver injury and
HCC development. These results may also aid in the
development of a miRNA therapeutic strategy for the
prevention and treatment of HCC.
Lu XF, Zhou YJ, Zhang L, Ji HJ, Li L, Shi YJ, Bu H. Loss
of Dicer1 impairs hepatocyte survival and leads to chronic
inflammation and progenitor cell activation. World J
Gastroenterol 2015; 21(21): 6591-6603 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6591.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6591

INTRODUCTION
MicroRNAs (miRNAs) are a large family of small noncoding endogenous RNAs (19-25 nucleotides in
length) that negatively mediate gene expression at
the post-transcriptional level through processes such
as transcript degradation or translational repression
by binding to the 3’ untranslated region (3’UTR) of
[1,2]
target messenger RNAs (mRNAs) . Dicer1 is a highly
conserved ribonuclease Ⅲ enzyme that is critical
for further cleavage of about 70-nucleotide hairpin
precursor RNAs (pre-miRNAs) to generate mature
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MATERIALS AND METHODS
Animal care and use statement

The animal protocol was designed to minimize pain
and discomfort for the animals used in the study. The
animals were acclimatized to laboratory conditions
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United Kingdom), Bax (Cell Signaling Technology,
United States), Bcl-2 (Cell Signaling Technology, United
States), cleaved Caspase-3 (Cell Signaling Technology,
United States), α-smooth muscle actin (α-SMA) (Abcam,
United Kingdom), β-actin (Cell Signaling Technology,
United States), and GAPDH (Kangchen, China).

(23 ℃ , 12 h/12 h light/dark, 50% humidity, ad
libitum access to food and water) for two weeks prior
to experimentation. All animals were euthanized by
barbiturate overdose (intravenous injection, 150 mg/
kg pentobarbital sodium) for tissue collection.

Animals

Quantitative reverse-transcriptase polymerase chain
reaction

fl/fl

Alb-Cre mice were mated with Dicer1
mice to
generate hepatocyte-specific Dicer1 knockout mice
fl/fl
[13,26]
(Alb-Cre; Dicer1 ) as described previously
.
Genotyping was performed by PCR of tail DNA to
distinguish wild-type mice and knockout mice. Liver
samples were obtained at indicated time points for
gross observation and to create frozen or paraffin
sections. All animal experiments were approved by
the Ethics Committee of the West China Hospital of
Sichuan University.

Total RNA was extracted from liver samples using
Trizol reagent (Invitrogen, United States). Total RNA
was used as a template to synthesize cDNA using
the iScript cDNA synthesis kit (Bio-Rad, United
States). q-PCR reactions were performed using a BioTM
TM
Rad CFX96 Real-Time PCR system with SsoFast
EvaGreen Supermix (Bio-Rad, United States). The
relative expression of target genes was normalized to
an internal β-actin control. Relative gene expression
with a greater than 2-fold change was considered
statistically significant.

Histological staining

Liver tissues were fixed in 10% formaldehyde and
the 4-μm sections were subjected to hematoxylin
and eosin staining, Periodic acid-Schiff staining,
and Masson’s trichrome staining. All staining was
performed using standard procedures. For Oil Red O
staining, fresh liver samples were cut into 6-μm thick
cryosections. Cryosections were incubated with Oil Red
O solution (0.5% w/v Oil Red O in isopropyl alcohol)
for 20 min and counterstained with hematoxylin.

Serum biochemistry and cytokine assay

Blood samples were obtained from the orbital vascular
plexus of the mice. Aspartate amino-transferase (AST)
and alanine amino-transferase (ALT) serum levels were
determined. Serum cytokine levels were analyzed on
a Luminex 200 system using a Millipore Map Mouse
Cytokine/Chemokine Magnetic Bead Panel kit (Millipore,
United States) according to the manufacturer’s
instructions.

Immunohistochemistry and immunofluorescence

Paraffin-embedded liver sections were incubated with
appropriately diluted antibodies, including Dicer1
(Novus Biologicals, United States), Ki67 (Thermo
Scientific, United States), CK19 (Abcam, United
Kingdom), SOX2 (Abcam, United Kingdom), OCT4
(Abcam, United Kingdom), MIC1 (OV6) (Novus
Biologicals, United States), and CD133 (Millipore,
United States). The results were developed by the
3,3’-diaminobenzidine (DAB) method or directly
observed under a fluorescent microscope.

Flow cytometric analysis

Liver leukocytes were isolated and subjected to
[27]
flow cytometric analysis as described previously .
The monoclonal antibody CD45-APC (BD, United
States) was used to detect total liver leukocytes.
The population of intrahepatic inflammation cells
was normalized to the amount of total live liver cells.
Flow cytometric analysis was performed on a Navios
flow cytometer (Beckman Coulter, United States)
and analyzed with Kaluza (Beckman Coulter, United
States).

TUNEL assay

The terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) assay was used to detect
apoptotic hepatocytes according to the manufacturer’s
instructions (Roche Applied Science, Swiss).

Statistical analysis

All results were expressed as the mean ± SD. For
statistical analysis, P-values were calculated using an
unpaired Student’s t-test (GraphPad Prism 5 software).
P < 0.05 was considered statistically significant.

Western blotting

Protein samples were separated using sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto activated-polyvinylidene difluoride
membrane (Bio-Rad, United States). Immunoblotting
was performed using standard protocol. Signals were
detected via chemiluminescence using an ECL kit
(Millipore, United States) on a ChemiDoc XRS gel
documentation system (Bio-Rad, United States). The
primary antibodies used for immunoblotting include
cyclin D1 (Abcam, United Kingdom), CDK1 (Abcam,
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RESULTS
Abnormal appearance and disturbed metabolism of the
Dicer1-deficient liver

To address the overall loss of miRNAs in the liver, we
generated hepatocyte-specific Dicer1-deficient mice
and examined Dicer1 protein expression in the liver. As
shown in Figure 1C and D, Dicer1 protein was robustly
depleted in the livers of both young and adult mutant
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Figure 1 Confirmation of selective Dicer1 knockout in hepatocytes. A: Diagram of the DNA insertion site of the loxP alleles; B: Electropherogram of tail DNA
genotyping (Apo was used as a positive control); C, D: Dicer1 immunohistochemistry staining (Scale bar: 100 μm) and Western blotting were performed respectively
to detect Dicer1 expression.

mice, which suggested that Dicer1 disruption was
persistent with the development and growth of the
mutant liver. The mutant mice were born alive at the
expected Mendelian ratio; no obvious abnormalities
regarding appearance, body weight, or weaning
behavior were noted compared with the littermate
controls. All mutant mice matured normally and were
fl/fl
fertile. Notably, the livers of the adult Alb-Cre; Dicer1
mice exhibited an approximately 25% increase in the
ratio of liver weight/body weight (L.W./B.W.) compared
with their littermates (Figure 2A and B). Similar to
the previous study, the Dicer1-deficient liver exhibited
noticeable appearance defects. The 1-mo-old mutant
liver was pale in color and gradually returned to normal
liver color at 3 mo of age.
HE staining revealed distinctive features of the
mutant livers, including a disrupted architecture due to
enlarged hepatocytes, disorganized hepatic trabeculae,
fibrosis surrounding portal tracts, and obliterated
hepatic sinuses. Dicer1 loss in liver impairs lipid and
glucose metabolism. To further address metabolic
disorders in the mutant liver, we examined lipid
and glycogen deposition in hepatocytes. Consistent
with previous reports, increased accumulation of
lipid droplets was noted in 1-mo-old mutant livers
compared with wild-type livers as determined by Oil
Red O staining (Figure 2C). However, the lipid droplets
were significantly reduced in 2-mo-old mice, which
might contribute to alterations in liver color ranging
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from pale to dark red. PAS staining indicated that the
mutant liver exhibited significantly reduced glycogen
storage after overnight fasting (Figure 2C). In contrast
to steatosis, which gradually disappears as the liver
matures, the glycogen deficiency was not corrected
throughout the lifespan.

Loss of Dicer1 impairs hepatocyte survival and
stimulates compensatory proliferation

We examined hepatocyte necrosis, apoptosis, and
proliferation in the Dicer1-inactive liver. Noticeable
necrosis was observed in 2-mo-old Dicer1-deficient
mice (Figure 3A and B). Tissue damage in the Dicer1deficient livers was also confirmed by the examination
of ALT and AST, both of which exhibited a statistical
increase at two months after birth (Figure 3C).
Hepatocyte necrosis induced the release of interleukin1α (IL-1α), which triggers compensatory proliferation
and HCC development (Figure 3D). Moreover,
as observed in TUNEL staining, Dicer1-deficient
livers exhibited approximately 1% TUNEL-positive
hepatocytes in 1-mo-old mice, and this number
increased to greater than 2% in 2-mo-old mice (Figure
4A and B). Hepatocyte death prompted us to examine
regeneration in the diseased livers. We performed Ki67
immunohistochemistry and determined the number
of the proliferating hepatocytes. Dicer1-deficient
livers exhibited an increased number of Ki67-positive
cells (Figure 4A and B), indicating compensatory
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proliferation in response to the cell death. The
proportion of Ki67 positive cells increased with age. To
obtain further insight into hepatocyte proliferation and
apoptosis, we performed immunoblotting to analyze
the expression of mitotic markers (e.g., cyclin D1 and
CDK1) and apoptotic markers (e.g., including Bax,
Bcl-2, and Cleaved Caspase-3). This analysis revealed
that the Dicer1-deficient hepatocytes exhibited
survival defects, resulting in continuous hepatocyte
death and the triggering of long-lasting compensatory
proliferation (Figure 4C).

activated inflammatory infiltration in the mutant
livers. At 1 mo, Dicer1-deficient livers exhibited focal
necrosis with a mild infiltration of inflammatory cells
that was concentrated around the portal triads and
extended into the parenchyma (Figure 5A). Moderate
to severe inflammation consistent with increased
necrosis was observed in the 2-mo-old Dicer1-deficient
livers. Consistent with the histologic appearance of
mutant livers, flow cytometric analysis revealed that
infiltrating inflammatory cells were increased 4-fold
in the Dicer1-deficient livers (Figure 5B). We further
investigated whether serum cytokines increased in
response to chronic inflammation. Interleukin-1β (IL1β), interleukin-6 (IL-6), monocyte chemoattractant
protein-1 (MCP-1), and tumor necrosis factor-α (TNF-α)
serum levels were significantly increased in Dicer1-

Dicer1-deficient mice exhibit chronic inflammation and
fibrosis

Hepatocyte death is always associated with inflam
mation; thus, we explored whether liver injury
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deficient mice compared with control mice at the
indicated time points (Figure 5C). Remarkably, a low
degree of fibrosis at the portal triads was observed in
young Dicer1-deficient livers, as revealed by Masson’
s trichrome staining. Enlarging fibrosis, as well as mild
fibrotic septa around the portal triads, was observed
thereafter (Figure 6A). Portal fibrosis was accompanied
by a number of activated hepatic stellate cells (HSCs)
that expressed α-SMA and produced hepatocyte
growth factor (HGF) (Figure 6B and C). Accordingly, the
expression of fibrogenic factors, such as transforming
growth factor-β (TGF-β), collagen type 1a1 (Col1a1),
and collagen type 4a1 (Col4a1), were significantly
elevated in mutant livers (Figure 6C).

by CK19, also known as ductular reaction, was evident
in the mutant liver, and the progenitors appeared
to extensively extend into the lobules (Figure 7A).
We next examined stem cell marker and embryonic
protein expression in the liver. Unexpectedly, neither
CD133, a widely-expressed mesenchymal stem cell
marker, nor MIC1 (OV6), a characteristic hepatic
progenitor cell marker, was observed in Dicer1deficient livers (Figure 7A). Sparse hematopoietic cells
were observed throughout Dicer1-deficient livers until
7 wk, and these cells were not observed in the control
livers shortly after birth (data not shown). Instead,
positive expression of OCT4 and SOX2, both of which
[28]
are embryonic and multifunctional gene products ,
was consistently observed in hepatocytes at least two
months after birth (Figure 7B). We next analyzed the
expression of other core pluripotency transcription

Dicer1 loss induces hepatic progenitor cell activation

Active proliferation of hepatic progenitor cells marked
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factors, such as KLF4, SSEA1, c-Myc, and Nanog. As
shown in Figure 7C, the expression of these genes was
noticeably increased in mutant livers.

triad inflammation, progressive liver fibrosis, sig
nificant progenitor activation, and spontaneous
hepatocarcinogenesis.
In agreement with a previous study, Dicer1 is
required to sustain proper lipid and glucose metabolism.
miR-122, the most abundant liver-specific miRNA,
[29]
plays a critical role in cholesterol biosynthesis .
miR-122 loss secondary to Dicer1 deficiency leads
to marked steatosis. Which miRNA is responsible for
glucose metabolism dysregulation remains unclear.
It is also unclear why glycogen deficiency remained
evident when steatosis was resolved in the adult mice.
The most intriguing finding in our work involves
the continuous hepatocyte necrosis and progressive
fibrosis noted in the Dicer1-deficient mice. Our
findings are quite different from a previous report
[13]
by Sekine et al , which suggested that Dicer1 loss
resulted in robust apoptosis, not necrosis, in mutant
hepatocytes. Noticeable apoptosis was similarly shown
in our mutant mouse liver. In addition, we observed
continuous parenchymal necrosis in the liver as early
as only one month after birth. It is widely known that
necrosis causes inflammation, whereas apoptosis does
[30,31]
not
. Prominent chronic inflammatory infiltration
and progressive fibrosis in the liver tissues, together
with significantly increased serum hepatic enzyme
and inflammatory cytokine levels, provides solid
evidence of parenchymal necrosis in the mutant
livers. The continuous death of hepatocytes triggers
[32]
compensatory liver regeneration . A previous report
[24]
by Song et al
demonstrated that global loss of
miRNAs secondary to the knockout of DGCR8 (an

Spontaneous development of HCC in mutant liver

Spontaneous HCC in both male and female Dicer1deficient mice was observed as early as 4 mo after
birth. By 6 mo, 4 of the 20 mutant mice developed
HCC with 1 to 3 separate macroscopic tumor foci in
each liver (Figure 8A and B). The tumor cells exhibited
remarkable features of smoothly demarcated edges
surrounded by fibrous encapsulation, pseudoglandular,
and nuclear pleomorphism as assessed by microscopy
(Figure 8A). The later tumor stages were welldifferentiated with an invasive appearance (data
not shown). Most noticeably, Dicer1 expression was
negative in the HCC lesion and non-tumor tissues
(Figure 8C and D).

DISCUSSION
A number of new insights into the role of miRNAs in
the coordination of diverse hepatic biological processes
were revealed using a mouse model with hepatocytespecific deletion of the Dicer1 gene. Similar to
previous reports, we observed that loss of Dicer1
led to significant hepatic architecture disorganization
and metabolic disorders. Most notably, in contrast to
previous reports, we found that Dicer1 inactivation
caused typical chronic liver injury characterized by
profound hepatocyte apoptosis, continuous liver
necrosis, active compensatory proliferation, noticeable
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enzyme upstream of Dicer1 in RNA biogenesis) caused
a delay in cell cycle progression that involved the G1 to
S phase transition after a two-thirds hepatectomy. It
remains unclear whether the mutant cells completely
lose regenerative properties in response to Dicer1
ablation. We observed a few scattered proliferating
hepatocytes in the mutant liver parenchyma. Sekine
[13]
et al
reported that the hepatocytes that escaped
from Cre recombinase and regained Dicer1 expression
repopulated the liver when the mutant cells underwent
apoptosis. However, we confirmed that the liver
remains Dicer1 negative throughout life. It would be
interesting to determine whether the mutant liver is
repopulated by the hepatocytes that escaped from Cre
recombinase rather than the continuous proliferation
[13]
of mutant hepatocyte. Sekine et al
did not observe
hepatic progenitor cell activation. In our Dicer1inactive liver, robust expansion of liver progenitors
marked by CK19 was observed. Most intriguingly,
these CK19 cells were Dicer1 negative, and it appears
that these progenitors are potentially activated
for parenchymal compensation. It is reasonable
to assume that if the mutant liver is completely
repopulated by Dicer1-positive hepatocytes, it will
eventually exhibit a normal architecture with normal
metabolism in the absence of inflammation, fibrosis,
or tumorigenesis; this notion has been well elucidated
[33]
-/in Fah-deficient mice . In Fah mice, the lack of
fumarylacetoacetate hydrolase (FAH) causes the mice
to rely on a lifelong dietary supplement of 2-[2-nitro4-(trifluoromethyl)benzoyl]-1, 3-cyclohexanedione
(NTBC). The transplantation of hepatocytes or
-/hepatic progenitors typically repopulates the Fah
liver by replacing dead hepatocytes caused by the
withdrawal of NTBC. In this case, the Fah mutant
liver is completely and properly reconstituted by FAH[34,35]
positive cells
. The results were quite different in
our Dicer1-deficient mouse liver, given that Dicer1
was not expressed in adult mutant mouse liver or
tumor tissue. Other evidence also confirmed that
the hepatocytes that escaped from Cre-mediated
recombination did not repopulate the Dicer1-deficient
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livers. First, constant glycogen deficiency was noted in
the mutant liver, whereas lipid metabolism appeared
to normalize. Second, embryonic gene products,
such as OCT4 and SOX2, were extensively expressed
in hepatocytes and progenitors even at 2 mo after
birth. Third, extramedullary hematopoiesis cells, a
marker of the immature state of the mutant liver,
were often observed until adulthood. Taken together,
we hypothesize that the continuous proliferation of
mutant hepatocytes and active expansion of the
progenitors, but not the hepatocytes that regained
normal Dicer1 expression, were primarily responsible
for the histological recovery of the mutant liver. Our
study presents a different phenotype of Dicer1inactive livers. Our observation also differs from the
report using hepatic-selective DGCR8 inactive mice,
wherein no histological or developmental defects were
observed. The cause of the different phenotypes of
these miRNA-deficient mice requires further intensive
study.
In our Dicer1-inactive mice, HCC was observed
as early as 4 mo after birth, suggesting that a great
number of oncogenic factors are regulated by miRNAs.
Chronic hepatic injury and active progenitor expansion
are considered to be crucial cellular events in the
[36]
development of HCC . In addition, embryonic gene
expression secondary to Dicer1 inactivation in both
hepatocytes and progenitors might also be required for
tumorigenesis given that embryonic protein expression
[37,38]
significantly increases the risk of tumorigenicity
.
In addition, increased levels of chronic pro-tumorigenic
cytokines, such as IL-6 and TNF-α, are also considered
[39]
risk factors for hepatocarcinogenesis . These
pathways are initiated by hepatocyte death and cause
inflammation, fibrosis, compensatory proliferation, and
HCC promotion, as summarized in Figure 8E.
Our study has revealed that hepatic loss of Dicer1
results in complex pathological processes, including
hepatocyte immaturity, metabolic disorders, hepatocyte
death, inflammatory infiltration, chronic fibrosis,
compensatory proliferation, progenitor activation, and
ultimately spontaneous hepatocarcinogenesis. miRNAs
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dysregulation is essential for HCC carcinogenesis.
However, it is still difficult to confirm the specific miRNA
that plays the dominate role in the development of HCC
using Dicer1-inactive mice. Intensive studies should be
performed to clarify the distinct role of each individual
miRNA in HCC. An improved understanding of the
pathogenesis of liver cancer would provide cues for
liver cancer diagnostics and prognosis. These results
may also provide further insights for the development
of a miRNA therapeutic strategy for the prevention and
treatment of HCC.
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Background

Hepatocellular carcinoma (HCC) is associated with numerous liver diseases,
such as hepatitis B virus, nonalcoholic steatohepatitis, and miRNAs loss.
miRNAs play critical roles in diverse liver fundamental biological processes, but
the role of miRNAs in the development of HCC remains unclear.
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Research frontiers

Dicer1 is an endoribonuclease essential for the maturation of precursor
miRNAs. Specific deletion of Dicer1 in hepatocytes has revealed liver injury
and spontaneous development of HCC. The hotspot of current research is the
gradual histological changes involved in HCC processes in the Dicer1-deficient
liver.
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Innovations and breakthroughs

The liver-specific loss of Dicer1 results in liver injury, hepatocyte death, and
progenitor activation. Recent studies show that hepatocyte death causes
inflammation, fibrosis, compensatory proliferation, and HCC promotion.
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Applications

The study results suggest that the ablation of miRNA accelerates liver injury,
progenitor activation, and HCC development, and may be useful for the
prevention and treatment of HCC in the future.
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Terminology

Dicer1 is a highly conserved ribonuclease Ⅲ enzyme that is critical for further
cleavage of pre-miRNAs to generate mature miRNAs. Dicer1 depletion
essentially causes a global loss of mature Dicer1-dependent miRNAs, resulting
in a lethal phenotype due to the loss of pluripotency and the defects of
embryonic stem cell proliferation. miRNAs dysregulation is essential for HCC
carcinogenesis.
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Peer-review

The authors generated a hepatocyte-selective Dicer1 knockout mouse and
further characterized the gradual hepatic histopathological changes in the
mutant liver, including hepatocyte proliferation and apoptosis, liver necrosis,
inflammation, fibrosis, and HCC development. The authors did a great job
providing further detail on the continuous hepatic histopathological processes
that occur in response to the loss of Dicer1. Experiments were properly
performed and data interpretation is mostly appropriate. This is a good
complement to previous research.
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Abstract
AIM: To investigate serum PC-594 fatty acid levels as
a potential biomarker in North American pancreatic
cancer (PaC) patients, and to compare its performance
to CA19-9.
METHODS: Using tandem mass spectrometry, we
evaluated serum PC-594 levels from 84 North American
patients with confirmed PaC and 99 cancer-free control
subjects. We determined CA19-9 levels by ELISA.
Significance between PaC patients and controls, and
association with clinical variables was determined by
analysis of variance and t -tests. Diagnostic performance
was evaluated by receiver-operator characteristic (ROC)
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9.3/100000 new cases diagnosed per year, with
[1]
8.6/100000 deaths . PaC is usually diagnosed at a
late stage, well after the presentation of symptoms
including jaundice, pain, and weight loss. By this
time, conventional treatments, such as surgery
and radiation, are generally ineffective. The median
[4]
survival time of PaC is therefore only 4 mo , with a
[5]
5-year survival of less than 5% for stage Ⅲ/Ⅳ . In
[5]
comparison, the 5-year survival for stage Ⅰ is 30% .
Therefore, as with most cancers, improved early
detection of PaC prior to metastatic disease would lead
to better prognosis.
The current major challenge in the management
of PaC is the identification of high-risk patients, since
greater than 90% of cases are sporadic with no
[6]
familial association . Unlike colorectal cancer (CRC),
for example, there are no PaC screening tests or
screening guidelines for the average-risk population.
This is due largely to the low incidence, lack of suitable
molecular markers, and the limitations of medical
imaging approaches such as endoscopic ultrasound
(EUS) and computed tomography (CT) for screening
the general population. Therefore, a blood-based
test for identifying a subset of the population with
PaC incidence sufficient to warrant further screening
would represent a significant advancement in PaC
management.
PC-594 is a novel circulating 36-carbon long-chain
polyunsaturated fatty acid that has previously been
[7]
implicated in Japanese PaC patients . In the current
study, we investigated whether serum PC-594 levels
are affected in North American PaC patients and
compared the results to CA19-9.

curve analysis, and PC-594 correlation with age and
CA19-9 determined by regression analysis.
RESULTS: Mean PC-594 levels were 3.7 times lower in
PaC patients compared to controls (P < 0.0001). The
mean level in PaC patient serum was 0.76 ± 0.07 µmol/L,
and the mean level in control subjects was 2.79 ± 0.15
µmol/L. There was no correlation between PC-594 and
age, disease stage or gender (P > 0.05). Using 1.25
µmol/L as a PC-594 threshold produced a relative risk
(RR) of 9.4 (P < 0.0001, 95%CI: 5.0-17.7). The area
under the receiver-operator characteristic curve (ROCAUC) was 0.93 (95%CI: 0.91-0.95) for PC-594 and 0.85
(95%CI: 0.82-0.88) for CA19-9. Sensitivity at 90%
specificity was 87% for PC-594 and 71% for CA19-9.
Six PaC patients with CA19-9 above 35 U/mL showed
normal PC-594 levels, while 24 PaC patients with
normal CA19-9 showed low PC-594 levels. Eighty-five
of the 99 control subjects (86%) showed normal levels
of both markers.
CONCLUSION: PC-594 biomarker levels are signifi
cantly reduced in North American PaC patients, and
showed superior diagnostic performance compared to
CA19-9.
Key words: Pancreatic cancer; Risk; Screening; Blood;
Fatty acid; Biomarker; Metabolite; PC-594
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The incidence of pancreatic cancer (PaC) in
the general population is too low to warrant screening
by imaging or endoscopic ultrasound. In this paper,
we provide further validation that the serum fatty
acid metabolite PC-594 is a viable PaC biomarker
by showing that it is significantly reduced in North
American PaC patients compared to control subjects,
and that its performance is superior to CA19-9. This
reduction represents a near 10-fold increase for PaC
risk, and a PaC incidence among PC-594 deficient
subjects that exceeds the incidence of colorectal cancer
considered sufficient to warrant colonoscopy-based
screening. PC-594 therefore represents an opportunity
to identify a subset of the general population with high
PaC risk.

MATERIALS AND METHODS
Sample cohort

PaC (n = 84) and control (n = 99) serum samples were
obtained from Conversant Bio (www.conversantbio.
com). All patients signed informed consents, and
samples were collected under ethics-approved
protocols according to the requirements of Conversant
Bio. Patients also signed Conversant Bio informed
consents and pathology reports were provided for
most cases. Serum was prepared off-the-clot using
red-topped vacutainer tubes. Inclusion criterial for
the controls was no current or prior diagnosis of any
cancer including PaC. For PaC patients, a pathologistconfirmed diagnosis of pancreatic adenocarcinoma
of any stage was required. Basic demographics are
shown in Table 1.

Ritchie SA, Chitou B, Zheng Q, Jayasinghe D, Jin W, Mochizuki
A, Goodenowe DB. Pancreatic cancer serum biomarker PC-594:
Diagnostic performance and comparison to CA19-9. World J
Gastroenterol 2015; 21(21): 6604-6612 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6604.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6604

PC-594 isolation

PC-594 was isolated from commercial human serum
by batch extracting 60 mL of human serum (Seracare
Lifesciences) with 120 mL methanol and 240 mL ethyl
acetate. After centrifugation at 1300 rpm for 5 min, the
supernatant was decanted and then partitioned with
240 mL hexane. The upper layer was separated from

INTRODUCTION
PaC has the fourth highest mortality rate among all
[1-3]
cancers in North America . In Canada, there are
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(Agilent G1315D). All fractions were finally analyzed by
LC/MS on an Agilent 1200 HPLC coupled to the ABSciex
QStar mass spectrometry system. Fractions containing
similar purity of PC-594 were combined and analyzed
using LC/MS analysis as well as NMR analysis. A fraction
(0.3 mg) with purity greater than 98% was qualified
as a reference standard for the quantitative analysis of
PC-594 in human serum.

Table 1 Clinical characteristics

All
Male
Female
Caucasian
African American
Other
Age (yr), median
TNM Stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Stage unknown
Surgery
Sample collected prior to surgery
Sample collected after surgery
NA
Chemo
Sample collected prior to chemo
Sample collected after chemo
Sample collected during chemo
NA
Radiation
Sample collected prior radiation
Sample collected after radiation
Sample collected during radiation
NA

Controls, n

PaC, n

99
46
53
75
23
1
45 (19-85)

84
45
39
77
6
1
64 (41-96)

Tandem mass spectrometry

11
23
50

Samples were prepared for tandem MS by vortexing
20 µL of serum with 30 µL of 0.3% formic acid and 750
µL of ethyl acetate at 1500 RPM for 60 min. Samples
were then centrifuged at 15400 RCF for 2 min. The
upper organic fractions were transferred to new
vials, and directly infused into an Ionics 3Q Molecular
Analyzer tandem mass spectrometer under negative
atmospheric pressure ionization using a Glison-271
liquid handler. 100 µL of sample was injected at a
speed of 0.5 mL/min using mobile-phase solvent of
2% water in ethyl acetate. The mass spectrometer
was set to MRM mode, with parent ion selection of
593.5 [M-H] (m/z) in Q1 and 371.5 [M-H] (m/z) in
Q2. Acquisition time was 1.00 min with 190 scans.
Other parameters were: drying gas: 100.0 ℃, HSID:
200.0 ℃, nebulizer gas: 300.0 ℃, corona discharge:
-4.0, probe temperature: 350.0 ℃.

38
23
23
6
17
56
5
47
11
3
23

NA: Not available.

the aqueous phase using a 2 L separation funnel and
the organic phase concentrated under vacuum using
a rotary evaporator. PC-594 was purified from the
residue (ca. 0.25 g) through different stages of liquid
chromatographic separation as described below. The
process was repeated for total 40 L of human serum.
10 g of pooled extract residue was then fractionated
by flash column chromatographic separation on silica
gel (Merck, 0.04-0.063 mm, 100 g), and eluted
sequentially with a mixture of hexane:ethyl acetate
(1:9, 4 L; 4:1, 4 L; 4:3, 4 L, and 0:1, 8 L). All fractions
collected were submitted for LC/MS analysis using
an Agilent 1200 HPLC coupled to an ABSciex QStar
XL mass spectrometry system. Fractions eluted with
hexane:ethyl acetate (4:1) containing PC-594 were
combined and concentrated using a rotary evaporator
under reduced pressure. The process was repeated until
all extracts were fractionated. The obtained fraction
(0.34 g) containing PC-594 as major component was
further purified on a preparative LC system using a
preparative SB C-18 column (Agilent XDB C-18 column,
21.2 mm × 150 mm, 5 µm), and eluted with a mixture
of acetonitrile:water (75:25, in 35 min; flow rate: 25
mL/min). The fractions were monitored using a diode
array detector (G1315D). Fractions containing PC-594
(tR: 16.9 min) were combined and concentrated under
vacuum. Finally, the purer fraction (70 mg) was further
purified by LC using a semi-preparative SB CN column
(Agilent SB CN, 9.4 mm × 250 mm, 5 µm), eluted with
mixture of hexane:ethyl acetate (1-35 min, 94:6; 36-50
in, 50:50; 51-75 min, 94:6; flow rate: 5 mL/min). The
fraction was monitored using a diode array detector

WJG|www.wjgnet.com

CA19-9 determination

Serum CA19-9 levels were determined by ELISA
using a commercially-available CA19-9 ELISA kit
from Affymetrix (manufactured by Panomics Inc.),
according to the manufacturer’s instructions.

Statistical analysis

PC-594 concentrations were determined by extrapo
lation of peak areas from external standard curves of
HPLC-purified PC-594 standard. CA19-9 concentrations
were extrapolated from external standard curves
according to the manufacturer’s instructions (Panomics,
Inc). Univariate analysis and logistic regression were
performed with Microsoft Excel and STATA version 13.
ROC curves were performed using JROCFIT 1.0.2.
(http://www.rad.jhmi.edu/jeng/javarad/roc/JROCFITi.
html). Beeswarm scatter plots were performed with
R 2.15.1. Differences were deemed significant if P
values were less than 0.05. The statistical methods
of this study were reviewed by Dr. Bassirou Chitou, a
biostatistician from Phenomenome Discoveries, Inc.

RESULTS
We determined PC-594 levels in the serum of North
American PaC patients and control subjects using
tandem MS (Table 1). The mean PC-594 levels were
0.76 ± 0.07 µmol/L in PaC patients and 2.79 ± 0.15
µmol/L in control subjects (Figure 1, P < 0.0001 PaC
vs control subjects). ROC analysis produced an AUC
of 0.93 (95%CI: 0.91-0.95; Figure 2A). Optimum
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Figure 1 Beeswarm scatter plot of PC-594 levels in control and pancreatic
cancer patient sera. Boxes indicate the 25 th to 75th percentile, while the
horizontal line in the box represents the median level. Whiskers indicate the 5th
to 95th percentile.

B

0.2

0.4
0.6
1-specificity

0.8

1.0

100
95
90

sensitivity (86%) and specificity of (91%) was
achieved at a PC-594 concentration of 1.25 µmol/L.
The relationship between PC-594 concentration,
specificity, and sensitivity is shown in Figure 2B. Using
1.25 µmol/L as a threshold resulted in a relative risk
(RR) of 9.4 (P < 0.0001, 95%CI: 5.0-17.7).
There were 34 PaC patients with available staging
data; 11 stage Ⅰ/Ⅱ, and 23 stage Ⅲ/Ⅳ. The mean
PC-594 level among the stage Ⅰ/Ⅱ patients was 0.75
± 0.18 µmol/L, while the stage Ⅲ/Ⅳ patient mean was
0.56 ± 0.06 µmol/L. The difference between stageⅠ/Ⅱ
and stage Ⅲ/Ⅳ was not significant (P = 0.2; Figure 3A).
We also investigated possible associations between
PC-594 and gender, age, race, and treatment status.
There was no mean PC-594 difference between male
and female PaC patients (P = 0.36), however, there
was a slightly lower mean PC-594 level in female
control subjects compared to males (P = 0.01; Figure
3B). When all samples were grouped together, there
was no mean difference between male and female
subjects (P = 0.2). There was also no association with
age, as determined by regression analysis, in either
the control subjects (R = 0.08, F = 0.6, P = 0.4;
Figure 4A) or PaC patients (R = 0.2, F = 3.5, P = 0.06;
Figure 4B). Mean PC-594 levels by age group are
shown in Figure 4C. There was also no difference in
PC-594 levels between subjects grouped based on age
less than 50, 50-64, or 65 and older (P > 0.5).
Likewise, we observed no significant difference
in PC-594 level between African Americans and
Caucasians in the control group (P = 0.18; Table 2),
and no effect of surgery, chemo, or radiation therapy
relative to the time of sample collection (Table 2).
We next determined CA19-9 levels and compared
the results to PC-594 (Figure 5A). 54 of the 84 PaC
patients had CA19-9 levels greater than 35 U/mL (64%
sensitivity), the concentration above which prognosis is

WJG|www.wjgnet.com

Percent

85
80
75
Specificity

70

Sensitivity

65
60
0.50

1.00
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2.00

Figure 2 Receiver-operator characteristic analysis of PC-594. A: ROC
curve based on PC-594 levels in PaC and control subjects, Dotted lines
indicate the 95%CI; B: Line pots of sensitivity and specificity vs serum PC-594
concentration.
[8]

generally considered poor . This resulted in an ROCAUC of 0.85 (95%CI: 0.82-0.88; Figure 5B). There
was, however, a significant inverse correlation between
CA19-9 levels and PC-594 (R = 0.48, F = 46 and P <
0.0001, Figure 6A). There was no difference in CA19-9
levels between stage Ⅰ/Ⅱ and Ⅲ/Ⅳ patients (162 ±
72 vs 130 ± 43, respectively, P = 0.7).
To determine if the combination of CA19-9 and
PC-594 resulted in improved discrimination, we
calculated the number of patients with abnormal levels
of either one or both markers. There were only six PaC
patients with normal PC-594 levels who had CA19-9
above 35 U/mL, while 24 PaC patients with normal
CA19-9 showed low PC-594 levels (Figure 6B and
Table 3). Interestingly, there were only six PaC patients
who had normal levels of both markers, meaning that
78 of the 84 patients (93%) had an abnormal level of
at least one of the markers. For controls, 85 of the 99
subjects (86%) showed normal levels of both markers
(Table 3, bottom row). The additional discrimination

6607

June 7, 2015|Volume 21|Issue 21|

Ritchie SA et al . Pancreatic cancer risk and biomarker PC-594

A

B

10

3

PC-594 (mmol/L)

PC-594 (mmol/L)

8

2

P = 0.01

6

P = 0.36

4

1
2

0

0
Ⅰ/Ⅱ

Ⅲ/Ⅳ
Stage

Unknown

F

M
Controls

F

M
PaC

Figure 3 Beeswarm scatter plot of PC-594 levels by disease stage (A) and gender (B). Boxes indicate the 25th to 75th percentile, while the horizontal line in the
box represents the median level. Whiskers indicate the 5th to 95th percentile. PaC: Pancreatic cancer.
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Figure 4 Age analysis. Scatter plots of PC-594 level vs age for controls (A) and PaC patients (B); Beeswarm scatter plot of PC-594 levels by age in controls and
PaC patients (C). Boxes indicate the 25th to 75th percentile, while the horizontal line in the box represents the median level. Whiskers indicate the 5th to 95th percentile.
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A

Table 2 t -test results of ethnicity and treatment status on
PC-594 levels

> 600

500

P value

African American (23) vs Caucasian (75)
Surgery pre (38) vs post (23)
Chemo pre (6) vs post (17)
Chemo post (17) vs active (56)
Radiation pre (47) vs post (11)

0.18
0.20
0.40
0.06
0.10

CA19-9 (U/mL)

Comparison

afforded by CA19-9 in this study therefore resulted in
a 7% improvement in sensitivity, but at the expense of
5% specificity (86 vs 91).

400

300

200

100

0

DISCUSSION

Control

Our results indicate that PC-594 is significantly reduced
in the serum of North American PaC patients, with
86% of cases and 9% of controls showing levels below
1.25 µmol/L (86% sensitivity and 91% specificity).
This is similar to previously published results showing
[7]
a sensitivity of 81% at 95% specificity . Our findings
herein provide further evidence that PC-594 is a
robust marker of PaC in both North American and
Japanese patients, and we conclude from this that
PC-594 reduction in PaC is independent of geography
or ethnicity. This was further corroborated by the lack
of difference between African American and Caucasian
control PC-594 levels.
The lack of association between PC-594 levels and
disease stage in North American patients suggests the
possibility that PC-594 becomes reduced prior to the
development of the disease, as the levels should have
been lower among advanced cases if the tumor was
causing the reduction. Since PaC is rarely diagnosed
at an early stage, detecting a PC-594 deficiency
might offer a new approach for early detection, or
for detecting future increased risk of PaC among the
general population. Since prognosis is better with early
detection, identification and surveillance of high-risk
subjects should result in reduced mortality.
In addition to the lack of stage effect, the lack of
association between PC-594 and treatment status
at the time of collection further underscores that
the reduction is not likely due to the tumor. We
also have data from Japanese patients (manuscript
in preparation) showing that intra-subject PC-594
levels do not change following surgery. Ultimately, a
longitudinal study will be required to confirm whether
PC-594 deficient subjects who are asymptomatic show
higher future PaC incidence rates.
Our data suggest that PC-594 reduction is a
significant risk factor for PaC. PC-594 deficient subjects
in this study showed a RR of 9.4, which represents a
projected PaC incidence in a PC-594 deficient population
that is approximately two to three times higher than
[1]
the general population incidence of CRC . Given that
the incidence of CRC at age 50 is sufficient to warrant
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Figure 5 CA19-9 levels. A: Beeswarm scatter plot of CA19-9 levels in controls
and PaC patients. Grey lines indicate median levels; B: ROC curve based on
CA19-9 levels; Dotted lines indicate the 95%CI.

endoscopy-based screening, an appropriate follow-up
schema for the PC-594 deficient subpopulation should
be considered.
This study is the first report examining the
correlation between PC-594 and CA19-9 we are aware
of. CA19-9 is the only marker routinely used in the
[9,10]
management of PaC, primarily for prognosis
. Due
to the high false-negative rate of CA19-9 (PaC patients
with normal CA19-9 levels), it is not recommended
for average-risk screening by the American Society
[11]
for Clinical Oncology . Furthermore, elevated
levels are often reported in other conditions such
[8]
as obstruction . In this study, only 64% of the PaC
patients showed abnormally high CA19-9 levels, which
is consistent with other reports (see Ballehaninna et
[12]
al
for review). Overall, PC-594 showed superior
performance (AUC of 0.93 vs 0.85 for CA19-9), with
sensitivity of 86% at 91% specificity. Adding CA19-9 to
PC-594 by way of a simple Boolean approach increased
sensitivity by 7%, but at a loss of 5% specificity. It is
probably not feasible to combine the markers for risk-
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Figure 6 Correlation between CA19-9 and PC-594. Scatter plots of PC-594 vs CA19-9 concentrations (A, log10; B, unlogged). In B, the dotted box A represents
CA19-9 above 35 U/mL and PC-594 levels above 1.25 (elevated CA19-9 and normal PC-594), while the dotted box B represents CA19-9 levels below 35 U/mL and
PC-594 levels below 1.25 (normal CA19-9 and abnormal PC-594).
[7]

of subjects over imaging everyone . Medical imaging
[14,15]
in the form of either EUS
, magnetic resonance
[16-18]
[19,20]
(MR)
, CT
or positron emission tomography
[21]
(PET)
are all viable approaches; however, the
invasiveness (of EUS), cost, available resources, or
radiation dosage are all factors that must be considered
for wide-spread adoption. However, recent advances
in transabdominal ultrasound (TUS) are showing
promise for the detection of various pancreatic lesions
and carcinomas, and could represent a cost-effective
and non-invasive follow-up approach for monitoring
[21-24]
high-risk subjects
. We are currently establishing
a clinical protocol to evaluate the potential of TUS as a
follow-up modality in PC-594 deficient subjects.
What role PC-594 plays in the body is currently
unknown. PC-594 was originally identified as a
594 Da member and the top PaC discriminating
metabolite among a group of 36-carbon containing
polyunsaturated fatty acids in the blood using a high[7]
resolution metabolomics approach . The molecular
formula of PC-594 is C36H66O6, and it contains
multiple unsaturations and hydroxylations. The
36-carbon fatty acids belong to a family of metabolites
known as gastric tract acids (GTAs), some of which
have been shown to exhibit pro-apoptotic and antiinflammatory activities, the latter mediated through
[25]
the inhibition of NFkappaB . GTAs have not been
detected in the blood of other species and thus appear
to be specific to human serum. We have previously
eluded to a possible association with microbiome
metabolism, and are currently investigating whether
[25]
GTAs are produced by microbes . Our current
hypothesis is that PC-594 is involved in protecting
the body against inflammation and subsequent early
proto-oncogenic events. Based on our data to date, we
speculate that a decline in PC-594 with age in a subset

Table 3 Interaction between CA19-9 and PC-594 n (%)
CA19-9 (U/mL)

PC-594 (µmol/L)

PaC

Control

Abnormal
Abnormal
Normal
Abnormal
Normal

54 (64)
72 (86)
48 (57)
6 (7)
24 (29)
6 (7)

5 (5)
9 (9)
0 (0)
5 (5)
9 (9)
85 (86)

Abnormal
Abnormal
Abnormal
Normal
Normal

Abnormal CA19-9: Greater than 35 U/mL. PaC: Pancreatic cancer.

based stratification, as the 5% reduction in specificity
(or increase in false positive rate) would require
over a third more follow-up screening procedures.
Since we do not know for certain whether the control
distributions across different ethnicities are similar,
the 1.25 µmol/L optimal cut-off reported here could
be optimal for the United States population, while
different cut-offs may be required for other geographic
or ethnic populations.
This latter point is one of the most challenging
aspects of PaC screening programs - what to do with
asymptomatic high-risk subjects? Unlike CRC, where
high-risk subjects can undergo colonoscopy, there are
currently no recommended guidelines for managing
high-risk PaC patients. Since PC-594 deficiency is a risk
factor similar to age, family history, smoking, or other
[13]
factors , it could be used as an additional tool in the
clinic to aid in identifying high risk subjects. Stratifying
the general population into those with a PC-594
deficiency, followed by assessment of other risk factors
and potentially medical imaging, is a logical clinical
path for monitoring risk. We also previously showed,
using decision curve analysis, that there is a significant
net clinical benefit in using PC-594 to identify a subset
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of the population occurs to a point below which PC-594
can no longer counteract the accumulation of chronic
inflammation over time, creating a microenvironment
favorable for the subsequent development of cancer.
Our current studies are focused on purifying and
synthesizing sufficient quantities of PC-594 from
human serum, investigating its biological activity,
and determining its origin within the body. Whether
a PC-594 reduction is implicated in non-cancerous
inflammatory conditions is a question we are currently
addressing through a comprehensive survey of
various inflammatory pancreatic pseudocysts, and
true cysts such as intraductal papillary mucinous
neoplasms (IPMNs). Our previous data hints towards
an association between IPMN and a PC-594 deficiency,
which is intriguing given that IPMN can be a precursor
[7]
for PaC .
The main limitation of our study was the retrospec
tive case-control design. Although we took care
in selecting samples collected and handled under
stringent protocols, there is always the possibility
of bias. However, we’ve now observed this PC-594
reduction in multiple independent, geographically
disparate, and ethnically diverse populations using
different sample collection protocols. Accordingly,
the likelihood of bias due to any of these factors is
minimal. A second limitation was that we did not have
access to staging data on all patients and detailed
medical histories on control subjects. This limited the
confidence with which we could report an association
with stage, and we could not definitively exclude the
possibility that any of the controls had increased risk
due to family history or other pancreatic conditions.
A third limitation was a difference between the mean
ages of the cases and controls; however, the lack
of correlation with age in each cohort significantly
reduced the likelihood of bias due to age. Collectively,
the lack of association between PC-594 and other
clinical parameters in the study including age, gender,
stage, treatment, and ethnicity provided further
confidence that the PC-594 reduction was associated
with PaC, and no other factors.
In conclusion, our findings confirm that PC-594
reduction in PaC is independent of ethnicity or
geography, and shows superior performance compared
to CA19-9. A PC-594 deficiency represents a risk for
PaC that exceeds the risk of CRC among the general
population, thus necessitating further prospective
validation and the establishment of appropriate followup screening guidelines.

COMMENTS
COMMENTS
Background

There are currently no tests for identifying subjects among the general
population who might be at risk for pancreatic cancer. The purpose of this paper
was to provide further validation of an association between a new blood-based
metabolic marker, called PC-594, and pancreatic cancer, and to compare the
findings to the prognostic marker CA19.9.

Research frontiers

The current hotspot for pancreatic cancer screening is to identify a subset of
the population which has an increased risk high enough to warrant further
screening. The challenge is that there is currently no screening test available,
and performing imaging such as endoscopic ultrasound (EUS), magnetic
resonance imaging (MRI) or computed tomography (CT) scans on the general
population is not practical. What the community needs is a minimally-invasive
test that would increase the incidence of pancreatic cancer to a point that
warrants further medical evaluation, similar to that of colorectal cancer where at
age 50 the incidence is considered high enough to recommend that everyone
go for screening colonoscopy. Such an approach would represent a major
breakthrough in the early detection of pancreatic cancer.

Innovations and breakthroughs

The only other biomarker relevant in the pancreatic cancer space is CA19-9.
Even though CA19-9 is not recommended for screening, it is still the
clinical gold standard biomarker when it comes to pancreatic cancer patient
management, and is often used as a prognostic aid. Our data shows that
PC-594 is superior to CA19-9 at identifying pancreatic cancer. 8.6 out of every
10 pancreatic cancer patients showed a PC-594 metabolic deficiency, while
only 6.4 out of every 10 patients showed elevated CA19-9 levels.

Applications

PC-594 could be used among the general population to identify a subset of
people with increased pancreatic cancer risk who should consider further
evaluation.

Terminology

PC-594 is the name of a long-chain fatty acid metabolite in the blood, which
has low levels in pancreatic cancer patients. CA19.9 (cancer antigen 19.9) is
a protein that can appears in the blood when a person has advanced stage
pancreatic cancer. Medical imaging methods to detect pancreatic cancer
include EUS, an invasive procedure where patients are sedated and an
endoscope with ultrasound capabilities is used to image and/or biopsy the
pancreas. MRI and CT are non-invasive imaging methods.

Peer-review

General comments by the reviewers prior to revisions included: This manuscript
describes PC-594 as a pancreatic cancer serum biomarker. Its outcome is very
interesting and relevant for the field. However, authors should clarify how the
novel data of the present paper compared to the previous one, and discuss
more how to show the clinical significance of PC-594 in the future prospective
study from this point of view.
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ORIGINAL ARTICLE
Retrospective Cohort Study

Growth and bone health in paediatric patients with Crohn's
disease receiving subcutaneous tumor necrosis factor
antibody
Judith Pichler, Wolf Dietrich Huber, Christoph Aufricht, Bettina Bidmon-Fliegenschnee
density (BMD) and bone metabolism.

Judith Pichler, Wolf Dietrich Huber, Christoph Aufricht,
Bettina Bidmon-Fliegenschnee, Department of Paediatric and
Adolescent Medicine, Medical University Vienna, 1090 Vienna,
Austria

METHODS: In children with Crohn’s disease (CD)
there is a high prevalence of growth failure and
reduced BMD. Treatment with infliximab is associated
with an improvement in growth. Anthropometry,
paediatric CD activity index (PCDAI), bone markers and
BMD was measured in 18 patients (72% females) one
year before and after start of ADA with a median age
of 14.4 years (range: 5-19 years) at treatment start.
Outcomes were indicators of growth with treatment as
well as interval growth.
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RESULTS: Eleven (61%) children experienced catchup growth after ADA. PCDAI significantly decreased
from 52.1 ± 16 to 30.4 ± 23 (P ≤ 0.001). Post ADA,
body mass index (BMI) standard deviation score (SDS)
0.1[range: 2.7-(-0.8)] vs -1 [range: 0.1-(-3.6)], P =
0.04 and ∆BMI SDS in children 0.3 [range: 0.7-(-0.2)]
vs -1.1 [range: 1.2-(-2.3)], P = 0.01 in remission were
significantly higher compared to those with moderate
to severe inflammation. The main predictors for
growth were 25-hydroxycholecalciferol and for bone
mineralisation weight and height SDS. ADA had no
significant influence on bone markers and BMD.
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CONCLUSION: Next to improvement of PCDAI, half
of the children achieved a positive catch-up growth. A
better nutritional status with improvement in BMI and
weight is positive predictor for improved growth and
bone mineralisation.
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Abstract
AIM: To study whether adalimumab (ADA) was
associated with improvement in growth, bone mineral
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Core tip: This cohort study describes the effect of
adalimumab (ADA) on growth and bone health by

6613

June 7, 2015|Volume 21|Issue 21|

Pichler J et al . Growth under adalimumab with Crohn’s disease
retardation and osteoporosis; and (3) to assess bone
markers one year before and after the introduction of
ADA.

measuring bone density. ADA induced and maintained
remission in children with Crohn’s disease that do
not respond to infliximab. Next to improvement of
paediatric Crohn’s disease activity index, half of the
children achieved a positive catch-up growth. A better
nutritional status is positive predictor for improved
growth and bone mineralisation.

MATERIALS AND METHODS
Study design and population

This retrospective case series was performed at a
tertiary care children hospital in Vienna, Austria.
All eighteen paediatric patients who received ADA
between 2007 and 2011 were identified and their
medical records reviewed. The indication for ADA
was in seventeen severe CD, refractory to previous
treatment including IFX, and in one case an allergic
reaction to IFX. The diagnosis was made by using
defined and classified standard guidelines for Crohn’s
[30-32]
disease
.

Pichler J, Huber WD, Aufricht C, Bidmon-Fliegenschnee B.
Growth and bone health in paediatric patients with Crohn’s
disease receiving subcutaneous tumor necrosis factor antibody.
World J Gastroenterol 2015; 21(21): 6613-6620 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i21/6613.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i21.6613

INTRODUCTION

Adalimumab

The primary aim of treatment for inflammatory bowel
disease (IBD) is to achieve and maintain remission and
additional growth. Growth retardation (GR) has been
reported in up to 40% of children with Crohn’s disease
[1-5]
(CD) . Peak bone mass attained during adolescence
was found to be a most important determinant of
[1,3,4]
lifelong skeletal health
. Bone mass has been
[1,4]
shown to be decreased in children with IBD .
There is an altered secretion and action of
growth promoting hormones and the direct effects of
[1-5]
proinflammatory cytokines . Persisting treatment
failures of steroids have led to the development of
a new class of drugs such as biological that have
been used to target specific cytokines and receptors
thought to be pivotal in the perpetuation of intestinal
inflammation. Most target the proinflammatory cytokine
[1,5]
tumor necrosis factor-α (TNF-α) .
TNF-α is elevated in CD and appears to play a
pivotal role in cytokine-mediated growth retardation,
affecting growth via multiple pathways. These include
anorexia, loss of skeletal muscle and cachexia, and
a direct effect on the growth plate dependent and
[1,5-7]
independent of insulin-like-growth factor-1
. The
monoclonal anti TNF-α chimeric antibody infliximab
(IFX, Remicade ® ) has been reported to have a
significant beneficial effect on growth and bone
[1,8,9]
metabolism in children with IBD
, with an additional
[1,10,11]
effect on bone mineral density in adults
.
Loss of IFX effect can be effectively treated with
an additional released humanised anti TNF-α agent,
adalimumab (ADA, Humira®). Studies in adults have
been shown that ADA is efficacious as induction and
[12-15]
maintenance therapy in CD
. ADA is currently not
licenced for the use of paediatric IBD patients, however
ADA has also shown its efficacy as a second-line anti
[16-29]
TNF-α in a small series of paediatric CD
. The effect
of ADA on growth and bone health is still unknown.
The study aim was: (1) to investigate growth and
bone metabolismus in children with CD receiving ADA;
(2) to identify related factors associated with growth

WJG|www.wjgnet.com

ADA was started with subcutaneous administration
every other week in all patients.
Loading and maintenance doses of ADA was
calculated according to body weight: 160 and 80 mg
every two weeks with body weight ≥ 40 kg, and 80
and 40 mg in these children with body weight < 40 kg.

Study methods

The following demographics were obtained: gender,
age at diagnosis and start of ADA, primary diagnosis
and location of inflammation in the gut.
At three time points data were assessed: (1) Pre
ADA, one year before ADA initiation; (2) time of ADA
start; and (3) Post ADA, one year after start. Change
in variables was defined (delta or ∆) before and after
ADA.
Concomitant medication was coded (absent/
present) including immunosuppression, previous IFX
admininistration and vitamin D and calcium supple
mentation. The calcium/vitamin D supplementation
contained usually 600 mg calcium and 400 IU cho
lecalciferol (vitamin D3).
All doses of corticoids were noted and converted to
prednisone equivalents. Corticosteroid exposure was
summarized as cumulative cortisone dose and as daily
cortisone ingestion.

Paediatric Crohn’s disease activity index

Disease activity was assessed at each visit using
[1,33]
paediatric Crohn’s disease activity index (PCDAI)
.
An improvement in PCDAI categorization was defined
as “responder” to ADA. The outcome of PCDAI was
assessed as the difference between PCDAI at the
different time points (baseline to start of ADA and start
[1]
to end of ADA) .

Anthropometry and assessment of bone health

Weight, height and BMI were converted to and
analysed as standard deviation scores (SDS), based on
[1,34]
reference data
. SDS < -2 was considered as low.
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Table 1 Baseline characteristics n (%)
Characteristics
Patients (n)
Female
Age at diagnosis in yr, median (range)
Age on ADA start in yr, median (range)
Age at diagnosis < 10 yr
Age at diagnosis 10-17 yr
Disease location according to Paris classification
L1 small intestine
L2 colon
L3 small intestine and colon
L4a upper gastrointestinal tract
P perianal disease
Granuloma
IBD-related medications at start of adalimumab
Corticosteroids
5-aminosalicylic acid
Immunomodulatory agents
Azathioprine/6-mercaptopurine
Methotrexate
Cyclosporin/tacrolimus
Biologics
Prior infliximab use
Number of children on IFX at start of ADA
Duration of prior infliximab use (mo), median (range)
Number of infliximab infusion, median (range)
Allergic reactions to IFX
Calcium/vitamin D supplements

Table 2 Anthropometry, inflammatory marker and puberty
status at start of adalimumab
Value
Anthropometric details1
Weight SDS
Height SDS
BMI SDS
Inflammation
PCDAI
CRP (mg/dL)
ESR (mm/h)
Leucocytes (/nL)
Albumin (g/dL)
Tanner staging2
Tanner 1
Tanner 2
Tanner 3
Tanner 4
Tanner 5

18
13 (72)
7.8 (2.9-15.3)
14.4 (5.3-19.1)
12 (67)
6 (33)
2 (11)
12 (67)
10 (55)
9 (50)
2 (11)
4 (22)
11 (61)
14 (78)

52 ± 16
1.6 ± 1.6
49 ± 20.1
10.3 ± 4.4
3.7 ± 0.6
4 (22)
3 (17)
2 (11)
6 (33)
3 (17)

1

Results are presented as mean ± SD; 2Results are presented as number
(% of total). BMI: Body mass index; PCDAI: Paediatric Crohn’s disease
activity index; CRP: C-reactive protein; ESR: Erythrocyte sedimentation
rate; SDS: Standard deviation score.

4 (22)
5 (28)
2 (11)
17 (94)
14 (78)
1 (0.5-2)
11 (7-23)
1 (6)
11 (61)

Ethics Committee of the University Clinics Vienna.

Statistical analysis

Statistical analyses were performed with SPSS
Software. Variables are presented as mean, standard
deviation, median, range and categorical data
2
as absolute frequencies and proportions. The χ test, paired t-test, t-test and ANOVA were used for
comparisons between time points or disease activity
groups. Multivariate analyses used were linear
regression. Effects are reported as coefficient and
95%CIs. P < 0.05 was considered to indicate statistical
significance.

ADA: Adalimumab; IFX: Infliximab; IBD: Inflammatory bowel disease.

Children underwent bone densitometry as part of the
annual nutritional assessments. Bone mineral density
of the lumbar spine (LS; L2-L4) was investigated using
dual energy X-ray absorptiometry (DXA; GE Lunar
Prodigy) before and after the initiation of ADA. The
scans provided measurements of LS bone mineral
2
content (BMC; g), bone area (cm ), areal bone mineral
2
density (BMD; g/cm ), and the machine-derived age
[1,35,36]
and sex-adjusted BMD SDS
. To adjust for body
size, which is well recognised to significantly influence
areal bone mass measurements, bone mineral
3 [1,35,36]
apparent density (BMAD) as BMC/BA (g/cm )
and derived BMAD SDS for age, sex and ethnic group
[1,37,38]
using UK DXA reference data was calculated
.
[1]
BMD or BMAD SDS < -2 was defined low .

RESULTS
Patients characteristics

The case series consisted of 18 patients (13% or 72%
female). Demographic variables at start of ADA are
presented in Table 1. The underlying diagnosis was in
all children Crohn’s disease. The age at diagnosis of CD
and age ADA initiation was median 7.8 years (range:
2.9-15.3 years) and 14.4 years (range: 5.3-19.1
years). In all, 17 patients completed 52 wk of ADA and
one only 40 wk due to loss of efficacy. Anthropometry
and puberty status at ADA initiation are shown in
Table 2. Two children showed height SDS < -2 at
commencement of treatment.

Biochemical measures of bone metabolism

Data were collected if available before and after ADA
start. Indices of calcium homeostasis were albumin
adjusted calcium, phosphate, 25-hydroxycholecalciferol
(25-OHD), 1.25-dihydroxycholecalciferol (1.25-OHD)
and parathyroid hormone (PTH). Serum 25-OHD
concentrations < 25 ng/mL has been used to define
[1,39]
vitamin D insufficiency
. Markers of bone formation
used were bone alkaline phosphatase (BAP) and
osteocalcin, and for bone resorption C-telopeptide.

Effect of ADA on inflammatory marker

After ADA start, disease activity fell significantly with
PCDAI scores decreasing from mean 52.1 ± 16 to 30.4
± 23 (P ≤ 0.001). In all, 6 (33%) of the 18 patients
entered remission (PCDAI < 10), 4 (22%) had mild
and 8 (45%) had on-going moderate to severe
disease activity. A steroid sparing effect was found for

Ethics

The study protocol was approved by the institutional
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-0.5 ± 1.2
-0.7 ± 1.1
-0.5 ± 1.3
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effects of ADA on anthropometry of PCDAI responder
and non-responder are presented in Table 4.

Table 3 Effects of adalimumab on inflammatory marker, growth
and bone health

Inflammation
ΔPCDAI1
Disease activity2
No disease
Mild
Moderate/severe
Anthropometry1
ΔWeight SDS
ΔHeight SDS
ΔBMI SDS
Bone density
BMC
BMD SDS
BMD SDS < -22
BMAD SDS1
BMAD SDS < -22
Calcium homeostasis1
Albumin corrected
Calcium
Phosphate
PTH
25-OHD
1.25-OHD
Bone markers
Bone alkaline
Phosphatase
Osteocalcin
C-telopeptide
Corticosteroids
Children on steroids2
Cumulative dose1
Daily dose
Calcium/vitamin D2

Pre adalimumab

Post adalimumab

P value

15 (-20-55)

-19 (-65-20)

< 0.001

2 (11)
5 (28)
6 (61)

6 (33)
4 (22)
8 (45)

NS
NS
NS

-0.2 [1.8- (-2.7)]
-0.1 [0.7- (-2.5)]
-0.5 (2.5-2.3)

0 [1.7-(-1.7)]
0 [1.3-(-2.5)]
-0.1 [0.7-(-2)]

NS
NS
NS

0.64 (0.45-0.89)
-1.5 [0-(-3.3)]
4 (22)
-1.2 [-0.1-(-3.8)]
3 (17)

0.64 (0.46-0.88)
-1.8 [0.3-(-3.8)]
3 (17)
-1 [-0.2-(-2.8)]
3 (17)

NS
NS
NS
NS
NS

2.34 (2.06-2.5)

2.29 (1.79-2.49)

NS

1.46 (0.8-1.98)
34.4 (19-66)
36.4 (10.5-107)
65.5 (22-180)

1.45 (1.22-1.76)
41.6 (18-109)
35.5 (7.5-122)
30 (5-165)

NS
NS
NS
NS

39 (13-90)

29 (15-57)

NS

55 (16-125)
0.94 (0.2-1.9)

43 (17-90)
0.8 (0.2-1.1)

NS
NS

11 (61)
962 (0-3640)
3.8 (2.5-50)
8 (44)

9 (50)
1277 (0-2800)
12.5 (5-50)
10 (55)

NS
NS
NS
NS

Effects of ADA on bone density

BMC, BMD SDS and BMAD SDS remained static
after the start of ADA (Table 3). In all, 4/18 (22%)
paediatric CD patients had a BMD SDS < -2 after ADA
start, compared to 3/18 (17%) children before (P >
0.05). Post ADA, BMD SDS in PCDAI non-responder
significantly decreased (P = 0.02, Table 4). Using
other univariate models there was no significant
differences in low BMD < -2 and the use of vitamin D
and calcium supplementation, steroids, the presence
of 25-OHD deficiency, inflammation in the gut and low
anthropometry.

Effect of ADA on bone metabolism

In our study population, ADA had no significant
influence on calcium homeostasis, bone metabolism
and bone resorption. Table 3 gives an overview of
the effect of ADA on bone health including data on
calcium homeostasis and bone markers pre and
post ADA. There was not significant improvement in
the number of children with 25-OHD insufficiency, 6
(37%) pre ADA vs 5 (29%, P > 0.05). The number of
children receiving calcium or vitamin D supplements at
initiation of ADA and 12 mo after were similar (4 (22%)
paediatric patients at start and at end, P > 0.05).
PCDAI responder had significantly lower PTH levels
at start of ADA (P = 0.03) and higher BAP levels at end (P
= 0.03) compared to PCDAI non-responder (Table 4).

Predictors for improvement in growth and bone
mineralisation

1

Results are presented as median (range); 2Results are presented as number
(% of total). BMI: Body mass index; PCDAI: Paediatric Crohn’s disease
activity index; CRP: C-reactive protein; ESR: Erythrocyte sedimentation
rate; SDS: Standard deviation score; NS: Not significant.

Linear regression analysis was performed to assess
simultaneously the effect of several potential predictors
of growth and bone health after treatment with ADA
(Table 5). There was a strong association between
Δheight SDS post ADA and 25-OHD levels. Higher
25-OHD levels were positive predictors for better
growth with the use of ADA. When bone health was
analysed using ΔBMD SDS, PCDAI at start was the
only significant predictor for bone mineralisation. With
a lower disease activity it is more likely to have a
better bone mineralisation.

the cumulative and daily steroid dose, although not
significant (Table 3).
In 6 (11%) children histology results were available
before and under treatment with ADA. The indication
for endoscopy after ADA was in all children loss of
efficacy with clinical flare-up. Nevertheless, in 4
children a histological improvement with mucosal
healing could be achieved.

Effects of ADA on anthropometry

DISCUSSION

In regards of changes in anthropometry, there was a
no significant improvement in ∆weight, ∆height and ∆
BMI SDS post ADA (for all P > 0.05, Table 3). Eleven
(61%) children experienced a positive catch-up growth
after start of ADA. Weight and height SDS at start
(P = 0.03 and P = 0.04) and weight and height SDS
post ADA (P = 0.03 and P = 0.02) were significantly
lower compared to reference data (Table 2). Post ADA,
BMI SDS and ∆BMI SDS in children in remission were
significantly higher compared to those with moderate
to severe inflammation (P = 0.04 and P = 0.01). The

WJG|www.wjgnet.com

This is the first study that presents the effect of ADA
on growth and bone metabolismus measuring bone
density in children with CD.
[28]
Hyams et al
could observe a significant im
provement in height velocity SDS from baseline to
weeks 26 and 52 in 129 children with IBD under
treatment with ADA, independent if a high or low ADA
[29]
dose was given. Malik et al
reported in a cohort of
36 children with CD that 42% showed catch-up growth
in children 6 mo after the initiation of ADA. Improved
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Table 4 Effects of adalimumab on anthropometry and bone health for paediatric Crohn’s disease activity index non-responder and
responder
PCDAI remission (n = 6)
Pre ADA
Anthropometry1
Weight SDS
ΔWeight SDS
Height SDS
ΔHeight SDS
BMI SDS
ΔBMI SDS
ΔPCDAI
Bone density
BMC
BMD SDS
BMAD SDS
Calcium homeostasis
PTH
25-OHD
1.25-OHD
Bone markers
BAP
Osteocalcin
C-telopeptide
Corticosteroids
Daily dose
Cumulative dose

-0.2 [0.6-(-1.8)]
0.5 [1.8-(-0.7)]c
-0.2 [0-(-3.3)]
-0.1 [0-(-0.2)]
-0.4 [0.4-(-1.2)]
0.6 [2.5-(-0.7)]
-6 [45-(-20)]
0.59 (0.5-0.9)
-1.3 [0-(-2)]
-1.2 [-0.5-(-2.7)]

PCDAI mild + moderate/severe (n = 12)

Post ADA

P value

0.3 [1.7-(-1.5)]
0.2 [0.9-(-0.4)]
-0.1 [1.2-(-0.6)]
0.2 [1.4-(-0.5)]a
0.1 [2.7-(-0.8)]a
0.3 [0.7-(-0.2)]a
-65 [-15-(-65)]a

NS
NS
NS
NS
NS
NS
0.02

0.2 [1.7-(-4)]
-0.9 [0.7-(-2.7)]c
-0.5 [0.8-(-2.3)]
-0.5 [0.9-(-2.5)]
-0.2 [2.5-(-2.6)]
-0.2 [0.5-(-2)]
20 [55-(-10)]

-1.1 [0.5-(-3.5)]
-0.1 [1.7-(-1.7)]
-1.2 [0.8-(-4)]
-0.3 [0.3-(-2.7)]a
-1 [0.1-(-3.6)]a
-1.1 [1.2-(-2.3)]a
-14 [20-(-40)]a

NS
NS
NS
NS
0.03
NS
0.001

NS
NS
NS

0.66 (0.5-0.9)
-1.8 [0.3-(-3.3)]
-1.5 [0.1-(-2.8)]

0.65 (0.5-0.7)
-2.3 [-1.3-(-3.8)]
-1 [0.2-(-2.8)]

NS
0.02
NS

0.71 (0.6-0.9)
-1.4 [0.3-(-2.7)]
-1.2 [-0.6-(-2)]

Pre ADA

Post ADA

P value

22 (19-29)c
54 (34-73)
81 (37-116)

33 (23-77)
44 (13-82)
55 (22-81)

NS
NS
NS

34 (22-49)c
61 (10-107)
51 (22-180)

43 (22-72)
44 (22-60)
26 (5-73)

NS
NS
NS

31 (20-57)
55 (41-101)
0.7 (0.3-1.2)

38 (28-44)a
84 (34-90)
1 (0.2-1.1)

NS
NS
NS

46 (14-90)
60 (16-125)
1 (0.5-1.9)

21 (17-35)a
37 (17-87)
1.1 (0.5-1.1)

NS
NS
NS

5 (2.5-45)
262 (0-927)

5 (5-15)
638 (0-2800)

NS
NS

7.5 (2.5-10)
1960 (0-3640)

40 (10-50)
1330 (0-2188)

NS
NS

1

Results are presented as median (range). cP < 0.05 vs mild + moderate/severe pre-adalimumab; aP < 0.05 vs mild + moderate/severe post-adalimumab.
BMC: Bone mineral content; BMD: Bone mineral density; SDS: Standard deviation score; BMAD: Bone mineral apparent density; PTH: Parathyroid
hormone; 25-OHD: 25-hydroxycholecalciferol; 1,25-OHD: 1,25-dihydroxycholecalciferol; BAP: Bone alkaline phosphatase; ADA: Adalimumab.

Growth was influenced by disease related factors
such as weight and BMI SDS at start and serum
25-OHD. The improvement of nutritional status, hence
improved weight and BMI, could be partly explained
by the positive effect of ADA on the intestinal mucosa
similar to IFX with reduction of excessive loss of
nutrients from the inflamed gut, since previous studies
have demonstrated mucosal healing next to the anti[1,42]
inflammatory impact of IFX
. In histology results
performed before and after the introduction of ADA,
an improvement in inflammation infiltrate in the gut
mucosa could be seen.
[43]
Paganelli et al
described 7/10 children with CD
on maintenance therapy with IFX having significantly
higher BMAD compared to those never receiving IFX.
The children had significantly reduced BMD and BMAD,
but remained stable after ADA initiation. Disease
related factors influencing bone health were number
of IFX infusion prior to start of ADA and improvement
[43]
in anthropometry. In line with Paganelli et al , this
might confirm the role of anti TNF-α in protecting
from IBD-induced bone loss and highlighting the role
of inflammation in osteoporosis. Since there is not
enough literature available so far and in both studies
the numbers of included patients are small, the results
[1]
are currently difficult to interpret, similar to IFX .
In order to attenuate inflammation, glucocorticoids
are used in a majority of patients with moderate to
severe disease-activity. Glucocorticoids may impair
growth through a variety of mechanism including

Table 5 Other factors than paediatric Crohn’s disease activity
index predicting growth, lumbar spine bone mineralisation
and lumbar bone mineral apparent density after initiation of
adalimumab
Factors
ΔHeight SDS
25-OHD
ΔBMD SDS
Weight SDS
BMI SDS
ΔBMAD SDS
PCDAI at start

P value

Coefficient

95%CI

0.6

0-0.04

0.048

0.8
0.7

0.09-0.6
0.04-0.5

0.02
0.03

-0.7

-0.02-(-0.002)

0.02

SDS: Standard deviation score; 25-OHD: 25-hydroxycholecalciferol; IFX:
Infliximab; BMD: Bone mineralisation density; BMAD: Bone mineral
apparent density; PCDAI: Paediatric Crohn’s disease activity index.

growth was more likely in patients entering remission
and on immunosuppression but not solely due to a
[29,40,41]
steroid sparing effect
. This was in line with our
data, where eleven or 61% of the children experienced
a positive catch-up growth following the treatment
with ADA. However, we could not find any association
in children with improved linear growth; the small
sample size could be the reason.
We could demonstrate that inflammation has an
impact on growth since children in remission showed
significantly better weight and height SDS compared to
those with mild or moderate to severe disease activity,
[1]
similar as already found in children under IFX .
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a reduction of growth hormone secretion and its
[5,6]
action
and are known to have effects on calcium
[44]
and bone metabolism . Although we found a trend
in reduction, however not significantly, of daily and
cumulative steroid dose, we could not found any
association with improved growth or bone health in our
limited number of patients. In line with this, also other
clinical studies of the role of steroids in IBD and growth
[6]
retardation have reported conflicting data .
The skeleton of the children treated with ADA did
not mineralize at the expected rate over the one-year
period however did not deteriorate further with static
[1]
[3]
BMD SDS similar to IFX . Sylvester et al already
described that mineralization rates in children with
CD did not improve over a 2-year period in newly
diagnosed paediatric IBD patients. This might be
partly explained by persisting low-grade mucosal
inflammation, even in clinical remission similar to
[1]
IFX . Our patients suffered from CD since years with
a moderate to severe disease activity at start of ADA.
Delay in “mineralisation catch-up” could be similar
explained by the persistent low-grade inflammation
(undetected) although a significant improvement
in PCDAI scores could be achieved, in line with our
[1]
previous findings . Bone mineralisation can be
[4,45,46]
negatively affected by low vitamin D intake
.
Only two children had 25-OHD deficiency at start of
ADA, accompanied with low BMD < -2. We could not
replicate that ADA modulates bone metabolism in
patients with active intestinal inflammation, either in
[10,11,18,19]
bone formation or bone resorption
.
There are several limitations in the study. We
had incomplete data on observation of bone age and
estimated midparental target height that would have
brought helpful additional information on growth
outcome. We could not demonstrate a significant
improvement in overall anthropometry after treatment
with ADA. There are several explanations that might
influence these findings. Firstly, all children were not
naïve to TNF-blockers. Before starting ADA, the mean
duration of IFX was around one year. Secondly, our
paediatric patients had a long history of CD with the
majority having a severe disease activity at ADA start.
Although PCDAI scores have significantly improved,
there might be a delay in catch-up growth although
a significant improvement in PCDAI scores could be
achieved. Thirdly, in the majority of indication for the
switch to ADA, was loss of efficacy to IFX. The majority
of children were started on ADA because of medically
refractory CD and in one case of an allergic reaction to
IFX. This is a cohort of patients were ADA was used as
rescue therapy with previous treatment failure to IFX
or other immunomodulators. Children with refractory
CD are one of the sickest children where poor disease
control may compromises growth, and this can lead
to long-term adverse outcome such as impaired adult
height.
Another limitation is that the sample size of the
study was too small to draw a final conclusion on
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bone mineralisation and ADA. In addition, with such
a limited number of patients statistical analyses are
difficult to interpret.
In conclusion, next to improvement of PCDAI,
eleven or 61% children achieved a positive catchup growth. For the whole cohort, weight SDS, height
SDS, BMI SDS and bone density remained static with
treatment. Treatment with ADA was not associated
with changes in bone markers. In a small cohort of
patients endoscopy results revealed even a mucosal
healing effect. Prospective studies are required to
investigate cytokines, markers of bone formation and
resorption, mucosal healing and BMD under treatment
to fully understand the effect of ADA on bone health.
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Background

The incidence of growth retardation (GR) in children with Crohn’s disease has
been reported with up to 40%. The aetiology for GR and loss of bone mass
is multifactorial in its origin. Suspected risk factors are inflammation, loss of
nutrients with diarrhoea, malnutrition and side effect of medications such as
steroids. .

Research frontiers

The monoclonal anti tumour necrosis factor (TNF)-α chimeric antibody
infliximab has been shown to have a positive effect on growth and bone health
in children with Crohn’s disease. Data if an additional anti TNF-α chimeric
antibody adalimumab (ADA) has similar effects on growth and bone health are
scant.

Innovations and breakthroughs

This study describes the effect of adalimumab on growth and especially bone
health using bone density. ADA induced and maintained remission in children
with Crohn’s disease that do not respond to infliximab. Next to improvement of
paediatric Crohn’s disease activity index, half of the children achieved a positive
catch-up growth. A better nutritional status is positive predictor for improved
growth and bone mineralisation.

Applications

Next to improvement of paediatric Crohn’s disease activity index, children
achieved a positive catch-up growth under treatment with ADA. Prospective
studies are required to investigate cytokines, markers of bone formation and
resorption, mucosal healing and BMD under treatment to fully understand the
effect of ADA on bone health.

Terminology

The study aim was to investigate growth and bone metabolismus in children
with CD receiving ADA; to identify related factors associated with growth
retardation and osteoporosis; and to assess bone markers one year before and
after the introduction of ADA.

Peer-review

The manuscript presents original data on of growth and bone health in children
with inflammatory bowel disease on ADA. An early start of anti TNF-α chimeric
antibody could prevent growth retardation and further in bone loss in a high risk
group for these extraintestinal manifestation of Crohn’s disease.
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Abstract
AIM: To analyze RASSF6 expression in pancreatic
ductal adenocarcinoma (PDAC) and to determine
whether RASSF6 has an independent prognostic value
in PDAC.

Ethics approval: The study was reviewed and approved by the
Institutional Review Board of Sun Yat-sen Memorial hospital and
the Ethics Committee of Sun Yat-sen Memorial Hospital.
Informed consent: All study participants provided informed
written consent prior to study enrollment.
Conflict-of-interest: The authors disclose no conflicts of interest.
Data sharing: The technical appendix, statistical code,
and dataset are available from the corresponding author at
chenrf_sysu@163.com. Consent was not obtained but the
presented data are anonymized and the risk of identification is
low.

METHODS: We studied RASSF6 expression in 96
histologically confirmed PDAC samples and 20 chronic
pancreatitis specimens using immunohistochemistry and
real-time quantitative reverse transcription-PCR. PDAC
issues were then classified as RASSF6 strongly positive,
weakly positive or negative. RASSF6 mRNA and protein
expression in PDAC samples with strong positive
staining was further evaluated using real-time PCR
and Western blot analysis. Lastly, correlations between
RASSF6 staining and patients’ clinicopathological
variables and outcomes were assessed.
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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RESULTS: RASSF6 was negatively expressed in 51
(53.1%) PDAC samples, weakly positively expressed
in 29 (30.2%) and strongly positively expressed in
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risk assessment and treatment selection and may
even lead to novel therapies by becoming targets for
molecular intervention in specific subsets of patients.
Common genetic changes have been validated
in PDAC pathogenesis in several whole-genome
sequencing studies. The genetic landscape of the PDAC
genome is notable for 4 frequently mutated genes,
including KRAS, CDKN2A/p16, TP53, and SMAD4/
[4,5]
DPC4 . Among all of the mutated genes, KRAS is
among the earliest and most pervasive alteration
in pancreatic carcinogenesis, and the KRAS gene is
[6-8]
mutated in virtually all PDAC patients . In addition,
a number of genetic studies have shown that such
activating K-ras gene mutations are necessary for the
[9]
onset of pancreatic cancer . An inducible pancreasspecific expression system was recently used to show
G12D
that K-RAS
expression is also required for tumor
[10]
maintenance . These findings indicate the importance
of K-ras gene in PDAC. However, K-ras gene showed
low prognostic and predictive value because this gene
was mutated in almost all of the PDAC patients.
The inappropriate activation of Ras proteins promotes
a variety of malignant phenotypes, including enhanced
growth, loss of contact inhibition, reduced requirement
for growth factors, enhanced motility and invasion and
[11]
resistance to apoptosis . Interestingly, activated Ras
can also induce various aspects of growth inhibition
[12-14]
and death
. RASSF family proteins have now been
identified as potential mediators of some of the growth
inhibitory effects of Ras, and RASSF family proteins are
[15]
often down-regulated during tumorigenesis . RASSF6
was identified as a new negative effector of the RAS
protein, which demonstrates a tumor suppressor
function, including the inhibition of growth, promotion
[16]
of cell cycle arrest, and induction of apoptosis . In
239-T cells, a dramatic synergistic activation of cell
death was observed when the cells were transfected
with activated KRAS and RASSF6 together, and
siRNA-mediated knockdown of RASSF6 expression in
[15]
human lung tumor cells increases tumorigenicity .
In addition, studies showed that the inactivation of
RASSF6 is also an extremely frequent event in the
[17]
pathogenesis of childhood leukemia .
Collectively, these findings above indicate that
RASSF6 might play an important role in regulating
PDAC progression. However, to our knowledge, no data
concerning the role of RASSF6 in PDAC is available.
The objective of the current study was therefore to
clarify the clinical implications of the status of RASSF6
in PDAC. We investigated the status of RASSF6
expression in pancreatitis tissues, PDAC primary
lesions, and lymph node metastases, and evaluated
the impact of RASSF6 expression on outcomes in
patients undergoing resection for PDAC.

16 (16.7%), while its expression was much higher in
para-tumor tissues and chronic pancreatitis tissues.
Positive relationships between RASSF6 expression and
T-stage (P = 0.047) and perineural invasion (P = 0.026)
were observed. The median survival time of strongly
and weakly positive and negative RASSF6 staining
groups was 33 mo, 15 mo and 11 mo, respectively.
Cox multivariate analysis indicated that RASSF6 was an
independent prognostic indicator of overall survival in
patients with PDAC. A survival curve analysis revealed
that increased RASSF6 expression was correlated with
better overall survival (P = 0.009).
CONCLUSION: RASSF6 expression is an independent
biomarker of an unfavorable prognosis in patients with
PDAC.
Key words: Pancreatic cancer; Pancreatic ductal
adenocarcinoma; Prognostic marker; RASSF6; K-ras ;
Immunohistochemistry; Survival analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study that provides evidence
for the prognostic value and potential tumor suppressor
activity of RASSF6 in pancreatic ductal adenocarcinoma.
The prominent findings in this study are that RASSF6
is an independent prognostic marker for predicting the
survival of pancreatic ductal adenocarcinoma patients
after curative operations and that the expression of
RASSF6 might decrease with the development of
cancer.
Ye HL, Li DD, Lin Q, Zhou Y, Zhou QB, Zeng B, Fu ZQ,
Gao WC, Liu YM, Chen RW, Li ZH, Chen RF. Low RASSF6
expression in pancreatic ductal adenocarcinoma is associated with
poor survival. World J Gastroenterol 2015; 21(21): 6621-6630
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i21/6621.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i21.6621

INTRODUCTION
Pancreatic cancer is a highly malignant neoplasm and
the fourth-leading cause of cancer death. Pancreatic
ductal adenocarcinoma (PDAC) accounts for the
[1]
majority (> 90%) of pancreatic malignancies . The
5-year survival of PDAC is only approximately 5%,
and this figure has remained nearly unchanged over
the past two decades, but the incidence of PDAC
[2,3]
has been rising worldwide . Unlike in breast and
other carcinomas, no molecular markers have been
established to date for estimating prognosis or providing
information for treatment decision-making in patients
with PDAC. The identification of biomarkers that
accurately predict disease recurrence or response to
chemotherapy would be of substantial aid in individual
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MATERIALS AND METHODS
Patients and tissue specimens

This study involved patients with PDAC undergoing
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5’-GTCCACCACCCTGTTGCTGTA-3’ and antisense
5’-CTTCAACAGCGACACCCACTC-3’. The cycle number
at which the reaction crossed an arbitrarily placed
threshold (Ct) was determined for each gene. The
RASSF6 mRNA level for each tumor was calculated
using the △Ct method: △Ct = CtRASSF6 - CtGAPDH.

radical operations in a retrospective study cohort
between January 2000 and June 2012 at Sun Yatsen Memorial Hospital of Sun Yat-sen University
and a prospective cohort from June 2012 to May
2013 (registration number: ChiCTR-TRC-12002548).
The study was approved by the Ethics Committee
of Sun Yat-sen Memorial Hospital, and all study
participants provided informed written consent prior
to study enrollment. Data were collected on age,
sex, histological and pathological findings, lymph
node metastasis, distant metastases, tumor stage
th
(UICC 6 edition), and clinical follow-up. Patients
who died of postoperative complications and patients
lost during follow-up were excluded. Overall survival
(OS) was calculated from the date of operation to the
date of death or last follow-up. Through searching
the electronic medical record system including the
clinical and pathological records of inpatients, 96
surgically treated patients diagnosed with histologically
confirmed stage Ⅰ or Ⅱ PDAC were included.

Western blot analysis

The total protein content was extracted from frozen
PDAC and para-tumor tissues stored in liquid nitrogen
using a Whole Cell Extraction Kit (Pierce, Rockford, IL).
For equal protein loading, a bicinchoninic acid protein
assay kit (Pierce) was used to calculate the protein
concentration in each sample. Equivalent amounts of
proteins were separated by SDS-PAGE and transferred
to polyvinylidene fluoride (PVDF) membranes for
immunoblotting. The membranes were blocked in 5%
fat-free milk for 2 h at room temperature and washed
3 times, and then the membranes were incubated with
the following primary antibodies: a rabbit anti-human
RASSF6 polyclonal antibody (1:1000, Proteintech
Group, Chicago, IL) and a polyclonal rabbit antihuman β-actin polyclonal antibody (1:1000, Abcam,
Cambridge, MA). β-actin was used as a loading
control. Horseradish peroxidase-conjugated secondary
antibodies (Cell Signaling Technology) and an ECL
chemiluminescence kit (Pierce) were used to detect
the bound antibodies.

Immunohistochemical analysis

Paraffin-embedded samples of the primary carcinomas
from 96 patients were stained for RASSF6. The
pathological sections were deparaffinized in xylene
and rehydrated in a graded ethanol series followed
by heat-induced epitope retrieval in citrate buffer (pH
6.0). Antigen retrieval was carried out in 10 mmol/L
citrate buffer (pH 6.0) in a microwave oven for 15
min. The activity of endogenous peroxidase was
exhausted with 3% hydrogen peroxide for 10 min
at room temperature. A rabbit RASSF6 polyclonal
antibody (Proteintech Group, Chicago, IL) was applied
overnight at 4 ℃ at an optimal working concentration
of 1:200. After sufficient phosphate buffered saline
rinses, the sections were immunostained with goat
anti-rabbit polymers. The staining was scored by two
independent investigators, without knowledge of the
patient outcomes, clinical features or pathological
characteristics, according to the staining intensity and
[18]
extent as described previously . The sum of staining
intensity and extent was designated as follows: 0-2,
negative expression; 3-4, weak expression; and 5-6,
strong expression. If a disagreement occurred, the
slides were re-examined to obtain a final consensus.

Statistical analysis

All of the statistical analyses were performed with the
SPSS 16.0 statistical software package (SPSS Inc.,
Chicago, IL). Frequency distributions were compared
2
by χ test. Continuous variables were compared using
the Student’s t-test. The principal outcome measure
was the length of survival as measured from the time
of the original surgery. The patients alive at the time
of the follow-up point were censored. The last followup period for patients still alive was May 2013. A
Kaplan- Meier survival analysis was used to assess
the significance of RASSF6 protein alone or together
with other clinical factors. The significant differences
between the survival curves were determined using
the log-rank test. The 1-, 3- and 5-year survival rates
were estimated using life tables. Variables that were
significant after univariate analysis at P < 0.1 were
included in multivariate analysis. Cox proportional
hazards models were generated for multivariate
analysis. A P value < 0.05 was considered statistically
significant in a two-tailed test. The statistical methods
of this study were reviewed by Professor Jing Gu from
the School of Public Health of Sun Yat-sen University.

RNA extraction, reverse transcription, and real-time RTPCR

The total RNA of 96 frozen primary pancreatic cancer
tissues was prepared with Trizol (TRIzol, Invitrogen,
United States) according to the manufacturer’s
instructions and reverse transcribed into cDNA. The
mRNA levels of RASSF6 and GAPDH were analyzed
using the SYBR Green Realtime PCR Master Mix with
gene-specific primers on the ABI 7500 Fast RealTime PCR System, according to the manufacturer’s
instructions. The primers for qRT-PCR were: RASSF6,
sense 5’-AGCTGCCAGTTCTTGGAATG-3’ and antisense
5’-AGGCCAGACAGCTCTGATGT-3’; GAPDH, sense
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RESULTS
Patient characteristics

Demographic data and tumor characteristics are
summarized in Table 1. The cohort of 96 patients
consisted of 45 women and 51 men. The mean age
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Figure 1 Representative images of chronic pancreatitis and pancreatic ductal adenocarcinoma tissues immunostained for RASSF6. Representative
micrographs of RASSF6 in pancreatic ductal adenocarcinoma (PDAC) cancerous tissues or chronic pancreatitis tissues by immunohistochemistry. A: Diffused
cytoplasmic RASSF6 staining in chronic pancreatitis tissues; B: Representative negative staining of RASSF6 in PDAC; C: Extremely strong RASSF6 staining in
pancreas islet (black arrow); D-F: Strongly positive RASSF6 staining in PDAC; G-I: Weakly positive RASSF6 staining in PDAC. Magnifications × 100 for A, B, D, E, G
and H; × 200 for C, F and I.

curative resection, and 17 (17.7%) patients had a
positive surgical margin. If indicated, patients received
either gemcitabine-based or 5-FU-based chemotherapy
as first-line chemotherapy according to their clinical
disease stage and performance status.

at operation was 60.7 years, with a median age
of 61 years and a range of 31-77. At the time of
the last clinical follow-up (May 2013), 23 (24.0%)
patients were alive. None of the patients died during
the perioperative period because of post-operative
complications. The median OS was 15.5 mo, with 1-,
3-, and 5-year survival rates of 57.5%, 23.0%, and
14.0%, respectively, in all 96 patients. The majority
of tumors were moderately differentiated (38.5%),
followed by well differentiated (36.5%), and 25.0% of
tumors were poorly differentiated. Most of the tumors
(n = 81) were located in the head of the pancreas
(84.4%), and 80 (83.3%) were more than 2.0 cm in
maximal diameter. Eighty-one (84.4%) patients had
T3 tumors. Lymph node metastases were present in
61 (63.5%) patients, and portal vein invasion was
present in 12 (12.5%) of the 96 patients. All of the
patients presented with the Union for International
Cancer Control (UICC) stage Ⅰ or Ⅱ disease, and
none of the patients presented with UICC stage Ⅲ or
Ⅳ disease. All of the patients had undergone primary

WJG|www.wjgnet.com

Immunohistochemical analysis

The immunohistochemical analysis of RASSF6 was
performed on the 96 primary lesions of pancreatic
ductal adenocarcinoma and 20 resected lesions
of chronic pancreatitis. Figure 1 represents the
immunohistochemical results of RASSF6 expression
in patients with pancreatic ductal adenocarcinoma
and chronic pancreatitis. RASSF6 was detected in
carcinoma cells in the tumor tissues and was localized
predominantly in the cytoplasm, without nuclear
staining. In addition, islet cells showed an extremely
strong staining of RASSF6 expression. Tumor
cytoplasmic expression of RASSF6 was classified as
negative (Figure 1A), strongly positive (Figure 1B) and
weakly positive (Figure 1C). Of the 96 patients with
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Figure 2 Quantitative real-time polymerase chain reaction evaluation of RASSF6 expression in pancreatic ductal adenocarcinoma tissues. A: RASSF6 mRNA
levels in pancreatic ductal adenocarcinoma (PDAC) tissues were significantly decreased compared with its levels in chronic pancreatitis tissues (P < 0.001); B: Groups
were made according to the immunohistochemical results, and the consistency between immunohistochemical results and PCR results was evaluated through t test.
Result showed that immunohistochemical scores were in keeping with RASSF6 mRNA levels (bP < 0.001); C, D: RASSF6 mRNA and protein expression levels were
evaluated by quantitative real-time polymerase chain reaction and Western blot in 16 cases with strong RASSF6 immunohistochemical staining. Even in these PDAC
tissues with strongly positive RASSF6 staining, both the mRNA expression (C: P = 0.033) and protein levels (D: P = 0.049) were still less than para-tumor tissues.

pancreatic cancer, 51 (53.1%) showed negative RASSF6
expression, 29 (30.2%) had weak RASSF6 staining,
and 16 (16.7%) displayed strongly positive staining.
Among the 20 patients with chronic pancreatitis, strong
RASSF6 expression and weak RASSF6 expression were
observed in 80% (16/20) and 20% (4/20) of cases,
respectively.

that the mRNA levels of RASSF6 were also downregulated in PDAC compared with chronic pancreatitis
(Figure 2A, P < 0.001). The relationship between the
immunohistochemical stage of RASSF6 and its mRNA
level was further evaluated (Figure 2B), and we found
a clear difference in measured mRNA levels between
negative, weak and strong RASSF6 staining groups.
This finding indicates that the immunohistochemical
scores are consistent with qRT-PCR results. Subse
quently, RASSF6 mRNA expression and protein
expression in 16 cases of PDAC samples with strong
positive RASSF6 staining were evaluated using realtime PCR and Western blot analysis. The results
confirmed that RASSF6 protein and mRNA levels were
significantly down-regulated in cancer tissues (Figure
2C and D).

RASSF6 expression is down-regulated in primary PDAC
tissues compared with adjacent normal tissues or
chronic pancreatitis tissues

Immunohistochemical analysis demonstrated a
significantly higher proportion of positive RASSF6
staining in chronic pancreatitis compared with
pancreatic cancer (Figure 1) (P = 0.015, Fisher’s
exact test). In addition, qRT-PCR results revealed
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Figure 3 Survival curves of patients with pancreatic ductal adenocarcinoma in regards to RASSF6 expression. A: There was a significant correlation between
RASSF6 expression levels and overall survival (P = 0.009); B: Overall survival of patients with strongly positive RASSF6 staining was significantly higher than overall
survival of those whose tumor was negative (P = 0.006); C: Weakly positive staining vs negative staining (P = 0.047); D: Overall survival of patients with positive
RASSF6 staining (strongly positive plus weakly positive staining) remained better than survival of patients with negative staining of RASSF6 (P = 0.004).

Expression of RASSF6 in tumor cells and correlation
with clinicopathological parameters

RASSF6 expression was correlated with survival in
these groups. The median survival time of the strongly
positive group, weak group and negative group
was 33 mo, 15 mo and 11 mo, respectively. In this
cohort, there was a significant correlation between
RASSF6 expression levels and OS (P = 0.009; Figure
3A). Compared with patients with negative RASSF6A
expression, patients with both strongly positive
RASSF6 staining and weak RASSF6 staining showed
improved OS time (strongly positive vs negative, P =
0.006; Figure 3B; weak vs negative, P = 0.047; Figure
3C). Furthermore, positive (weakly and strongly)
RASSF6 expression was also strongly associated with
an increased OS time compared with negative RASSF6
expression (P = 0.004) (Figure 3D).
The variables most likely to impact survival by
univariate analysis (P ≤ 0.1) were entered into the
multivariate analysis model (Table 2). Cox regression
analysis demonstrated that negative RASSF6
expression remained an independent prognostic factor

Tumors with perineural invasion demonstrated
less frequent RASSF6 expression, and a significant
association between RASSF6 expression level and
the presence of perineural invasion was observed (P
= 0.026; Table 1). In addition, RASSF6 expression
seemed to be associated with the UICC T stage. We
found that higher-stage tumors demonstrated RASSF6
expression less frequently with a significant difference
at the boundary (Table 1). No significant association
was observed between age, sex, location of tumor,
differentiation, lymph node status, portal vein invasion,
or surgical margins.

Prognostic impact of RASSF6 expression

Based on the immunohistochemical staining of
RASSF6, 96 patients were then stratified into 3 groups
(strongly positive vs weak vs negative). KaplanMeier curves were constructed to determine whether
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Table 1 Correlation between RASSF6 expression and clinicopathological characters in patients with pancreatic ductal
adenocarcinoma
Parameter

Age (yr)
mean (range)
Gender
Male
Female
Location of tumor
Head
Body/tail
Differentiation
Well
Moderate
Poor
Tumor diameter (cm)
mean (range)
UICC/TNM stage
pⅠ
pⅡ
T-stage
pT1
pT2
pT3
N-stage
pN0
pN1
Portal vein invasion
Negative
Positive
Perineural invasion
Negative
Positive
Surgical margins
Negative
Positive

Total

RASSF6

RASSF6

RASSF6

n = 96

negative

weak

positive

n = 51

n = 29

n = 16

60.7 (31-77)

59.3 (77-45)

61.3 (31-77)

64.3 (54-70)

51
45

29
22

13
16

9
7

81
15

42
9

22
7

13
3

35
37
24

14
22
15

11
12
6

10
3
3

3.7 (1.5-8.0)

3.8 (1.5-8.0)

3.5 (1.5-6.0)

3.9 (7.5-5.5)

6
90

4
47

0
29

2
14

5
10
81

3
3
45

2
2
25

0
5
11

35
61

23
28

9
20

3
13

84
12

45
6

26
3

13
3

31
65

11
40

11
18

9
7

79
17

43
8

24
5

12
4

P value

0.115
0.563

0.777

0.138

0.613
0.200

0.0471, 0.0762

0.124

0.698

0.026

0.694

1

Pearson’s χ 2 test; 2Fisher’s exact test. All other P values were obtained by Pearson’s χ 2 test.

and mRNA expression levels of RASSF6 were downregulated in PDAC. In addition, down-regulation
of RASSF6 is a predictor of poor survival outcome.
Our findings suggested that RASSF6 was a valuable
prognostic indicator of PDAC patients undergoing
radical operations, and a decrease in RASSF6
expression might be associated with the progression of
PDAC.
The Ras proteins perform their diverse functions by
interacting with RASS effectors, which have conserved
Ras interacting domains. The RA-domain, a type of
Ras interacting domain, is a main characteristic of the
[19]
Ras-association domain family (RASSF) proteins .
RASSF family proteins have now been identified as
potential mediators of some of the growth inhibitory
[20-23]
effects of Ras
. Interestingly, RASSF family
proteins are often down-regulated during the process
[22,23]
of oncogenesis
, and genes of the RASSF family
have been reported to be epigenetically silenced in
[23]
certain types of human cancers . RASSF6 is the last
reported member of the RASSF family proteins. Of

Table 2 Potential predictors of overall survival in 96 patients
with pancreatic ductal adenocarcinoma undergoing radical
surgery
Variable

Univariate

Tumor diameter
T stage
Differentiation
Perineural invasion
Rassf6 expression

Multivariate

P value

HR

95%CI

P value

0.010
0.012
0.016
0.076
0.021

1.172
2.355
2.397
2.236
4.620

0.992-1.385
1.413-3.925
1.665-3.451
1.163-4.300
2.027-10.527

0.062
0.031
< 0.001
0.016
0.006

HR: Hazard ratio; CI: Confidence interval.

of poor prognosis HR = 4.620, 95%CI: 2.027-10.527,
P = 0.006).

DISCUSSION
For the first time, we examined the mRNA and protein
expression of RASSF6 in PDAC and evaluated its
prognostic value. We confirmed that both the protein
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[25]

the 96 patients, we found that more than half of the
tumors showed negative RASSF6 expression (53.1%),
and only 16 (16.7%) patients’ tumor tissues stained
strongly for RASSF6. Our findings agree with earlier
studies demonstrating that RASSF6 is often downregulated in primary human tumors. We did not find
any significant differences in the distribution of age,
gender and tumor location between groups based
upon RASSF6 expression. The PDAC in the present
study tended to be larger (mean diameter = 3.7
cm, with 86% being T3); this fact can be explained
by difficult early diagnoses, especially in developing
regions, such as where our hospital located.
Until now, only one study investigated the clinical
[18]
value of RASSF6 expression in cancer: Wen et al
reported that RASSF6 expression was an independent
prognostic factor for gastric cancer patients and strong
RASSF6 expression was associated with better OS
compared with patients whose tumors are RASSF6
negative. Using immunohistochemistry, we found
that decreased RASSF6 protein expression seemed
to be associated with higher T stage tumors, and
RASSF6 was moderately or strongly expressed to a
greater degree in tumors without perineural invasion.
Multivariate analysis confirmed that the RASSF6
expression level was an independent prognostic
factor for OS (P < 0.001). In the present study,
survival analysis also showed that increased RASSF6
expression promoted a significant survival advantage
that persisted in multivariate analysis. Our prognostic
results are in accordance with a study performed in
gastric cancer patients. The previous study by Wen et
[18]
al
demonstrated a significant correlation between
RASSF6 expression and tumor differentiation, but our
findings are different. In our data, RASSF6 expression
tended to be negative in larger tumors or higher T
stage ones, but not positive in poorly differentiated
tissues. Coupled with the finding that RASSF6
expression was decreased in metastatic tissues
revealed by Western blot and that RASSF6 stained
strongly in chronic pancreatitis tissues, we proposed
that RASSF6 expression might decrease along with
progression of cancer.
Interestingly, tumors with perineural invasion
showed a significant decrease in the RASSF6
expression level compared to those without perineural
invasion (P = 0.026) in our study, and RASSF6 protein
expression in tumor cells that invaded nerve tissues
was also decreased compared with adjacent PDAC
tumor cells. Perineural invasion has been reported in
certain types of cancer, including pancreatic, prostate,
[24,25]
colorectal, etc.
. PDACs have the highest incidences
[26,27]
of perineural invasion among cancers
, and the
presence of perineural invasion was reported as a
strong poor prognostic factor for both OS and disease[28,29]
free survival
. Meanwhile, perineural invasion is
considered the primary cause of abdominal pain in
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pancreatic cancer patients . Therefore, targeting
perineural invasion is an attractive therapeutic
approach for pancreatic cancer. Until now, most of
the studies on perineural invasion focused on the
interaction between cancer cells and nerves. Therefore,
research on the biological mechanism of perineural
invasion was limited to the ligand-receptor inter[25]
attraction between tumor cells and nerve tissues .
Few studies have examined the characteristics of the
tumor cells themselves and the roles of tumor stromal
components, such as fibroblasts, infiltrating immune
cells and extracellular matrix proteins in perineural
invasion. Our findings regarding the relationship
between altered RASSF6 expression and perineural
invasion indicated a potential role of RASSF6 in the
process of perineural invasion. The effect of the
RASSF6 protein in perineural invasion and whether the
expression of RASSF6 is regulated by an endopathic
approach or external stimuli need further study.
Recently, a study reported that RASSF6 expression
in adipocytes was down-regulated by interacting
[30]
with macrophages , indicating a potential role of
infiltrating macrophages in perineural invasion though
regulating RASSF6 expression.
The other notable structural feature of RASSF6
is the C-terminal Salvador-RASSF-Hippo (SARAH)
domain, which mediates the antagonism effect of
[31]
RASSF on the Drosophila Hippo pathway . The
Hippo pathway is a key regulator of organ size and
cell density through regulating cell proliferation,
[32]
apoptosis, and stem cell/progenitor cell expansion .
The Hippo signaling cascade antagonizes the
transcriptional coactivator yes-associated protein (YAP)
whose overexpression has been reported in different
human tumors, including colon, prostate, ovarian,
[33]
and lung cancers . Two recent studies reported a
crucial requirement for the Hippo signaling pathway
[33,34]
in regulating the development of the pancreas
.
However, the role of the Hippo pathway in pancreatic
[32]
cancer remains unclear. Ikeda et al
recently found
that RASSF6 antagonizes Hippo signaling and mediates
apoptosis through a pathway that is parallel to the
canonical Hippo pathway. In the present study, we
also defined a crucial role of the RASSF6 protein in the
development of PDAC. These findings suggested that
the Hippo pathway and/or YAP might play a potentially
important role in pancreatic cancer.
In conclusion, this is the first report to demonstrate
the clinical significance of RASSF6 expression in PDAC.
RASSF6 expression appears to be decreased with the
progression of pancreatic cancer and is significantly
associated with poor prognosis. Our results suggest
that the presence of RASSF6 expression in PDAC may
have a protective effect independent of tumor stage
in resectable tumors. In addition, we believe that
these results provide a basis for further, more detailed
studies on perineural invasion and the Hippo pathway

6628

June 7, 2015|Volume 21|Issue 21|

Ye HL et al . RASSF6 in pancreatic cancer
in pancreatic cancer.

COMMENTS
COMMENTS
Background

Pancreatic ductal adenocarcinoma (PDAC) is a highly malignant digestive
tumor with a very poor prognosis. Inappropriate activation of Ras proteins is a
hallmark of PDAC, which promotes a variety of malignant phenotypes, including
enhanced growth, loss of contact inhibition, reduced requirement for growth
factors, enhanced motility and invasion and resistance to apoptosis.

Research frontiers

Recently, RASSF6 was identified as a new negative effector of the RAS
protein, which demonstrates a tumor suppressor function. In 239-T cells, a
dramatic synergistic activation of cell death was observed when the cells were
transfected with activated K-ras and RASSF6 together, and siRNA-mediated
knockdown of RASSF6 expression in human lung tumor cells increases
tumorigenicity. However, the role of RASSF6 in PDAC is still unknown. In this
study, the authors demonstrated that RASSF6 expression is decreased in
PDAC tissues and lymph node metastases, and the expression of RASSF6 has
a significant impact on the survival of patients with PDAC. These results might
indicate that RASSF6 could be a potential prognostic factor for PDAC patients.
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Innovations and breakthroughs

This is the first study to report that RASSF6 is decreased in PDAC and that the
expression of RASSF6 might decrease with the development of cancer.

Applications

This study showed that the RASSF6 expression level may be used as a
potential predictor of prognosis in pancreatic cancer.

7

Terminology

RASSF6 is the abbreviation of Ras association (RalGDS/AF-6) domain family
member 6. This gene encodes a member of the Ras-association domain family
(RASSF). Members of this family form the core of a highly conserved tumor
suppressor network, the Salvador-Warts-Hippo pathway. The protein encoded
by this gene is a Ras effector protein that induces apoptosis. A genomic region
containing this gene has been linked to susceptibility to viral bronchiolitis.
Alternative splicing results in multiple transcript variants and protein isoforms.
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This is an interesting study with valuable information regarding the expression
and clinical impact of RASSF6 in pancreatic ductal adenocarcinoma.
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Abstract
AIM: To evaluate to morbidity and mortality differences
between 4 underlying heart diseases, myocardial
infarction (MI), angina pectoris (Angina), heart failure
(HF), and atrial fibrillation (AF), after radical surgery for
gastric cancer.

Ethics approval: The study was reviewed and approved by
the The Institutional Review Board of Gyeongsang National
University Hospital (GNUH 2015-1-005).
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: No potential conflics of interest relevant to
this article was reported.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at yjleegnu@gmail.com.
Participants gave informed consent for data sharing.

METHODS: We retrospectively collected data from 221
patients of a total of 15167 patients who underwent
radical gastrectomy and were preoperatively diagnosed
with a history of Angina, MI, HF, or AF in 8 hospitals.
RESULTS: We find that the total morbidity rate
is significantly higher in the MI group (44%) than
the Angina (15.7%), AF (18.8%), and HF (23.1%)
groups (p < 0.01). Moreover, we note that the risk for
postoperative cardiac problems is higher in patients with
a history of HF (23.1%) than patients with a history

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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of Angina (2.2%), AF (4.3%), or MI (6%; p = 0.01).
The HF and MI groups each have 1 case of cardiogenic
mortality.

tumor, node, metastasis (TNM) stage, long operating
time, and multi-organ resection were significant
independent risk factors for postoperative morbidity
[9]
following radical surgery for gastric cancer .
Several studies investigated the perioperative and
comorbidity risk factors for postoperative morbidity,
but few studies specifically investigated these factors
in gastric cancer surgery. One study reported that
comorbidity was significantly associated with local
and systemic complications and observed significantly
increased rates of systemic complications and
[18]
mortality in patients with ≥ 3 comorbid diseases .
A recent study found a significant correlation of
postoperative morbidity in patients aged ≥ 70 years
[19]
with hypertension or liver cirrhosis .
Histories of ischemic heart disease, heart failure,
diabetes, and renal insufficiency are reported risk
factors for cardiac death and nonfatal myocardial
[20]
risk factors in noncardiac surgery . We previously
reported that underlying heart disease or chronic
liver disease was a significant independent risk factor
for postoperative morbidity following radical surgery
[9]
for gastric cancer . This study evaluated morbidity
and mortality differences between 4 underlying
heart diseases, namely myocardial infarction (MI),
angina pectoris (Angina), heart failure (HF), and atrial
fibrillation (AF), after radical surgery for gastric cancer.

CONCLUSION: We conclude that MI patients have a
higher risk of morbidity, and HF patients have a higher
risk of postoperative cardiac problems than Angina or
AF.
Key words: Stomach neoplasm; Comorbidity; Morbidity;
Heart disease; Heart failure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study assessed morbidity and
mortality differences among gastrectomy patients
with underlying histories of myocardial infarction (MI),
angina pectoris (Angina), heart failure (HF), and atrial
fibrillation (AF). The authors concluded that gastric
cancer patients with a history of MI had a higher risk
for complications after gastrectomy, and patients with a
history of HF had a higher risk for postoperative cardiac
problems than patients with a history of Angina or AF.
Therefore, patients with MI or HF require careful preand postoperative evaluation, and these patients should
be informed about the possibility of postoperative
morbidity, particularly intra-abdominal abscess and
postoperative cardiac problems.

MATERIALS AND METHODS

Jeong SH, Kim YW, Yu W, Lee SH, Park YK, Park SH, Jeong IH,
Lee SE, Park Y, Lee YJ. High morbidity in myocardial infarction
and heart failure patients after gastric cancer surgery. World J
Gastroenterol 2015; 21(21): 6631-6638 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6631.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6631

We retrospectively collected data from 221 patients
who underwent radical gastrectomy and were
preoperatively diagnosed with Angina (n = 89), AF (n
= 69), HF (n = 13), or MI (n = 50) between January
2005 and December 2010 at 8 hospitals among a
total of 15167 cases (Gyeongsang National University
Hospital, National Cancer Center, Kyungpook National
University Hospital, Kosin University College of
Medicine, Chonnam Nationawasun Hospital, Asan
South Korea University, Cheju National University, and
Konyang University Hospital). All patients consulted a
cardiologist, who evaluated their operative risks.
All data concerning sex, age, duration of post
operative hospital stay, operative risk, American
Society of Anesthesiologists (ASA) score, comorbid
disease, operative methods (resection, reconstruction,
and combined resection), and postoperative morbidity
were collected retrospectively.
The following inclusion criteria were used in this
study: histologically proven primary gastric adeno
carcinoma; no evidence of other distant metastases;
subtotal and total gastrectomy as the surgical method;
R0 resection; and preoperatively diagnosed underlying
heart disease (Angina, AF, HF, or MI): (1) Angina: The
patient was diagnosed with I20 [Angina, International
Classification of Diseases, Tenth Revision (ICD-10)] and
preoperatively evaluated using coronary angiography,
treadmill test, cardiac computed tomography (CT),
and myocardial single photon emission tomography

INTRODUCTION
Gastric cancer is the fourth most common type
of cancer, and it has the second highest mortality
[1]
rate worldwide . Nearly one million new cases are
diagnosed each year. The rate of detection of early
tumors has improved in the East, particularly Japan
and South Korea, following the introduction of mass
[2-4]
screening for gastric cancer
. The incidence and
mortality of gastric cancer in Japan and South Korea
have gradually decreased, but it remains the second
[5-8]
most frequent cause of death in South Korea .
Many studies investigated the perioperative risk
factors for postoperative morbidity in abdominal
[9-11]
surgery
. A significant association between
prolonged operation time and excessive blood loss
and postoperative morbidity was reported in elderly
[12,13]
patients
. Old age (≥ 65 years), advanced tumor
stage, and combined organ resection were identified
as significant risk factors for postoperative mortality and
[14-17]
morbidity
. Our earlier study reported that a high
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delayed the date of discharge or results in the patient
who required treatment in an outpatient clinic after
discharge. The complication definitions were derived
[15,21,22]
[21,22]
from our earlier studies
and other studies
,
were used to assess complications.
The Institutional Review Board of Gyeongsang
National University Hospital approved this study (GNUH
2015-1-005).

Table 1 Characteristics of patients with underlying heart
disease n (%)
Factors

Value

Age (yr)
Sex
Male
Female
Tumor location
Upper
Middle
Lower
Entire
Tumor size
TNM stage1
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Op time (min)
Hospital stay
Approach methods
Open
Laparoscopy assisted
Combined organ resection
No
Yes
Operation type
Subtotal gastrectomy
Total gastrectomy
LN dissection2
D1
D1+
D2
Reoperation
Morbidity rate
Mortality rate

68.8 ± 8.1
171 (77.4)
50 (22.6)
30 (13.6 )
65 (29.4)
123 (55.7)
2 (0.9)
3.9 ± 0.04

Surgical procedure

Total or subtotal gastrectomy or total omentectomy and
D1+ α or D1 + β lymph node dissection were performed
in open surgery when the preoperative diagnosis
using gastrofibroscopy and spiral CT scans revealed
early gastric cancer (EGC). Lymph node station were
identified according to the Japanese Classification of
[23]
Gastric Carcinoma from 1998 . Gastric resection and
determination of the resection area of the lymph node
stations were performed according to the Japanese
Gastric Cancer Association (JGCA) guidelines from
[24]
2002 . Partial omentectomy was performed using
laparoscopic surgery. Reconstruction was performed
based on the surgeon’s preference.
Total or subtotal gastrectomy, total omentectomy
and D2 lymph node dissection were performed using
open surgery in cases of advanced gastric cancer.

130 (58.8)
37 (16.7)
53 (24)
1 (0.5)
215 ± 86
13.6 ± 13.5
177 (80.1)
44 (19.9)
180 (81.4)
39 (17.6)
177 (80.1)
44 (19.9)
12 (5.4)
47 (21.3)
162 (73.3)
6 (2.7)
52 (23.5)
6 (2.7)

Statistical analysis

A binary and multinomial logistic regression model was
used for univariate and multivariate analyses. A value
of p < 0.05 (two-sided) was considered statistically
®
significant. SPSS version 18.0 (SPSS, Chicago, IL,
United States) was used for statistical analyses.

1

AJCC TNM stage 7th edition; 2Japanese gastric cancer treatment guidelines
2010 (ver.3). LN: Lymph node.

RESULTS

(M-SPECT); (2) MI: The patient was diagnosed with I21
(acute myocardial infarction, ICD-10) or I25 (chronic
myocardial infarction, ICD-10) and preoperatively
evaluated using coronary angiography, treadmill
test, cardiac CT, and M-SPECT; (3) HF: The patient
was diagnosed with I50 (heart failure, ICD-10) and
preoperatively evaluated using echocardiography;
and (4) AF: The patient was diagnosed with I48 (atrial
fibrillation, ICD-10) and preoperatively evaluated using
electrocardiography.
We excluded patients with the following conditions:
active double cancer (synchronous and metachronous
double cancer within 5 disease-free years), carcinoma
in situ (lesions equal to intraepithelial cancer), gastric
cancer recurrence, or a history of gastrectomy.

Patient characteristics and morbidities with underlying
heart disease

The average patient age was 68.8 years. The male
to female ratio was 3.4:1. The most frequent tumor
location was the lower body (n = 123; 55.7%), followed
by the middle body (n = 65; 29.4%), upper body (n =
30; 13.6%), and entire stomach (n = 2; 0.9%). The
mean tumor size was 3.8 ± 3.0 cm. Analysis of the
TNM stages revealed that 58.8% (n = 130), 16.7% (n
= 37), 24% (n = 53), and 0.5% (n = 1) of the patients
had StageⅠ, Ⅱ, Ⅲ, and Ⅳ disease, respectively. The
mean operation time was 215 ± 86 min. The mean
duration of postoperative hospital stay was 13.6 ±
13.5 days. Open gastrectomy and laparoscopy-assisted
gastrectomy were used in 80.1% (n = 177) and 19.9%
(n = 44) of cases, respectively. Subtotal and total
gastrectomies were performed in 80.1% (n = 177) and
19.9% (n = 44) of patients, respectively. Combined
organ resection was performed in 17.6% (n = 39) of
all cases (Table 1). Hypertension (n = 105; 47.5%)
was the next most frequent underlying comorbid
disease, followed by diabetes mellitus (DM; n = 55;
24.9%), cerebrovascular disease (n = 19; 8.6%), and

Evaluation of comorbid diseases

Patients with comorbid disease were classified to
allow a more precise assessment of the contribution
of comorbidity to the risk of postoperative morbidity
according to the general category of the underlying
[9]
disease .
We defined postoperative morbidity as a com
plication that occurred within 30 d after surgery that
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Table 2 Associated heart disease in 4 different heart disease
groups n (%)

Table 3 Univariate morbidity analysis of operative risk
factors in patients with underlying heart disease n (%)

Associated heart disease

Angina

Factors

Aortic aneurysm
3 vessels disease
MR, TR, AR
Mitral stenosis
Aortic stenosis
LVE
LAE
LVH
DCMP
Sinus bradycardia
PVC
AF with RVR
AF with SVR
Complete AV block
LBBB
WPW syndrome
Arrhythmia
Dextracardia

1 (1.1)
1 (1.1)
5 (5.6)

1 (1.1)

AF

24 (34.8)
2 (2.9)
1 (1.4)
1 (1.4)
2 (2.9)
2 (2.9)

HF
2 (15.4)
2 (15.4)
1 (7.7)

MI

Age (yr)
> 70
≤ 70
Sex
Male
Female
OP risk by Cardiologist
low
moderate
high
ASA score
1
2
3
Preop anticoagulation Tx
No
Yes
Tumor location
Lower body
Middle body
Upper body
Whole stomach
Tumor size
> 4 cm
≤ 4 cm
Tumor depth1
T1 (mucosa, submucosa)
T2 (muscle)
T3 (subserosa)
T4 (serosa exposure, serosa
invasion)
LN metastasis1
N0
N1 (1-2)
N2 (3-6)
N3 (7-)
TNM stage1
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Approach methods
Open gastrectomy
Laparoscopy assisted
gastrectomy
Operation type
Subtotal gastrectomy
Total gastrectomy
Operation time
< 200
> 200
LN dissection2
D1
D1+
D2
Combined organ resection
No
Yes
Preop chemotherapy
No
Yes

16 (32)

1 (7.7)
1 (1.1)
1 (1.1)
2 (2.2)
1 (1.1)
1 (1.1)
1 (1.1)
1 (1.1)

1 (1.4)

2 (4)

1 (2)

1 (2)
1 (1.1)

PVC: Premature ventricular contractions; MR: Mitral regurgitation; TR:
Tricuspid regurgitation; AR: Atrial regurgitation; LVH: Left ventricle
hypertrophy; DCMP: Dilated cardiomyopathy; LVE: Left ventricular
enlargement; LAE: Left atrial enlargement; AF with RVR: Atrial fibrillation
and rapid ventricular response; AF with SVR: Atrial fibrillation and slow
ventricular response; AV block: Atrioventricular block; LBBB: Left bundle
branch block; WPW syndrome: Wolff-Parkinson-White syndrome.

pulmonary disease (n = 16; 7.2%). Angina (n = 89;
14%) was the most frequent underlying heart disease,
followed by MI (n = 50; 22%), AF (n = 69; 13%), and
HF (n = 13; 3%). Seventy six patients had associated
heart disease (34.4%) (Table 2).
The overall morbidity rate and cases that required
reoperation for radical gastrectomy were 52/221
(23.5%) and 6/221 (2.7%), respectively. The most
frequent complications were cardiac problems (n = 11;
5.0%), pulmonary issues (n = 11; 5.0%), and wound
problems (n = 11; 5.0%), followed by postoperative
bleeding (n = 9; 4.1%), intra-abdominal abscess (n = 8;
3.6%), anastomosis leakage (n = 6; 2.7%), urological
problems (n = 4; 1.8%), vascular complications (n
= 4; 1.8%), unknown hypotension (n = 1; 0.004%),
delayed gastric emptying (n = 1; 0.004%), uncontrolled
ascites (n = 1; 0.004%), pancreatitis (n = 1; 0.004%),
and paralytic ileus (n = 1; 0.004%).

Univariate and multivariate analyses of operative risk
factors and comorbidity in patients with underlying
heart disease

The most significant perioperative risk factors for
postoperative morbidity were lymph node metastasis
and total gastrectomy in univariate analysis (p < 0.05)
(Table 3). Underlying cerebrovascular disease and
heart disease were significantly different in univariate
analysis (p < 0.01) (Table 4).
Total gastrectomy (OR = 2.1, 95%CI: 1.0-4.6, p
= 0.01), underlying cerebrovascular disease (OR =
1.5, 95%CI: 1.07-2.13, p = 0.01), and heart disease

WJG|www.wjgnet.com

Patient

Complication P value

OR

0.11
103
118

19 (18.4)
33 (28)

171
50

41 (24)
11 (22)

31
103
21

5 (16.1)
27 (26.2)
7 (33.3)

14
122
85

1 (7.1)
27 (22.1)
24 (28.2)

104
117

24 (23.1)
28 (23.9)

30
65
123
2

12 (40.0)
15 (23.1)
25 (20.5)
0 (0)

129
87

28 (21.7)
22 (25.3)

121
21
36
43

23 (29)
5 (23.8)
8 (22.2)
16 (37.2)

141
28
24
28

25 (17.7)
8 (28.6)
6 (25)
13 (46.4)

130
37
53
1

23 (17.7)
10 (28.927)
19 (35.8)
0 (0)

177
44

45 (25.4)
7 (15.9)

177
44

36 (20.3)
16 (36.4)

89
109

21 (23.6)
29 (26.6)

12
47
162

3 (25)
7 (14.9)
42 (25.9)

180
39

41 (22.8)
11 (28.2)

220
1

52 (23.6)
0 (0)

0.85

0.34

0.19

1.00

0.12

0.62

0.11

0.01
1.0
1.8
1.5
4.0
0.058

0.12

0.03
1.0
1.3
0.75

0.28

0.53

1.00

1

AJCC TNM stage 7th edition; 2Japanese gastric cancer treatment guidelines
2010 (ver.3). LN: Lymph node; OP risk by cardiologist: Operation risk
evaluated by cardiologist; ASA: American society of anesthesiologists;
Preop: Preoperative; Tx: Treatment.
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Table 4 Univariate morbidity analysis of comorbidity in
patients with underlying heart disease n (%)
Factors
Hypertension
No
Yes
Diabetes mellitus
No
Yes
Tuberculosis
No
Yes
Chronic liver disease
No
Yes
Pulmonary disease
No
Yes
Endocrine disease
No
Yes
Neurologic disease
No
Yes
Cancer history
No
Yes
Heart disease
Angina
Af
Hf
Mi

Patients

Complication

116
105

23 (19.8)
29 (27.6)

166
55

37 (22.3)
15 (27.3)

P value

Table 5 Multivariate morbidity analysis of operative risk
factors and comorbidity in patients with underlying heart
disease n (%)

OR
LN metastasis1
N0
N1
N2
N3
Operation type
Subtotal gastrectomy
Total gastrectomy
Neurologic disease
No
Yes
Heart disease
Angina
AF
HF
MI

0.46

0.53
206
15

50 (25.2)
2 (18.8)

215
6

52 (24.2)
0 (0)

205
16

48 (23.4)
4 (25)

216
5

51 (23.6)
1 (20)

202
19

43 (21.3)
9 (47.4)

214
7

50 (23.4)
2 (28.6)

89
69
13
50

14 (15.7)
13 (18.8)
3 (23.1)
22 (44)

0.34

0.52

1.00

0.02

0.13
141
28
24
28

25 (17.7)
8 (28.6)

177
44

36 (20.3)
16 (36.4)

202
19

43 (21.3)
9 (47.4)

89
69
13
50

14 (15.7)
13 (18.8)
3 (23.1)
22 (44.0)

13 (46.4)
0.04
1.0
2.1

1.0-4.6
0.01

1.0
1.5

1.0-2.1
< 0.01
0.4-2.4
0.4-7.3
1.8-9.5

1.0
1.0
1.7
4.2

1

AJCC TNM stage 7th edition. LN: Lymph node; Angina: A history of
angina pectoris; AF: A history of atrial fibrillation; HF: A history of heart
failure; MI: A history of myocardial infarction.

1.0
1.4
0.66

Table 6 Differences in morbidities and mortalities in the 4
different heart diseases groups n (%)

< 0.01
1.0
1.2
1.6
4.2

Complication
Leakage
Intraabdominal
abscess
Wound problem
Postop bleeding
Pulmonary Cx
Urologic Cx
Cardiac problem
Vascular Cx
Total morbidity
Mortality

Angina: A history of angina pectoris; AF: A history of atrial fibrillation;
HF: A history of heart failure; MI: A history of myocardial infarction.

(Angina, OR = 1; AF, OR = 1.0, 95%CI: 0.4-2.4; HF, OR
= 1.7, 95%CI: 0.4-7.3; MI, OR = 4.2, 95%CI: 1.8-9.5)
were independent factors of postoperative complications
in multivariate analyses (p < 0.01) (Table 5).

Higher postoperative morbidity in the MI group and
greater cardiac problems in the HF group

Angina
AF
HF
MI
P value
(n = 89) (n = 69) (n = 13) (n = 50)
2 (2.2)
1 (1.1)

2 (2.9)
2 (2.9)

0
0

2 (4.0)
5 (10)

0.85
0.04

5 (5.6)
3 (3.4)
2 (2.2)
2 (2.2)
2 (2.2)
0 (0)
14 (15.7)
2 (2.2)

4 (5.8)
1 (1.4)
3 (4.3)
0 (0)
3 (4.3)
3 (4.3)
13 (18.8)
2 (2.9)

0
0
1 (7.7)
0
3 (23.1)
0
3 (23.1)
1 (7.7)

2 (4.0)
5 (10)
5 (10)
2 (4.0)
3 (6.0)
1 (2.0)
22 (44)
1 (2.0)

0.81
0.09
0.22
0.39
0.01
0.22
< 0.01
0.70

Angina: A history of angina pectoris; AF: A history of atrial fibrillation;
HF: A history of heart failure; MI: A history of myocardial infarction;
postop: Postoperative; Cx: Complicatio.

We found that the total morbidity rate was significantly
higher in the MI group (44%) than the Angina (15.7%),
AF (18.8%), and HF (23.1%) groups (p < 0.01). Intraabdominal abscesses occurred more often in the MI
group (10%) than the Angina (1.1%), AF (2.9%),
and HF (0%) groups (p < 0.01). Postoperative cardiac
problems were significantly more common in the HF
group (23.1%) than the Angina (2.2%), AF (4.3%), and
MI (6.0%) groups (p = 0.01). However, there were no
differences in leakage, wound problems, postoperative
bleeding, pulmonary complications, urological
complications, vascular complications, or mortality
between the 4 heart groups (p > 0.05) (Table 6).
The HF group had 3 cardiac morbidities: one
patient had aggravated HF (pulmonary edema, pleural
effusion, and pericardial effusion); one patient had an
acute MI; and another patient had elevated B-type
natriuretic peptide (3577 pg/mL) and experienced
cardiogenic shock on postoperative day 3 without
any complications. The Angina group had 2 cases of

WJG|www.wjgnet.com

Patients Complication 95%CI P value OR

Factors

0.20

cardiac morbidity: one patient experienced another
attack of Angina on postoperative day 3, and another
patient experienced duodenal stump leakage and acute
myocardial infarction (AMI) on postoperative day 14.
The AF group had 2 cases of cardiac morbidity: one
patient was digitalized because of AF with hypotension,
and another patient had complete AV block that
improved with anticoagulation medication. The MI
group had 3 cases of cardiac morbidities: one patient
was digitalized because of AF with hypotension; one
patient had an AMI that subsequently improved; and
one patient received a pacemaker because of complete
AV blockage.

Cardiogenic mortality in the HF and MI groups

There were 6 mortality cases in this study: 2 cases of
pure cardiogenic shock (one patient in the HF group
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and one patient in the MI group) without any other
complications; 3 cases of anastomotic leakage; and
one case of adult respiratory distress syndrome. The
HF group had one case of mortality (8%) because
of cardiogenic shock on postoperative day 3. The MI
group also had one case of mortality (5%) because of
cardiogenic shock on postoperative day 5. The Angina
group had 2 cases of mortality (2%): one case of
pneumonia with acute respiratory distress syndrome
and one case of a duodenal stump leakage and AMI on
postoperative day 14. The latter patient was treated in
the intensive care unit, but this patient did not survive
because operative site bleeding and acute renal failure
eventually progressed to multi-organ failure. The
AF group had 2 cases of mortality (3%): one case
involved septic shock and anastomotic site leakage,
and the other case involved intra-abdominal bleedingassociated leakage and anastomotic site leakage.

of oxygen < 60 mmHg or partial pressure of carbon
dioxide > 50 mmHg, potassium < 3.0 meq/L or
bicarbonate < 20 meq/L, blood urea nitrogen > 50
mg/dL or creatinine > 3.0 mg/dL, abnormal serum
glutamine oxalacetic transaminase, signs of chronic
liver disease, or patient bedridden from non-cardiac
causes); and (5) operation type (intra-peritoneal, intrathoracic or aortic operation, emergency operation).
[27]
Recently, Lee et al
developed a revised cardiac risk
index model comprised of 6 risk factors: high-risk
surgery type, history of ischemic heart disease, history
of congestive heart failure, history of cerebrovascular
disease, preoperative treatment with insulin, and
preoperative serum creatinine > 2.0 mg/dL. They
reported that patients with one or two risk factors had
only a 0.5% and 1.3% complication rate, respectively,
but patient with three or four risks factor had a 3.6%
and 9.1% complication rate, respectively. These risk
factors were very similar to the independent risk factors
(total gastrectomy, history of myocardial infarction,
history of cerebrovascular disease) in our study. Total
gastrectomy is a higher risk surgery than subtotal
gastrectomy, and a history of ischemic heart disease
and cerebrovascular disease are associated with a
similar risk. In addition, a history of congestive heart
failure is a higher risk factor of postoperative cardiac
complications than a history of other heart diseases.
Therefore, patients who need total gastrectomy and
have more than three risk factors in the revised cardiac
risk index model should be consulted about a reduced
operation because these patients are expected to
have a higher risk of post-operative complication than
patients with no risk factors.
One limitation of this study was its lack of control
groups for comparisons with the heart disease
groups. Moreover, heart disease types were limited
to Angina, MI, AF, and HF. We excluded patients with
valvular heart disease, arrhythmia, and left ventricular
enlargement because of data analysis limitations. Our
study was unique and featured a multicenter analysis
of patients with gastric cancer who underwent radical
gastrectomy.
In conclusion, gastric cancer patients with a
history of MI have a higher risk for complication after
gastrectomy, and patients with a history of HF have
a higher risk for postoperative cardiac problems than
patients with a history of Angina or AF. Therefore,
patients with MI or HF require careful pre- and
postoperative evaluation, and they should be informed
about the possibility of postoperative morbidities,
particularly intra-abdominal abscess and postoperative
cardiac problems.

DISCUSSION
Few studies examined the perioperative risk factors of
underlying diseases, with the exception of hypertension,
[9,19,25]
diabetic mellitus, and liver cirrhosis
. Our earlier
study found that heart disease and chronic liver disease
were associated with morbidity, but we were unable
to analyze the risk factors of different types of heart
[9]
disease . Several studies reported high cardiac risk in
[26-28]
ischemic heart disease and congestive heart failure
.
We selected ischemic heart disease (angina, MI) and
congestive heart failure to evaluate the operative risks
of gastric cancer surgery. We chose AF because it is the
most frequent heart rhythm abnormality.
We found that intra-abdominal abscess and total
morbidity were significantly higher in the MI group, and
postoperative cardiac problem rates were higher in the
HF group. It is possible that the MI patients had larger
intra-abdominal abscesses because these patients had
decreased wound healing with decreased circulation.
There were no differences in neurological disease (p
[9]
= 0.052) in previous study , but neurological disease
was an independent risk factor in this study. We found
that the numbers and proportion of patients with
neurological disease increased from 2.2% (17/759)
to 8.5% (19/221). There were no differences noted in
history of hypertension, DM, or pulmonary disease in
this study.
[26]
Goldman et al reported a cardiac risk model using
a multifactorial index in major noncardiac surgery. They
scored 53 points using the following 5-item index: (1)
history, including age and the occurrence of MI in the
previous 6 mo; (2) physical examination, including
S3 gallop or jugular vein distention, and important
valvular aortic stenosis; (3) electrocardiogram (rhythm
other than sinus or premature atrial contractions
on the last preoperative electrocardiogram and > 5
premature ventricular contractures at any time before
the operation); (4) general status (partial pressure
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Abstract
AIM: To investigate precore/basal core promoter
(PC/BCP) mutants throughout hepatitis B virus (HBV)
infection and to determine their relationship to hepatitis
B early antigen (HBeAg) titers.

Ethics approval: The study was reviewed and approved by the
Huashan Hospital and Taizhou Municipal Hospital Institutional
Review Board.
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: All participating authors have declared no
conflicts of interest.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at jmzhang@fudan.edu.
cn. Participants gave informed consent for data sharing.

METHODS: We enrolled 191 patients in various stages
of HBV infection at the Huashan Hospital and the
Taizhou Municipal Hospital from 2010 to 2012. None
of the patients received antiviral therapy. HBV DNA
from serum, was quantified by real-time PCR. The
HBV genotype was determined by direct sequencing
of the S gene. We used the Simpleprobe ultrasensitive
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quantitative method to detect PC/BCP mutants in each
patient. We compared the strain number, percentage,
and the changes in PC/BCP mutants in different phases,
and analyzed the relationship between PC/BCP mutants
and HBeAg by multiple linear regression and logistic
regression.

Tu WH, Lv Y, Zhang YM, Hou W, Wang JY, Zhang YJ, Liu
HY, Zhu HX, Qin YL, Mao RC, Zhang JM. precore/basal core
promoter mutants quantification throughout phases of hepatitis
B virus infection by Simpleprobe. World J Gastroenterol 2015;
21(21): 6639-6648 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i21/6639.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i21.6639

RESULTS: Patients with HBV infection (n = 191) were
assigned to groups by phase: Immune tolerance (IT)
= 55, Immune clearance (IC) = 67, Low-replicative
(LR) = 49, and HBeAg-negative hepatitis (ENH) = 20.
Of the patients (male, 112; female, 79) enrolled, 122
were HBeAg-positive and 69 were HBeAg-negative.
The median age was 33 years (range: 18-78 years).
PC and BCP mutation detection rates were 84.82%
(162/191) and 96.86% (185/191), respectively. In five
HBeAg-negative cases, we detected double mutation
G1896A/G1899A. The logarithm value of PC mutant
quantities (log10 PC) significantly differed in IT, IC, and
LR phases, as well as in the ENH phase (F = 49.350, P
< 0.001). The logarithm value of BCP mutant quantities
(log10 BCP) also differed during the four phases (F =
25.530, P < 0.001). Log10 PC and log10 BCP values
were high in the IT and IC phases, decreased in the
LR phase, and increased in the ENH phase, although
the absolute value at this point remained lower than
that in the IT and IC phases. PC mutant quantity per
total viral load (PC%) and BCP mutant quantity per
total viral load (BCP%) differed between phases (F =
20.040, P < 0.001; F = 10.830, P < 0.001), with PC%
and BCP% gradually increasing in successive phases.
HBeAg titers negatively correlated with PC% (Spearman’
s rho = -0.354, P < 0.001) and BCP% (Spearman’s rho
= -0.395, P < 0.001). The negative correlation between
PC% and HBeAg status was significant (B = -5.281, P
= 0.001), but there was no such correlation between
BCP% and HBeAg status (B = -0.523, P = 0.552).

INTRODUCTION
Although the hepatitis B vaccine is in widespread use,
hepatitis B virus (HBV) infection remains a serious
[1]
public health problem . In the general Chinese
population, 7.18% of individuals are hepatitis B
surface antigen (HBsAg) carriers, including 93 million
individuals with chronic HBV infection and 20 million
[2]
patients with chronic hepatitis B (CHB) . HBV infection
is the most important factor in acute and chronic
hepatitis, and is associated with the occurrence of
[3]
hepatocellular carcinoma (HCC) .
hepatitis B early antigen (HBeAg) clearance (with
or without anti-HBe) is the endpoint of treatment for
[4,5]
HBeAg-positive CHB ; however, HBeAg clearance
is insufficient to alleviate the disease process. Many
patients treated with nucleotide analogs (NAs) achieve
HBeAg clearance and experience recurrent HBeAg;
alternatively, HBV DNA is detected after treatment
[6]
is stopped . Interferon therapy produces a more
sustained effect of HBeAg clearance, although longterm follow-up has revealed the presence of HBV
[7,8]
DNA in some patients
. Thus, HBeAg clearance
with interferon therapy alone may produce a false
impression of therapeutic efficacy. precore/basal core
promoter (PC/BCP) mutants inhibit HBeAg synthesis
and may account for the apparent clearance of HBeAg.
The HBV Precore G1896A mutation generates a
[9]
termination codon, eliminating HBeAg synthesis .
The BCP A1762T/G1764A double mutation inhibits
preC mRNA synthesis, and thus inhibits HBeAg
[10,11]
production
. Precore G1896A or G1899A mutations
[12,13]
have been associated with increased risk of HCC
,
more serious hepatitis disease, and acute or chronic
[14,15]
liver failure
. The A1762T/G1764A double mutation
is associated with increased virulence and disease
[16-18]
progression to liver cirrhosis and HCC
.
PC/BCP mutant detection is currently achieved by
direct DNA sequencing, restriction fragment length
polymorphism (RFLP) analysis, hybridization probes,
and qualitative detection methods, such as the line
[19-23]
. In our previous study
probe assay (INNO-LiPA)
[24]
of 207 HBeAg-positive patients , RFLP analysis
indicated that PC/BCP mutants also exist in HBeAgpositive patients and influence the expression of
HBeAg. However, these methods do not provide
precise quantification of mutated HBV isolates, thus
limiting longitudinal observation of PC/BCP mutation
during the natural course of hepatitis B virus infection
and the dynamic evaluation of PC/BCP mutation. This

CONCLUSION: PC/BCP mutants become predominant
in a dynamic and continuous process. Log10 PC, log10
BCP, PC% and BCP% might be combined to evaluate
disease progression. PC% determines HBeAg status.
Key words: precore mutant; basal core promoter
mutant; Hepatitis B virus; Quantification; Hepatitis B
early antigen titers
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: During the natural history of hepatitis B virus
infection, no evidence for the correlation between the
dynamic alteration of precore/basal core promoter
(PC/BCP) mutated strains and hepatitis B early antigen
titers has been obtained by qualitative analysis. Using
Simpleprobe ultrasensitive quantification of the wildtype and mutated hepatitis B virus (HBV) strains,
we provided new insights into the process by which
PC/BCP-mutated strains become dominant during the
natural course of infection. Thus, we provide important
clues for the evaluation of HBV infection status and the
corresponding host immune responses.

WJG|www.wjgnet.com

6640

June 7, 2015|Volume 21|Issue 21|

Tu WH et al . PC/BCP mutants quantification and HBeAg titers
has also limited our understanding of the correlation
between PC/BCP mutation and HBeAg titers.
In this study, we used the Simpleprobe method for
ultrasensitive quantitation of PC/BCP mutants, which
allowed us to detect mutations present at a level as low
[25]
as 0.001% in a wild-type background . Quantitation
of PC/BCP mutants throughout the natural history of
HBV infection will clarify the relationship between virus
mutations and the patient’s immune status.

Shenzhen, China). The assay detection limit was 100
IU/mL. HBV DNA standards were obtained from the
National Institute for the Control of Pharmaceutical
and Biological Products, China.

HBV DNA extraction, amplification, and genotyping

HBV DNA was isolated from 200 µl serum and eluted
in 50 µl buffer EB from the QIAamp DNA Blood
Mini kit (Qiagen, Shanghai, China), according to the
manufacturer’s protocols. Genotyping was performed
by sequencing the 1.3-kb HBsAg complete gene
fragment after PCR amplification (nt 2816-886).
Phylogenetic analysis was performed using Vector NTI
11.0 TreeView software. A neighbor-joining tree was
constructed using Jukes-Cantor corrected distances in
the MEGA2 package with 1000 bootstrap replicates. All
[24]
procedures were performed as previously described .

MATERIALS AND METHODS
Patients

We enrolled 191 patients with chronic HBV infection
in the Huashan Hospital and the Taizhou Municipal
Hospital from 2010 to 2012. Enrolled participants
met the following criteria: (1) age 18-78 years; (2)
HBsAg-positive for at least six months at the time
of enrollment; (3) no autoimmune liver disease or
concurrent hepatitis C virus (HCV), hepatitis D virus
(HDV), or human immunodeficiency virus (HIV)
infection; (4) no history of antiviral drug treatment;
(5) no end-stage liver disease or HCC; and (6) no
history of immunosuppressive therapy. Patients were
assigned to one of the following groups based on their
HBV infection state: immune tolerance (IT = 55 cases),
immune clearance (IC = 67 cases), low replication
(LR = 49 cases), and HBeAg-negative hepatitis (ENH
= 20 cases). The IT phase is characterized by high
HBeAg titers, high HBV DNA levels, but normal ALT, and
normal liver histology. The IC phase is characterized by
presence of HBeAg, high HBV DNA levels (over 20000
IU/ml), elevated ALT and necroinflammation of the
liver. The LR phase is characterized by HBeAg negativity
and anti-HBe positivity, low or undetectable HBV DNA
(below 2000 IU/ml), persistently normal ALT, and no
histologically active inflammation, with mild fibrosis.
The ENH phase is characterized by negative HBeAg,
positive anti-HBe, detectable HBV DNA levels (2000-20
million IU/ml), elevated ALT, and moderate to severe
necroinflammation, with variable amounts of fibrosis.
Blood samples were stored at -20 ℃ until use. Study
protocols conformed to the Declaration of Helsinki
principles of ethics, and all participants were enrolled
with written informed consent.

Quantitation of PC/BCP mutants

PC/BCP quantitation was performed by two-step real[25]
time PCR ,as described by Nie et al . The first step
included a wild-type blocker probe (WT-blocker probe)
for selective inhibition PCR (siPCR), which blocked
further amplification of wild-type DNA; subsequent
cycles amplified mutant viral DNA by about 10000
times, making it easy to detect in the subsequent
reaction. The second step involved amplification with a
Simpleprobe, followed by melting curve analysis. The
first step of PC region amplification was performed
in a 15-µL reaction contained 0.5 µmol/L each F1
(5'-CCAAATTCTTTATACGGGTCAATGTCCATG-3', nt
1929 to 1900) and R1 (5'-CCTCCAAGCTGTGCC-3',
nt 1869 to 1883) primer, 5 µl of the purified patient
sample DNA as template, and 2 µmol/L WT-blocker
(5’-gtccatgCcCCAAagcc-PH, nt 1906 to 1890).
Amplification was carried out at 95 ℃ for 10 s, 59 ℃
for 10 s and 72 ℃ for 5 s, for a total of 20 cycles.
The first-step PCR products were diluted to 1:32 and
used as templates in the second step real-time PCR,
which was composed of LightCycler480 Genotyping
Master Mix, 0.1 µmol/L primer F1, 0.5 µmol/L primer
R1, 3 mmol/L MgCl2, and 0.1 µmol/L Simpleprobe
(5’-gtcaatgtccatgTcCTAaagcc-3’, nt 1912 to 1890).
The real time PCR was performed at 95 ℃ for 10 min;
followed by 40 cycles of 95 ℃ for 10 s, 66 ℃ for 10
s, and 72 ℃ for 5 s; and then followed by a melting
curve analysis from 30 ℃ to 80 ℃.
The first step PCR amplification of BCP region was
performed in a 15-µl reaction mixture containing 0.5
µmol/L each F1(5'-AGGAGTTGGGGGAGGAGATTAGGTTAA3',and R1 (5'-CTTGGAGGCTTGAACAGTAGGAC-3', nt
1881 to 1854) primers, 5 µl of the purified patient
sample DNA as the template, and 2 µmol/L WT-blocker
(5’-aggagattaGgttAaAGGtctttGt-PH, nt 1747 to 1771).
PCR was carried out at 95 ℃ for 10 s, 57 ℃ for 10 s, and
65 ℃ for 5 s, for a total of 20 cycles. The second step PCR was
composed of LightCycler480 genotyping master mix, 0.1
µmol/L primer F2 (5’-GATAAGTTGAGGAGTTGGGGG-3’, nt 1726
to 1746), 0.5 µmol/L primer R1, 0.1 µmol/L Simpleprobe

Serological assays

HBsAg, HBeAg, anti-HBe, anti-HCV, and anti-HDV were
assessed using commercial AxSYM MEI kits (Abbott
Laboratories, North Chicago, IL, United States). AntiHIV was assayed by using the Diagnostic Kit for
Antibody to Human Immunodeficiency Virus Type 1
and/or 2 and HIV-1 Antigen (bioMérieux, France).
HBeAg values were determined using a microparticle
enzyme immunoassay and the results are expressed
as signal/cutoff (S/CO), with HBeAg values > 1S/
CO considered positive (Abbott Architect i2000SR).
HBV DNA was quantified using quantitative real-time
PCR with commercial kits (Shenzhen PG Biotech,
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Table 1 Baseline characteristics of patients with chronic hepatitis B virus infection

Age (yr), median (range)
Gender, n, M/F
Log10 HBV DNA,
Log10 (IU/mL), median
HBV genotype, n
B
C
ALT (U/mL) median
AST (U/mL) median
HBeAg (S/CO) median
PC%, median
BCP%, median

IT (n = 55)

IC (n = 67)

LR (n = 49)

ENH (n = 20)

ANOVA P value

27 (18-55)
28/27

32 (18-78)
40/27

40 (21-65)
28/21

41 (25-65)
16/4

< 0.001
0.160

7.55

6.98

3.7

4.69

< 0.001

34
21
16
13
1376
0.31
1.42

39
28
98
67
899
1.73
15.25

29
20
20
18
NA
9.20
43.58

11
9
93
62
NA
33.69
67.44

0.960
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

One-way ANOVA, P < 0.05 was considered statistically significant. HBeAg: Hepatitis B early antigen; HBV: hepatitis B virus; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; PC: Precore; PC%: PC mutant quantity per total viral load; BCP: Basal core promoter; BCP%: BCP mutant quantity per total
viral load; NA: Not applicable; IT: Immune tolerance; IC: Immune clearance; LR: Low-replicative; ENH: HBeAg-negative hepatitis.

(5’-ggagattaGgttAaTGAtct-3’, nt 1748 to 1767). The realtime PCR was performed at 95 ℃ for 10 min to activate the
polymerase; followed by 40 cycles of 95 ℃ for 10 s, 55 ℃
for 10 s and 72 ℃ for 5 s. Capital letters in the WT-blocker
and Simpleprobe sequences indicate Locked Nucleic Acids
(LNAs), and the 3’-end “-PH” stands for phosphorylation.
The fluorescent label is indicated by bold letter. The
method also employed a primer-blocker-probe partial
overlap design to reduce the influence of polymorphisms
and improve detection sensitivity to 0.001%. The assay
detection limit is 60 IU/mL.

± 1.15, P < 0.001). HBeAg titers differed significantly
between the IT and IC phases (1261.27 ± 465.56 vs
825.30 ± 580.62, P < 0.001). PC% and BCP% were
significantly higher in the LR and ENH phases (U =
1422.0, P < 0.001; U = 2357.0, P < 0.001; Table 1).

Prevalence of PC/BCP mutants

We identified 157 cases with G1896A mutations, 29
cases with G1899A mutations, and five cases with
the G1896A/G1899A double mutation. Twenty-seven
of the cases carrying the G1899A mutation were
also HBeAg-positive, while all five cases of G1896A/
G1899A double mutation were HBeAg-negative. The
PC mutation detection rate was 84.82% (162/191, PC
mutant quantification range: 60-60 million IU/ml). We
identified 96.86% (185/191, BCP mutant quantification
range: 60-60 million IU/ml) cases as carriers of the
BCP (A1762T/G1764A) mutation. We identified the
BCP mutation alone in 26 cases, and the PC mutation
alone in five cases. The PC/BCP joint mutation was
identified in 159 cases, whereas the wild-type PC/BCP
was found in only one case.

Definitions

G1896A and G1896A/G1899A variants are defined as
PC mutations; A1762T/G1764A variants are defined
as BCP mutations. We used the log10 PC and log10 BCP
values to represent PC and BCP mutant quantities.
PC% and BCP% represented PC and BCP mutant
quantities per total viral load.

Statistical analysis

Data are expressed as the median. All data analyses
were performed in SPSS17.0 software. The MannWhitney rank sum test, one-way ANOVA, IndependentSample T test, Spearman correlation, multiple linear
regression, and logistic regression analysis were used.
Statistical significance was defined as P < 0.05.

PC/BCP mutants distribution by phase, age, and HBeAg
status

Log10 PC and log10 BCP distributions differed sig
nificantly between the four phases (F = 49.350, P
< 0.001; F = 23.530, P < 0.001). The log10 PC and
log10 BCP values were higher in IT and IC, decreased
in LR, and were higher in the ENH phase, although
the absolute value remained lower than in the IT
and IC phases (Figure 1A and B). PC% and BCP%
distributions gradually increased through each phase (F
= 20.040, P < 0.001; F = 10.830, P < 0.001; Figure
1C and D). We compared PC%, BCP%, log10 PC and
log10 BCP values between each group and observed
significant differences (Figure 1A-D). The dynamic
variation of PC%, BCP%, log10 PC and log10 BCP are
shown in Figure 1E.
PC% increased with age (Spearman’s rho = 0.281,

RESULTS
Baseline characteristics of patients with chronic HBV
infection

Patients with HBV infection (n = 191) were assigned to
groups by phase: IT = 55, IC = 67, LR = 49, and ENH
= 20. Patients with HBeAg positive 122 and HBeAg
negative 69. The population included 112 male and 79
female subjects, with a median age of 33 years (range:
18-78 years). Younger patient age was associated with
higher total log10 HBV DNA in the IT and IC groups
versus the LR and ENH groups (6.99 ± 0.97 vs 4.07
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P = 0.013
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Figure 1 Precore, basal core promoter mutation distribution throughout phases of hepatitis B virus infection. Log10 precore, log10 basal core promoter value (A,
B), precore%, basal core promoter (%) (C, D) distribution through the phases of hepatitis B virus infection; disease progression can be estimated by the combination
of log10 precore, log10 basal core promoter and precore%, basal core promoter (%) (E). PC: Precore; BCP: Basal core promoter; IT: Immune tolerance; IC: Immune
clearance; LR: Low-replicative; ENH: HBeAg-negative hepatitis; HBeAg: Hepatitis B early antigen; PC%: PC mutant quantity per total viral load; BCP%: BCP mutant
quantity per total viral load.

patients (23.95% vs 5.75%, P < 0.001; Figure 2E).
The log10 PC value also differed between groups;
values were higher in HBeAg-positive patients (5.68
± 1.05 vs 3.81 ± 1.32, P < 0.001; Figure 2G). BCP%
was higher in HBeAg-negative patients than in HBeAgpositive patients (50.33% vs 24.80%; P < 0.001;
Figure 2F). The log10 BCP values were higher in the
HBeAg-positive group (5.17 ± 1.77 vs 3.13 ± 1.66, P
< 0.001; Figure 2H).

P < 0.001); however, the PC% distribution did not
significantly differ between the ≤ 40 and > 40 age
groups (t = 1.650, P = 0.101; Figure 2A); the log10
PC distribution did differ between age groups (t =
3.340, P = 0.001; Figure 2C). Similarly, BCP% also
increased with age (Spearman’s rho = 0.31, P < 0.001)
and its distribution significantly differed (≤ 40 vs >
40; t = 2.859, P = 0.005; Figure 2B). The log10 BCP
distribution did not differ between age groups (t =
1.830, P = 0.069; Figure 2D).
When divided by HBeAg status, PC% distribution
significantly differed between groups. PC% was higher
in HBeAg-negative patients than in HBeAg-positive
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Figure 2 Precore, basal core promoter mutation distribution by patient age subgroup and hepatitis B early antigen status. Age subgroup vs PC mutation
percentage (PC%) (A), and BCP mutation percentage (BCP%) (B); Age subgroup vs log10 PC (C) and log10 BCP (D); HBeAg status vs PC% (E) and BCP% (F); HBeAg
status vs log10 PC (G) and log10 BCP (H). Short horizontal lines flanking the means indicate SE. PC: Precore; BCP: Basal core promoter; PC%: PC mutant quantity per
total viral load; BCP%: BCP mutant quantity per total viral load; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBeAg: Hepatitis B early antigen.
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HBeAg titers negatively correlated with PC%
(Spearman’s rho = -0.354, P < 0.001) and BCP%
(Spearman’s rho = -0.395, P < 0.001) (Figure 3C).
The PC% and BCP% significantly differed between
HBeAg < 1000 S/CO and ≥ 1000 S/CO groups (t =
3.520, P < 0.001; t = 5.289, P < 0.001): PC% and
BCP% were higher in the HBeAg < 1000 S/CO group.
HBeAg titers significantly differed between PC%
groups of < 5%, 5% to 10%, and >10% (F = 15.230,
P < 0.001), as shown in Figure 4A. HBeAg titers also
differed between BCP% groups of <10%, 10%-40%
and > 40% (F = 26.310, P < 0.001), as shown in
Figure 4B.

80
60
40
20

500

1000
1500
HBeAg titer (S/CO)

2000

2500

Figure 3 Correlation between hepatitis B early antigen titer and total log10
hepatitis B virus DNA (A); log10 precore, log10 basal core promoter value
(B); and precore%, basal core promoter (%) (C).

Correlation between HBeAg, PC%, BCP% and clinical
parameters

Logistic regression analysis revealed no correlation
between HBeAg status and age (B = -0.050, P =
0.075). Total log10 HBV DNA positively correlated
with HBeAg status (B = 1.837, P < 0.001). PC% and
HBeAg status showed a significant negative correlation
(B = -5.281, P = 0.001), while ALT and BCP% did not
correlate with HBeAg status. Multiple linear regression
analyses were conducted between HBeAg titer with
age, log10 HBV DNA, ALT, PC% and BCP%: age and
HBeAg titer showed no significant correlation (B =
-3.511, P = 0.357). Total log10 HBV DNA positively
correlated with HBeAg titer (B = 259.233, P < 0.001).

correlated (Spearman’s rho = 0.511, P < 0.001;
Figure 3A). The total log10 HBV DNA value was higher
in HBeAg-positive than in HBeAg-negative patients
(7.684 vs 4.769, P < 0.001). HBeAg titers and log10
PC values showed no correlation (Spearman’s rho
= 0.145, P = 0.111), neither did HBeAg titers and
log10 BCP value (Spearman’s rho = 0.135, P = 0.138)
(Figure 3B). The log10 PC and log10 BCP value differed
significantly between the HBeAg-positive and HBeAgnegative groups (5.682 vs 3.810, P < 0.001; 5.167 vs
3.129, P < 0.001).
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Figure 4 Differential subgroup distributions of precore%, basal core
promoter (%) and hepatitis B early antigen titers. PC: Precore; BCP: Basal
core promoter; PC%: PC mutant quantity per total viral load; BCP%: BCP
mutant quantity per total viral load.

100

0

< 5%
5%-10%
> 10%
Percentage of PC (PC%)

1500

2

Mutant percentage (%)

500

B

log10 BCP
Spearman's rho =
0.135, P = 0.138

8

0

1000

0

2500

HBeAg titer (S/CO)

10

0

P < 0.001
1500

6645

June 7, 2015|Volume 21|Issue 21|

Tu WH et al . PC/BCP mutants quantification and HBeAg titers
Table 2 Correlation between hepatitis B early antigen and
clinical parameters
1

Age (yr)
Log10 HBV DNA
(log10 IU/mL)
ALT (U/L)
PC%
BCP%

HBeAg status
P value

HBeAg titer
P value

0.075
< 0.001

0.357
< 0.001

0.135
0.001
0.552

0.739
< 0.001
< 0.001

Table 3 Relationship between precore/basal core promoter
mutants and clinical parameters

2

PC%

P value
Age (yr)
Log10 HBV DNA
(log10 IU/mL)
ALT (U/L)
HBeAg titer (S/CO)

0.655
< 0.001

0.746
0.723
0.007
< 0.001

Data derived from multiple linear regression. PC: Precore; BCP: Basal
core promoter; PC%: PC mutant quantity per total viral load; BCP%: BCP
mutant quantity per total viral load; HBV: Hepatitis B virus; ALT: Alanine
aminotransferase; HBeAg: Hepatitis B early antigen.

1

Data derived from logistic regression analysis; 2Data derived from
multiple linear regression; HBeAg: Hepatitis B early antigen; HBV:
Hepatitis B virus; ALT: Alanine aminotransferase; PC: Precore; PC%: PC
mutant quantity per total viral load; BCP: Basal core promoter; BCP%:
BCP mutant quantity per total viral load.

has been severely underestimated. PC% and BCP%
increase with age during the natural history of HBV
infection. There was a significant difference in BCP%
distribution between age groups (≤ 40 vs > 40),
indicating a significant correlation between BCP%
and age. PC% did not differ between groups, perhaps
because of the different baseline natural histories
of the enrolled patients. Grouping by HBeAg status
showed higher PC% and BCP% in HBeAg-negative
[24,25,28]
patients
.
During the natural history of HBV infection, there
is a dynamic alteration in the log10 PC and log10 BCP
values. Log10 PC and log10 BCP values are high in IT
and IC, decrease in the LR phase, and rise again in the
ENH phase. The PC% and BCP% were much higher
than in the wild-type isolates after the selection of
immune responses in the LR phase, demonstrating
that PC/BCP mutants may evade the host immune
[25]
system, consistent with the report of Nie et al .
Interferon treatment in wild-type strains is an
[29]
independent predictor of HBsAg disappearance .
Previous studies showed that wild-type strains could
be eliminated by a drug-enhanced immune reaction;
however, the presence and accumulation of PC/BCP
mutants may reduce the efficacy of IFN antiviral
therapy.
PC% and BCP% increased during the natural
course of HBV infection, which provided a clue to a
dynamic variation whereby the PC and BCP mutants
gradually become the dominant strains. Thus, disease
progression can be estimated by the combination
of log10 PC, log10 BCP, PC% and BCP% (Figure 1E).
High log10 PC and log10 BCP, and low PC% and BCP%
indicate that the virus infection is in the early stages
(IT, IC, and HBeAg-positive). If the log10 PC and log10
BCP value is low, and the PC% and BCP% are high,
the infection is in the LR phase. While a high log10 PC,
log10 BCP, PC% and BCP% could be considered to
be a marker of ENH phase, HBeAg-negative chronic
hepatitis flare may occur afterwards. Our quantitative
analysis of PC/BCP mutants clarified the relationship
between the PC/BCP mutant distribution and the host
immune state.
The HBeAg titer correlated with PC% and BCP%.

ALT did not correlate with HBeAg titer (B = 0.048, P
= 0.739). PC% negatively correlated with HBeAg titer
(B = -1209.594, P < 0.001). BCP% also negatively
correlated with HBeAg titer (B = -446.964, P < 0.001)
(Table 2).
Multiple linear regression analyses were conducted
between PC% or BCP% with age, log10 HBV DNA, ALT,
HBeAg titer. The results revealed that PC% negatively
correlated with HBeAg titer (B = -0.000, P < 0.001).
PC% did not correlate with age, log10 HBV DNA or ALT.
BCP% showed a significant negative correlation with
HBeAg titer (B = -0.000, P < 0.001). BCP% positively
correlated with ALT (B = 0.000, P = 0.007), while age
and log10 HBV DNA did not correlate with BCP% (Table 3).

DISCUSSION
The high replication rate of HBV leads to production of
12
10 virions per day. The lack of a proofreading function
in the reverse transcriptase, combined with the high
replication rate, yields a high mutation rate. Each
-5
replication cycle produces about 10 mismatches/base
10
in actively replicating virus strains, yielding 10 to
11
[26]
10 point mutations per day . Therefore, nucleotide
polymorphisms and acquired mutations are common
in the HBV virus pool, and are difficult to differentiate
and detect quantitatively. Thus, it is important to
find ways to overcome the influence of nucleotide
polymorphisms on the detection of acquired mutations.
PC/BCP mutants are common in HBeAg-negative
[27,28]
patients
, and are observed in HBeAg-positive
[24]
[28]
patients . Yan et al reported PC or BCP mutation in
65.1% of HBeAg positive patients (125/192), implying
that PC/BCP mutations exists to varying degrees
in different stages of HBV infection. In this article,
we provided the first overview of the quantification
and distribution of PC/BCP mutated isolates. BCP
mutations were detected in 96.86% and PC mutations
in 84.82% of a population of 191 patients; wild-type
PC/BCP was found in only one patient. The mutation
rate was significantly higher than in previous reports,
suggesting that the prevalence of PC/BCP mutations
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sensitivity of our method was 0.001%. which, to the best of our knowledge,
is the most precise quantification reported to date. Quantitation of PC/BCP
mutants throughout the natural history of HBV infection. We also produced a
model that combines log10 PC, log10 BCP, PC% and BCP% to evaluate disease
progression.

Subgroup analysis of HBeAg titers and PC%, BCP%
showed a significant difference between groups,
suggesting that HBeAg titers are closely correlated
with PC% and BCP%, which is consistent with previous
[24,25]
reports
. Logistic regression analysis showed that
PC% and HBeAg status have a significant negative
correlation, which is also consistent with previous
findings regarding the molecular mechanism of HBeAg
[9,20,23,24]
formation
. While age, serum HBV DNA, ALT
and BCP% are not relevant factors in determining
HBeAg status. Interestingly, our results showed that
elevated ALT significantly correlated with BCP%,
indicating that BCP% reflects hepatic inflammatory
[25]
degradation. Nie et al
reported that PC% (not
BCP%) positively correlated with ALT elevations
among HBeAg(-) patients. Several studies have shown
that PC/BCP mutants cause hepatic inflammation,
acute or chronic liver failure, and liver cirrhosis. Our
results suggest ALT elevation might also be a result
of varied host immune responses. Previous reports
suggested that the PC mutation is more commonly
seen in genotype B patients, while the BCP mutation
[30]
predominates in genotype C patients . Our results
showed no significant difference in the prevalence of
PC/BCP mutation between the two genotypes.
Our findings showed that PC/BCP mutants become
predominant through the natural course of HBV
infection, in a dynamic and continuous manner. PC/
BCP mutants have a survival advantage under host
immune selection pressure and accumulate in the
HBV population through the course of infection. PC/
BCP mutations reduce or eliminate HBeAg production,
allowing the virus to avoid cellular and humoral immune
attack. Only PC% determined HBeAg status. Log10
PC, log10 BCP, PC% and BCP% might be combined to
evaluate disease progression and to guide treatment of
chronic hepatitis B.

Applications

The study revealed the dynamic process by which PC/BCP-mutated strains
become dominant during the natural course of infection, and established a
practical model that combines log10 PC, log10 BCP, PC% and BCP% to evaluate
disease progression in routine clinical practice. The method will provide a more
comprehensive and accurate evaluation of disease progression to clinicians.

Terminology

HBeAg is a soluble antigen secreted from HBV-infected cells, and is a sign
of HBV viral replication. HBeAg seroconversion is an indicator of treatment
withdrawal. PC/BCP mutants inhibit HBeAg synthesis and may account for the
apparent clearance of HBeAg. The HBV Precore G1896A mutation generates
a termination codon, eliminating HBeAg synthesis. The BCP A1762T/G1764A
double mutation inhibits preC mRNA synthesis, and thus inhibits HBeAg
production.

Peer-review

The authors have presented an interesting retrospective study in which they
aimed to show that PC/BCP mutant levels may correlate with the natural history
of chronic hepatitis B. To show this, the authors enrolled 191 patients and
used a Simpleprobe quantitative method to identify PC/BCP mutations in HBV
isolates from these patients. The authors concluded that PC/BCP mutations
became predominant in a dynamic process through the different phases of
HBV infection. They conclude that the status of log10 PC, log10 BCP, PC% and
BCP% are useful to evaluate disease progression, while only PC% determines
HBeAg status. Overall, the manuscript is well written and is mainly concise in
its content. The design of the retrospective study is well performed.
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Abstract
AIM: To investigate whether neuron-glial antigen
2 (NG2) could be an effective prognostic marker in
hepatocellular carcinoma (HCC).

Ethics approval: All tissue samples were collected from
hepatocellular carcinoma patients who underwent a hepatectomy
at the Department of Hepatobiliary Surgery between January and
December 2007, according to protocols approved by the Medical
Ethics Committee of the Southwest Hospital and the First
Affiliated Hospital of the Third Military Medical University.
Informed consent: All patients provided written informed
consent to use tumor tissue for clinical research.
Conflict-of-interest: No conflict of interest exits in the
submission of this manuscript, and the manuscript is approved by
all authors for publication.
Data sharing: Participants gave informed consent for data
sharing.

METHODS: NG2 expression was semi-quantitatively
scored from the immunohistochemistry (IHC) data
based on the number of positive cells and the staining
intensity. A total of 132 HCC specimens and 96
adjacent noncancerous tissue samples were analyzed
by IHC for NG2 protein expression. To confirm the
NG2 expression levels observed by IHC, we measured
NG2 expression in 30 randomly selected tumor and
adjacent noncancerous tissue samples by quantitative
real-time polymerase chain reaction and Western blot.
The correlations between NG2 protein expression and
the clinicopathological features of HCC patients were
2
analyzed using the χ test. To assess the prognostic
value of NG2 for HCC, the association between NG2
expression and survival was analyzed using the KaplanMeier method with the log-rank test. To further
evaluate the prognostic value of NG2 expression, a Cox
multivariate proportional hazards regression analysis
was performed with all the variables to derive risk
estimates related to disease-free and overall survival
and to control for confounders.
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: High NG2 expression was observed in
significantly more primary tumor samples (63.6%;
84/132) compared with the adjacent noncancerous
tissue samples (28.1%; 27/96) (P < 0.0001). Moreover,
high NG2 protein expression was closely associated
2
with tumor differentiation (χ = 9.436, P = 0.0089),
2
recurrence (χ = 5.769, P = 0.0163), tumor-node2
metastasis (TNM) stage (χ = 8.976, P = 0.0027),
2
and invasion (χ = 5.476, P = 0.0193). However, no
significant relationship was observed between NG2
protein expression in HCC and other parameters, such
as age, sex, tumor size, serum alpha fetoprotein (AFP),
tumor number, or tumor capsule. The log-rank test
indicated a significant difference in the overall survival
of HCC patients with high NG2 expression compared
with those with low NG2 expression (29.2% vs 9.5%,
P < 0.001). Moreover, NG2 expression in HCC tissue
signiﬁcantly correlated with disease-free survival (15.2%
vs 6.7%, P < 0.001). Multivariate analysis showed that
NG2 expression (HR = 2.035, P = 0.002), serum AFP
(HR = 1.903, P = 0.003), TNM stage (HR = 2.039, P =
0.001), and portal vein invasion (HR = 1.938, P = 0.002)
were independent prognostic indicators for OS in HCC
patients. Furthermore, NG2 expression (HR = 1.974,
P = 0.003), serum AFP (HR = 1.767, P = 0.008), TNM
stage (HR = 2.078, P = 0.001), tumor capsule (HR =
0.652, P = 0.045), and portal vein invasion (HR = 1.941,
P = 0.002) were independent prognostic indicators for
DFS in HCC patients.

v21/i21/6649.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i21.6649

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common type
of cancer, and in China, its associated morbidity and
mortality rates have become among the highest in
the world, accounting annually for 55% of new cases
[1]
and deaths worldwide . HCC treatment is extremely
difficult because patients are asymptomatic until the
cancer rapidly progresses into its terminal phase,
creating a challenging and ineffective treatment. In
most cases, relatively favorable curative effects are
achieved by surgical liver resection, and even after
liver resection, the 5-year survival rate is less than
[2,3]
35% because of recurrence and metastasis . To help
predict which patients have an unfavorable prognosis,
it is critical to identify a dependable prognostic
biomarker that correlates with HCC progression,
invasion, metastasis and recurrence.
Neuron-glial antigen 2 (NG2)/chondroitin sulfate
proteoglycan (CSPG-4) is an integral membrane
proteoglycan located on the surface of many types
[4]
of progenitor cells . NG2 is a phylogenetically
[5]
conserved protein composed of a 280-kDa N-linked
[6]
glycoprotein and a 450-kDa proteoglycan that
plays numerous mediatory roles in the proliferation,
[7]
migration, and metastasis of melanoma cells . The
human homologue of NG2 is expressed in most human
melanomas and promotes the growth and metastasis
[7]
of melanoma cells . NG2 expression is associated
[8]
with metastasis in soft-tissue sarcoma patients and
[9]
[10]
with the progression of glioma , astrocytoma , and
[11]
myeloid leukemia . NG2 also regulates cell adhesion
to collagen and other extracellular matrix (ECM)
[12-14]
components
. NG2 is expressed on the surface of
differentiated malignant cells, progenitor cells, and
[15]
cancer stem cells in various tumors . Furthermore,
NG2 plays a critical role in the growth, migration,
[8]
and metastasis of tumor cells . In the normal adult
brain, NG2 is expressed by 5% of all neural cells,
has a wide anatomical distribution, and is expressed
in more than 70% of cycling progenitors. NG2+
progenitors have the ability to proliferate, self-renew,
and produce different types of neural cells under
normal and pathological conditions. Collectively, these
characteristics have led to a reevaluation of the lineage
potential and function of the previously considered
unipotent oligodendrocyte precursors. It remains
unknown whether HCC migration and metastasis can
be attributed to NG2 expression and function. Thus,
this study investigated whether NG2 is overexpressed
in HCC, whether it is associated with HCC progression,
invasion, metastasis, and recurrence, and whether it
could be an effective prognostic marker.

CONCLUSION: The up-regulation of NG2 is associated
with poor prognosis in HCC. Therefore, NG2 could be
useful as an additional prognostic marker to increase
the resolution of traditional approaches.
Key words: Neuron-glial antigen 2; Hepatocellular
carcinoma; Survival analysis; Poor prognosis; Prognostic
marker
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To help predict which patients have an unfa
vorable prognosis, it is critical to identify a dependable
prognostic biomarker that correlates with hepatocellular
carcinoma (HCC) progression, invasion, metastasis and
recurrence. Despite recent evidence showing that
neuron-glial antigen 2 (NG2) is expressed on the
surface of differentiated malignant cells, progenitor
cells, and cancer stem cells in various tumors and
promotes the growth and metastasis of melanoma
cells, whether it is associated with HCC progression
remains elusive. The results of the present study
showed that NG2 is useful as an additional prognostic
marker to increase the resolution of current approaches.
Lu LL, Sun J, Lai JJ, Jiang Y, Bai LH, Zhang LD. Neuron-glial
antigen 2 overexpression in hepatocellular carcinoma predicts
poor prognosis. World J Gastroenterol 2015; 21(21): 6649-6659
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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listed in Table 1. Immediately after resection, 30 fresh
tumor tissue specimens were snap-frozen in liquid
nitrogen and stored at -80 ℃. Overall survival (OS)
was defined as the period between surgery and death
or the last contact. Survivor data at the last followup were abridged. Relapse-free survival (RFS) was
defined as the period between surgery and any form of
[16]
recurrence .

Table 1 Relationship between neuron-glial antigen 2 expression
and clinicopathological characteristics of hepatocellular
carcinoma patients
Characteristic
Hepatocellular carcinoma
Non-tumor liver
Total cases
Age (yr)
≥ 50
< 50
Sex
Male
Female
Tumor size
≥ 5 cm
< 5 cm
TNM stage
Ⅰ, Ⅱ
Ⅲ, Ⅳ
Tumor differentiation
Well
Moderate
Poor
Serum AFP
≥ 200 ng/dL
< 200 ng/dL
Recurrence
Yes
No
Invasion
Yes
No
Tumor number
Multiple
Single
Tumor capsule
Yes
No

n

χ2

NG2

P value

High

Low

132
96
132

84
27
84

48
69
48

62
70

40
44

22
26

0.039

0.843

106
26

69
15

37
11

0.494

0.482

90
42

56
28

34
14

0.244

0.621

52
80

25
59

27
21

8.976

0.002

33
52
47

15
32
37

18
20
10

9.436

0.008

42
90

30
54

12
36

1.616

0.203

65
67

48
36

17
31

5.769

0.016

70
62

51
33

19
29

5.476

0.019

31
101

19
65

12
36

0.096

0.756

58
74

33
51

25
23

2.031

0.154

< 0.0001

Immunohistochemistry

Tissue sections were deparafﬁnized in xylene and
rehydrated in ethanol. In vivo peroxidase activity was
blocked with 3% H2O2 for 10 min. The sections were
subjected to antigen retrieval in a microwave oven in
10 mmol/L citrate buffer (pH 6.0). The sections were
incubated in 10% goat serum albumin in phosphatebuffered saline (PBS) for 30 min, then in an antihuman NG2 polyclonal antibody (1:100 dilution;
Abcam, Burlingame, United States) at 4 ℃ overnight,
and finally with appropriate secondary antibodies for
60 min and washed with PBS. Negative controls were
incubated with PBS instead of the primary antibody
under identical conditions.

RNA extraction and quantitative real-time polymerase
chain reaction (qRT-PCR)

Total RNA was extracted with the TRIzol reagent (TaKaRa,
Dalian, China). qRT-PCR was performed using the SYBR
Green PCR Master Mix (TaKaRa, Dalian, China) on a
Rotor-Gene 6000 RT-PCR System (Applied Biosystems)
with the following cycling conditions: 95 ℃ for 30 s and
40 cycles of 95 ℃ for 5 s and 60 ℃ for 60 s. The primer
pair sequences are provided below: NG2 forward
5’-CCTGTCCTCACCAATGTCCTCCT-3’, NG2 reverse
5’-GCTGGCACTGTTGAGACTCTTGAC-3’, β-actin forward
5’-ATAGCACAGCCTGGATAGCAACGTAC-3’ and β-actin
reverse 5’-CACCTTCTACAATGAGCTGCGTGTG-3’.
The β-actin gene was used as the reference control.
The relative mRNA expression levels were calculated
-ΔΔCt
based on the Ct values using the 2
method. Each
experiment was repeated in triplicate.

AFP: Alpha fetoprotein; NG2: Neuron-glia antigen 2; HCC: Hepatocellular
carcinoma; TNM stage: Tumor node metastasis stage.

MATERIALS AND METHODS
Tissue samples

All patients provided written informed consent to use
tumor tissue for clinical research. Tissue samples
were collected from 132 HCC patients who underwent
a hepatectomy at the Department of Hepatobiliary
Surgery between January and December 2007,
according to protocols approved by the Medical Ethics
Committee of the Southwest Hospital and the First
Affiliated Hospital of the Third Military Medical University.
No patients received radiotherapy or chemotherapy
before hepatectomy. The survivors were followed
for 6 years. The tumors were pathologically graded
according to the World Health Organization classiﬁcation
system, and the pathological staging after hepatectomy
was performed according to the 2002 tumor-nodemetastasis (TNM) classiﬁcation of malignant tumors
from the International Union Against Cancer. The
clinicopathological characteristics of the patients are

WJG|www.wjgnet.com

Western blot

[17]

Western blot was performed as previously described .
After electrophoresis, the proteins were transferred to
a polyvinylidene fluoride membrane. The membrane
was blocked with 5% nonfat milk in Tris-buffered saline
with Tween (TBST) and incubated with an anti-human
NG2 polyclonal antibody (1:1000 dilution; Abcam,
Burlingame, United States) in TBST containing 5%
bovine serum albumin at 4 ℃ overnight. After washing
three times with TBST, the membrane was incubated
with a horseradish peroxidase-conjugated secondary
antibody diluted in TBST at room temperature for
2 h. The protein signals were visualized using an
electrochemiluminescence system. The gray values
were calculated using Image J2x. The NG2 protein
levels were normalized to β-actin protein levels.
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NG2 protein expression was closely associated with
tumor differentiation (p = 0.0089), recurrence (p =
0.0163), TNM stage (p = 0.0027), and invasion (p
= 0.0193). However, no significant relationship was
observed between NG2 protein expression in HCC and
other parameters, such as age, sex, tumor size, serum
AFP, tumor number, or tumor capsule. NG2 expression
in human hepatic carcinoma tissues at TNM Ⅲ/Ⅳ stages
was significantly increased compared with TNM Ⅰ/Ⅱ
stage tissues (Figure 3A). Additionally, NG2 expression
in human hepatic carcinoma tissues with a poor degree
of differentiation was significantly increased compared
with moderate and high degrees of differentiation
(Figure 3B). Moreover, NG2 expression increased in
human hepatic carcinoma tissues with portal vein
invasion (Figure 3C), and interestingly, NG2 was highly
expressed in vessels within human hepatic carcinoma
tissue (Figure 3D).

Table 2 Immunohistochemical scoring system
Score
Percent positive
0%
1%-10%
11%-50%
51%-80%
> 80%
Staining intensity
No staining
Weakly stained
Moderately stained
Strongly stained

0
1
2
3
4
0
1
2
3

The neuron-glial antigen 2 (NG2) expression score was calculated by
multiplying the percent positive score by the staining intensity score; these
scores ranged from 0-12. The tumors were divided into the following
groups: negative (-, score of 0), low expression (1+, scores 1-4), moderate
expression (2+, scores 5-8), and strong expression (3+, scores 9-12). The
NG2 immunohistochemistry results were used to divide the samples into
two groups: low expression (0 and 1+) and high expression (2+ and 3+).

Correlation between NG2 protein expression and patient
survival

Statistical analysis

To assess the prognostic value of NG2 for HCC, the
association between NG2 expression and survival was
analyzed using the Kaplan-Meier method with the logrank test. Patients were separated into two groups,
an NG2-high group (n = 84) and an NG2-low group
(n = 48). The log-rank test indicated a significant
difference in the overall survival of HCC patients with
high NG2 expression compared with those with low
NG2 expression (p < 0.001; Figure 4A). Moreover, NG2
expression in HCC tissue signiﬁcantly correlated with
disease-free survival (p < 0.001; Figure 4B). Other
prognostic factors were investigated, and a univariate
analysis revealed that invasion, serum AFP and TNM
stage adversely affected the disease-free and overall
survival (Table 3). Moreover, serum AFP and tumor
number adversely affected progression-free but not
overall survival (Table 3). Combination analysis of the
survival data revealed that 25 (48.1%) of the 52 HCC
patients with TNM stageⅠ/Ⅱ disease were NG2-positive
and had an unfavorable outcome (Figure 5A and B).
In contrast, 59 (73.7%) of the 80 HCC patients with
TNM stage Ⅲ/Ⅳ disease were NG2-positive but had an
unfavorable outcome (Figure 5A and B). Similarly, of the
90 patients with low serum AFP, 54 (60%) had NG2positive tumors and an unfavorable outcome (Figure 5C
and D). Interestingly, 51 (72.8%) of the 70 HCC patients
with venous invasion were NG2-positive and had a
poor outcome (Figure 5E and F). Conversely, of the
62 patients without venous invasion, 33 (53.2%) with
NG2-positive tumors did not have a favorable outcome
(Figure 5E and F). These results indicate that high NG2
expression correlated with shorter survival time.

Significant relationships between NG2 expression and
the clinicopathological parameters were evaluated
2
using the χ test or Fisher’s exact test. Survival rates
were calculated using the Kaplan-Meier method and
compared using the log-rank test. The independent
prognostic factors for survival were identified by a
multivariate analysis using the Cox proportional hazard
regression model. All the analyses were performed
using SPSS 17.0 for Windows.

RESULTS
NG2 protein expression in HCC samples

NG2 expression was semi-quantitatively scored from
the immunohistochemistry (IHC) data based on the
number of positive cells and the staining intensity (Table
2). Samples were considered NG2-positive if either
the cell nucleus or cytoplasm stained positive. As
shown in Table 1, high NG2 expression was observed
in significantly more primary tumor samples (63.6%;
84/132) compared with the adjacent noncancerous
tissue samples (28.1%; 27/96) (p < 0.0001). NG2
expression was determined by IHC in 5 representative
pairs of hepatic carcinoma tissue and adjacent nontumorous tissue (Figure 1). To confirm the NG2
expression levels observed by IHC, we measured NG2
expression in 30 randomly selected tumor samples by
qRT-PCR and Western blot. The results show that NG2
protein and mRNA expression markedly increased in
primary tumor samples compared with the adjacent
noncancerous tissue samples (Figure 2).

Association between NG2 protein expression and the
clinicopathological features of HCC

Cox regression analysis

To further evaluate the prognostic value of NG2
expression, a Cox multivariate proportional hazards
regression analysis was performed with all the
variables to derive risk estimates related to disease-

As presented in Table 1, the correlations between NG2
protein expression and the clinicopathological features
2
of HCC patients were analyzed using the χ test. High
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Figure 1 Neuron-glial antigen 2 protein expression in human hepatic carcinoma and matched adjacent non-tumorous tissues. Neuron-glial antigen 2 expression
was examined immunohistochemically in 5 representative pairs of hepatic carcinoma tissue (T) and adjacent non-tumorous tissue (ANT) (magnification × 100).
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Figure 2 Neuron-glial antigen 2 protein and mRNA expression in human hepatic carcinoma and matched adjacent non-tumorous tissues. A: The relative
neuron-glial antigen 2 (NG2) protein expression levels were measured by Western blot. NG2 expression significantly increased in hepatic carcinoma tissue (T)
compared with matched adjacent non-tumorous tissue (ANT) (n = 30). The horizontal lines represent the mean NG2 protein expression level, and the P value is from
the paired samples t-test; B: Representative Western blot images of NG2 protein expression in 8 sets of human hepatic carcinoma (T) and matched ANT tissues.
β-actin expression was used as a loading control; C: The relative NG2 mRNA expression levels significantly increased in hepatic carcinoma tissue (T) compared with
matched ANT (n = 30). The mRNA expression levels were measured by RT-PCR. The horizontal lines represent the mean NG2 mRNA expression levels, and the P
value is from the paired samples t-test; D: NG2 mRNA expression levels were compared in 8 pairs of hepatic carcinoma (T) and matched ANT tissues. aP < 0.05.

free and overall survival and to control for confounders.
Multivariate analysis (Table 4) of the above-mentioned
significant indicators of OS and DFS showed that NG2
expression (p = 0.002), serum AFP (p = 0.003), TNM
stage (p = 0.001), and portal vein invasion (p = 0.002)
were independent prognostic indicators for OS in HCC
patients. Furthermore, NG2 expression (p = 0.003),
serum AFP (p = 0.008), TNM stage (p = 0.001), tumor
capsule (p = 0.045), and portal vein invasion (p =
0.002) were independent prognostic indicators for DFS
in HCC patients (Table 4). NG2 expression in HCC was
identified as a powerful prognostic indicator of diseasefree and overall survival.

compared with matched adjacent non-tumorous tissue,
which was consistent with the IHC analysis. These
results suggested that NG2 might play an important
role in HCC tumorigenesis. Indeed, NG2 expression has
[7]
been correlated with the progression of melanoma ,
[9]
[10]
[18]
glioma , astrocytoma , and myeloid leukemia .
We also found that high NG2 expression was
significantly correlated with poor tumor differentiation,
the presence of vascular invasion, TNM stage and
recurrence. In HCC, the correlations between NG2
expression and poor tumor differentiation, TNM stage
and the presence of vascular invasion are intriguing.
Kaplan-Meier survival analysis revealed a significant
correlation between NG2 expression and overall and
relapse-free survival. A more comprehensive analysis
of the survival data revealed that among patients with
TNM stage Ⅲ/Ⅳ disease or the presence of vascular
invasion, most patients also had NG2-positive tumors
and an unfavorable outcome. However, a large
proportion of the patients with TNM stage Ⅰ/Ⅱ disease
without vascular invasion but with NG2-positive
tumors still had an unfavorable outcome. These results
indicated that the combination of NG2 expression with
current clinicopathological prognostic markers may
accurately predict HCC patient prognosis after hepatic
resection. The Cox regression analysis demonstrated

DISCUSSION
This study is the first report to establish NG2 as an
independent and powerful prognostic marker for
disease progression and overall survival for patients
with surgically resected primary HCC. In this study, we
evaluated NG2 expression at both the transcriptional
and translational levels in numerous hepatocellular
carcinoma tissue samples and corresponding matched
adjacent non-tumor tissue samples using qRT-PCR and
Western blot. We found that NG2 mRNA and protein
were significantly overexpressed in tumor tissue
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Figure 3 Correlation between neuron-glial antigen 2 expression and clinicopathological features. A: Neuron-glial antigen 2 (NG2) expression in human hepatic
carcinoma tissues at different clinical stages (a: TNM stage Ⅰ; b: TNM stageⅡ; c: TNM stage Ⅲ; d: TNM stage Ⅳ); B: NG2 protein expression in human hepatic
carcinoma tissues with different degrees of differentiation (a: Normally differentiated; b: Well differentiated; c: Moderately differentiated; d: Poorly differentiated); C:
NG2 expression in human hepatic carcinoma tissues with portal vein invasion [a, c: Vascular invasion (magnification × 100); b, d: Vascular invasion (magnification ×
400)]; D: NG2 expression in vessels within human hepatic carcinoma tissue [a, c: Tumor vessel (magnification × 200); b, d: Tumor vessel (magnification × 400)].
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Figure 4 Kaplan-Meier curves of overall survival (A) and disease-free survival (B) based on neuron-glial antigen 2 expression in hepatocellular carcinoma
patients. The P-values were determined using the log-rank test.
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Figure 5 combination analysis of the survival data. Overall survival (A) and disease-free survival (B) in hepatocellular carcinoma patients based on NG2
expression and TNM stage. a: TNM stages Ⅰ/Ⅱwith NG2 low expression; b: TNM stages Ⅰ/Ⅱwith NG2 high expression; c: TNM stages Ⅲ/Ⅳ with NG2 low
expression; d: TNM stages Ⅲ/Ⅳ with NG2 high expression; Overall survival (C) and disease-free survival (D) in hepatocellular carcinoma patients based on NG2
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NG2 might play a role in promoting HCC progression
and metastasis. Many different signaling mechanisms
have been proposed by which NG2 could contribute to
malignant transformation and subsequently promote

that NG2 expression was a significant independent
predictor of OS and DFS in HCC patients after
hepatectomy, increasing its promise as a predictive
biomarker.
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Table 4 Multivariate analysis of individual parameters
correlating with overall survival and disease-free survival

Table 3 Univariate analysis of prognostic factors for diseasefree survival and overall survival in 132 patients with
hepatocellular carcinoma

Variable

n

Factor
NG2
Negative
Positive
Age (yr)
≥ 50
< 50
Sex
Male
Female
Tumor size
≥ 5 cm
< 5 cm
TNM stage
Ⅰ, Ⅱ
Ⅲ, Ⅳ
Differentiation
Well
Moderate
Poor
Serum AFP
≥ 200 ng/dL
< 200 ng/dL
Invasion
Yes
No
Number
Multiple
Single
Capsule
Yes
No

6-yr disease-free P value
survival

6-yr overall P value
survival

0.000
84
48

15.2%
6.7%

62
70

10.2%
9.7%

0.000
29.2%
9.5%

0.946

0.356
21.0%
31.4%

0.281
106
26

7.1%
21.7%

0.316
23.6%
38.5%

0.122
90
42

11.8%
5.6%

52
80

10.2%
9.7%

33
52
47

23.3%
2.0%
9.5%

42
90

2.3%
13.6%

70
62

7.7%
12.5%

31
101

10.7%
9.7%

58
74

14.3%
6.2%

TNM
stage
Serum
AFP
Tumor
capsule
Invasion
NG2

28.9%
21.4%

0.119
33.3%
9.6%
12.8%

0.044

0.099
18.0%
14.0%

0.000

0.000
12.9%
21.0%

0.041

0.057
16.1%
16.8%

0.064

0.055
21.6%
32.8%

NG2: Neuron-glia antigen 2; TNM stage: Tumor node metastasis stage.

tumor formation and metastasis. The complex
mechanisms by which NG2 affects melanoma
progression have started to be defined, in particular
the association with other cell surface proteins and
receptor tyrosine kinases (RTKs) and its central role
[19]
in modulating the function of these proteins . NG2 is
essential to the growth of melanoma tumors through
its modulation of integrin function and enhanced growth
factor receptor-regulated pathways including sustained
activation of ERK 1/2. The activation of integrin, RTK,
and ERK 1/2 function by NG2 modulates numerous
[20,21]
aspects of tumor progression
. Expression of a fulllength NG2 in RGP human melanoma cells lacking
endogenous NG2 expression results in significantly
enhanced integrin mediated spreading and FAK
[22]
activation . As NG2 can activate MMP complexes
on melanoma cell surface, the collective results
implicate NG2 as an important contributing factor
to localized invasion at the leading edge of invasive
[23-25]
primary tumors
. Finally, NG2-mediated activation
of integrin facilitates enhanced survival of human
glioblastoma cells when they were exposed to clinically
used chemotherapeutic agents by enhancing sustained
[22]
activation of AKT via PI3K .
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HR

(95%CI)

P value

HR

(95%CI)

P value

2.039

(1.329-3.130)

0.001

2.078

(1.347-3.206)

0.001

1.903

(1.247-2.903)

0.003

1.767

(1.163-2.685)

0.008

-

-

-

0.652

(0.429-0.991)

0.045

1.938
2.035

(1.273-2.950)
(1.302-3.179)

0.002
0.002

1.941
1.974

(1.265-2.980)
(1.258-3.097)

0.002
0.003

NG2 overexpression may induce highly aggressive
tumors characterized by increased angiogenesis and
[26,27]
a moderately invasive phenotype
. Indeed, NG2positive tumors grow more rapidly, have disrupted
blood-brain barrier integrity, and exhibit an increased
[26,28]
vascular volume fraction
. The NG2 proteoglycan,
whose extended central D2 domain binds to type Ⅵ
collagen, acts as a link between the cell surface and
[13]
the extracellular matrix . Similar results have been
[29,30]
achieved on laminin 2-coated surfaces
. The roles
of collagen Ⅵ and laminin 2 in the brain vasculature
and their association with axonal processes enable
the migration of NG2-positive glioma cells along blood
[31,32]
vessels and nerve fiber tracts
.
This study is limited by its retrospective nature
and the inclusion of only patients with resectable
tumors. It is possible that these findings pertain only
to those patients who have undergone resection.
Larger prospective studies examining NG2 are
necessary to further validate the usefulness of this
system. Suppressing NG2 overexpression may
prevent invasive progression and metastatic relapse,
which would improve the prognosis and quality of
life for HCC patients after hepatic resection. In the
near future, targeting the NG2 pathway may be a
therapeutic strategy for HCC that assists conventional
chemotherapy or radiotherapy. NG2 might play a
role in promoting HCC progression and metastasis.
However, current studies on the functional roles
of NG2 are superficial, and future studies should
concentrate on the molecular mechanisms by which
NG2 contributes to HCC development and progression.

0.003
34.6%
21.3%

0.108

Disease-free survival

TNM stage: Tumor node metastasis stage; AFP: Alpha fetoprotein; NG2:
Neuron-glia antigen 2.

0.116

0.001

Overall survival
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Neuron-glial antigen 2 (NG2)/chondroitin sulfate proteoglycan is an integral
membrane proteoglycan located on the surface of many types of progenitor
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mediatory roles in the proliferation, migration, and metastasis of melanoma
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progenitor cells, and cancer stem cells in various tumors. Furthermore, NG2
plays a critical role in the growth, migration, and metastasis of tumor cells.
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Whether NG2 is overexpressed in hepatocellular carcinoma (HCC), whether it
is associated with HCC progression, invasion, metastasis, and recurrence, and
whether it could be an effective prognostic marker remain unknown.

10

Research frontiers

This study utilized immunohistochemistry (IHC) to gauge NG2 expression semiquantitatively based on the number of positive cells and the staining intensity.
To confirm the NG2 expression levels observed by IHC, we measured NG2
expression in 30 randomly selected tumor and adjacent noncancerous tissue
samples by qRT-PCR and Western blot. Those techniques are highly specific
and efficient, easy to control and manipulate, versatile, and time saving.

11

12

Innovations and breakthroughs

This study demonstrates that NG2 expression in primary tumor samples was
significantly more than that in the adjacent noncancerous tissue samples.
In addition, it demonstrated a significant difference in the overall survival of
HCC patients with high NG2 expression compared with those with low NG2
expression. Furthermore, NG2 expression was an independent prognostic
indicator for DFS in HCC patients.

13

Applications

The results of the present study suggest that NG2 expression in HCC was
identified as a powerful prognostic indicator of disease-free and overall survival.

Terminology

14

Overall survival was defined as the period between surgery and death or the
last contact. Survivor data at the last follow-up were abridged. Relapse-free
survival was defined as the period between surgery and any form of recurrence.

Peer-review

The study “NG2 overexpression in HCC predicts poor prognosis” is an attractive
and interesting study, although, as noted by the author, it remains retrospective
and is focused only on subjects who underwent surgical resection.
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Retrospective Study

Laparoscopic splenectomy for splenic littoral cell angioma
Yun-Qiang Cai, Xing Wang, Xun Ran, Xu-Bao Liu, Bing Peng
These patients were divided into two groups based
on operative procedure: LS (13 cases, Group 1) and
open splenectomy (14 cases, Group 2). Data were
collected retrospectively by chart review. Comparisons
were performed between the two groups in terms of
demographic characteristics (sex and age); operative
outcomes (operative time, estimated blood loss,
transfusion, and conversion); postoperative details
(length of postoperative stay and complications); and
follow-up outcome.
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RESULTS: LS was successfully carried out in all patients
except one in Group 1, who required conversion to
hand-assisted LS because of perisplenic adhesions.
The average operative time for patients in Group 1 was
significantly shorter than that in Group 2 (127 ± 34 min
vs 177 ± 25 min, P = 0.001). The average estimated
blood loss in Group 1 was significantly lower than in
Group 2 (62 ± 48 mL vs 138 ± 64 mL, P < 0.01).
No patient in Group 1 required a blood transfusion,
whereas one in Group 2 required a transfusion. Two
patients in Group 1 and four in Group 2 suffered from
postoperative complications. All the complications were
cured by conservative therapy. There were no deaths
in our series. All patients were followed up and no
recurrence or abdominal metastasis were found.
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Abstract
AIM: To establish the safety and feasibility of
laparoscopic splenectomy (LS) for littoral cell angioma
(LCA).

Core tip: Littoral cell angioma (LCA) is a rare splenic
tumor. Consequently, there is a paucity of data in the
literature on laparoscopic splenectomy (LS) for LCA.
We successfully performed LS in 13 patients with
LCA. Compared with patients who underwent open
splenectomy, patients who underwent LS required

METHODS: From September 2003 to November 2013,
27 patients were diagnosed with LCA in our institution.
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previously . Four ports were used for all patients. A
10-mm trocar was placed at the upper umbilicus for
a 10-mm, 30° camera. A 5-mm trocar was placed at
the subxiphoid position, and another 5-mm trocar was
placed in the left axillary line below the lower pole of
the spleen. A 12-mm trocar was placed at the left midclavicular line, below the margin of the spleen, for the
use of the ultrasonic dissector and linear laparoscopic
vascular stapler. We dissected the perisplenic ligaments
in the order of splenogastric ligament (including the
short gastric arteries), splenophrenic ligament, splenic
flexure attachment and splenorenal ligament. After all
the attachments and ligaments were entirely dissected,
the splenic hilum was transected with a linear
laparoscopic vascular stapler (Echelon 60 ENDOPATH
Stapler; Ethicon Endo-Surgery, Cincinnati, OH, United
States). The spleen was placed in a retrieval bag,
morcellated with forceps and retracted via a 12-mm
incision. A closed suction drain was routinely placed in
the splenic fossa. The amylase level of the drainage
fluid was measured.

shorter operative time and suffered lower blood loss.
No patient had tumor recurrence. LS is safe and
feasible in patients with LCA.
Cai YQ, Wang X, Ran X, Liu XB, Peng B. Laparoscopic
splenectomy for splenic littoral cell angioma. World J
Gastroenterol 2015; 21(21): 6660-6664 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6660.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6660

INTRODUCTION
Littoral cell angioma (LCA) is a rare splenic tumor that
[1]
was first reported by Falk et al in 1991. It arises
from cells in the red-pulp sinuses and usually presents
with anemia, pyrexia or thrombocytopenia with
[2]
splenomegaly . Clinically, most of the LCAs described
in the literature have been benign; however, several
[3]
reports have described malignant LCA . Two kinds
of morphological presentations of LCA are reported,
including the more commonly encountered diffuse
[4]
multiple nodular form and the rare solitary form .
Generally, splenic tumors are rare, and it is difficult
to establish a definite preoperative diagnosis of
whether they are malignant or benign. Splenectomy
is generally indicated for patients with splenic
tumors because of the possibility that the lesion is
[5]
malignant . Since laparoscopic splenectomy (LS)
[6]
was introduced in 1991 , it has shown advantages
over open splenectomy in terms of lower blood loss,
shorter postoperative stay and fewer surgery-related
[7]
complications . However, it is still controversial to
[5]
perform total LS for a splenic tumor . There is a
paucity of data in the literature on LS for LCA because
of its rarity.
In this study, we reported the largest series of LS
for LCA, aiming to acquire a better understanding of
LCA and to establish the safety and feasibility of LS in
this setting.

Definitions

Operative time was defined as the time from the first
incision to skin closure. The splenic size was defined
as the longitudinal diameter. Splenomegaly was
[9]
defined as longitudinal diameter > 12 cm . Morbidity
was defined as any complication associated with the
operation within 30 d of surgery. Pancreatic fistula
(graded A-C) was defined by the International Study
[10]
Group on Pancreatic Fistula (ISGPF) .

Statistical analysis

Numerical data are expressed as mean ± standard
deviation. Statistical analyses were performed using
SPSS for Windows version 16.0. Differences between
variables were compared using the nonparametric
2
Mann-Whitney U test, Student’s t test, χ test, and
Fisher’s exact test. P < 0.05 was considered statistically
significant.

RESULTS

MATERIALS AND METHODS

The demographic and clinical characteristics of the
patients are shown in Table 1. There were 15 female
and 12 male patients, with a female-to-male ratio of
1.25 to 1. The median age was 45 years (range: 7-65
years). There was no significant difference between the
two groups in terms of demographic characteristics.
Overall, 12 patients (44.4%) were asymptomatic,
with splenic lesions detected by routine physical
examination. The most frequent symptom was
abdominal pain (33.3%). In terms of radiographical
character, only three patients (11.1%) presented
with a solitary lesion. A typical computed tomography
image is shown in Figure 1. Splenomegaly (18
cases, 66.7%) was a common presentation of LCA,
and thrombocytopenia (14 cases, 51.9%) was also
frequent. No significant difference was found between

From September 2003 to May 2013, 27 patients
underwent splenectomy and were diagnosed with LCA
by postoperative pathological and immunohistological
examinations. The data were collected retrospectively
by chart review in terms of demographic characteristics,
operative details, postoperative details and followup outcomes. This study was approved by the Ethics
Committee of Sichuan University, Chengdu, China.

Operative procedure

Patients received general anesthesia and were placed
in the right semi-decubitus position, with the left side
elevated by approximately 60° and the operating table
slightly tilted to the reverse Trendelenburg position.
The surgical procedure for LS has been described
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Table 1 Demographic and clinical characteristics n (%)
Variables
Cases
Age (yr)
Sex (M/F)
Platelet count (× 109/L)
Clinical symptoms
No symptoms
Abdominal pain
Hypersplenism
Radiographical features
Isolated mass
Multiple masses
Splenomegaly
Yes
No
Thrombocytopenia
Yes
No

Table 2 Operative outcomes and postoperative details n (%)

Group 1

Group 2

P value

13
47.2 ± 11.0
4/9
93.3 ± 46.1

14
43.2 ± 19.2
8/6
103.7 ± 45.9

NS
NS
NS
NS

6 (46.2)
5 (38.5)
8 (61.5)

6 (42.8)
4 (28.6)
6 (42.9)
NS

1 (7.7)
12 (92.3)

2 (15.4)
13 (84.6)

9 (69.2)
4 (30.8)

9 (64.3)
5 (35.7)

8 (61.5)
5 (38.5)

6 (42.9)
8 (57.1)

NS

NS

Variables

Group 1

Group 2

P value

Operating time (min)
Estimated blood loss (mL)
Transfusion
Conversion
Spleen size (cm)
Length of stay (d)
Time to oral intake (d)
Complications
Incision infection
Pancreatic fistula
Portal vein thrombosis
Pulmonary infection
Abdominal fluid collection

128 ± 37
62 ± 48
0 (0)
1 (7.7)
17.2 ± 4.8
4.9 ± 1.1

177 ± 25
138 ± 64
1 (7.1)
16.1 ± 3.9
7.1 ± 2.4

< 0.001
0.002
NS
NS
0.005

2 (15.4)
0 (0)
1 (7.7)
1 (7.7)
0 (0)
0 (0)

4 (28.5)
1 (7.1)
0 (0)
0 (0)
1 (7.1)
2 (14.3)

NS

Data are numbers with percentages in parentheses unless otherwise
indicated. NS: Not significant.

from Grade A pancreatic fistula, which was diagnosed
by routine examination of amylase levels in the drainage
fluid. One patient suffered from portal vein thrombosis,
which was diagnosed by ultrasonographic examination.
Both patients were cured by conservative therapy. Four
patients in Group 2 suffered from incision infection,
pulmonary infection and abdominal fluid collection. All
patients were cured by conservative therapy. There
were no deaths in either group.
All patients were followed up via outpatient visits
and/or telephone interview. The mean follow-up period
was 42 mo (range: 9-125 mo). No patient suffered
from tumor recurrence or abdominal dissemination.
The platelet count returned to normal in 13 of 14
patients.

Data are numbers with percentages in parentheses unless otherwise
indicated. NS: Not significant.

Figure 1 Computed tomography image of a littoral cell angioma reveals
multiple splenic lesions and splenomegaly.

DISCUSSION

the two groups in terms of clinical and radiographical
characteristics.
The operative and postoperative details are shown
in Table 2. We successfully performed LS for 12 of 13
patients with LCA. One patient required conversion
to hand-assisted LS (HALS) because of extensive
perisplenic adhesion. The spleen size was comparable
between the two groups (17.2 ± 4.8 cm vs 16.1 ±
3.9 cm, P = 0.524). The mean operative time for
patients in Group 1 was 128 ± 37 min (range: 80-230
min). The patients in Group 2 required a significantly
longer operative time (177 ± 25 min, range: 150-230
min, P < 0.001). The average estimated blood loss
for patients in Group 1 was also significantly lower
(62 ± 48 mL vs 138 ± 64 mL, P = 0.002). No patient
in Group 1 required blood transfusion, whereas one
patient (7.1%) in Group 2 required blood transfusion.
There were no deaths in either group.
Six patients in our series suffered from com
plications, including two (15.4%) in Group 1 and four
(28.5%) in Group 2. One patient in Group 1 suffered

LCA is a rare primary splenic vascular tumor that
originates from the littoral cells lining the splenic red
pulp sinuses. Although the majority of LCA tumors
are benign, there are two subtypes of malignant
LCA reported in the literature, including littoral cell
[11]
angiosarcoma and littoral cell hemangioendothelioma .
There are few clinical data regarding laparoscopic
management of LCA. To date, our study included
the largest series of LS for LCA, which enabled us to
establish more definite conclusions regarding the safety
and feasibility of LS in this setting.
The clinical presentations of LCA ranges from
completely asymptomatic to symptoms such as abdominal
[12,13]
pain, splenomegaly and thrombocytopenia
. Although
there is no age predilection, LCA usually occurs in adults
and appears to be rare in children. Only two patients
(7.4%) who suffered from LCA were children in our series.
The majority of LCAs were multiple, although solitary
lesions were also reported. It is difficult to establish an
accurate diagnosis of LCA preoperatively. At present,
the final diagnosis is only possible via histopathological
[14,15]
examination
. Fine-needle aspiration is performed for
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surgery . Overall, it is technically feasible to perform
LS for patients with LCA.
[22]
Fais et al
stated that laparoscopic procedures for
tumors are not suitable because of high local recurrence
after long-term follow-up. They concluded that tumor
recurrence might be caused by a pneumoperitoneum.
Fortunately, the LCA was located in the splenic
parenchyma. The splenic capsule can prevent the
dissemination of tumor cells. Subsequently, to prevent
tumor cell dissemination, additional attention should
be paid to prevent splenic capsule rupture during
dissection. We also highlighted the importance of
sufficient elevation of the upper pole of the spleen,
which is crucial so that the first stapler can cross the
[21]
splenic hilum. Kawanaka et al
reported seven cases
of uncontrollable bleeding during transection of the
splenic hilar pedicles with an endoscopic linear vascular
stapler because the first stapler failed to cross the entire
splenic hilar pedicles. In our practice, we experienced
a patient with hypersplenism caused by liver cirrhosis,
which required conversion to open surgery, because of
the stapler crossing the splenic parenchyma, caused by
insufficient elevation of the upper pole of the spleen.
This could be a major problem if we were dealing with
splenic tumors, especially malignant tumors.
All our specimens were put into a retrieval bag,
morcellated and retrieved via the 12-mm incision.
During this procedure, additional attention should be
paid to keep the retrieval bag intact, which is crucial
to prevent tumor cell dissemination. The morcellated
specimens did not interfere with the final histological
diagnosis of LCA (Figure 2). However, if an intact
specimen is required, an additional incision is required
for retrieval. All patients were followed up and no
patient suffered from tumor cell implantation in the
trocar incisions or abdominal dissemination.
There were several limitations associated with
our study. The study was retrospective. The sample
size was relatively small, which precluded us from
establishing a definite conclusion regarding the safety
and feasibility of LS in the setting of LCA. Thus,
multicenter prospective studies are required to achieve
a better understanding of LCA and identify the safety
and feasibility of LS in this setting.
In conclusion, LCA is a rare splenic neoplasm.
Splenectomy is an effective therapeutic strategy, with
long-term tumor-free survival. It is safe and feasible
to perform LS in patients with LCA. However, LS for
LCA should be performed by experienced laparoscopic
surgeons and additional attention should be paid to
prevent tumor cell dissemination.

Figure 2 Histopathological presentation of a morcellated spleen with
littoral cell angioma.
[16]

cytological diagnosis of splenic tumors . However, this
procedure is not routinely recommended for a mass in
the spleen because of poor specificity, the risk of bleeding
[5]
and tumor cell dissemination if the tumor is malignant .
Splenectomy and long-term follow-up are indicated
[17]
for LCA because of its malignant potential . Given the
lower blood loss, shorter postoperative stay and fewer
surgery-related complications, LS has become the
gold standard for many hematological disorders, such
as immune thrombocytopenic purpura and hemolytic
anemia. However, there are just a few case reports
[5,18,19]
[19]
regarding LS for LCA
. Rosen et al . reported
the first case of LS for LCA in 2002. Blansfield et
[18]
al
reported the second case of LS for LCA in 2005.
Both of those patients underwent successful LS, with
favorable operative outcomes and no morbidity. Yano
[5]
et al reported one case of hand-assisted splenectomy
for LCA in 2003. That patient was also discharged
uneventfully.
However, there are still many concerns about LS in
the setting of splenic tumors. LCA may be associated
with splenomegaly, even a massive splenomegaly. It is
a technical challenge to perform LS for patients with a
massive splenomegaly. Furthermore, some surgeons
have stated that an intact specimen is necessary
for histological examination, and others argue that
tumors treated laparoscopically may deteriorate the
[20]
oncological outcome .
In our study, there were 13 patients in the LS group,
including nine with splenomegaly. All patients, including
those with splenomegaly, underwent successful LS.
The mean operating time was 128 min and the mean
blood loss was 62 mL, which were comparable with the
data in the literature. No patient required conversion
to open surgery or blood transfusion. Only one patient
converted to HALS because of perisplenic adhesion. The
introduction of HALS has enabled surgeons to insert
their hands into the abdomen while maintaining the
pneumoperitoneum. This technique allows surgeons to
recover tactile sensation, enables them to obtain quick
access to hemorrhages, and facilitates the retrieval of
the spleen from the abdomen. HALS enables surgeons
to carry out LS successfully without conversion to open
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METHODS: In total, 611 cirrhotic cases from 3701
patients who were diagnosed during the past 15
years were screened, and 152 follow-up cases were
selected. Paraffin tissue microarray was prepared
for immunohistochemistry to examine acetyl-histone
expression. The proportions of positive hepatocytes
were recorded, and their correlations to clinical and
laboratory indicators were analyzed statistically.

Abstract
AIM: To investigate whether the proportions of acetylhistone-positive hepatocytes could be used as markers
of deteriorating liver function.
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RESULTS: The proportions of H2AK5ac+, H3K9/K14ac+
+
and H3K27ac hepatocytes gradually increased with
deteriorating liver function and with increasing levels
of serum markers of liver injury. In the follow-up
+
+
cases, patients with > 70% H2AK5ac , H3K9/K14ac or
+
H3K27ac hepatocytes had statistically lower survival
+
rates (P < 0.05). Furthermore, > 70% H2AK5ac
+
or H3K27ac hepatocytes were strong independent
predictors of overall survival (P < 0.05).
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elongation . Histone acetylation is widely considered
[6-13]
a marker of active transcription
. In contrast, HDACs
remove the acetyl group, which leads to chromatin
[6]
compaction and to transcriptional repression . The
dysregulation of HDACs is also considered a crucial
cause of various tumors, and HDAC inhibitors (HDACis)
have been used preclinically and clinically as antitumor
[14-19]
drugs
.
Few studies have focused on the role of histone
acetylation in non-tumorous lesions, such as cirrhosis.
In our previous study, we observed that only a few
hepatocytes in healthy livers of both mouse and
human are acetyl-histone-positive and that these cells
obtain a much higher gene transcription level than their
negative counterparts. Therefore, we proposed a novel
concept of “functional heterogeneity” of hepatocytes
based on their entirely different acetyl-histone marker
expression levels and subsequent transcriptional
activity. As described previously, the extensive
activation of inactive cells through histone acetylation
is crucial for liver function maintenance after a partial
hepatectomy, particularly when liver regeneration
is severely inhibited. Furthermore, in a pilot study
in cirrhotic patients, we found that the proportion of
acetyl-histone-positive hepatocytes increases with the
progression of chronic cirrhosis and that hepatocytes
are almost completely positively stained in end-stage
cirrhosis. Therefore, we hypothesized that our concept
of hepatocytic functional heterogeneity might provide
a novel explanation for the powerful compensatory
capacity of the liver. Normally, active hepatocytes,
which are characterized by acetyl-histone markers,
are competent for routine physiological requirements,
while inactive hepatocytes act as a functional reservoir
for future activation to restore the liver function even
independent of regeneration. With the continuous
loss of hepatocytes in cirrhotic liver, the reserve
hepatocytes are gradually activated, injured and
[20]
exhausted, and then liver failure occurs .
In this study, we examined the expression of
acetyl-histone markers in progressive cirrhosis in
a large clinical sample to investigate whether the
proportions of acetyl-histone-positive hepatocytes
could act as markers of deteriorating liver function
and to further confirm our hypothesis regarding the
compensatory mechanism of the liver.

transcriptionally active and inactive cells based on their
immunoreactivity to acetyl-histones. In the present
study, we evaluated the expression of acetyl-histone
markers in livers with progressive cirrhosis to investigate
whether inactive hepatocytes can be activated for
functional compensation and act as markers of liver
function. We found that the proportions of acetylhistone-positive hepatocytes were associated with liver
function, which revealed a regeneration-independent
compensatory mechanism of chronically damaged liver.
In addition, assaying the proportions of acetyl-histonepositive hepatocytes may offer a novel strategy for
evaluating patient liver function and prognosis.
Zhou P, Xia J, Zhou YJ, Wan J, Li L, Bao J, Shi YJ, Bu H.
Proportions of acetyl-histone-positive hepatocytes indicate the
functional status and prognosis of cirrhotic patients. World J
Gastroenterol 2015; 21(21): 6665-6674 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6665.htm DOI:
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INTRODUCTION
Cirrhosis, which is the end stage of liver fibrosis,
usually destroys the normal architecture and the
synthetic and metabolic functions of the liver by
increasing the fibrous tissues and regenerative nodules.
Cirrhosis is also a consequence of an excessive healing
[1]
response to various and continuous liver injuries . In
developing countries, chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections are major risk
factors for cirrhosis, although dietary exposure to
[2]
aflatoxin B1 also plays an important role in cirrhosis .
Proliferative hepatocytes, bile ducts, pseudolobules,
fibrous tissues and inflammatory cells constitute the
major pathological and morphological characteristics of
cirrhosis progression. Liver regeneration is commonly
considered an adaptive process by which liver structure
and function are recovered; however, cirrhotic patients
can maintain their liver function at a normal level for
many years, although the remnant hepatocytes are
[3-5]
continuously lost . In addition, in animal studies,
rodents could survive on the remnant liver after a 70%
partial hepatectomy even when liver regeneration
was severely deprived. This evidence suggests that
the remnant liver function can be compensated in
a regeneration-independent manner; however, the
underlying mechanism remains unknown.
Histone acetylation, which is a key modulator
[6,7]
of chromatin structure and gene transcription
,
is regulated dynamically and reversibly by histone
acetyltransferases (HATs) and by histone deacetylases
[8-10]
(HDACs)
. HATs add an acetyl group to the lysine
residues (Lys or K), thus neutralizing the positive
charge, weakening the interaction between histone and
DNA, and increasing the accessibility of transcription
factors to their target genes to prime transcription and
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MATERIALS AND METHODS
Case screening

We collected 3701 cirrhotic cases that were diagnosed
by biopsy between 1995 and 2009 from the
Department of Pathology, West China Hospital,
Sichuan University. We excluded the HBV-negative
patients in this study to maintain consistency, and 611
cases were analyzed, ultimately obtaining follow-up
data from 152 patients. Of the 3090 excluded cases,
421 cases were non-hepatitis B-associated cirrhosis,
1982 cases were core-needle biopsy tissues with
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identify independent prognostic variables for overall
survival (OS). A series of variables including age,
gender, CTP grade, ascites status, and acetyl-histonepositive hepatocyte proportions were considered for
inclusion in the multivariate logistic regression analysis
to identify independent factors to predict mortality. The
prognostic effect of different variables was expressed
with the hazard ratio (HR) and 95% confidence interval
(95%CI). All tests were two-tailed, and P < 0.05 was
considered statistically significant.

Table 1 Information regarding the detected antibodies in this
study
Antibody
H2AK5ac
H2BK5ac
H3K9/K14ac
H3K18ac
H3K23ac
H3K27ac

Clone

Vendor

Stain location

ab45152 rabbit monoclonal
Ab40886 rabbit monoclonal
06-599 rabbit polyclonal
ab40888 rabbit monoclonal
ab61234 rabbit polyclonal
ab4729 rabbit polyclonal

Abcam
Abcam
Millipore
Abcam
Ancam
Abcam

Nuclear
Nuclear
Nuclear
Nuclear
Nuclear
Nuclear

insufficient tissue samples for investigation, and 687
cases lacked integrated clinical data. All human studies
presented in our manuscript have been approved by
the appropriate ethics committee and performed in
accordance with the ethical standards established
in the 1964 Declaration of Helsinki and its later
amendments.

RESULTS
Clinical information

In total, 3280 cases (88.6%) of liver cirrhosis induced
by hepatitis B were screened from 3701 cases of
liver cirrhosis during a 15-year period, among which,
1298 cases (35%) underwent surgical excision biopsy.
Finally, 611 cases (16.5%) with available tissues and
complete clinical data were analyzed.
The ratio of males to females was 2.53:1 (438:173).
The mean age was 44.7 years (12-80 years).
According to CTP score classification, 262 cases
(42.9%) were considered grade A, 308 cases (50.4%)
were considered grade B, and 41 cases (6.7%) were
considered grade C. Upper gastrointestinal bleeding
occurred in 242 cases (39.6%), ascites occurred in
131 cases (21.4%), jaundice appeared in 64 cases
(10.5%), and hepatic encephalopathy occurred in 5
cases (0.8%).
Among the 152 (24.9%) follow-up patients, the
median survival time was 84.5 mo (range, 1-211
mo). The ratio of males to females was 1.76:1
(97:55), and the mean age was 46.5 years (13-76
years). According to CTP score classification, 75 cases
(49.3%) were considered grade A, 71 cases (46.7%)
were considered grade B, and 6 cases (4%) were
considered grade C. Of these cases, 57 cases (37.5%)
had upper gastrointestinal bleeding histories, 31
cases (20.4%) had ascites, 16 cases (10.5%) were
accompanied by hepatocellular carcinoma (HCC), 13
cases (8.6%) had jaundice, and 1 case (0.6%) had
hepatic encephalopathy. Within the follow-up period,
114 cases (75%) survived with disease (1 patient
accompanied by HCC), and 38 patients (25%) died of
complications of cirrhosis (24 died of bleeding, and 14
died of HCC).
The serum values of total bilirubin (TBIL), albumin
(ALB), prothrombin time (PT), activated partial
thromboplastin time (APTT), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), lactic
dehydrogenase (LDH), and alpha fetoprotein (AFP)
were statistically significant among each CTP grade
(P < 0.05) of the 611 patients, except for γ-glutamyl
transpeptidase (GGT) and creatine kinase (CK) (Figure
1). Considering the low follow-up rate, we compared
the clinic characteristics and serum parameters of the
152 follow-up cases and of all 611 cases. No statistical

Tissue microarray and immunohistochemistry

All of the pathological slides of the 611 available cases
were reviewed, and the corresponding clinical data
and paraffin blocks were collected. The primary blocks
were used to prepare tissue microarray (TMA) blocks
and slides according to the typical morphological area
of the primary pathological slides. Then, the TMA
blocks were subjected to hematoxylin and eosin (HE)
and immunohistochemical (IHC) staining. The EnVision
staining method was used for IHC staining. Negative
controls were prepared by replacing the primary
antibodies with phosphate-buffered saline (PBS).
Nuclear brown staining indicated a positive result. The
IHC markers were H2AK5ac, H2BK5ac, H3K9/K14ac,
H3K18ac, H3K23ac andH3K27ac antibodies (Table 1).

Data collection and statistical analysis

The clinical data and laboratory test results from
all 611 patients were collected. The patients were
classified into grades A, B and C according to Child[21,22]
Turcotte-Pugh (CTP) Score Classification
. The
patient follow-up data were made available until
the completion of this manuscript. The IHC-positive
hepatocyte proportions were calculated to assess the
acetyl-histone marker results.
Statistical analyses in this study were performed
with SPSS16.0 software for Windows. The KruskalWallis test was used to compare the liver function
and the proportions of acetyl-histone-positive
hepatocytes among the cases in different CTP grades.
Correlations among the parameters of liver function,
acetyl-histone-positive hepatocyte proportions and
patient CTP grades were evaluated by Spearman’s
correlation test. The Kaplan-Meier method was used in
a univariate survival analysis to calculate the survival
rates and to identify significant prognostic variables.
The significance of the data was determined by the
log-rank test. The COX proportional hazard regression
model was used in a multivariate survival analysis to
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Figure 1 Serum values of the liver parameters of the 611 patients (A) and 152 follow-up patients (B) for different Child-Turcotte-Pugh grades. CTP: ChildTurcotte-Pugh.

Table 2 Indicator differences between the 152 follow-up cases and all 611 cases

Age (yr)
Total bilirubin (μmol/L)
Albumin (g/dL)
Prothrombin time (INR)
Activated partial thromboplastin time (s)
Alanine aminotransferase (IU/L)
Aspartate aminotransferase (IU/L)
γ-glutamyl transpeptidase (IU/L)
Creatine kinase (IU/L)
Lactic dehydrogenase (IU/L)
Alpha fetoprotein (μg/L)

Follow-up (n = 152)

Total (n = 611)

P value

46.52 ± 12.07
35.29 ± 41.09
3.73 ± 0.62
5.21 ± 6.58
44.72 ± 15.97
48.20 ± 28.95
59.21 ± 46.12
72.55 ± 61.74
78.49 ± 64.05
183.01 ± 66.27
23.95 ± 52.26

44.74 ± 11.81
36.72 ± 39.18
3.69 ± 0.64
6.21 ± 7.11
43.87 ± 14.20
52.06 ± 41.06
64.59 ± 47.92
72.76 ± 59.84
84.79 ± 73.36
187.78 ± 62.43
29.22 ± 67.36

0.099
0.182
0.497
0.002
0.862
0.164
0.060
0.630
0.266
0.203
0.464

Mann-Whitney U Test.

Association of acetyl-histone-positive hepatocytes with
clinical variables

significance (P > 0.05) was found for the patient age
and TBIL, ALB, APTT, ALT, AST, GGT, CK, LDH and
AFP values, suggesting that the follow-up cases were
representative of all 611 included cases (Table 2).
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IHC staining of acetyl-histone markers was performed
and the proportions of acetyl-histone-positive
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Figure 2 Representative images of hematoxylin and eosin staining (magnification × 20) and immunohistochemistry (magnification × 200) staining of
H2AK5ac, H3K9/K14ac and H3K27ac in different Child-Turcotte-Pugh grade tissue microarray slides. Nuclear brown staining is considered positive expression.
From Child-Turcotte-Pugh (CTP) grades A to C, the proportions of hepatocytes that express each marker gradually increase (A). The proportions of H2AK5ac+, K3K9/
K14ac+ and H3K27ac+ hepatocytes are statistically significant in different CTP grades for the 611 patients (B) (P < 0.001) and 152 follow-up patients (C) (P < 0.001).
The cutoff of 70% acetyl-histone-positive hepatocytes divided the patients into two groups with lower or higher CTP grades. HE: Hematoxylin and eosin.
+

(P < 0.001). Additionally, the proportions of H2AK5ac ,
+
+
H3K9/K14ac and H3K27ac hepatocytes were
positively associated with the serum values of AFP (P <
0.05), GGT (P < 0.05) and CK (P < 0.01), respectively
(Figure 3).
Among the 152 follow-up patients, the proportions
+
+
+
of H2AK5ac , H3K9/K14ac and H3K27ac cells were
positively associated with the serum values of PT (P
< 0.001), ALT (P < 0.05) and AST (P < 0.05), and
+
+
the proportions of H2AK5ac and H3K27ac cells
were also positively associated with the serum values
of LDH (P < 0.005). Additionally, the proportions of
+
+
H3K27ac and H3K9/K14ac cells were negatively
associated with the serum values of ALB (P < 0.01),
+
and the proportions of H3K27ac cells were positively

hepatocytes were calculated (Figure 2). H2BK5ac,
H3K18ac and H3K23ac staining could not be calculated
or interpreted because of unsatisfactory staining.
+
+
However, the proportions of H2AK5ac , H3K9/K14ac
+
and H3K27ac hepatocytes statistically increased with
the increase in CTP grades for both total and follow-up
cases (P < 0.001) (Figure 2).
Among the 611 patients, the proportions of
+
+
+
H2AK5ac , H3K9/K14ac and H3K27ac hepatocytes
were positively associated with the serum values of
TBIL (P < 0.05), PT (P < 0.001) and LDH (P < 0.05)
and were negatively associated with the serum values
+
of ALB (P < 0.001). The proportions of H2AK5ac and
+
H3K27ac hepatocytes were also positively associated
with the serum values of both ALT (P < 0.05) and AST
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Figure 3 Spearman’s correlation analysis for the serum values of the liver parameters in relation to the positive proportions of H2AK5ac, H3K9/K14ac and
H3K27ac in the cirrhotic patients. X-axis: the acetyl-histone-positive proportions of hepatocytes; Y-axis: the levels of the serum parameters. TBIL: Total bilirubin;
ALB: Albumin; PT: Prothrombin time; APTT: Activated partial thromboplastin time; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: γ-glutamyl
transpeptidase; CK: Creatine kinase; LDH: Lactic dehydrogenase; AFP: Alpha fetoprotein.
+

and > 70% H3K9/K14ac hepatocytes, the OS rates
were 83.4% (95%CI: 72.2%-94.6%) and 56.9%
(95%CI: 44.6%-69.2%), respectively, and for patients
+
with < 70% and > 70% H3K27ac hepatocytes,
the OS rates were 86.4% (95%CI: 79.1%-93.7%)
and 40.4% (95%CI: 22.9%-57.8%), respectively.
Additionally, patients with age > 60 years (P < 0.05)
and CTP grade C (P < 0.05) had significantly lower OS
rates compared with patients with age < 60 years and
CTP grades A and B (Table 3 and Figure 4).
Multivariate analysis using the Cox proportional
+
hazard model showed that > 70% H2AK5ac or
+
H3K27ac hepatocytes were independent prognostic
factors for OS rates (P = 0.007 and 0.001,
+
respectively). Patients with > 70% H2AK5ac and
+
H3K27ac hepatocytes had 6.41 (95%CI: 1.68-24.49)
and 4.75 (95%CI: 1.82-12.36) times higher risks of

associated with the serum values of TBIL (P < 0.001).

Acetyl-histone-positive hepatocytes as predictive
prognostic factors

Because of the low percentage of CTP C cases in our
follow-up patients, dividing the cases into three groups
for prognostic analysis was inappropriate. Therefore,
we used a cutoff value of 70% acetyl-histone-positive
cells to divide the patients into two groups with lower
or higher CTP grades (Figure 2). In univariate analysis,
+
+
patients with > 70% H2AK5ac , H3K9/K14ac or
+
H3K27ac hepatocytes had significantly lower OS
rates (P < 0.001) than did those with < 70% positive
hepatocytes. The OS rates were 94.7% (95%CI:
88.6%-100.8%) and 50.3% (95%CI: 34.6%-66.0%)
+
in the patients with < 70% and > 70% H2AK5ac
hepatocytes, respectively. For patients with < 70%
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Table 3 Univariate and multivariate analyses of risk factors for patient survival
Variable

Unitivariate analysis

Multivariate analysis

OS (%)

95%CI

P value

HR

95%CI

P value

75.0
49.4

66.2-83.8
24.1-74.7

0.035

0.35

0.12-1.04

0.059

75.1
69.0

59.0-91.2
59.2-78.8

0.171

2.27

72.0
50.0

153.8-179.7
10.0-89.9

0.041

1.36

71.8
68.5

62.2-81.4
50.9-86.1

0.535

0.90

94.7
50.3

88.6-100.8
34.6-66.0

0.000

6.41

83.4
56.9

72.2-94.6
44.6-69.2

0.000

86.4
40.4

79.1-93.7
22.9-57.8

0.000

Age (yr)
< 60
> 60
Gender
Female
Male
CTP grade
A, B
C
Ascites
No
Yes
H2AK5ac
< 70%
> 70%
H3K9/K14ac
< 70%
> 70%
H3K27ac
< 70%
> 70%

0.858-6.009
0.099
0.26-8.56
0.744
0.31-2.60

0.843

1.68-24.49
0.007

1.88

0.67-5.42
0.240

4.75

1.82-12.36

0.001

OS: Overall survival; HR: Hazard ratio.

A

B
1.0

1.0
H2AK5ac < 70%

0.8

(n = 67)

Overall survival (%)

Overall survival (%)

+

0.6
+

H2AK5ac > 70%

0.4

(n = 85)
0.2

P < 0.001

0.0
0

50

100

150

200

0.8

+

H3K9/K14ac < 70%
(n = 84)

0.6

+

H3K9/K14ac > 70%

0.4

(n = 68)

0.2

P < 0.001
0.0

250

0

Follow up time (mo)

50

100

150

200

250

Follow up time (mo)

C

Overall survival (%)

1.0
0.8

+

H3K27ac < 70%
(n = 104)

0.6
0.4

+

H3K27ac > 70%
(n = 48)

0.2

P < 0.001

0.0
0

50

100

150

200

250

Follow up time (mo)

Figure 4 Kaplan-Meier survival curves for the 152 follow-up cirrhotic patients in relation to the positive expression of H2AK5ac (A), H3K9/K14ac (B) and
H3K27ac (C). The patients were divided into two groups according to a cutoff of 70% acetyl-histone-positive hepatocytes. P values were determined by the log-rank
test.
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mortality, respectively (Table 3).

expression levels. According to our hypothesis of
hepatocytic functional heterogeneity, we demonstrated
that the extensive transcriptional activation of the
residual hepatocytes is helpful for maintaining
hepatic function. Inactive hepatocytes, which act as a
functional reservoir, are almost exhausted in end-stage
cirrhosis, and then liver failure occurs. Our findings
indicate that hepatocytic histone acetylation acts as
a regulator that activates reserve cells for functional
compensation.
The CTP score is a widely used system that predicts
[31]
the long-term survival of cirrhotic patients . In
the present study, the CTP grade was not identified
as an independent risk factor to predict long-term
survival perhaps due to the low percentage of
patients classified as CTP C. At least three reasons
exist for this low percentage of CTP C patients. First,
routine screenings during health examinations and
effective therapy during early stages might delay
the progression of cirrhosis and maintain most
patients as CTP A or B for decades. Second, the
patients that are classified as CTP C are often clearly
diagnosed before biopsy. Third, CTP C patients are
likely to avoid operation or biopsy because of their
high risk of bleeding and other complications. In our
survival analysis using a cutoff value of 70% acetylhistone-positive hepatocytes, we found that patients
+
+
+
with > 70% H2AK5ac , H3K9/K14ac or H3K27ac
hepatocytes were associated with a poor prognosis or
+
with lower survival. Furthermore, > 70% H2AK5ac or
+
H3K27ac hepatocytes were both strong independent
predictors of patient OS rates. Taken together, these
results indicate that a biopsy to evaluate the proportion
of acetyl-histone-positive hepatocytes might offer a
potential strategy to reveal hepatic functional reserves
and to predict the prognosis of cirrhotic patients.
The present study has several shortcomings. First,
considering such a high incidence of cirrhosis, the
number of included cases is too small because most
of the patients are definitively diagnosed by imaging
examination. Even if the patients accept puncture
biopsy, the amounts of tissues are insufficient for
further IHC examination. Only a few patients received
an open or laparoscopic biopsy, making the sampling
bias unavoidable because the samples were not
randomly selected. Nevertheless, additional cases
should be included in future studies, particularly
taking advantage of available puncture specimens.
Second, the follow-up rate is extremely low, most
likely because of active urbanization and population
migration. Additionally, some patients changed their
residential addresses and contact phone numbers
after the large earthquake near our city in 2008.
Fortunately, the follow-up cases are representative
of the included cases. Third, not all of the acetylhistone markers stained satisfactorily. Approximately
five acetylation sites are at the N terminus of each
histone (H2A, H2B, H3 and H4). At the beginning of
our experiment, we performed IHC to examine the six

DISCUSSION
In this study, we found that the proportions of acetylhistone-positive hepatocytes increased gradually
with decreasing liver function during the progression
+
of cirrhosis. Patients with > 70% H2AK5ac , H3K9/
+
+
K14ac or H3K27ac hepatocytes had significantly
+
+
lower OS rates, and > 70% H2AK5ac and H3K27ac
hepatocytes are both strong independent predictors of
overall survival. Our findings confirmed our hypothesis
that acetyl-histone-negative hepatocytes act as a
reservoir and that these cells will be activated for
functional compensation if liver regeneration is unable
to restore its architecture. In addition, our results also
suggest that examining the hepatocytic acetyl-histone
status is a potential strategy for revealing liver function
or for evaluating reserve hepatocytes.
The liver possesses a unique regeneration capability
to restore its histology and function upon various
[23-25]
injuries
. However, in some cases, the liver can
exert its full function in response to acute or chronic
damage in both animal models and humans when
the liver regeneration fails to restore the cell mass,
suggesting that a small fraction of hepatocytes is
sufficient to sustain the liver function and that inactive
[26-28]
hepatocytes might function as a reservoir
. Histone
acetylation is generally accepted as the marker of
active gene transcription, and our previous work is
the first direct evidence that acetyl-histone negative
hepatocytes are transcriptionally inactive; thus, we
[20]
hypothesized these cells might be reserve cells .
Indeed, we found that inactive hepatocytes are
extensively activated after partial hepatectomy and
that histone acetylation inhibition results in injured
liver function and animal death. The present study
demonstrates an unprecedented mechanism to explain
the compensatory capability of the liver; however,
whether this mechanism is identical in chronic liver
cirrhosis remains unknown.
Liver cirrhosis is a chronic progressive change due
to long lasting damage by various factors. Due to the
increasing occurrence of viral hepatitis and alcohol
abuse, the incidence of liver cirrhosis has increased
[29,30]
continuously in many countries in recent decades
.
In the present study, cirrhosis induced by hepatitis B
accounted for 88.6% (3280/3701) of the examined
cirrhotic liver biopsies, demonstrating that hepatitis
B remains the most important cause of cirrhosis in
China. To maintain consistency with the examined
cases, we excluded the HBV-negative patients in the
present study; other liver damage situations will be
examined in further studies.
As expected, the proportions of hepatocytes
expressing all examined acetyl-histone markers
increased gradually with decreased liver function,
as classified by CTP grade. In addition, some serum
parameters closely correlated with the acetyl-histone
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that acetyl-histone-negative hepatocytes act as a reservoir and that these cells
will be activated for functional compensation if liver regeneration is unable to
restore its architecture. In addition, the results also suggest that examining
the hepatocytic acetyl-histone status is a potential strategy for revealing liver
function or for evaluating reserve hepatocytes.

most important markers. However, only three markers
stained satisfactorily. In our previous work, we sorted
+
the H2AK5 cells and observed that other acetylhistones including H2BK5, H3K9, H3K14, H3K27 and
[20]
H3K9/14 are highly expressed simultaneously .
Therefore, we believe that these three markers can
represent the global histone acetylation level of the
cell.
In summary, our findings reveal a regenerationindependent compensatory mechanism in liver
suffering chronic damage. In addition, examining the
proportions of acetyl-histone-positive hepatocytes
might offer a novel strategy for evaluating the
liver function and patient prognosis, although the
required invasive operation might limit its clinical
implementation.

Applications

The study results suggest that examining the proportions of acetyl-histonepositive hepatocytes might offer a novel strategy for evaluating the liver function
and patient prognosis.

Terminology

Histone acetylation is an essential part of gene regulation, as is histone
deacetylation. They are regulated dynamically and reversibly by HATs and by
histone deacetylases (HDACs). Histone acetylation is the process by which
HATs add an acetyl functional group to the lysine residues within the N-terminal
tail protruding from the histone core of the nucleosome, thus neutralizing the
positive charge, weakening the interaction between histone and DNA, and
increasing the accessibility of transcription factors to their target genes to prime
transcription and elongation.

Peer-review

This study investigates whether the proportion of acetyl-histone positive
hepatocytes can be used as a marker of the deterioration of liver function in the
context of cirrhosis. The conclusion of the study confirms that the proportions
of acetyl-histone positive hepatocytes are closely associated with liver function
and survival prognosis of cirrhotic patients. This is a very interesting study with
a clear aim. The study methods and results successfully answered the question
raised by the authors. In further studies, the authors may consider investigating
the correlation between different causes of chronic liver disease and the extent
of acetyl-histone-positive hepatocytes.
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AIM: To preliminarily investigate the prognostic
significance of the platelet to lymphocyte ratio (PLR) in
patients with gallbladder carcinoma (GBC).
METHODS: Clinical data of 316 surgical GBC patients
were analyzed retrospectively, and preoperative
serum platelet and lymphocyte counts were used to
calculate the PLR. The optimal cut-off value of the PLR
for detecting death was determined by the receiver
operating characteristic (ROC) curve. The primary
outcome was overall survival, which was estimated by
the Kaplan-Meier method. The log-rank test was used to
compare the differences in survival. Then, we conducted
multivariate Cox analysis to assess the independent
effect of the PLR on the survival of GBC patients.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: For the PLR, the area under the ROC
curve was 0.620 (95%CI: 0.542-0.698, P = 0.040)
in detecting death. The cut-off value for the PLR was
determined to be 117.7, with 73.6% sensitivity and
53.2% specificity. The PLR was found to be significantly
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diagnosed and treated at a late stage. It has been
previously reported that the overall 5-year survival rate
[3,4]
of GBC ranges from 2.7% to 20.1% . To date, the
relative prognostic factors for GBC have not yet been
clearly identified, and previous research has suggested
[5]
[5]
[6]
[7]
that age , sex , CA125 and CA199 levels , and
[5,8]
tumor-node-metastasis (TNM) stage
might affect
the survival of these patients.
Recently, numerous studies have shown that the
inflammatory response plays a crucial role in the
[9,10]
formation and development of various malignancies
.
In addition, a high platelet count (PLT) has been found
to be associated with poor prognosis in many solid
[11]
tumors . The platelet to lymphocyte ratio (PLR),
which is a combination of the PLT and lymphocyte
counts, is also regarded as a representative index of
inflammation. An elevation in the PLR has been found
to be a negative predictor for survival in patients with
colorectal cancer, hepatocellular carcinoma, non-small
[12,13]
cell lung cancer, and ovarian cancer
. However, the
prognostic significance of PLR in GBC, which is one
of the malignancies that is strongly associated with
[14]
chronic inflammation , has never been investigated.
We therefore conducted a retrospective cohort study to
reveal the prognostic value of PLR in GBC.

positively correlated with CA125 serum level, tumornode-metastasis (TNM) stage, and tumor differentiation.
Univariate analysis identified carcinoembryonic antigen
(CEA), CA125 and CA199 levels, PLR, TNM stage, and
the degree of differentiation as significant prognostic
factors for GBC when they were expressed as binary
data. Multivariate analysis showed that CA125 > 35
U/ml, CA199 > 39 U/ml, PLR ≥ 117.7, and TNM stage
Ⅳ were independently associated with poor survival
in GBC. When expressed as a continuous variable, the
PLR was still an independent predictor for survival,
with a hazard ratio of 1.018 (95%CI: 1.001-1.037 per
10-unit increase, P = 0.043).
CONCLUSION: The PLR could be used as a simple,
inexpensive, and valuable tool for predicting the
prognosis of GBC patients.
Key words: Platelets; Lymphocyte; Gallbladder carcinoma;
Prognosis; Survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The platelet to lymphocyte ratio (PLR)
has been identified as a useful prognostic tool for
various types of cancer; however, its prognostic
value in gallbladder carcinoma (GBC) has never been
investigated. We recruited 316 patients at our institute
to determine the significance of the PLR in GBC. It was
found to be significantly correlated with the serum level
of CA125, tumor-node-metastasis stage, and tumor
differentiation. Our results showed that a PLR ≥ 117.7
was independently associated with poor survival in
GBC. We emphasize that this ratio could be used as a
simple, inexpensive, and valuable tool for predicting the
prognosis of GBC.

MATERIALS AND METHODS
Patients

From 2002 until 2012, a total of 316 surgical GBC
patients (238 with radical surgery and 78 without
radical surgery) who had complete follow-up
information were analyzed at our institute. Patients
who had been previously treated for GBC were
excluded. In addition, patients who had concomitant
diseases that could significantly alter PLT, such
as severe hypertension, splenic disease, or blood
coagulation disorders, and patients who used aspirin
or other acetylsalicylic acid drugs in the month before
the surgery were excluded. Similarly, patients who had
autoimmune diseases (Crohn’s disease, rheumatoid
arthritis, autoimmune hepatitis, etc.), leukemia, viral
infection-related diseases, or other diseases that
influence lymphocyte count were also excluded. Our
study complied with the provisions of the Declaration
[15]
of Helsinki
and was approved by the Ethical
Committee of the First Affiliated Hospital of the Xi’an
Jiaotong University College of Medicine.

Pang Q, Zhang LQ, Wang RT, Bi JB, Zhang JY, Qu K, Liu SS,
Song SD, Xu XS, Wang ZX, Liu C. Platelet to lymphocyte ratio
as a novel prognostic tool for gallbladder carcinoma. World J
Gastroenterol 2015; 21(21): 6675-6683 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6675.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6675

INTRODUCTION
Gallbladder carcinoma (GBC) is a rare disease with
an increasing morbidity worldwide. The incidence
of this malignancy has been recently reported
[1]
to be approximately 2.5 per 100000 persons .
Predisposing factors for GBC mainly include gallstones,
chronic cholecystitis, chronic bacterial cholangitis,
[2]
environmental exposures, etc .
Although the diagnosis and treatment of GBC have
improved dramatically with the advance in surgical
techniques, the prognosis for this malignancy is still
typically poor because the majority of patients are

WJG|www.wjgnet.com

Data collection

We extracted information of potential prognostic
factors for GBC from the electronic medical records.
Specifically, the following data were collected: age
and sex; history of gallstones; history of metabolic
diseases, such as diabetes and hypertension; PLT;
lymphocyte, neutrophil, and white blood cell (WBC)
counts; carcinoembryonic antigen (CEA), alphafetoprotein (AFP), CA125, and CA199 levels, and
the results of pathological reports. The TNM staging
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Table 1 Basic characteristics of gallbladder carcinoma patients stratified according to serum level of platelet to lymphocyte ratio
Variable
Age (yr)
Men/Women
Gallstone/No
Diabetes/No
Hypertension/No
PLT (109/L)
Lymphocytes (109/L)
PLR
WBC (109/L)
Neutrophils (109/L)
CEA (ng/mL)
AFP (ng/mL)
CA-125 (U/mL)
CA-199 (U/mL)
TNM stage Ⅰ/Ⅱ/Ⅲ/ⅣA/ⅣB
Differentiation:
high/moderate/low
Survival time (mo)
Death/No

Overall

PLR < 117.7

PLR ≥ 117.7

(n = 316)

(n = 100)

(n = 216)

65 (30-87)
101/215
160/156
30/286
57/259
184 (37-525)
1.3 (0.3-3.5)
152.4 (13.8-2282.6)
6.2 (1.6-33.4)
4.2 (1.0-25.9)
3.6 (0.5-264.8)
(n = 168)
2.9 (1.1-615.4)
(n = 150)
30.8 (6.1-3684)
(n = 146)
100.5 (0.5-10000)
(n = 158)
5/24/59/121/107
26/134/156

65 (43-87)
39/61
50/50
10/90
19/81
139 (37-261)
1.6 (0.4-3.5)
93.6 (13.8-117.6)
5.6 (1.9-33.4)
3.4 (1.0-25.9)
3.8 (1.0-90.6)
(n = 44)
3.0 (1.1-53.0)
(n = 36)
21.0 (6.1-345.6)
(n = 41)
99.6 (0.5-4306)
(n = 45)
4/12/21/36/27
13/48/39

9 (1-97)
254/62

12 (1-77)
71/29

64 (30-87)
62/154
110/106
20/196
38/178
216 (37-525)
1.1 (0.2-2.9)
185.5 (117.9-2282.6)
6.6 (1.6-23.4)
4.6 (1.0-19.3)
3.6 (0.5-264.8)
(n = 124)
2.8 (1.1-615.4)
(n = 114)
36.5 (6.5-3684.0)
(n = 105)
125.0 (0.5-10001)
(n = 113)
1/12/38/85/80
13/86/117
8 (1-97)
183/33

P value
0.1551
0.0681
0.8781
0.8351
0.7621
< 0.0012
< 0.0012
< 0.0012
0.0132
< 0.0012
0.8472
0.7632
0.0042
0.3842
0.0191
0.0311
< 0.0012
0.0041

1 2

χ test; 2Wilcoxon test. The values are expressed as the median (range) or number. PLR: Platelet to lymphocyte ratio; PLT: Platelet count; WBC: White blood

cell count; CEA: Carcinoembryonic antigen; AFP: Alpha-fetoprotein.

th

system (5 edition), based on the criteria of the
[5]
American Joint Committee on Cancer, was adopted .

The primary outcome observed was overall survival
(OS), which was estimated by the Kaplan-Meier
method. Differences in survival were analyzed by the
log-rank test. The variables found to be significant
(P < 0.05) in the univariate analysis were subjected
to multivariate analysis with the backward Wald Cox
proportional hazard regression method. All statistical
analyses were performed using PASW Statistics 18.0
software (SPSS Inc., Chicago, IL, United States). A
bilateral P value < 0.05 was considered statistically
significant.

Diagnosis and follow-up protocol for GBC patients

Resected tumor samples were uniformly sent to the
Department of Pathology, and the presence of GBC
was determined by clinical pathologists.
After discharge, patients were followed with either
abdominal computes tomography and/or magnetic
resonance imaging scans as well as serological tests,
including measurement of CEA, AFP, CA125, and
CA199 levels. The follow-up evaluations consisted of
the above tests every 3 mo for the first year, every 4
mo for the second year, and every 6 mo thereafter.
During follow-up, the date of death and the time of the
last follow-up were recorded.

RESULTS
Characteristics of the study population

Demographic data, serological tests, tumor stage, and
the characteristics of the study population stratified
according to the PLR are summarized in Table 1.
The cohort included 101 men and 215 women, with
a median age 65 years. Of these, 160, 30, and 57
patients had a history of gallbladder stones, diabetes,
and hypertension, respectively. There were 155
(49.05%) patients with lymph node invasion, and 85
(26.9%) patients with remote metastasis. The median
survival time of the patients after surgical resection
was 9 mo, with 1-, 3-, and 5-year OS probabilities of
37.1%, 18.9%, and 11.8%, respectively. During the
median follow-up time of 42 mo, 254 (80.4%) patients
died.

Statistical analysis

Continuous variables are expressed as mean ±
standard deviation for the normally distributed variables
(Kolmogorov-Smirnov test, P > 0.05), and median
(min-max) for the other variables. Comparisons
between two groups were performed using the t test
or Wilcoxon test for continuous variables and the
χ 2 test for categorical data. The receiver operating
characteristic (ROC) curve was adopted to determine
the optimal cut-off point (with the highest sum of
specificity plus sensitivity) for the PLR for discriminating
between deceased and living patients. The statistical
methods of this study were reviewed by Dr. Kai Qu from
Department of Epidemiology, MD Anderson Cancer
Center, University of Texas, United States.
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Determination of the cut-off value for the PLR

The diagnostic potential of the PLR in detecting death
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CA125 level and survival time.

ROC curve

1.0

Predictors of survival by log-rank test

Sensitivity

0.8

Figure 3A shows the survival curves for our study
cohort. Of the clinical parameters, a high PLR, high
levels of CA125 and CA199, TNM stage Ⅳ, and poor
differentiation were found to be significantly associated
with poor OS by the log-rank test. Figures 3B to D
show Kaplan-Meier curves stratified according to the
PLR, CA125 level, and TNM stage, respectively. The
respective cumulative survival rates at 1, 3, and 5
years were 51.7%, 32.3%, and 21.0% for patients
with a PLR < 117.7, and 30.3%, 12.2%, and 7.4% for
those with a PLR ≥ 117.7.

0.6

0.4

0.2

0.0

0.0

0.2

0.4

0.6

0.8

1.0

1-Specificity

Univariate and multivariate analyses of clinical and
biochemical parameters

Figure 1 diagnostic performance of the platelet to lymphocyte ratio in
detecting death due to gallbladder carcinoma.

When the parameters were expressed as binary data,
univariate analysis identified CEA, CA125, and CA199
levels, TNM stage, degree of differentiation, and PLR as
significant tools for predicting OS in patients with GBC
(Table 3). However, neither the PLT nor the lymphocyte
count was a useful predictor. Multivariate analyses
showed that patients with a higher PLR [hazard ratio
(HR): 2.02; 95%CI: 1.24-3.28], a higher CA125 level
(HR: 1.72; 95%CI: 1.16-2.56), a higher CA199 level
(HR: 1.85; 95%CI: 1.19-2.86), and TNM stage Ⅳ (HR:
2.70; 95%CI: 1.49-4.87) had a significantly poorer
prognosis compared with those with lower levels of
these factors or a lower TNM stage (Figure 4).
We then assessed the prognostic values of these
parameters when they were expressed as quantitative
or ordinal data. Similarly, univariate analysis identified
the same significant factors (Table 3), and multivariate
analysis added the degree of differentiation as another
independent prognostic factor (Figure 4).

Table 2 Spearman’s correlation analysis between platelet to
lymphocyte ratio and clinical characteristics of gallbladder
carcinoma patients
Variable

Coefficient

P value

-0.017
0.030
0.568
-0.587
0.356
0.207
0.032
-0.073
0.262
0.133
0.104
0.181
-0.237

0.758
0.600
< 0.001
< 0.001
< 0.001
< 0.001
0.678
0.375
0.001
0.096
0.064
0.001
< 0.001

Age (yr)
Gender
PLT (109/L)
Lymphocytes (109/L)
Neutrophils (109/L)
WBC (109/L)
CEA (ng/mL)
AFP (ng/mL)
CA-125 (U/mL)
CA-199 (U/mL)
TNM stage
Differentiation
Survival time (mo)

is shown in Figure 1. In general, the PLR was found to
be a significant indicator for distinguishing death from
survival (area under the ROC curve = 0.620, 95%CI:
0.542-0.698, P = 0.040). The ROC curve showed an
optimal cut-off value of 117.7 for the PLR, with 73.6%
sensitivity and 53.2% specificity.

Prognostic value of PLR at each TNM stage

TNM stage is considered to be a crucial prognostic
factor for GBC, and it was the most powerful
predictor in our survival analysis. To clarify whether
the subgroups of GBC patients could be negatively
influenced by the PLR, the patients were classified
according to TNM stage. A high PLR was found to
significantly increase the recurrence probability in GBC
patients with TNM stage ⅣB but not with any of the
other stages (Figure 5).

Associations between the PLR and clinical
characteristics

As shown in Table 1, the PLR was significantly
positively associated with the lymphocyte, WBC, and
neutrophil counts, CA125 level, TNM stage, and degree
of differentiation (all P < 0.05).
Spearman’s correlation analysis showed that
the PLR was significantly associated with the PLT,
lymphocyte count, neutrophil count, WBC count,
differentiation, and survival time, with Spearman’
s coefficients of 0.568, -0.587, 0.356, 0.207, 0.262,
0.181 and -0.237 (all P < 0.01, Table 2), respectively.
The box plots revealed the relationship between the
PLR and the serum level of CA125 (Figure 2A) and
survival time (Figure 2B). Furthermore, Figure 2C and
2D show the linear relationships of the PLR with the
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DISCUSSION
GBC is a rare disease; however, it is the most
common malignant tumor of the biliary tract and
represents 46%-95% of all biliary tract malignancies
[1,16]
worldwide
. The incidence of GBC differs worldwide,
with high prevalences in Chile, Japan, and northern
[16]
India . Few valuable prognostic factors for GBC have
been identified, and it is necessary to identify several
novel biomarkers.
[2]
Gallstones are a major risk factor for GBC .
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Table 3 Univariate analysis of factors associated with overall survival of gallbladder carcinoma patients
As binary data

As quantitative/ordinal data

P value

Variable
Age > 60 yr
Women vs men
Gallstone (yes vs no)
Diabetes (yes vs no)
Hypertension (yes vs no)
CEA > 3.4 ng/mL
AFP > 20 ng/mL
CA-125 > 35.0 U/mL
CA-199 > 39.0 U/mL
PLT > 300 × 109/L
Lymphocytes
< 1.5 × 109/L
PLR ≥ 117.7
TNM Ⅳ vs Ⅰ-Ⅲ
Differentiation (low vs moderate/high)

P value

HR (95%CI)

Variable

0.574
0.829
0.309
0.420
0.997
0.012
0.420
0.002
0.002
0.956
0.243

1.078 (0.829-1.403)
1.030 (0.788-1.345)
1.137 (0.887-1.458)
1.194 (0.777-1.835)
1.001 (0.725-1.382)
1.620 (1.114-2.355)
0.663 (0.244-1.801)
1.813 (1.236-2.658)
1.930 (1.284-2.903)
1.013 (0.647-1.594)
1.173 (0.897-1.534)

Age (per 1 yr increase)

0.456

1.004 (0.993-1.016)

HR (95%CI)

CEA (per 1 ng/mL increase)
AFP (per 1 ng/mL increase)
CA-125 (per 10 U/mL increase)
CA-199 (per 10 U/mL increase)
PLT (per 109/L increase)
Lymphocytes (per 109/L increase)

0.071
0.296
0.027
0.028
0.053
0.064

1.005 (1.000-1.011)
0.997 (0.990-1.003)
1.005 (1.001-1.009)
1.001 (1.000-1.002)
1.001 (1.000-1.003)
0.801 (0.633-1.013)

< 0.001
< 0.001
< 0.001

1.644 (1.246-2.169)
1.692 (1.260-2.274)
1.563 (1.217-2.006)

PLR (per 10 increase)
TNM (per 1 stage increase)
Differentiation (per 1 grade increase)

0.023
< 0.001
< 0.001

1.007 (1.001-1.013)
1.377 (1.213-1.564)
1.523 (1.256-1.845)

HR: Hazard ratio; CI: Confidence interval.

A

B

200

P < 0.001
72

P = 0.004
60
Survival time (mo)

CA-125

150

100

50

48
36
24
12
0

0
PLR ≥ 117.7

PLR < 117.7

PLR < 117.7

PLR

C

PLR

R 2 = 0.024

200

D

R 2 = 0.016

60
48

Survival time (mo)

150
CA-125

PLR ≥ 117.7

100

50

36
24
12
0

0
0

100

200

300

400

500

0

PLR

100

200

300

400

500

PLR

Figure 2 Box plots comparing platelet to lymphocyte ratio with CA125 (A) and survival time (B) and correlation analyses between PLR and CA125 (C) and
survival time (D).

However, it is unknown whether there presence
is a useful prognostic factor for this disease. Our
study showed no significant association between
gallstones and the survival of patients with GBC,
which is consistent with a previous small-sample study
[17]
[5]
conducted by Shiba et al . Kayahara et al have
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demonstrated that men and aged patients with GBC
have decreased survival times; however, neither of
these factors significantly affected survival time in our
[18]
cohort. Ren and his colleagues
performed a metaanalysis of 21 studies and concluded that diabetes
mellitus increased the incident risk of GBC by 52%. In
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Figure 3 Kaplan-Meier curves for cumulative overall survival of the study population (A) and overall survival of patients stratified according to platelet to
lymphocyte ratio (B), CA125 (C), and tumor-node-metastasis stage (D).

contrast, our study showed no links between diabetes
mellitus and the prognosis of GBC.
Recent studies have shown that an abnormal
[19]
[20]
PLT
or lymphocyte count alone are predictive of
poor survival in patients with GBC. However, in our
cohort, neither the PLT count alone nor the lymphocyte
count alone was able to significantly predict survival.
However, the PLR, which is a simple combined index,
strengthened both the role of PLTs and the significance
of lymphocytes and was a powerful independent
predictor. We confirmed the prognostic significance of
the PLR both when it was expressed as binary data
and when it was used as a continuous variable. In
addition, TNM stage was identified as the other most
useful tool for predicting the outcome of GBC.
Obviously, the possible mechanisms underlying
the prognostic role of the PLR in the survival of
GBC patients could involve two factors, the PLT and
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lymphocyte counts. On the one hand, although the PLT
count was not a significant indicator of survival time
in our study, a high level of PLTs has been previously
reported to significantly increase the risk of death
[11]
[6,19]
from various cancers , including GBC
. Moreover,
an elevated serum level of PLTs has been positively
[21]
correlated with tumor size . In vitro, PLTs accelerate
the growth and invasion of tumors via the release
[22,23]
of platelet-derived proangiogenic mediators
. On
the other hand, previous data have also shown that a
lymphocyte count of less than 1000/μl is a predictor of
[20]
poor outcome in GBC . Furthermore, the lymphocyte
count has been found to be negatively correlated with
[20]
[24]
TNM stage . Dunn et al
have demonstrated the
cancer immune-surveillance role of lymphocytes, by
which lymphocytes can prevent tumor development.
In addition, we showed the positive associations
between the PLR and the CA125 level as well as the
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P value

Variable
As binary data
CEA > 3.4 ng/mL
CA-125 > 35.0 U/mL
CA-199 > 39.0 U/mL
PLR > 117.7
TNM Ⅳ vs Ⅰ-Ⅲ
Differentiation (low vs moderate + high)
As quantitative/ordinal data
CA125 (per 10 U/mL increase)
CA199 (per 10 U/mL increase)
PLR (per 10-unit increase)
TNM (per 1 stage increase)
Differentiation (per 1 grade increase)

0.7

1

2

HR (95%CI)

0.542
0.007
0.006
0.005
0.001
0.100

1.151
1.724
1.849
2.021
2.697
1.401

(0.732-1.812)
(1.159-2.564)
(1.194-2.863)
(1.243-3.278)
(1.494-4.870)
(0.937-2.093)

0.012
0.019
0.043
< 0.001
0.028

1.006
1.001
1.018
1.708
1.475

(1.001-1.010)
(1.000-1.002)
(1.001-1.037)
(1.345-2.169)
(1.043-2.084)

4

Figure 4 Forest plot based on results of multivariate analysis of factors associated with overall survival of gallbladder carcinoma patients. TNM: Tumornode-metastasis.
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Figure 5 Cumulative survival curves for gallbladder carcinoma patients with TNM stages Ⅰ-Ⅱ (A), Ⅲ (B), ⅣA (C), and ⅣB (D), stratified according to PLR.
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Peer-review

TNM stage, which were important prognostic factors
for GBC.
This study is the first to demonstrate a link between
the PLR and survival in patients with GBC. Inevitably,
there were some limitations in the current study. First,
the PLR was a useful tool only for the assessment of
the GBC patients with TNM stage ⅣB, but not in those
with any of the other stages. The limited sample size
evaluated for each TNM stage, particularly stages ⅠⅢ (Figure 5), may have been the main reason for
the limited utility of the PLR. Second, to obtain more
data, we did not distinguish between patients who
underwent radical surgery and those who received
palliative cholecystectomy or extended resection.
Finally, our results were obtained from data collected
at a single center, and there is a need for further large,
multicenter cohort studies to validate our findings.
In conclusion, our findings suggest that the PLR
could be used as a simple, inexpensive, and valuable
tool for predicting the prognosis of GBC patients.

This study is well supported by the data, and the authors have confirmed
the predictive power of the PLR for a rare malignancy for the first time in the
literature. The findings of this study were supported by adequate statistical
analyses.
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Abstract
AIM: To analyze the hepatitis B virus (HBV) characters
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METHODS: A total of 1148 HBV genome sequences
from patients throughout China were collected via the
National Center For Biotechnology Information database
(information including: genotype, territory and clinical
status). HBV genotypes were classified by a direct
reference from the Genbank sequence annotation,
phylogenetic tree and online software analysis (http://
www.ncbi.nlm.nih.gov/projects/genotyping/formpage.
cgi). The phylogenetic tree was constructed based on
the neighbor-joining method by MEGA5.0 software.
HBV sequences were grouped based on phylogenetic
tree and the distance between the groups was
calculated by using the computer between group mean
distance methods. Seven hundred and twelve HBV
sequences with clear annotation of clinical symptoms
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and clinical symptoms. Characteristics of sequences
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frames (ORF) preS1/S2/S, preC/C, P and X. HBV
infection can induce diseases, such as acute hepatitis,
chronic hepatitis, hepatocirrhosis, and hepatocellular
carcinoma (HCC), and thus severely threats global
human health. HBV is one of the most successful
human pathogens, with an estimated 2 billion people
have serological evidence of past or present infected
with HBV worldwide, of whom 250 million have chronic
[1]
hepatitis B (CHB) infection . More than 75% of patients
with hepatitis B virus live in the western Pacific and
[2]
Southeast Asia . China is a country that has a high
incidence of HBV, with more than 120 million hepatitis
B patients. Approximately 15%-40% of the hepatitis B
virus carriers eventually developed HBV-related cirrhosis
[3]
or HCC . Each year about 600000 people die from liver
[4]
disease caused by HBV infection .
[5]
Okamoto et al firstly proposed the concept of
HBV genotypes in 1988 and assigned each newly
identified genotype based on the criterion of ≥ 8% of
the whole HBV genome difference. HBV genotype A
has been shown to be primarily distributed in Northern
Europe and Africa; genotype B and C in Southeastern
Asia; genotype D in the Middle East, North Africa, and
Europe. With technological development, more HBV
genotypes have been found, genotype E in Africa;
genotype F in South America; genotype G in United
States and France; and genotype H in Europe and North
[6]
America . Recently, genotype I and J were reported in
[7,8]
Vietnam and in Japan , respectively, making a total
genotype count to date of 10. The distribution of these
HBV genotypes has obviously geographic-associated
[9]
features . Previous studies have indicated that HBV
genotypes might be associated with serotype, liver
disease progression and mutations in the BCP and
[10]
pre-C region . Therefore, in this study, the distribution
of genotypes and subgenotypes in China were analyzed
firstly. Then, the characters of HBV subgenotype B2 and
C2 were analyzed. Finally, the correlation between BCP
double mutation/pre-C mutation and clinical symptoms
was also determined.

were analyzed by using DNAStar and BioEdit software
packages. The codon usage bias and RNA secondary
structures analysis were performed by RNAdraw
software. Recombination analysis was performed by
using Simplot software.
RESULTS: In China, HBV genotype C was the
predominant in Northeastern, genotype B was
predominant in Central Southern areas, genotype B
and C were both dominant in Southwestern areas,
and the recombinant genotype C/D was predominant
in Northwestern areas. C2 and B2 were identified as
the two major sub-genotypes, FJ386674 might be a
putative sub-genotype as B10. The basal core promoter
double mutation and pre-C mutation showed various
significant differences between hepatitis symptoms. In
addition to ATG, many other HBV initiation codons also
exist. HBV has codon usage bias; the termination codon
of X, C and P open reading frames (ORF) were TAA,
TAG, and TGA, respectively. The major stop codons of
S-ORF were TAA (96.45%) and TGA (83.60%) in B2
and C2 subtype, respectively.
CONCLUSION: This study recapitulated the epide
miology of HBV in China, and the information might
be meaningful critical for the future prevention and
therapy of HBV infections.
Key words: Hepatitis B virus; Genotype; Phylogenetic
tree; Clinical symptoms; Mutation; Codon usage bias
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study recapitulated the epidemiology of
hepatitis B virus (HBV) in China. Genotype C was the
predominant HBV genotype in Northeastern, genotype
B was predominant in Central Southern areas, genotype
B and C were both dominant in Southwestern areas,
and the recombinant genotype C/D was predominant in
Northwestern areas. C2 and B2 were identified as the
two major subgenotypes, FJ386674 might be a putative
sub-genotype as B10. Moreover, the termination codon
usage bias of B2 (TAA) and C2 (TGA) subtype and
the correlation between HBV sequence mutations and
clinical symptoms were also determined.

MATERIALS AND METHODS
Data source

A total of 1148 HBV genome sequences from patients
throughout China were collected via the NCBI database
(information including: genotype, territory and clinical
status). Sequences were divided into 6 groups based
on the administrative territory of Chinese mainland.
The reference sequences used in this study were
[11-24]
listed
.

Li HM, Wang JQ, Wang R, Zhao Q, Li L, Zhang JP, Shen T.
Hepatitis B virus genotypes and genome characteristics in China.
World J Gastroenterol 2015; 21(21): 6684-6697 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i21/6684.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i21.6684

Phylogenetic tree and characteristic analysis of HBV

HBV genotypes were classified by a direct reference
from the Genbank sequence annotation, phylogenetic
tree and online software analysis (http: //www.ncbi.
[25,26]
nlm.nih.gov/projects/genotyping/formpage.cgi)
.
Phylogenetic tree analysis was performed by
MEGA5.0 software. Three reference sequences of each

INTRODUCTION
Hepatitis B virus (HBV) belongs to the family
Hepadnaviridae, it is an enveloped virus with a circular,
partially double-stranded DNA genome of 3.2 kb.
It contains four partially overlapping open-reading
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used for significance analysis t-test. P < 0.05 was
regarded as statistically significance.

Table 1 Hepatitis B virus sequences with controversial geno
type and/or sub-genotype results based on a direct reference
from the Genbank sequence annotation
Sequence ID
FJ386674
EU939559
GQ377630
GQ377635
AY217374
EU939668
GQ377556
GQ377539
GQ377590
EU939630
GQ377596
GQ377614
GQ377634
GQ377604
GQ377594
GQ377602
GQ377565
GQ377631
GQ377605
GQ377573
GQ377613
GQ377549
GQ377564

NCBI
annotation

Online software
Genotyping

MEGA5.0 software
Phylogenetic tree

C
C
C4
C4
B
B2
B
B
B
B2
B
B
B
B
B
B
B
C1
C1
B
B
B
B

B
B
B
B
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
B
B
B
B

B10
B2
B2
B2
C1
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2
C2

RESULTS
HBV genotype distribution in Chinese areas

In this study, a total of 1148 HBV sequences were
analyzed, including 320 genotype B, 739 genotype
C, 26 genotype D, 42 C/D recombinant genotype,
20 genotype I and 1 genotype A sequences. In
Northeastern, Northern, and Eastern regions, genotype
C was the predominant HBV genotype, followed by
genotype B. Genotype A and D were only present
in very small numbers. In Central Southern areas,
genotype B was predominant, followed by genotype
C, I, and recombinant genotype C/D. In Southwestern
areas, genotype B and C were both dominant, with
few genotype I. Finally, in Northwestern areas, the
recombinant genotype C/D was predominant, followed
by genotype D, C, I, and B (Figure 1).

HBV sub-genotype classification

Based on the specificity of HBV distribution in Chinese
territories, and removal of the incomplete sequences
(< 3215 bp), 12, 478, 83, 21, 60 and 14 complete
genome sequences of genotype B and C were selected
from Chinese Northeastern, Northern, Eastern, Central
Southern, Southeastern, and Northwestern areas,
respectively. Results suggested that subgenotype B2
was the major HBV genotype B (197/208, 94.71%)
in the Chinese territory, followed by subgenotype B6’
[13,15,20]
(11/208, 5.29%)
. Meanwhile, C2 (439/460,
95.44%) was the major subgenotype identified for
genotype C, followed by subgenotype C1 (15/460,
3.62%) and C12 (6/460, 1.3%). In addition, I1
subgenotype was the major subgenotype of Chinese
genotype I (20/20,100%).

MEGA5.0 software and online software analysis (http://www.ncbi.nlm.
nih.gov/projects/genotyping/formpage.cgi).

HBV genotype and one to five reference sequences of
the B, C and I sub-genotypes were selected based on
[27,28]
the previous reports
. The phylogenetic tree was
constructed based on the neighbor-joining method.
HBV sequences were grouped based on phylogenetic
tree. The distance between the groups was then
calculated by using the computer between-group
mean distance methods. Sub-genotype clustering was
accomplished based on both the phylogenetic tree
and the distances between the groups. Characteristics
of sequences were analyzed by using DNAStar and
[29]
BioEdit software packages . The codon usage
bias and RNA secondary structures analysis were
[30]
performed by RNAdraw software . Recombination
[31]
analysis was performed by using Simplot software .

Controversial genotyping and/or sub-genotyping

Due to differential classification methods, 23 sequences
were classified with controversial genotyping and/or
[32,33]
sub-genotyping results
(Table 1). Among these
sequences, the phylogenetic tree revealed that
FJ386674 had a new clad separating from the major
trunk of genotype B with a 87% bootstrap value
(Figure 2), the genetic distance between FJ386674
and genotypes (A, C-J) were more than 8%, but
the genetic distance between FJ386674 and other B
subgenotypes was more than 4% (0.05 ± 0.00 to
0.07 ± 0.01) and less than 8% (Table 2). Then we
further analyzed FJ386674 by Simplot software, and
results showed that FJ386674 was possibly the B/C/H
recombination genotype (Figure 3).

HBV-associated clinical symptoms

The HBV-associated clinical symptoms of 1148
sequences included asymptomatic (ASC), CHB, acuteon-chronic liver failure (ACLF), acute hepatitis B
(AHB), liver cirrhosis (LC), HCC and HBsAg positive
+
(HBsAg ). Incomplete sequences (< 3215 bp) and
clinical symptoms with only HBsAg positive were
excluded, while 712 HBV sequences were selected for
further analysis of the correlation between BCP double
mutation/pre-C mutation and clinical symptoms.

Correlation analysis between the HBV BCP double
mutation/pre-C mutation and the clinical symptoms

Statistical analysis

Results suggested a significant BCP double mutation
(A1762T, G1764A) and pre-C mutation (G1896A)
among the various hepatitis symptoms (t = 3.646, P

Statistical analysis and plotting of the data were
accomplished by Excel software. SPSS software was
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Distribution of HBV in Northwestern
(69 items)

Distribution of HBV in Northeastern
(37 items)
Genotype A

B 1%

C 100%

Genotype B

I 2%

Genotype C
C/D 49%

C 23%

Genotype D
Genotype C/D
Genotype I

D 25%

Distribution of HBV in Northern (664 items)
D 1%

Distribution of HBV in Southwestern
(106 items)

C 48%

B 23%

C 76%

I 2%
B 50%

Distribution of HBV in Central Southern
(121 items)

Distribution of HBV in Eastern (151 items)

I 14%

A 1%
B 46%
C 69%

C/D 7%

B 30%

C 33%

Figure 1 Distribution of hepatitis B virus genotypes in China.

the BCP double mutation (t = 2.382, P = 0.253) and
the pre-C mutation (t = 3.089, P = 0.199) between
genotype B and C. For AHB, a significant difference
was observed between genotype B and C in the pre-C (t
= 16.850, P = 0.038).

= 0.015; t = 4.981, P = 0.004, respectively, Figure
4). A BCP double mutation was observed between
ACLF and HCC and was statistically significant (t =
20.562, P = 0.031). The mutation difference in pre-C
was significant between HCC and LC (t = 23.703, P
= 0.027). In addition, the BCP double mutation was
more frequently present in AHB (88/126, 69.84%),
CHB (217/404, 53.71%), and LC (10/33, 30.30%).
Pre-C showed more frequent mutations in ACLF
(56/108, 51.85%), HCC (9/21, 42.86%), and LC
(13/33, 39.39%). The above sequences were then
subjected to analyses to determine the relationship
between genotype and HBV sequence mutation. The
results showed no significant differences for both

WJG|www.wjgnet.com

Start and stop codon analysis

After excluding the incomplete sequences (< 3215
bp), the start and stop codons from 197 B2 genotype
sequences and 439 C2 subgenotype sequences
were analyzed. Results suggested that start codon
mutations were observed in the ORFs. In addition to
ATG, many other initiation codons of HBV also exist.
The termination codon of X, C and P ORF were TAA,
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Figure 2 Hepatitis B virus sequences with controversial genotype and/or sub-genotype analysis with phylogenetic tree. The evolutionary tree reference,
neighbor-joining method, bootstrap value: 1000; the lower scale shows the length of a horizontal line. On behalf of the number of base substitution, “▲”stands for the
annotation errors or classification differences sequences. GP1: Group 1; GP2: Group 2; GP3: Group 3; GP4: Group 4.
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Figure 3 Recombination analysis of FJ386674 by Simplot software. The reference sequence: AB073857-B, AB073830-B, AB073823-B, AB074755-C,
AB033553-C, AB113879-C, AY090457-H, AB179747-H, AY090460-H.

Table 2 Mean percentage of nucleotide divergence over the genome among hepatitis B virus isolates with controversial genotype
and/or sub-genotype results

B
C
D
E
F
G
H
I
J
FJ386674
B2
B3
B4
B5
B6
B7
B8
B9
FJ386674

A
0.10 ± 0.01
0.10 ± 0.01
0.12 ± 0.01
0.11 ± 0.01
0.15 ± 0.01
0.14 ± 0.01
0.16 ± 0.02
0.09 ± 0.01
0.14 ± 0.02
0.11 ± 0.01
B1
0.03 ± 0.00
0.05 ± 0.01
0.04 ± 0.00
0.05 ± 0.01
0.05 ± 0.01
0.05 ± 0.01
0.05 ± 0.00
0.05 ± 0.01
0.05 ± 0.01

B

C

D

E

F

G

H

I

J

0.12 ± 0.00
0.13 ± 0.01
0.12 ± 0.01
0.16 ± 0.01
0.15 ± 0.01
0.16 ± 0.01
0.11 ± 0.01
0.13 ± 0.01
0.06 ± 0.01
B2

0.13 ± 0.01
0.13 ± 0.01
0.15 ± 0.01
0.15 ± 0.01
0.15 ± 0.01
0.08 ± 0.01
0.13 ± 0.01
0.10 ± 0.01
B3

0.09 ± 0.01
0.16 ± 0.01
0.14 ± 0.01
0.16 ± 0.01
0.13 ± 0.01
0.15 ± 0.02
0.14 ± 0.01
B4

0.15 ± 0.01
0.13 ± 0.01
0.16 ± 0.01
0.12 ± 0.01
0.14 ± 0.02
0.13 ± 0.01
B5

0.17 ± 0.02
0.10 ± 0.01
0.15 ± 0.01
0.16 ± 0.02
0.16 ± 0.01
B6

0.17 ± 0.02
0.14 ± 0.01
0.16 ± 0.02
0.15 ± 0.01
B7

0.16 ± 0.01
0.17 ± 0.02
0.17 ± 0.02
B8

0.13 ± 0.01
0.11 ± 0.01
B9

0.13 ± 0.01

0.05 ± 0.01
0.04 ± 0.00
0.05 ± 0.00
0.05 ± 0.01
0.05 ± 0.01
0.05 ± 0.00
0.05 ± 0.00
0.05 ± 0.00

0.05 ± 0.01
0.03 ± 0.00
0.04 ± 0.00
0.03 ± 0.00
0.03 ± 0.00
0.03 ± 0.00
0.07 ± 0.01

0.05 ± 0.01
0.06 ± 0.01
0.05 ± 0.01
0.05 ± 0.00
0.05 ± 0.00
0.06 ± 0.01

0.05 ± 0.01
0.03 ± 0.00
0.03 ± 0.00
0.03 ± 0.00
0.07 ± 0.01

0.04 ± 0.00
0.04 ± 0.01
0.05 ± 0.01
0.07 ± 0.01

0.03 ± 0.00
0.03 ± 0.00
0.07 ± 0.01

0.03 ± 0.00
0.06 ± 0.01

0.06 ± 0.01

TAG, and TGA, respectively. Meanwhile, stop codon
usage bias of S-ORF from the sub-genotypes B2 and
C2 HBV genomes was observed. The dominant S-ORF
stop codon in sub-genotype B2 was TAA (96.45%),
followed by TGA (3.55%), while the S-ORF stop codon
in sub-genotype C2 preferentially used TGA (83.6%),
followed by TAA (16.4%). Based on the RNAdraw
results, RNA secondary structure of subgenotype B2
with TAA termination codon was similar to a hairpin
loop, due to 681 (A), 680 (A) and 676 (A) might be
paired with 655 (U), 656 (U) and 660 (U), respectively.
However, there were no such base pairs existing in the
C2 subgenotype with TGA termination codon except

WJG|www.wjgnet.com

possibly base-pairs of 681 (A) and 655 (U) (Figure 5).

DISCUSSION
Genotype distribution in the Chinese territory

HBV genotypes and sub-genotypes had obvious
[34-36]
geographic features according to previous reports
.
The current study also suggested a differential
distribution of HBV genotypes in China. Within the
northern areas of the Qinling Mountains-Huaihe River
Line, genotype C (75.3%) was predominant, followed
by a smaller percentage of type B (23.4%) and D
[37]
(1.3%). While Sunbul
reported that genotype
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Correlation analysis between the HBV BCP double
mutation and the clinical symptoms
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b
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Putative sub-genotype B10

B was the major genotype in southern China, our
results showed that the ratios of genotype B and
C in the southern areas of China were 41% and
57%, respectively. This inconsistency may be due to
differences in the selection of subjects and quantity
of tested samples. Meanwhile, Northwestern China
was dominated by recombinant genotype C/D and
genotype D, with percentages of 49.3% and 24.6%,
respectively. This result is consistent with a study by
[38]
Yin et al . Additionally, our investigation indicated
that genotype Ⅰ (originally reported as recombinant
[39]
genotype A/C/G) was mainly located in the Guangxi ,
[40]
[41]
[42]
Shaanxi , Yunnan , and Sichuan Provinces , and
I1 was the major sub-genotype in China.
From a geological perspective, many of the
identified provinces were located on the Silk Route.
For instance, the Guangdong Province was adjacent to
Hong Kong and Macao; the Hainan and Taiwan regions
were separated by the strait; Hong Kong, Macao, and
Taiwan were once European colonies, where genotype
A and D were dominant. Thus, we postulated that
genotype Ⅰ and recombinant genotype C/D was
the result of a mixed genotype infection since it has
already been discovered that recombination can occur
[40,43]
in different genotypes of parental HBV strains
.
Moreover, some studies proposed that genotype Ⅰ may
have existed for a long time in Shaanxi Province
without being recognized, creating the question of
[40]
how genotype Ⅰ arose historically . We hypothesized
that a mixed genotype infection in patients from these
areas may have occurred at first and subsequently
resulted in recombinants. Furthermore, multiple
[44]
factors, including extreme environmental effects
[42,45]
and special religious influences
, may have helped
preserved the resultant recombinant by natural
selection.
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To date, the definition of a new sub-genotype has
been classified utilizing several major instructions.
Firstly, a novel sub-genotype should be different from
the known sub-genotype by 4% over the complete
sequences. Secondly, a new sub-genotype should
be an independent branch in the phylogenetic tree.
Finally, a novel sub-genotype should have a bootstrap
[46]
value over 75% .
In this study, Simplot results showed that
FJ386674 represented a recombinant of genotypes B,
C and H, with its two recombination breakpoints: one
between nucleotides 500 and 960, and another from
nucleotides 1700 to 1820 (Figure 3). Considering the
results of phylogenetic tree and genetic distance, we
designated FJ386674 as a putative sub-genotype B10.
However, despite the development of several new
criteria for new sub-genotype classification, a number
[32,33]
of controversial results still exist
. For instance, in
this study, we found that 23 sequences had different
genotyping and/or sub-genotyping due to different
classification methods, and evolutionary distance
among B3 and B5, B7-B9 (0.03 ± 0.00) was < 4%,
a result consistent with a previous report indicating
that B5, B7-B9 should be classified as a quasi-strain
[20,46]
of B3
. Thus, the systematic approach of HBV
putative sub-genotype classification needs to be
further improved.

Correlation analysis of HBV BCP and pre-C to clinical
symptoms

Many HBV mutations might be tightly associated with
[47-49]
liver disease progression
. This study showed
BCP double mutations were significantly different in
ACLF and HCC. The results suggested that HCC had
a lower mutation rate in the BCP region as compared
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with that of ACLF, which is consistent with a previous
[32]
report . However, other studies indicated that
the BCP double mutation was associated with liver
[47,48]
disease progression
. This inconsistency between
current studies might be affected by many factors,
like the genetic background of selected patients, the
[49]
numbers of samples, and/or genotypes . Some
studies suggested a synergenistic action of the BCP
double mutation and HBV genotype C in liver disease
[50]
progression . Although no statistically significant
difference was observed between genotype B and C (P
= 0.253) for all other hepatitis symptoms, the ratio of
the BCP double mutation in genotype C has a tendency
to be higher than that in genotype B (Figure 4), which
[51]
is consistent with a previous study . This might
explain the intriguing relationship between genotype C
and liver disease progression. Thus, the investigation
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of liver disease progression should not only look at the
genotypes, but should also consider BCP mutations.
It has been suggested that the pre-C mutation
is also tightly associated with liver disease
[48,52]
progression
. In this study, we revealed that the
pre-C mutation showed significant differences in HCC
and LC, the mutation rate of the pre-C in ACLF, LC and
HCC were higher than that of CHB (Figure 4), which is
[48,52-55]
consistent with previous studies
. Thus, an HBV
pre-C mutation might be tightly associated with liver
disease progression.
In addition, some studies have reported the
hepatitis B virus genotype C is associated with the
[51,56]
process of liver disease
. This study also suggested
no statistically significant difference in the HBV
pre-C mutation between types B and C (P = 0.199).
The detailed analysis indicated that only AHB was
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significantly different between types B and C (P =
0.038), while the mutation ratio in the same region
was higher in type C without statistical significance for
the other symptoms. This may explain why patients
infected with genotype C HBV are more susceptible to
the development of ACLF LC and HCC. We also found
that the mutation rate of pre-C in ACLF was as high
as 49.66% (Figure 4), which may be supported by
a report that identified this mutation as a potential
[32]
biomarker for ACLF onset . Thus, the investigation
of liver disease progression should always consider
multiple factors, including the HBV genotype and
associated mutations in order to achieve the most
comprehensive understanding of the disease.

contrary, the dominant S-ORF stop codon for subgenotype C2 was TGA, followed by TAA, which was
[68]
consistent with a previous report . We further
analyzed the termination codon of subgenotype
B2 and C2 by RNAdraw software to predict RNA
secondary structure of the HBsAg protein. Results
showed that subgenotype B2 with TAA termination
codon was similar to a stem-loop structure, and
subgenotype C2 with TGA termination codon was
similar to a single-stranded structure. Previous studies
have shown that specific nucleotide sequences in
the stem-loop structure are critical for RNA stability,
[69-71]
alternative splicing, packaging and encapsidation
.
The RNA secondary structure of subgenotype B2
with TAA termination codon might be more stable
than subgenotype C2 with TGA termination codon
because of base pairing. Therefore, we suggest that
termination codon usage bias might be a reason for
genotype C producing more serious clinical symptoms
compared with genotype B. This still requires further
investigation.
In conclusion, the samples collected in this study
showed territory-associated features that recapitulate
the epidemiology of HBV in China. C2 and B2 were
identified as the two major subgenotypes in China.
FJ386674 might be a putative sub-genotype of B10.
The major stop codons of S-ORF were TAA (92.2%)
and TGA (79.65%) in B2 and C2 subtypes, respectively.
These data will facilitate researcher ability to connect
sequence mutations with liver disease progression
and to investigate the genetic heterogeneity of HBV
genomes. This information might be meaningful for the
future prevention and therapy of HBV infections.

Analysis of start codon and stop codon

Generally, the start codon of a nucleic acid in living
organisms is ATG. Results of this study showed
that the P-ORF start codon is highly conserved in a
mutation-free manner. However, several start codon
mutations were observed in the other ORFs. The preS2
region of HBV nucleic acid sequence had the highest
mutation rate, resulting in the most variable amino
acid mutation, ATG turn into AAA (lysine), AAG (lysine),
ACG (threonine), AGG (arginine), AGT (serine), ATA
(isoleucine), ATT(isoleucine), CCA(proline), CCG
(proline), GTG (valine), GTT (valine), TTG (leucine).
These results were consistent with previous reports
[57,58]
from Vietnam, Korea, China, and Thailand
. In fact,
[59-63]
the same mutation also exists in other species
.
This study showed that the start codon mutation
rate in genotype C2 (81/439, 18.45%) was higher
than that of genotype B2 (26/197, 13.20%), which is
[64]
consistent with a previous study . Furthermore, one
study suggested that the PreS2 start codon mutation
might be related with liver cancer progression or active
[65]
DNA replication . We revealed that the start codon
mutation rate of genotype C2 HBV (63/439, 14.35%)
was also higher than that of subtype B2 (15/197,
7.61%), although it was not statistically significant
(P = 0.19). This result indicated that genotype C
HBV might be more susceptible for developing liver
[65,66]
disease when compared with genotype B
. Thus,
a mutation of the HBV PreS2 start codon is a likely
cause for liver disease progression. Unfortunately, it
is still unclear what the mechanisms are and whether
this alteration affects HBV survival, replication, and
expression in host cells. Therefore, further studies are
needed to elucidate this mechanism.
In all organisms, the stop codons of biological
nucleic acids are TAA, TAG, or TGA. Previous reports
indicate that many viruses including foot-and-mouth
disease viruses, influenza A virus subtype H5N1 and
[67]
human bocavirus, have codon usage bias . HBV
was no exception; in this study we found that all stop
codons of P-ORF were TGA, while the majority stop
codons for X-ORF and C-ORF were TAA and TAG,
respectively. The S-ORF stop codon in sub-genotype
B2 preferentially used TAA, followed by TGA; on the
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COMMENTS
COMMENTS
Background

Hepatitis B virus (HBV) infection can induce diseases, such as acute hepatitis,
chronic hepatitis, hepatocirrhosis, and hepatocellular carcinoma, and thus
severely threats global human health.

Research frontiers

Previous studies suggested that liver disease progression might be associated
with HBV genotypes, serotypes, basal core promoter (BCP) double mutation
and pre-C mutation.

Innovations and breakthroughs

This study recapitulated the epidemiology of HBV in China. C2 and B2 were
identified as the two major sub-genotypes in China. FJ386674 might be a new
sub-genotype as B10. The BCP double mutation and pre-C mutation showed
various significant differences between hepatitis symptoms. In addition to ATG,
many other HBV initiation codons also exist. HBV has codon usage bias, the
termination codons of X, C and P open reading frame (ORF) were TAA, TAG,
and TGA, respectively. The major stop codons of S-ORF were TAA (92.2%) and
TGA (79.65%) in B2 and C2 subtypes, respectively.

Applications

The study results recapitulated the epidemiology of HBV in China, and these
data will facilitate researcher ability to connect sequence mutations with liver
disease progression and to investigate the genetic heterogeneity of HBV
genomes. This information might be meaningful for the future prevention and
therapy of HBV infections.

Terminology

Codon usage bias is the disequilibrium phenomenon of synonymous codon
usage, which encodes the same kinds of amino acids in biological matter.
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Because this phenomenon is associated with the carrier of genetic information
molecules of DNA and the biological function of proteins, it has important
biological significance.

15

This study provides important information on HBV genotype distribution and
genome characteristics in China. New information provided in this manuscript is
also of some clinical value.
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METHODS: A total of 142 (99 women, 43 men; mean
53.0 ± 12.7 years) non-responders to more than two
H. pylori eradication therapies underwent susceptibility
culture tests or were treated with a seven-day triple
therapy consisting of esomeprazole, 20 mg b.i.d.,
levofloxacin, 500 mg b.i.d., and doxycycline, 100 mg
b.i.d., randomly associated with (n = 71) or without
(n = 71) Lactobacillus casei DG. H. pylori status was
checked in all patients at enrollment and at least 8 wk
after the end of therapy. Compliance and tolerability of
regimens were also assessed.

AIM: To evaluate a levofloxacin-doxycycline-based
triple therapy with or without a susceptibility culture
test in non-responders to Helicobacter pylori (H. pylori )
eradication.
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RESULTS: H. pylori eradication was achieved in < 50%
of patients [per prototol (PP) = 49%; intention to treat
(ITT) = 46%]. Eradication rate was higher in patients
administered probiotics than in those without (PP =
55% vs 43%; ITT = 54% vs 40%). Estimated primary
resistance to levofloxacin was 18% and multiple
resistance was 31%. Therapy was well tolerated, and
side effects were generally mild, with only one patient
experiencing severe effects.
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CONCLUSION: Third-line levofloxacin-doxycycline
triple therapy had a low H. pylori eradication efficacy,
though the success and tolerability of this treatment
may be enhanced with probiotics.
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bismuth-containing quadruple therapy, found to be
effective in the eradication of H. pylori strains not
[13,14]
responding to previous treatments
. Doxycycline is
a tetracycline analogue that may be administered once
or twice daily, instead of four times per day, possibly
[15]
improving compliance and tolerability .
The aim of the present study was to evaluate
whether administration of an esomeprazolelevofloxacin-doxycycline triple therapy, with or without
supplementation of probiotics, may be effective in
patients not responding to at least two attempts of H.
pylori eradication with or without a prior susceptibility
culture test.

Core tip: Helicobacter pylori eradication therapy
should be based on a culture sensitivity test or include
antibiotics not already used by patients who failed to
respond to two or more previous attempts. Third-line
levofloxacin-based triple therapy was demonstrated
to be effective in such kind of patients. In the present
study, a third-line levofloxacin-doxycycline triple
therapy, associated or not with probiotics, was able to
eradicate H. pylori infection in about 50% of patients.
The low eradication rate achieved by the study regimen
was probably due to levofloxacin resistance. Further
studies on larger series are needed to confirm the
efficacy of levofloxacin-containing regimens in Italy.

MATERIALS AND METHODS

Paoluzi OA, Del Vecchio Blanco G, Visconti E, Coppola M,
Fontana C, Favaro M, Pallone F. Low efficacy of levofloxacindoxycycline-based third-line triple therapy for Helicobacter
pylori eradication in Italy. World J Gastroenterol 2015;
21(21): 6698-6705 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i21/6698.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i21.6698

Selection of patients and clinical evaluation

A total of 142 consecutive patients (99 women and 43
men) with a mean age of 53.0 ± 12.7 years (range
18-75 years) who were referred to our institution for
management and treatment of resistant H. pylori
infection were enrolled in the study. The majority of
the patients (136/142; 96%) did not smoke, and
85/142 (60%) had a body mass index (BMI) ≤ 25. All
patients were recruited following an urea breath test
or during a clinical visit performed for persistence of
microorganism following ≥ 2 eradication regimens.
Exclusion criteria were: age < 18 or > 75 years, a
previous treatment with a levofloxacin-based therapy
for eradicating H. pylori infection, gastric surgery, liver
and/or renal failure, pregnancy or lactation, intellectual
impairment, a known allergy or intolerance to study
drugs, and a possible low compliance. Patients with
periodontal disease, lingual burning, and halitosis
[16]
possibly related with H. pylori infection in the mouth
were also excluded. Once selected, all patients gave
their informed consent. Therapies used for eradicating
H. pylori prior to the study entry were: STT for 7
d and 14 d (115/142; 81%) or ten-day sequential
therapy (amoxicillin 1 g b.i.d. + PPI for 5 d followed by
clarithromycin 500 mg b.i.d. + tinidazole 500 mg b.i.d.
+ PPI for 5 d) after failing STT for 7 d (27/142; 19%).

INTRODUCTION
Helicobacter pylori (H. pylori) is a cause of gastritis
and plays an important role in the development
[1]
of gastric cancer . Standard triple therapy (STT),
consisting of a proton pump inhibitor (PPI) associated
with clarithromycin and amoxicillin or metronidazole,
is still considered the first-line treatment of H. pylori
[2-4]
in Europe, the United States, and Asia , though a
progressive decrease in eradication rates has been
[5-7]
observed in the last decade . Bismuth-containing
quadruple therapy, sequential therapy, or non-bismuth
quadruple therapy, namely concomitant, have been
proposed as alternative first-line regimens in countries
[8]
where resistance to clarithromycin is > 15%-20% . A
levofloxacin-based triple therapy, in which levofloxacin
is associated with amoxicillin or tinidazole plus a PPI,
may be also used as second-line treatment to cure H.
pylori infection after failure of a PPI-clarithromycincontaining therapy, with eradication rates > 90% in
patients found to have microorganisms resistant to
[9-11]
clarithromycin or metronidazole
. According to the
Maastricht IV consensus on management of H. pylori
[8]
infection , after two treatment failures, antibiotics not
previously used should be prescribed or, whenever
possible, culture of H. pylori with susceptibility testing
may be useful to tailor a possibly more active regimen.
However, culture tests are not widely used and have
limited acceptance, subordinate to collection of gastric
biopsy specimens during upper gastrointestinal
endoscopy (EGDS), and several technical factors
may influence their reliability. For these reasons, as
an alternative approach, levofloxacin-based triple
[12]
therapy has been proposed as third-line therapy .
Tetracycline is another antibiotic mainly used in

WJG|www.wjgnet.com

Susceptibility culture test, eradication therapy, and
assessment of post-therapy H. pylori status

The investigation was an open-label, single-center
study. Figure 1 shows the design of the study.
At entry, EGDS with an antibiotic susceptibility
culture test was recommended to all patients. For
those who underwent EGDS, four biopsy specimens
were collected from the antrum and body. Tissue
specimens were then immediately plunged into an
agar-based medium (Portagerm pylori PORT-PYL;
bioMerieux, France), specifically produced for storage
and transport of gastric biopsies to increase viability
of H. pylori, and cultured within 2 h after collection.
Antibiotic susceptibility of H. pylori was determined
by E-test on Mueller-Hinton agar plates (bioMerieux,
France) supplemented with 5% sheep blood. A sterile
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therapy with or without the probiotics according to a
computerized randomization in blocks of two. All drugs
were dispensed by Italian National Health System,
and, therefore, were in marketed packages.
H. pylori eradication was assessed by an urea
breath test and by an antigen stool test at least 8 wk
after the end of therapy.

142 Patients
enrolled

Antibiotic
susceptibility
culture test
n = 39

New triple
therapy
n = 103

Tolerability and compliance

Tolerability of therapy was evaluated by a standard
[19]
questionnaire , which was given, in an anonymous
form, at the time of therapy prescription and to be
filled during the treatment period. The questionnaire
encompassed a series of adverse events, such as
nausea, vomiting, diarrhea, abdominal pain, taste
perversion, headache, rash, and anorexia, and had to
be returned at post-therapy control. Patients were also
requested to record any other adverse events. Each
symptom was scored daily according to the following
criteria: absent (score 0) = not appreciable; mild (score 1)
= slightly perceived, not interfering with daily activities,
therapy assumed as prescribed; moderate (score 2) =
well evident, with a slight limitation of daily activities,
therapy continued as prescribed; severe (score 3) =
very intense, with a marked limitation or impossibility to
perform daily activity, and the need to stop drug intake.
In the event of severe symptoms, patients were asked
to contact our institution, either by telephone or by
undergoing a clinical visit, and one of the doctors taking
part in the study evaluated whether the adverse event
was therapy-related and whether withdrawal of the drugs
necessary. Causality was assessed by using the temporal
relationship of the symptom to the start of therapy.
Compliance was evaluated by counting the number
of pills left in the packages returned at post-therapy
control and was defined as good if > 90% of the
tablets had been taken.

Computerised randomization

Levofloxacindoxycyclin
esomeprazole

n = 71

Levofloxacindoxycyclin
esomeprazole
+
Probiotics
n = 71

Helicobacter pylori eradication assessment
(urea breath test, stool antigen test)

Figure 1 Design of the study.

swab was dipped into a bacterial suspension equivalent
to a No. 2 McFarland standard. After swabbing the
entire plate surface with inoculum, the following
sterile E-test strips were placed on the agar surface:
clarithromycin, amoxicillin, metronidazole, tetracycline,
and levofloxacin. Plates were incubated at 37 ℃
under microaerobic conditions and 98% humidity for
[17,18]
3-4 d
. Interpretation for the susceptibility was
according to EUCAST clinical breakpoints (BP) (version
3.1 in 2013 and 4.0 in 2014; both available at the
website http://www.eucast.org/clinical_breakpoints).
The BPs were at minimum inhibitory concentration
≤ 8.0 mg/L, ≤ 0.25 mg/L, ≤ 0.12 mg/L, and ≤ 1
mg/L for metronidazole, clarithromycin, amoxicillin,
tetracycline and levofloxacin, respectively.
Patients who refused susceptibility culture test
were prescribed a levofloxacin-doxycycline based triple
therapy for 7 d consisting of levofloxacin 500 mg b.i.d.
plus doxycycline 200 mg b.i.d. and esomeprazole 20
mg b.i.d. with (n = 71) or without (n = 71) a 24-billion
lyophilized preparation of Lactobacillus casei DG
(Sofar, Milan, Italy). Patients were allocated to triple

WJG|www.wjgnet.com

Statistical analysis

Rates of patients found to be eradicated were cal
culated according to intention-to-treat (ITT) and perprotocol (PP) criteria. Proportions of patients eradicated
and not eradicated were compared according to
the use of probiotics and other clinical parameters.
2
Statistical analysis was made using Student’s t, χ , or
Fisher’s exact texts when appropriate. A value of P <
0.05 was considered as statistically significant.

RESULTS
Pre-treatment antibiotic susceptibility culture test

Of the 142 patients enrolled in the study, only 39
(27%) accepted to undergo EGDS with culture
antibiotic susceptibility test; H. pylori susceptibility to
all tested antibiotics was found in 4/39 (10%) patients,
resistance to clarithromycin was found in 12/39 (31%),
metronidazole in 25/39 (64%), and levofloxacin in 7/39
(18%) patients. Mixed antibiotic resistance was found in
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12/39 (31%) patients. Susceptibility test failed to give
reliable results in seven cultures for contamination (n =
4) or absence of bacterial growth (n = 3).

susceptibility of H. pylori. Such a policy has been
successfully validated, as culture test-based eradication
therapy cures H. pylori infection in at least 90% of
[24]
those who did not respond to previous attempts .
However, culture tests are not widely available, and
their reliability is influenced by variable bacterial
density in the stomach, coexistence of different strains
in the same patient, lack of growth due to death of
H. pylori outside the stomach, and contamination
[25,26]
of culture media by other microorganisms
.
Culture tests can be now replaced by rapid molecular
techniques, based on PCR assays, but they still are
mainly endoscopy-based and their noninvasive use,
[27]
for example on stools, is not widely accepted .
On the other hand, knowing the susceptibility of H.
pylori does not guarantee efficacy, as not all patients
respond to antibiotics found to be effective against the
[28,29]
bacteria in vitro
. Thus, physicians and patients,
taking in mind these possible limitations, sometimes
are reluctant to utilize susceptibility culture testing,
which requires EGDS and represents an adjunctive
cost. Such a situation frequently occurs in the clinical
practice and is well represented in our study in which,
when pro- and cons were described, only a minority
(27%) of patients agreed to undergo an EGDS for
a susceptibility culture test and preferred to receive
a new eradication therapy including antibiotics not
already used. This is a possible approach alternative
to culture test in first- and second-line therapy non[8]
responders, according to Maastricht IV statements .
The present study shows a low efficacy of a
levofloxacin-doxycycline triple therapy as third-line
treatment in patients infected by H. pylori after failure
of ≥ 2 previous regimens, with an overall H. pylori
eradication rate of < 50%. This finding is in agreement
with another multicenter study in Japan that reported
a low eradication rate of 43% following a third-line
[30]
levofloxacin-amoxicillin triple therapy . These figures
are far from those reported by previous investigations
in which ≥ 80% of patients achieved H. pylori
eradication with a levofloxacin-based triple therapy
[12,31]
for 7 d or 10 d administered as secondor third[32-35]
line
therapy. In contrast to previous investigations,
we used doxycycline in association with levofloxacin.
The efficacy of doxycycline with levofloxacin or other
antibiotics has been demonstrated in the eradication of
[36-38]
H. pylori as first-line therapy in naive patients
, and
in second- or third-line bismuth-containing quadruple
[39,40]
therapy
.
A possible explanation for the low eradication
rate could be H. pylori resistance to levofloxacin.
Levofloxacin is a fluoroquinolone antibacterial agent
with a broad spectrum of activity against Grampositive and Gram-negative bacteria and, due to
these properties, is largely prescribed for infections
of respiratory system and the genitourinary tract.
Thus, H. pylori resistance to levofloxacin depends
on the use of this antibiotic in the clinical practice.

Eradication of H. pylori infection

All 142 patients received the levofloxacin-doxycycline
based triple therapy, 71 of them in association with
probiotics and 71 without. At the end of the study, 4
patients were lost to follow-up as they did not present
at post-therapy clinical control, and 4 dropped out due
to protocol violation (n = 1), low compliance (n = 2),
and withdrawal from the therapy due to a severe sideeffect (n = 1). Of the remaining 134 patients in whom
eradication of H. pylori was assessed, 66 were found
to be H. pylori-negative and 68 H. pylori-positive.
Thus, overall eradication rate was 46% according to
ITT and 49% according to PP criteria. The eradication
rate in patients taking probiotics was greater, but not
significantly, than in those not taking probiotics in
addition to the levofloxacin-doxycycline triple therapy
(PP: 55% vs 43%, P = 0.22, 95% confidence interval
[CI]: 0.818-3.206; ITT: 54% vs 40%, P = 0.13, 95%
CI: 0.908-3.444).
No significant difference in the eradication rates
was found comparing patients according to BMI value
(50% in those with BMI ≤ 25 vs 36% in those with
BMI > 25).

Tolerability and compliance

Levofloxacin-based triple therapy was well tolerated
in majority of patients. Only one patient (0.7%),
taking levofloxacin-doxycycline triple therapy without
probiotics experienced a severe side effect consisting of
severe diarrhea requiring withdrawal from the therapy.
An additional 11/142 (7.7%) patients, including
eight without and three with probiotics, reported
the occurrence of mild symptoms, not interfering
with usual daily activity, consisting of bloating, taste
perversion, and mild diarrhea.
Compliance was good in all but two patients, who
reduced the intake of antibiotics (one patient) or
duration of therapy (one patient, six instead seven
days).

DISCUSSION
Eradication of H. pylori infection still remains a
clinical challenge. To this goal, several therapies
have been proposed, but about 30%, and possibly
more, of patients remain infected following first- and
[20-23]
a second-line eradication attempts
. The main
reason for these failures is the increasing resistance
to antibiotics, such as clarithromycin. For this reason,
[8]
in the Maastricht IV consensus , it has been stated
that clarithromycin-based STT should be abandoned
in countries where resistance to this antibiotic is >
15-20%, and a third-line therapy should be tailored
according to a culture test to define antibiotic

WJG|www.wjgnet.com

6701

June 7, 2015|Volume 21|Issue 21|

Paoluzi OA et al . Levofloxacin-doxycycline-based triple therapy for H. pylori
The probability of H. pylori resistance to levofloxacin
[41]
increases in persons > 45 years of age
and with
a history of any quinolone intake in the ten years
prior to an eradication attempt with a levofloxacin[42]
based therapy . Prevalence of levofloxacin-resistant
H. pylori strains is growing, with a steady annual
[41]
increase during the last years , ranging from 18%
[43-45]
up to > 30% in Europe and Asia
. Eradication
rates of 57% have recently been reported in South
[46]
Korea , where a high resistance to levofloxacin has
[47]
been estimated . Resistance to levofloxacin in our
assessment was 18%, a figure in keeping with other
estimations of levofloxacin-resistant H. pylori strains
[12]
[48,49]
in Italy, ranging from 14%
to 20%-22%
.
However, we cannot reach a definite conclusion about
levofloxacin or doxycycline resistance of H. pylori
strains in the present series, as only about one-third
of our patients underwent susceptibility culture tests
before treatment. This is the main flaw of the current
investigation. To note, our levofloxacin-doxycycline
triple therapy was able to eradicate H. pylori infection
in seven patients infected by H. pylori that was
not sensitive to levofloxacin at the baseline culture
susceptibility test. In these seven patients, it is possible
that doxycycline was able to overcome levofloxacin
resistance and induce H. pylori eradication.
Efficacy of H. pylori eradication therapy has
been related with the degree of inhibition of gastric
acid secretion, which may vary according to the
polymorphism of cytochrome P450 type CYP2C19, with
lower rates in subjects with the status of extensive
[50]
metabolizer . The efficacies of esomeprazole, used
in the present study, and rabeprazole for blocking acid
secretion are not changed by the metabolizer status
[51]
related with cytochrome CYP2C19 .
Probiotics supplementation during a levofloxacinbased triple therapy has been associated with
eradication rates higher than that achieved with a
[52]
same therapy in the absence of probiotics . Recent
meta-analyses confirmed that addition of probiotics
to eradication therapy increases the probability to
cure H. pylori infection and reduces the occurrence of
[53,54]
side effects following antibiotic intake
. Probiotics
may favor eradication of H. pylori through the release
of inhibitory substances, competition for adhesion
or nutrients, host immune modulation, or inhibition
[55]
of toxins . Our study indicates a beneficial effect
of probiotics, as a supplementation of Lactobacillus
casei DG improved H. pylori eradication by about
10%, though the effect was not significant likely
because of the small sample size. In addition, we
observed a slightly lower occurrence of side effects
under probiotics. These findings justify the addition of
probiotics during an antibiotic combination therapy for
eradicating H. pylori.
The findings from the present study should
be considered with caution as the prevalence of
levofloxacin-resistant H. pylori strains in our population
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was not known. Therefore, it is not possible to define
whether efficacy of levofloxacin-based treatments for H.
pylori will rapidly decrease in the next few years in Italy,
similar to what happened with clarithromycin. However,
prevalence of levofloxacin-resistant H. pylori strains
currently estimated in Italy is within the range defined
in the Maastricht consensus as a cutoff for abandoning
clarithromycin use in the eradication of H. pylori. On
the other hand, the present paper is one of the first
reports warning that a levofloxacin-based triple therapy
may have low efficacy as a third-line regimen in Italy,
especially if not based on an antibiotic susceptibility
test. It is possible that a levofloxacin-and bismuth[56]
containing quadruple therapy
is more effective as a
second- and also third-line H. pylori eradication therapy.
Further studies on larger series are needed to confirm
the efficacy of levofloxacin-containing regimens in
Italy. The future availability of methods not requiring
[57,58]
endoscopy
could overcome the reluctance of
patients to undergo an endoscopy-based antibiotic
susceptibility test, and increase the possibility to tailor a
more active therapy for eradication of H. pylori infection.
In conclusion, the levofloxacin-doxycycline triple
therapy tested in the present study showed a low
efficacy as a third-line therapy for eradication of H.
pylori infection, possibly due to an increased resistance
to levofloxacin. An antibiotic susceptibility test is
therefore recommended to tailor a third-line therapy
in order to overcome a possible antibiotic resistance.
Probiotics may increase the probability of success and
tolerability of H. pylori eradication therapy.

COMMENTS
COMMENTS
Background

Helicobacter pylori (H. pylori) infection causes peptic ulcers, gastritis, and
related conditions favoring gastric cancer. Eradication of H. pylori may prevent
recurrence of peptic ulcers and stop the progression of gastritis. However,
cure of H. pylori infection may be a clinical challenge in a proportion of patients
not responding to first- and second-line treatments. Low efficacy of H. pylori
eradication therapies is mainly due to resistance of the bacterium to antibiotics,
above all clarithromycin and metronidazole.

Research frontiers

Recent guidelines (Maastricht IV consensus) suggest prescribing a third-line
treatment including antibiotics not previously used or following an antibiotic
susceptibility culture test in patients not responding to first- and second-line
therapies. Previous studies demonstrated the efficacy of third-line levofloxacincontaining regimens for eradication of H. pylori resistant to at least two
attempts. However, resistance to levofloxacin is increasing worldwide, possibly
reducing the efficacy of H. pylori eradication therapies based on this antibiotic.

Innovations and breakthroughs

In contrast to previous investigations, the present study reports low eradication
rates achieved by a triple therapy containing levofloxacin plus doxycycline and
esomeprazole, with or without addition of probiotics, in a population of patients
not responding to at least two previous treatments in Italy, a country where
resistance to levofloxacin is increasing.

Applications

Further studies on large patient series are necessary to confirm the efficacy
of levofloxacin-containing regimens for the eradication of H. pylori in Italy. In
clinical practice, susceptibility testing prior to eradication therapy could be
useful to assess antibiotic sensitivity of H. pylori and tailor a more effective
treatment.
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Terminology

Urea breath test is a noninvasive diagnostic procedure for detecting H. pylori
infection based on the ability of the bacteria to convert, in the stomach,
13
C-marked urea to ammonia and 13C-marked carbon dioxide, which is detected
in the exhaled breath. Antibiotic susceptibility culture tests consist of placing
antibiotics onto plates upon which bacteria are growing from gastric biopsy
specimens and observing the growth-inhibitory effect.

Peer-review

12

The article reports important and valuable data regarding a crucial problem of
treatment of H. pylori infection in patients who failed previous treatments. The
study shows a low efficacy of a levofloxacin-doxycycline therapy as a third-line
treatment, which appeared as an attractive alternative for patients who did not
respond to previous eradication attempts. It is worth pointing out that constant
monitoring of resistance rates of H. pylori strains is crucial for individualizing
treatment regimens and to choose the best one.
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Abstract
AIM: To investigate the utility of photodynamic
diagnosis (PDD) using 5-aminolevulinic acid (5-ALA) to
detect gastric/colorectal tumors.

Ethics approval: The study was reviewed and approved by the
Yamaguchi University Hospital Institutional Review Board.
Clinical trial registration: This study is registered at UMINCTR: http://www.umin.ac.jp/ctr/. The registration identification
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enrollment.
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METHODS: This prospective single-center study
investigated inter-subject variability in patients with
early-stage gastric/colorectal tumor indicated for
endoscopic resection. Subjects were patients with gastric
or colorectal tumors who had undergone endoscopic
resection between November 2012 and November 2013.
Selection criteria included age 20-80 years, either sex,
and provision of informed consent. Patients were orally
administered 20 mg/kg of 5-ALA enteric-coated capsules
(SBI ALApromo Co., Tokyo, Japan). Administration of
5-ALA was followed by endoscopic resection of gastric
or colorectal tumors, and the resected specimens were
examined using a video autofluorescence processor
and a fluorescence endoscope (SAFE-3000 and EB1970AK, respectively; Pentax, Tokyo, Japan). The
primary endpoint was the presence of fluorescence in
tumors. Endoscopic, macroscopic, and histopathologic
findings of tumors were assessed. We also evaluated
adverse events of the present procedure as a
secondary endpoint and examined each patient for the
presence of known adverse effects of 5-ALA, namely,
hematocytopenia, liver dysfunction, hypotension,
nausea, and photosensitivity.

Received: December 22, 2014

RESULTS: We enrolled 10 patients (7 men, 3 women)
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(n = 13 lesions: 10 gastric/3 colorectal tumors).
Fluorescence was detected in 7/13 (53.8%) lesions. No
significant differences in sex (male: 55.6% vs female:
50.5%, P = 1.00), age (67.1 ± 1.9 years vs 65.0 ±
2.0 years, P = 0.45), tumor color (reddish: 60.0% vs
discolored: 33.3%, P = 0.56), tumor diameter (15.0
± 2.1 mm vs 14.2 ± 2.3 mm, P = 0.80), macroscopic
type (protruded: 70.0% vs depressed 0%, P = 0.07),
histologic type (differentiated type: 58.3% vs 0%,
P = 0.46), invasion depth (mucosal layer: 55.6%
vs submucosal layer: 33.3%, P = 1.00), lymphatic
invasion (present: 33.3% vs absent: 50.0%, P = 1.00),
venous invasion (present: 0% vs absent: 54.5%, P
= 1.00) or procedure time of endoscopic resection
(36.3 ± 8.3 min vs 36.7 ± 9.0 min, P = 0.98) were
observed between the patients with and without
fluorescence. Fluorescence detection rate tended to be
high for elevated lesions. Liver dysfunction developed
in 4/10 (40.0%) patients. The extent of the liver
dysfunction was a slight increase in transaminases and
total bilirubin levels, which spontaneously improved
in the patients. None of the patients developed
photosensitivity.

Study protcol

Admission

Shield from light
for 24 h

Informed consent

ESD or EMR

Observation of
resected specimen using
fluorescence endoscope

Formalin fixation
Histopathological examination

CONCLUSION: Results of this preliminary study
suggest the utility of PDD using 5-ALA for screening of
gastric and colorectal cancers.

Figure 1 Flow chart of the study. 5-ALA: 5-aminolevulinic acid; ESD:
Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.

Key words: Photodynamic diagnosis; 5-aminolevulinic
acid; Protoporphyrin IX, Gastric tumor; Colorectal
tumor

advances in endoscopy, yet some tumors are still
[1]
being missed . Image-enhanced endoscopy (IEE)
was recently developed to detect lesions by changing
the wavelength of irradiated light and by processing
the acquired endoscopic images, and the utility of IEE
[2]
in the clinical setting is thus anticipated . However,
this technique has not been sufficient to improve the
detection rate of gastric and colorectal tumors.
The clinical usefulness of photodynamic diagnosis
(PDD) using 5-aminolevulinic acid (5-ALA) has been
[3]
reported . 5-ALA is a precursor of fluorescenceemitting protoporphyrin IX (PpIX), which accumulates
specifically in tumor cells and emits fluorescence
[4]
when the tumor is irradiated with excitation light .
This property of 5-ALA might improve the endoscopic
diagnosis of gastric and colorectal tumors.
In this preliminary study, we investigated the utility
of 5-ALA using PDD in the detection of gastric and
colorectal tumors. After oral administration of 5-ALA,
we examined fluorescence in the endoscopically
resected tumors. A limitation of this study is that we
examined the resected specimens ex vivo.

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

Core tip: We took advantage of the high tumor
specificity of fluorescent protoporphyrin IX to conduct
this preliminary study to apply photodynamic diagnosis
(PDD) using 5-aminolevulinic acid (5-ALA) for
gastrointestinal endoscopy. This study of PDD using
5-ALA showed the presence of fluorescence in early
gastric cancers. This is the first study using enteric
capsules for administration of 5-ALA. The findings in
this study suggest that PDD with the oral administration
of 5-ALA is useful and safe for the screening of early
gastric and colorectal cancers.
Nakamura M, Nishikawa J, Hamabe K, Goto A, Nishimura
J, Shibata H, Nagao M, Sasaki S, Hashimoto S, Okamoto T,
Sakaida I. Preliminary study of photodynamic diagnosis using
5-aminolevulinic acid in gastric and colorectal tumors. World J
Gastroenterol 2015; 21(21): 6706-6712 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6706.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6706

MATERIALS AND METHODS
Study design

This was a prospective single-center investigation of
inter-subject variability. A flow chart of the study is
shown in Figure 1. Subjects provided their informed
consent on hospital admission, and the research
was carried out in accordance with the Declaration
of Helsinki. Administration of 5-ALA was followed by

INTRODUCTION
The detection rate of early-stage gastric and colorectal
tumors continues to improve owing to technological
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endoscopic resection of gastric or colorectal tumors,
and the resected specimens were examined using a
video autofluorescence processor and a fluorescence
endoscope (SAFE-3000 and EB-1970AK, respectively;
Pentax, Tokyo, Japan). The processor emits excitation
light at 408 nm, which is filtered out during imaging.
This study was approved by the Institutional Review
Board of Yamaguchi University Hospital, and this
clinical trial was registered in the UMIN clinical trial
registry (UMIN ID 000010086). The authors have no
conflict of interest directly relevant to the content of
this article.

the tumor. Electrosurgical current was applied to
complete the incision around the tumor using an
insulation-tipped 2 knife (KD-611L; Olympus). After
the circumferential cut was completed, the submucosa
was dissected until the lesion was removed.
EMR was performed using an endoscope (CFH260AZI; Olympus) and high-frequency electrical
generator (ESG-100; Olympus). After injection of
saline solution into the submucosa, mucosal resection
was performed with a high-frequency snare (SD210U-10; Olympus).

Patients

The primary endpoint was the presence of fluorescence
in tumors. After we administered 5-ALA and performed
endoscopic resection, the resected specimens were
subjected to fluorescence endoscopy to examine for
the presence of red fluorescence. After endoscopic
observation, specimens were fixed in formalin for
histopathologic analysis and subjected to endoscopic,
macroscopic, and pathologic comparisons. The
presence of fluorescence was assessed by the principal
investigator, who is a certified endoscopist of the Japan
Gastroenterological Endoscopy Society.
We also evaluated adverse events of the present
procedure as a secondary endpoint and examined
each patient for the presence of known adverse effects
of 5-ALA, namely, hematocytopenia, liver dysfunction,
hypotension, nausea, and photosensitivity. Evaluation
items were age, sex, tumor location, macroscopic type,
tumor color, invasion depth, tumor differentiation,
treatment method, and procedure time.

Evaluation items

Subjects were patients with gastric or colorectal
tumors who had undergone endoscopic resection
between November 2012 and November 2013. Patient
selection criteria were age 20-80 years, either sex,
and provision of informed consent after the content
and purpose of the study were explained. Ten patients
were enrolled. The gastric and colorectal lesions were
selected on the basis of the indications for endoscopic
resection in the guidelines for the treatment of gastric
and colorectal cancer developed by the Japanese
Gastric Cancer Association and the Japanese Society
[5,6]
for Cancer of the Colon and Rectum, respectively .
Exclusion criteria were a predicted operation time of
2 h or longer, liver dysfunction, hypersensitivity to
porphyrin, preexisting medical conditions, nyctophobia,
or active bleeding from the tumor.

5-Aminolevulinic acid

Patients were orally administered 20 mg/kg of 5-ALA
enteric-coated capsules (SBI ALApromo Co., Tokyo,
Japan). 5-ALA is a precursor of PpIX, which is a
biological substance that emits red fluorescence when
excited by light in the wavelength of 400-410 nm.
Endoscopic observation of each resected specimen was
scheduled to take approximately 4 h after the 5-ALA
was administered, and patients were shielded from
light for 24 h after its administration, as described
[7]
previously .

Statistical analysis

Results were analyzed statistically with the Student
t-test or Fisher’s exact test, and a value of P < 0.05
was considered to indicate statistical significance.
Statistical analysis was performed using statistical
software (JMP program for Windows, version 9; SAS
Institute, Cary, NC, United States).

RESULTS

Endoscopic resection

Ten patients (7 men and 3 women) with a total of 13
lesions, consisting of 10 gastric tumors from 8 patients
and 3 colorectal tumors from 2 patients, were enrolled
in this study. Patient characteristics are shown in Table
1. The lesions included 9 gastric cancers, 1 gastric
adenoma, and 3 colorectal cancers of which invasion
depth was limited to within the mucosal or submucosal
layer.
Fluorescence was observed in 6 of the 10 (60.0%)
gastric lesions. A representative case of an early gastric
cancer with fluorescence is shown in Figure 2. ESD
was performed for a 20-mm elevated lesion located in
the incisura angularis of the lesser curvature (Figure
2A and B). The resected specimen was irradiated by
white light (Figure 2C) and fluorescent light (Figure
2D). The TWIN mode system, in which white-light and

Endoscopic resection was performed by 3 certified
endoscopists of the Japan Gastroenterological
Endoscopy Society (Nishikawa J, Hashimoto S, and
Okamoto T). Endoscopic submucosal dissection (ESD)
or endoscopic mucosal resection (EMR) was performed
for endoscopic resection. ESD was performed using
an endoscope (GIF-H260Z, -Q260J; Olympus, Tokyo,
Japan) and high-frequency electrical generator (VIO
300D; Erbe Elektromedizin, Tübingen, Germany). The
ESD procedure was performed as follows. First, several
dots were marked on the surrounding normal mucosa
5 mm from the tumor. After injection of saline solution
with epinephrine (0.025 mg/mL) into the submucosa,
a mucosal incision was made with a needle knife (KI1L-1; Olympus) outside the line of dots surrounding
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Table 1 Characteristics of early gastric and colorectal tumors in this study
Patient
1
2
2
3
4
5
6
7
8
8
9
10
10
Total

Age (yr)

Sex

71
F
65
M
65
M
75
M
56
M
70
M
66
M
59
M
65
M
65
M
69
F
67
F
67
F
66.3 ± 5.91 7M3F

Location

Macroscopic
Tumor
type
size (mm)

Tumor
color

M
Protruded
20
Reddish
L
Protruded
20
Reddish
U
Protruded
15
Reddish
L
Protruded
14
Reddish
M
Protruded
10
Reddish
M
Protruded
8
Discolored
U
Protruded
10
Reddish
L
Depressed
12
Reddish
M
Depressed
15
Reddish
M
Depressed
5
Discolored
R
Protruded
20
Reddish
S
Protruded
18
Discolored
S
Protruded
23
Reddish
2U/5M/ 10 Protruded 14.6 ± 5.41 10 Reddish
3L/2S/1R 3 Depressed
3 Discolored

Tumor
depth

Tumor
differentiation

m
m
sm
m
m
m

tub1
tub1
tub2
tub1
tub1
tub1
adenoma
tub1
tub1
sig
tub1
tub1
pap
1 adenoma
9 tub1/1 tub2
1 pap/1 sig

m
sm
m
m
m
sm
9 m/
3 sm

Treatment
Method

Time (min)

ESD
ESD
ESD
ESD
ESD
EMR
ESD
ESD
ESD
ESD
EMR
EMR
EMR
9 ESD
4 EMR

50
23
82
34
54
7
60
43
23
37
25
10
26
36.5 ± 21.11

Adverse
effect

FL

No
Yes
Yes
Yes
No
No
Yes
No
No
No
Yes
No
No
4 Yes
6 No

Yes
Yes
No
Yes
Yes
Yes
Yes
No
No
No
No
No
Yes
7 Yes
6 No

1

mean ± SD. FL: Fluorescence; U: Upper third of stomach; M: Middle third of stomach; L: Lower third of stomach; S: Sigmoid colon; R: Rectum; m: Mucosal
layer; sm: Submucosal layer; tub1: Well-differentiated adenocarcinoma; tub2: Moderate differentiated adenocarcinoma; pap: Papillary adenocarcinoma; sig:
Signet cell adenocarcinoma; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.

A

C

B

D

Figure 2 Early gastric cancer with fluorescence. A: Endoscopic image; B: Endoscopic image obtained after the spraying of indigo carmine dye; C: Resected
specimen irradiated by white light; D: Resected specimen showing fluorescence.

fluorescent images are displayed concurrently, was
used. Red fluorescence was observed in the cancerous
area, whereas virtually no fluorescence was observed in
the non-cancerous areas. In this case, we evaluated the
spectra of the emitted fluorescence with a spectroscope
(HSC1700; EBA JAPAN Co., Ltd., Tokyo, Japan), which
records the reflectance in the wavelength range of
400-800 nm. The spectra showed a bimodal reflectance
curve with peaks at 635 and 704 nm, the characteristic
[8-10]
reflectance peaks of PpIX (Figure 3)
.
Fluorescence was observed in one of three colorectal

WJG|www.wjgnet.com

lesions. A representative case of an early colorectal
cancer with fluorescence is shown in Figure 4. EMR was
performed for a 23-mm elevated lesion located in the
sigmoid colon (Figure 4A and B). Red fluorescence was
detected in the tumor (Figure 4C and D).
No significant differences in sex (male: 55.6% vs
female: 50.5%, P = 1.00), age (67.1 ± 1.9 years vs
65.0 ± 2.0 years, P = 0.45), tumor color (reddish:
60.0% vs discolored: 33.3%, P = 0.56), tumor
diameter (15.0 ± 2.1 mm vs 14.2 ± 2.3 mm, P = 0.80),
macroscopic type (protruded: 70.0% vs depressed
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170

Table 2 Statistical analysis of clinicopathologic characteristics
between tumors with and without fluorescence

160
Spectral reflectance

150
Fluorescence

140

Tumor
Normal tissue

130
120

Sex
F
M
Age (yr)
mean ± SD
Tumor color
Reddish
Discolored
Tumor size (mm)
mean ± SD
Macroscopic type
Protruded
Depressed
Tumor differentiation
Differentiated
Undifferentiated
Tumor depth
m
sm
Lymphatic invasion
Absent
Present
Venous invasion
Absent
Present
Procedure time (min)
mean ± SD

110
100
90
420
440
460
480
500
520
540
560
580
600
620
640
660
680
700
720
740
760
780

80
Wavelength (nm)

Figure 3 Spectral reflectance in the range of 400-800 nm obtained using
a hyperspectral camera. Two reflectance peaks in the tumor were detected
at 635 and 700 nm; this bimodal reflectance is the characteristic reflectance
pattern of protoporphyrin IX.

0%, P = 0.07), histologic type (differentiated type:
58.3% vs 0%, P = 0.46), invasion depth (mucosal
layer: 55.6% vs submucosal layer: 33.3%, P = 1.00),
lymphatic invasion (present: 33.3% vs absent: 50.0%,
P = 1.00), venous invasion (present: 0% vs absent:
54.5%, P = 1.00) or procedure time of endoscopic
resection (36.3 ± 8.3 min vs 36.7 ± 9.0 min, P =
0.98) were observed between the patients with and
without fluorescence (Table 2). The detection rate of
fluorescence tended to be high for elevated lesions of
the macroscopic type.
With regard to adverse events, 4 of the 10
patients (40.0%) developed liver dysfunction. The
extent of the liver dysfunction was a slight increase
in transaminases and total bilirubin levels, which
spontaneously improved in the patients. None of the
patients developed photosensitivity.

Yes
(n = 7)

Total
(n = 13)

2
4

2
5

4
9

1.00

65.0 ± 2.0

67.1 ± 1.9

66.2 ± 4.9

0.45

4
2

6
1

10
3

0.56

14.2 ± 2.3

15.0 ± 2.1

14.6 ± 5.4

0.80

3
3

7
0

10
3

0.07

5
1

7
0

12
1

0.46

4
2

5
1

9
3

1.00

5
1

5
1

10
2

5
1

6
0

11
1

1.00

36.7 ± 9.0

36.3 ± 8.3

36.5 ± 21.1

0.98

1.00

Differentiated: Adenoma, tub1, tub2, and pap; Undifferentiated: sig;
m: Mucosal layer; sm: Submucosal layer; tub1: Well-differentiated
adenocarcinoma; tub2: Moderate differentiated adenocarcinoma; pap:
Papillary adenocarcinoma; sig: Signet cell adenocarcinoma.

PpIX to conduct this preliminary study to apply PDD
[2]
using 5-ALA for gastrointestinal endoscopy .
Red fluorescence was observed in the cancerous
area, whereas virtually no fluorescence was observed
in the non-cancerous areas. We confirmed with
a spectroscope that the spectra of the emitting
fluorescence showed a bimodal reflectance curve with
peaks at 635 and 704 nm, which are the characteristic
[8-10]
reflectance peaks of PpIX (Figure 3)
. We disregarded
the autofluorescence property of the background
mucosa because its intensity is well below that
emitted by PpIX and is too weak to affect endoscopic
observation with the SAFE-3000. No fluorescence was
observed in tumors resected from patients who had
not taken 5-ALA (data not shown). Previous reports
showed PDD using 5-ALA provides good visualization
[12,13]
and detection of gastric cancers
. This report also
indicated that PDD using 5-ALA was useful to detect
early gastric cancers. We used enteric capsules to avoid
non-specific background fluorescence in the gastric
mucosa. This is the first study using enteric capsules
for administration of 5-ALA. The findings in this study
suggest that PDD with the oral administration of 5-ALA
is useful and safe for the screening of early gastric and
colorectal cancers.

DISCUSSION
The utility of PDD using 5-ALA has been demonstrated
in various cancers since its first clinical application
[11]
in brain tumors by Moore et al
in 1948. Recently,
PDD with 5-ALA has been used clinically to verify
both tumor extent and surgical residues in urologic
[3]
and cerebral surgery . 5-ALA is an essential amino
acid synthesized from succinyl-CoA and glycine by
[4]
ALA synthase in mitochondria . Then, 5-ALA is
converted into PpIX in mitochondria, followed by
conversion to heme in normal cells. PpIX induced by
5-ALA is photoactive and emits red fluorescence when
irradiated by an excitation light in the 400-410 nm
[8]
range . In tumors, PpIX synthesis is highly activated,
and the enzyme that converts PpIX into heme is
downregulated; therefore, PpIX tends to accumulate
[4]
specifically in tumors . The SAFE-3000 processor
uses a semiconductor laser diode that emits light at
408 nm, which is in the excitation wavelength range
of PpIX, and detects fluorescence images. We took
advantage of the high tumor specificity of fluorescent

WJG|www.wjgnet.com
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A

C

B

D

Figure 4 Early colorectal cancer with fluorescence. A and B: Endoscopic images; C: Resected specimen irradiated by white light; D: Resected specimen showing
fluorescence.

The endoscopic view during the fluorescent mode
became dark compared to the usual view by whitelight observation, as shown in Figures 2D and Figure
4D. It is difficult to evaluate findings of the mucosal
surface with only fluorescent images. The SAFE-3000
uses a TWIN mode system in which white-light and
fluorescent images are displayed concurrently. The
TWIN mode system made it possible to compare
fluorescence accumulation and macroscopic findings
by white-light images. We believe that TWIN mode will
be of great help when performing actual endoscopic
observation by PDD using 5-ALA.
The present fluorescence detection rate was
53.8%, which is lower than the 85% rate in a PDD
[14]
study of esophageal tumors . Although no significant
differences were observed in patient or tumor factors
between the tumors with and without fluorescence
(Table 2), the fluorescence detection rate tended to be
higher in elevated lesions (P = 0.070). This suggests
that the formation of thick tumors by proliferation
of cancer cells is required for the expression of fluo
rescence. To facilitate clinical application of PDD using
5-ALA, further studies are needed to elucidate the
conditions for maximum fluorescence expression, for
example, chronological changes in the emission of
fluorescence after 5-ALA administration.
In previous studies, the adverse effects of 5-ALA
were cytopenia, mild liver dysfunction, nausea,
[4,10]
and photosensitivity
, with an incidence of < 1%
[4]
for each . In the present study, temporary liver
dysfunction was caused by 5-ALA in 4 of the 10
patients. Our patients were shielded from light for 24
h after the administration of 5-ALA, and none of them

WJG|www.wjgnet.com

developed photosensitivity. Because the half-life of
5-ALA is 0.7-0.9 h, the incidence of photosensitivity
[4]
would be expected to remain low . We consider the
clinical application of PDD using 5-ALA to be relatively
safe.
A limitation of this study is that we examined the
resected specimens ex vivo. Blood flow and oxygen
saturation in the tumor would have differed from those
observed in vivo.
In conclusion, fluorescence was localized consistently
in the area of the gastric and colorectal tumors, and
no serious adverse events were observed. With the
development of a fluorescence endoscope for use in
the stomach and colon, PDD using 5-ALA may become
an effective screening tool for gastric and colorectal
cancers.
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Abstract
AIM: To investigate the relationship between sense of
coherence, psychological distress and health related
quality of life in inflammatory bowel disease (IBD).

Ethics approval: The study was reviewed and approved by the
Hospital Universitario Walter Cantidio, Federal University of
Ceará, Fortaleza, CE, Brazil Institutional Review Board, No.
001.02.12.
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: The authors have no competing interests to
report.
Data sharing: The technical appendix, statistical code, and
dataset are available from the corresponding author at tyfantis@
cc.uoi.gr. Participants’ consent was not obtained but the presented
data are anonymized and the risk of identification is low.
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METHODS: This cross-sectional study enrolled a
consecutive sample of 147 IBD (aged 45.1 ± 14.1
years; 57.1% female) patients recruited from a tertiary
gastroenterology service. Sixty-four participants met
diagnostic criteria for Crohn’s disease, while eightythree patients had ulcerative colitis. Socio-demographic
data (education, age, race, gender, gross monthly
income and marital status), disease-related variables
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(illness activity, relapse rate in past 2 years, history of
surgery and time since diagnosis), sense of coherence
(Antonovsky’s SOC scale), psychological distress
symptoms (Hospital Anxiety and Depression Scale)
and health-related quality of life (HRQoL; WHOQOLBref) were assessed. Hierarchical multiple regression
analyses were performed to identify factors that are
independently associated with psychological distress
and HRQoL in patients with IBD and to provide
indications for possible moderating or mediating effects.
In addition, formal moderation and mediation analyses
(Sobel tests) were performed to confirm potential
moderators/mediators of the relationship between SOC,
psychological distress symptoms and HRQoL.

correlates of most aspects of HRQoL. Anxiety mediated
the associations of SOC with satisfaction with health,
physical, mental, and social relations HRQoL. Thus,
SOC should be considered an important construct
influencing IBD-related distress and HRQoL. Future
prospective studies should confirm these findings.
Freitas TH, Andreoulakis E, Alves GS, Miranda HLL, Braga
LLBC, Hyphantis T, Carvalho AF. Associations of sense of
coherence with psychological distress and quality of life in
inflammatory bowel disease. World J Gastroenterol 2015;
21(21): 6713-6727 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i21/6713.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i21.6713

RESULTS: Lower SOC scores (std beta= -0.504;

P < 0.001), female gender (std beta = 0.176; P =
0.021) and White race (std beta = 0.164; P = 0.033)

were independently associated with higher levels of
depressive symptoms, while lower levels of SOC (std
beta = -0.438; P < 0.001) and higher relapse rate
(std beta = 0.161; P = 0.033) were independently
associated with more severe anxiety symptoms. A
significant interaction between time since diagnosis and
SOC was found with regard to the severity of depressive
or anxiety symptoms, as the interaction term (time
since diagnosis X SOC) had beta coefficients of -0.191
(P = 0.009) and -0.172 (P = 0.026), respectively.
Lower levels of anxiety symptoms (std beta = -0.369;
P < 0.001), higher levels of SOC (std beta = 0.231;
P = 0.016) and non-White race (std beta = -0.229;
P = 0.006), i.e. , mixed-race, which represented the
reference category, were independently associated with
higher levels of overall HRQoL. Anxiety symptoms were
the most potent independent correlate of most aspects
of HRQoL. In addition, anxiety mediated the association
between SOC and satisfaction with health, as well as its
relationship with physical, mental, and social relations
HRQoL. Depressive symptoms also mediated the
association between SOC and mental HRQoL.

INTRODUCTION
Inflammatory bowel disease (IBD) refers to a group of
chronic inflammatory disorders of the gastrointestinal
tract. During the course of their illness, IBD patients
experience several gastrointestinal manifestations,
including, but not limited to, diarrhea, abdominal
pain, malabsorption and weight loss. Crohn’s disease
(CD) and ulcerative colitis (UC) are the most frequent
phenotypes. Extra-intestinal involvement is also
[1]
frequent in CD and UC . The most frequent systemic
manifestations include erythema nodosum, arthritis,
[1,2]
uveitis and conjunctivitis . The clinical course of
IBD is variable, with periods of exacerbation and
[3]
remission .
Patients with IBD often experience remarkable
levels of psychological distress because of the complex
interactions between biological mechanisms (e.g.,
inflammation, abnormalities in the gut-brain axis
and shared genetic factors), personality aspects,
and the challenging psychosocial adaptation process
[4]
to these chronic diseases . Compared with the
general population, the prevalence of anxiety and
depression is two to three times higher in patients
with IBD, particularly among those individuals with
[5-7]
active disease . There is also some evidence from
prospective studies that higher levels of psychological
distress predict a higher relapse rate. Mittermaier
[8]
et al identified depression and anxiety symptoms
as risk factors for early clinical recurrence and
more severe disease. Conversely, in a prospective
[9]
study , aggressive and/or active disease predicted
the development of depression. IBD has a relapsing
course, with unpredictable and potentially severe
flares, which often require intensive treatment,
hospitalization and significant modifications on the
patients’ routines. These illness-related factors may
[10]
contribute to psychosocial distress in IBD . Moreover,
evidence suggests that psychological distress leads
to negative outcomes in chronic medical conditions
and reduces the patients’ health-related quality of life
(HRQoL) by amplifying symptom burden, decreasing

CONCLUSION: Our data indicated that SOC is an
important construct, as it influences psychological
distress and has significant albeit indirect effects on
several HRQoL domains in IBD.
Key words: Sense of coherence; Coping; Anxiety;
Depression; Quality of life; Crohn’s disease; Ulcerative
colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Sense of coherence (SOC) has emerged as
an important correlate of psychological distress and
health-related quality of life (HRQoL) across several
chronic diseases. The associations between SOC and
both psychological distress and HRQoL in inflammatory
bowel disease (IBD) remain unknown. Here, SOC
was inversely associated with depressive and anxiety
symptoms. Anxiety symptoms were strong independent
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[11]

treatment adherence and increasing disability .
Thus, HRQoL has emerged as an important outcome
measure in IBD.
Several lines of evidence indicate that HRQoL is
significantly impaired among IBD patients compared
[12-14]
with general population norms
. Socio-demographic
variables (e.g., female gender and lower education)
[15,16]
may influence IBD patients’ HRQoL
. Clinical
variables such as type of treatment, extra-intestinal
manifestations and disease activity status (i.e., in
[16,17]
relapse or remission)
have also been reported to
influence HRQoL in IBD. However, considering that
some IBD patients have impaired HRQoL despite
[18]
being in clinical remission , other variables, notably
psychosocial factors, appear to be important, including
perceived psychological distress and personality
[15,19-22]
variables
.
Living with IBD is a severe psychological distress and
it is likely that the patient’s predominant coping abilities
may influence his or her psychological adaptation and
the formation of HRQoL. Thus, individual differences
may play a role in the patients’ psychological response
and outcome, indicating that various psychological
processes may play a major role in this respect. Sense
of coherence is a measurable psychosocial concept
that has attracted increasing attention regarding its
[23-25]
contribution to diseases’ outcomes
.
Sense of coherence (SOC) is a theoretical construct
that aims to explain why some people, regardless of
major stressful situations and severe hardships, fall
[26,27]
ill and others do not
. SOC is defined as a global
orientation that expresses the extent to which one
has a pervasive, enduring, though dynamic, feeling
of confidence, taking into consideration that, (1)
the stimuli deriving from one’s internal and external
environments in the course of living are structured,
predictable and explicable (comprehensibility); (2) the
resources are available to one to meet the demands
posed by these stimuli (manageability); and (3) these
demands are challenges worthy of investment and
[28]
engagement (meaningfulness) . SOC is hypothesized
to develop during the first three decades of life, and
although it was considered a stable disposition of
[29]
[30]
personality , it is not static . Studies have shown,
[31,32]
for example, that SOC tends to increase with age
and that a disease’s progress or medical interventions
[31,33-36]
may induce intrapersonal alterations of SOC
.
Having the ability to use generalized resistance
resources such as social support, childhood experiences,
intelligence, coping strategies, family socialization,
or physical characteristics appears to be centrally
[31,37]
important in developing a strong SOC
. In turn, a
strong SOC helps the person’s ability to mobilize his/her
resistance resources as he/she seeks a solution or as
[31,37,38]
he/she copes with a stressor
, harmonizing the
reciprocal relationship between SOC and generalized
[31,37]
resistance resources
.
SOC is the key construct of Antonovsky’s salutogenic
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theory, which represents a relatively new approach with
regard to coping with a stressor (e.g., a chronic medical
condition), because it focuses mainly on coping per se
[28]
rather than on the stressor itself . Antonovsky’s theory
of SOC hypothesizes that an individual with a strong
SOC maintains and enhances health through effective
and flexible coping with stressors by adopting healthenhancing and avoiding unhealthy behaviors. By
contrast, low levels of SOC characterize individuals
who do not perceive stressors as predictable and
explicable, have no confidence in their capacity to
overcome health stressors and lack any motivation to
[38]
face health difficulties or challenges .
A number of studies have shown that SOC seems
to have an impact on HRQoL; the stronger the SOC
[39]
the better the HRQoL . However, whether SOC is
associated with more favorable health outcomes is a
matter of debate. Although studies have shown that
[40]
a strong SOC predicts better health outcomes
and
Eriksson’s and Lindström’s systematic review on this
matter concluded that SOC seems to be a health
[27]
promoting resource that strengthens resilience ,
others challenged the potential of SOC to predict
[41,42]
[43]
health outcomes
. Flensborg-Madsen et al ’s
recent review concluded that the SOC scale can only
serve as a predictor for health that is measured by
incorporating psychological aspects, while its capacity
to predict physical health, as measured only by means
of physical terms, is limited, indicating that further
research is needed in this respect.
Studies investigating the role of SOC in patients with
IBD are limited. A comparative study assessed SOC
in patients with IBD and patients with Irritable Bowel
[44]
Syndrome and found no significant differences .
[25]
Opheim et al
have recently explored associations
between SOC and sociodemographic, disease-related
and personal characteristics in patients with IBD and
found a positive association between SOC and selfefficacy, together with an inverse association between
SOC and fatigue. Finally, another study found no
differences in physiological markers between IBD
[45]
patients with low vs high levels of SOC . To the best of
our knowledge, however, no studies have investigated
the role of this psychological construct and its interaction
with psychological distress and disease’s parameters
in the formation of IBD patients’ HRQoL. Our previous
studies in rheumatological disorders showed that
SOC is associated with psychological distress and
[46]
HRQoL , while psychological distress mediates the
[47]
relationship of SOC with physical HRQoL . Prompted
by these findings, the aim of the present study was to
test the following hypotheses: Hypothesis 1, SOC is
associated with psychological distress in IBD patients,
independently of demographic and disease-related
parameters; Hypothesis 2, Psychological distress in
IBD patients is associated with HRQoL, independently
of demographic and disease-related parameters.
Hypothesis 3, SOC is associated with HRQOL; however,
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this association is mediated by symptoms of depression
and anxiety.

or lower in the Truelove-Witts ulcerative colitis severity
index (TWT) indicated “mild” disease severity, whereas
scores above 6 indicated “moderate” or “severe”
disease. To construct a common measure of disease
activity/severity applicable to both diseases (i.e., CD
and UC), we created a new categorical variable labeled
“disease in remission”, coded as follows: “yes” (i.e.,
mild disease activity/severity; CDAI score < 150 or
TWT score ≤ 6, accordingly) vs “no” (i.e., moderate
or severe disease activity/severity; CDAI score ≥
150 or TWT score > 6, accordingly). To assess SOC,
psychological distress symptoms, and HRQoL the
following self-report questionnaires were used:

MATERIALS AND METHODS
Participants

The sample consisted of 147 consecutively enrolled
patients with a confirmed diagnosis of IBD. Patients were
receiving regular outpatient care at the gastroenterology
service of the Hospital Universitário Walter Cantídio
(HUWC), Fortaleza, Brazil. Diagnosis of CD or UC was
confirmed based on clinical, endoscopic, radiological
and histopathological evidence, in accordance with
[48,49]
standard diagnostic criteria
. Exclusion criteria were:
unconfirmed diagnosis of IBD, current hospitalization,
co-morbid psychotic or substance use disorders, and
dementia and cognitive impairment, as assessed by the
Brazilian Portuguese version of the Mini-Mental Status
[50]
Examination . All participants underwent a structured
diagnostic interview (using the Brazilian Portuguese
version of the Mini International Neuropsychiatric
[51]
Interview) with a research psychiatrist (THF).
The a priori estimated sample size for the intended
multivariate analyses with a maximum of 15 predictors,
a desired statistical power of 0.8, an anticipated
2
medium effect size (f = 0.15), and a significance level
(alpha) of 0.05 was approximately 140 patients. Out of
155 invited patients, 150 were eligible and 147 agreed
to participate in the study (response rate: 98%). No
statistically significant differences in major demographic
variables were found between the participating and
non-participating groups (data available upon request).
All participants provided written informed consent. The
ethics committee of the HUWC approved the study
protocol.

Sense of coherence

The validated Brazilian Portuguese 29-item version of
[55]
the SOC scale was used . The SOC scale is regarded
as a cross-culturally sensitive and valid scale for
assessing long-term outcomes for various mental or
[39]
physical illnesses . Higher scores reflect higher levels
of SOC, indicating stronger resources for coping with
health-stressors. Cronbach’s alpha derived from the
present sample was 0.75.

Psychological distress symptoms

Anxiety and depressive symptoms were assessed
using the validated Brazilian Portuguese version of the
[56,57]
Hospital Anxiety and Depression Scale (HADS)
. It
comprises 14 items equally distributed between anxiety
and depression subscales. Each item is rated on a 4-point
Likert scale and a score of 8 or higher is considered
to indicate clinically relevant anxiety or depressive
[56]
symptoms, accordingly . An extensive review of
more than 700 studies employing HADS confirmed its
sound psychometric properties, with adequate internal
consistency and reliability, and adequate diagnostic
accuracy for screening anxiety and depressive disorders
(sensitivity and specificity of approximately 0.80)
among several medical samples from diverse cultural
[58]
backgrounds . Cronbach’s alphas derived from the
present sample were 0.83, 0.81 and 0.67 for the entire
scale, and for the anxiety and depression subscales,
respectively.

Measures

Participants were examined by experienced gas
troenterologists and socio-demographic and medical
data were collected from the patients’ medical records,
using a standardized data-collection form. Relapse rate
was estimated according to the number of relapses
within the past 2 years and was coded as follows: “low”
(i.e., 0-2 relapses in the last 2 years, reflecting a mean
annual relapse rate of 1 or lower), “moderate” (i.e., 3-5
relapses in the last two years, reflecting a mean annual
relapse rate of approximately 2) and “high” (i.e., 6 or
more relapses in the last two years, reflecting a mean
annual relapse rate of 3 or higher). Disease activity/
severity was estimated based on relevant clinical
variables, assessed by the treating gastroenterologist.
For CD patients, disease activity was assessed using
the Crohn’s disease activity index (CDAI), developed
by Best and colleagues; values above 150 indicated
[52]
an active disease . For UC patients, disease severity
was assessed according to the six criteria proposed by
[53]
Truelove and Witts , adopted by the Brazilian Study
[54]
Group of inflammatory bowel diseases . A score of 6
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Health-related quality of life

[59]

The validated 26-item Brazilian Portuguese version
of the World Health Organization Quality of Life
[60]
instrument-Abbreviated version (WHOQOL-Bref)
was used. The WHOQOL-Bref assesses overall HRQoL,
satisfaction with general health, and physical, mental,
social relations and environmental aspects of HRQoL.
Each item is rated on a 5-point Likert scale and a higher
score indicates better HRQoL. The WHOQOL-Bref is a
reliable and valid measure of HRQoL when applied in
[61,62]
IBD samples
. Cronbach’s alphas derived from the
present sample were 0.86 for the entire instrument
and 0.75, 0.64, 0.72 and 0.64 for the physical, mental,
social relations and environment HRQoL, respectively.
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Table 1 Socio-demographic profile, clinical variables, sense of coherence, anxiety and depression symptoms and health-related
quality of life in inflammatory bowel disease patients and comparisons between Crohn’s disease and ulcerative colitis n (%)

Demographic
Sex
Male
Female
Race
Latin/Mixed-race
White
Black
Asian
Indian
Age
Years of education
Marital status
With spouse/partner
Gross monthly Income (USD)
Clinical
Time since diagnosis (mo)
Relapse rate
Low (0-2 in 2 yr)
Moderate (3-5 in 2 yr)
High (≥ 6 in 2 yr)
Surgery for IBD
CDAI, mean ± SD
TWT, mean ± SD
Disease in remission
Psychological
SOC
Anxiety symptoms (HADS-A)
Depressive symptoms (HADS-D)
HADS-A ≥ 8 (anxiety)
HADS-D ≥ 8 (depression)
HRQoL
Overall HRQoL
Satisfaction with Health
Physical HRQoL
Mental HRQoL
Social Relations HRQoL
Environment HRQoL

Total (n =147)

CD (n = 64)

UC (n = 83)

CD vs UC (P value)

63 (42.9)
84 (57.1)

27 (42.2)
37 (57.8)

36 (43.4)
47 (56.6)

96 (65.3)
36 (24.5)
9 (6.1)
5 (3.4)
1 (0.7)
45.1 ± 14.1
8.4 ± 4.9

44 (68.8)
16 (25.0)
3 (4.7)
0 (0)
1 (1.6)
43.9 ± 14.9
8.1 ± 4.9

52 (62.7)
20 (24.1)
6 (7.2)
5 (6.0)
0 (0)
46.1 ± 13.9
8.5 ± 5.1

0.3502
0.6272

98 (66.7)
482.9 ± 560.0

46 (71.9)
487.6 ± 665.2

52 (62.7)
479.3 ± 467.4

0.2391
0.9302

80.5 ± 71.8

79.7 ± 73.9

81.0 ± 70.6

0.9142
0.0231

53 (36.3)
61 (41.8)
32 (21.9)
26 (17.7)
NA
NA
90 (61.2)

23 (36.5)
20 (31.7)
20 (31.7)
20 (31.3)
64.75 ± 43.57
NA
62 (96.9)

30 (36.1)
41 (49.4)
12 (14.5)
6 (7.2)
NA
7.53 ± 1.61
28 (33.7)

< 0.0011

138.4 ± 24.8
5.58 ± 4.30
5.27 ± 3.78
37 (25.2)
36 (24.5)

138.6 ± 23.2
6.00 ± 4.06
5.00 ± 3.83
21 (32.8)
15 (23.4)

138.2 ± 26.1
5.26 ± 4.47
5.48 ± 3.74
16 (19.3)
21 (25.3)

0.9232
0.3022
0.4452
0.0611
0.7941

3.88 ± 0.81
3.59 ± 0.96
3.48 ± 0.64
3.82 ± 0.67
3.90 ± 0.74
3.38 ± 0.53

3.94 ± 0.75
3.34 ± 1.10
3.42 ± 0.60
3.68 ± 0.61
3.98 ± 0.74
3.41 ± 0.54

3.84 ± 0.85
3.78 ± 0.80
3.54 ± 0.67
3.92 ± 0.71
3.83 ± 0.74
3.36 ± 0.53

0.4852
0.0082
0.2722
0.0302
0.2342
0.5542

0.8851

0.2181

< 0.0011

Data are presented as mean ± SD for continuous variables and as n (%) for categorical variables; remission was defined according to CDAI (< 150) and TWT (≤
6) scores, accordingly; 1χ 2 test; 2Two-tailed t-test. NA: Not applicable; CDAI: Crohn's disease activity index; TWT: Truelove-Witts ulcerative colitis severity
index; HRQoL: Health-related quality of life; SOC: Sense of coherence; UC: Ulcerative Colitis; CD: Crohn’s disease.

Statistical analysis

series of hierarchical multiple regression analyses were
performed, with the anxiety and depressive symptoms
as well as all WHOQOL-Bref domains as dependent
variables. For anxiety and depressive symptoms,
demographic variables were entered in step 1, diseaserelated parameters in step 2, and SOC scores in step 3.
For the WHOQOL-Bref domains, demographic variables
were entered in step 1, disease-related parameters in
step 2, SOC scores in step 3, depressive symptoms in
step 4 and anxiety symptoms in step 5. The magnitude
2
of the R change at each step was used to determine
the variance explained by each set of variables.
Colinearity between independent variables was tested
based on variance inflation factors (VIF) and tolerances
for individual variables. All tolerance values were greater
than 0.2 and all VIFs were less than 2, indicating that
[63]
multicollinearity did not bias the regression models .

The statistical methods of this study were reviewed by
Professor Thomas Hyphantis, from the Department of
Psychiatry, University of Ioannina, Greece, and Professor
Andre F. Carvalho, from the Department of Clinical
Medicine, Federal University of Ceará, Fortaleza, Brazil.
Descriptive summary statistics for all variables were
calculated (Table 1). Comparisons between CD and UC
were performed by means of chi-square and two-tailed
t-tests, as appropriate. Univariable associations between
all independent variables and criterion variables (i.e.,
anxiety and depressive symptoms and each one of
the WHOQOL-Bref domains) were carried out using
two-tailed t-tests, one-way ANOVAs, or Pearson’s or
Spearman’s correlations, as appropriate.
To identify the variables most closely and
independently associated with each criterion variable, a
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a spouse/partner and belonged to the mulatto race
(65.3%). The median years of formal education
received was 9.5 years and the median gross monthly
income was 276 USD. The median time since IBD
diagnosis was 57.5 mo, and the majority (82.3%)
had not undergone surgery for IBD. A remarkable
proportion (41.8%) had a moderate relapse rate
(i.e., 3-5 relapses in the last 2 years) and were in
remission at the time of the study (61.2%), according
to the corresponding disease activity/severity indices.
Figure 1 illustrates the distribution of patients by
relapse rate alongside with current disease activity
2
status (in remission or not). χ analysis revealed that
disease activity/severity at the time of the study was
not associated with previous relapse rate, either in
CD (P = 0.109) or UC (P = 0.316), indicating that
the patients status with respect to disease activity/
severity at the time of the study was independent of
their previous relapse rates. Regarding the prevalence
of psychological distress symptoms, a quarter of IBD
patients presented HADS scores indicative of clinically
significant anxiety (25.2%) or depressive (24.5%)
symptoms (Table 1).
As also shown in Table 1, CD patients had a similar
demographic profile to UC patients. However, the
proportion of the patients with a higher relapse rate
was higher for CD compared with UC patients (P =
0.023), and more CD patients had undergone surgery
than their UC counterparts (P < 0.001). On the other
hand, more CD than UC patients were in remission at
the time of the study (P < 0.001).
Regarding psychological distress, although
the mean scores on HADS-A and HADS-D were
comparable between UC and CD, more CD than UC
patients scored above the cut-off indicative of clinically
significant levels of anxiety (32.8% vs 19.3%);
however, this difference marginally failed to reach
statistical significance (P = 0.061). Finally, most HRQoL
domains were similar in CD and UC patients, with the
exception of “satisfaction with health” (P = 0.008) and
mental HRQoL (P = 0.03), where CD patients scored
significantly lower than their UC counterparts (Table 1).

15.7%

24.7%
17.1%

15.8%

20.5%

19.3%
30.1%

8.5% 6.0%

3.2%

Low Medium High
Relapse rate CD

27.7%

28.6%

31.7%

36.5%

8.4%

Disease in remission no
Disease in remission yes

6.2%

Low Medium High    Low Medium High
Relapse rate UC
Relapse rate overall

Figure 1 Distribution of patients by relapse rate together with the disease
activity/severity status at the time of the study (in remission or not).

Moderation and mediation analyses: For a variable
(M) to be considered as a moderator of the association
between a predictor (X) and the outcome (Y), M
must be a background characteristic that can affect
the association between X and Y (i.e., the association
between X and Y is significantly changed at different
[64]
levels of M i.e., low vs high M) . Scatterplots with
lines of best fit for the two levels of M (i.e., low vs
high) were plotted to probe the significant interaction
effects and hierarchical multiple regression analyses
were then performed to quantify the moderator
effects. For this, the raw scores of M and X were
standardized, i.e., converted to Z-scores, to produce
an interaction term, i.e., (z)X*(z)M. To demonstrate
moderation, the interaction term should be significantly
[63,65,66]
associated with Y
. For mediation, Baron and
[64]
Kenny
suggested that certain assumptions must
be met. Specifically, the mediator (M) should be
significantly associated with both the predictor (X) and
the outcome (Y). In addition, an association between
X and Y before controlling for M should be present
alongside a significant decrease of the effect of X on
Y (attenuation of the association) after controlling for
M. If an initially significant association between X and
Y is rendered non-significant after controlling for M,
a complete mediation is present. Mediation analyses
were performed using the Sobel test based on the
[67]
“process” module developed by Hayes . All analyses
were carried out using the Statistical Package for
Social Sciences (SPSS Inc., Chicago, IL), version 20.0.
The statistical significance level was set at P < 0.05.

Variables associated with anxiety and depressive
symptoms

As shown in Table 2, univariable analyses revealed that
time since diagnosis and SOC correlated with anxiety
symptoms, while gender, age, time since diagnosis and
SOC correlated with depressive symptoms. Of note,
SOC was not associated with relapse rate (r = 0.067,
P = 0.424) or with disease activity/severity at the time
of the study (for patients in remission SOC = 138.32 ±
25.73 and for those with active disease SOC = 138.48
± 24.30, P = 0.969) in the total sample, and the same
applied for CD and UC patient samples (data available
upon request).
Hierarchical regression analysis performed with
anxiety symptoms as the dependent variable (Table 3)

RESULTS
Participants’ characteristics and comparisons between
CD and UC

The sample comprised 147 patients, 64 with CD
(43.5%) and 83 with UC (56.5%). Table 1 presents the
demographic, clinical and psychological profile of the
sample. The median age was 46 years and 84 (57.1%)
were female. Most patients (66.7%) were living with
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Table 2 Univariable associations of demographic, clinical and psychological variables with anxiety, depression and health-related
quality of life (n =147)

Sex1
Male
Female
Race2
Latin/Mixed-race
White
Other
Age3
Education (yr)3
Marital status1
Living alone
Living with spouse
Income3
Disease1
CD
UC
Time since diagnosis3
Surgery for IBD1
No
Yes
Relapse rate4
Disease activity1
In Remission
Active
SOC5
Anxiety symptoms3
Depressive symptoms3

Anxiety
symptoms

Depressive
symptoms

Overall
HRQoL

Satisfaction
with Health

Physical
HRQoL

Mental
HRQoL

Social
Relations
HRQoL

Environment
HRQoL

5.01 ± 4.17
6.01 ± 4.37

4.40 ± 3.2a
5.93 ± 4.0

4.02 ± 0.66
3.79 ± 0.89

3.65 ± 0.99
3.55 ± 0.95

3.65 ± 0.59b
3.36 ± 0.65

3.93 ± 0.47
3.73 ± 0.78

3.96 ± 0.71
3.85 ± 0.77

3.40 ± 0.54
3.36 ± 0.53

5.40 ± 4.00
5.80 ± 4.35
6.19 ± 5.91
0.125
0.016

5.02 ± 3.62
5.86 ± 3.98
5.50 ± 4.35
0.188a
-0.156

3.95 ± 0.81
3.66 ± 0.72
4.00 ± 0.89
-0.181a
0.166a

3.63 ± 0.93
3.43 ± 1.01
3.75 ± 1.06
0.081
0.006

3.50 ± 0.62
3.47 ± 0.65
3.39 ± 0.77
-0.196a
0.132

3.84 ± 0.67
3.77 ± 0.72
3.75 ± 0.60
-0.036
0.038

3.92 ± 0.73
3.70 ± 0.83
4.17 ± 0.58
-0.244d
0.166a

3.39 ± 0.55
3.39 ± 0.48
3.29 ± 0.54
-0.078
0.212a

5.40 ± 4.52
5.67 ± 4.21
-0.022

5.39 ± 4.30
5.21 ± 3.51
-0.123

3.86 ± 0.89
3.90 ± 0.77
0.045

3.45 ± 0.96
3.66 ± 0.96
-0.060

3.47 ± 0.70
3.49 ± 0.62
0.107

3.85 ± 0.82
3.80 ± 0.59
0.087

3.87 ± 0.70
3.91 ± 0.77
0.116

3.35 ± 0.59
3.39 ± 0.50
0.252b

6.00 ± 4.06
5.26 ± 4.47
0.274d

5.00 ± 3.83
5.48 ± 3.74
0.259b

3.94 ± 0.75
3.84 ± 0.85
-0.1116

3.34 ± 1.10b
3.78 ± 0.80
-0.097

3.42 ± 0.60
3.54 ± 0.67
-0.177a

3.68 ± 0.61a
3.92 ± 0.71
-0.217b

3.98 ± 0.74
3.83 ± 0.74
-0.202a

3.41 ± 0.54
3.36 ± 0.53
0.019

5.56 ± 4.38
5.69 ± 4.00
0.141

5.50 ± 3.73
4.23 ± 3.88
0.057

3.84 ± 0.82
4.08 ± 0.74
-0.040

3.59 ± 0.97
3.62 ± 0.94
-0.077

3.48 ± 0.63
3.50 ± 0.70
-0.228b

3.82 ± 0.66
3.81 ± 0.73
-0.136

3.87 ± 0.73
4.03 ± 0.80
0.009

3.34 ± 0.52
3.56 ± 0.58
-0.212a

5.71 ± 4.60
5.39 ± 3.81
-0.398d
N/A
0.551d

5.13 ± 3.97
5.49 ± 3.48
-0.458d
0.551d
N/A

3.90 ± 0.81
3.86 ± 0.81
0.271d
-0.424d
-0.327d

3.52 ± 1.03
3.70 ± 0.84
0.232b
-0.431d
-0.272d

3.50 ± 0.62
3.47 ± 0.68
0.313d
-0.567d
-0.463d

3.77 ± 0.63
3.89 ± 0.74
0.341d
-0.503d
-0.473d

3.95 ± 0.78
3.81 ± 0.69
0.266b
-0.500d
-0.459d

3.43 ± 0.57
3.29 ± 0.47
0.266b
-0.341d
-0.375d

1

Two-tailed t-test; 2One-way ANOVA; 3Pearson correlation coefficient; 4Spearman correlation coefficient); 5Sense of Coherence. dP < 0.01, bP < 0.01, aP < 0.05
vs control. IBD: Inflammatory bowel disease; CD: Crohn's disease; UC: Ulcerative colitis; NA: Not applicable; HRQoL: Health-related quality of life.

Moderation analysis

showed that the demographic (model 1) and clinical
(model 2) variables explained 6.2% of the variance in
the HADS-A scale (P = 0.011); time since diagnosis
and relapse rate were the significant independent
correlates of anxiety symptoms. Addition of SOC scores
increased the variance explained by 17.4% (P < 0.001);
however, time since diagnosis was no longer significant,
indicating that SOC might interact with disease duration
in the formation of anxiety symptoms (model 3). In
the final model, lower levels of SOC (P < 0.001) and
higher relapse rates (P = 0.033) were the variables
independently associated with higher levels of anxiety.
Similar analysis with depressive symptoms as
the criterion variable (Table 3) showed that the
demographic and the clinical variables explained
8% of the variance in HADS-D (model 2); time
since diagnosis was the only significant independent
correlate of depressive symptoms. Addition of SOC
score increased the variance explained by 23.4%
(P < 0.001); again, time since diagnosis was no
longer significant, indicating that SOC might interact
with disease duration in the formation of depressive
symptoms as well (model 3). In the final model,
female gender (P = 0.021), white race (P = 0.033)
and lower levels of SOC (P < 0.001) were the variables
most closely independently associated with higher
levels of depressive symptoms.
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Given that the previous analyses raised the possibility
of an interaction effect of SOC in the relationship of
time since diagnosis with anxiety and depressive
symptoms (Table 3), moderation analyses were
performed to formally test and quantify the moderator
[63]
effects . As shown in Figure 2A, the slope of the
relationship between depressive symptoms and time
since diagnosis is steeper for people with low rather
than high SOC scores (Pearson correlation coefficients:
0.315 and 0.106, respectively). Similarly, as shown
in Figure 2B, the slope of the relationship between
anxiety symptoms and time since diagnosis is steeper
for people with low rather than high SOC scores
(Pearson correlation coefficients: 0.335 and 0.039,
respectively).
Further hierarchical linear regression analyses
(Table 4) confirmed that SOC moderated the
relationship between depressive or anxiety symptoms
and time since diagnosis, as the interaction term (time
since diagnosis × SOC) had beta coefficients of -0.191
(P = 0.009) and -0.172 (P = 0.026), for depressive
and anxiety symptoms as dependent variables,
respectively (Tables 4). These data indicated that, in
people with IBD, time since diagnosis is significantly
associated with higher levels of anxiety and depressive
symptoms only in patients with lower SOC scores.
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Figure 2 Scatterplots showing lines of best fit for low (solid line) and high (dashed line) sense of coherence patients in relationship with depressive
symptoms (A) and anxiety symptoms (B) with time since inflammatory bowel disease diagnosis. Sense of coherence (SOC) was dichotomized based on its
median. IBD: Inflammatory bowel disease.

Table 3 Hierarchical Regression analyses to assess the variables independently associated with depressive and anxiety symptoms, as
measured by the Hospital Anxiety and Depression scale (n =147)
Depressive symptoms
Sex (female)
Race (white)
Race (other)
Age
Education
Living with spouse
Income
Disease (CD = 1, UC = 2)
Time since diagnosis
Surgery for IBD
Relapse rate
Disease in Remission
SOC score
Regression statistics
Adjusted R2
Incremental adjusted R2
Significance of F change

Model 1

Model 2

0.151
0.091
0.052
0.162
-0.055
-0.063
-0.098
-

0.130
0.064
0.029
0.099
-0.085
-0.030
-0.108
0.046
0.235b
-0.137
0.057
0.044
-

0.047
0.047
0.058

0.080
0.033
0.088

Anxiety symptoms
Model 3

Model 1

Model 2

Model 3

0.176a
0.164a
0.060
0.165
-0.087
0.018
-0.007
0.052
0.100
-0.129
0.039
0.048
-0.504d

0.093
0.004
0.021
0.158
0.135
-0.009
-0.061
-

0.038
-0.047
0.023
0.120
0.124
0.008
-0.096
-0.106
0.282b
-0.057
0.177a
-0.030
-

0.078
0.040
0.050
0.178
0.122
0.049
-0.008
-0.101
0.165
-0.050
0.161a
-0.027
-0.438d

0.314
0.234
< 0.001

-0.011
-0.011
0.599

0.062
0.073
0.011

0.236
0.174
< 0.001

Values shown are standardized beta regression coefficients. dP < 0.01, bP < 0.01, aP < 0.05 vs control.

Table 4 Hierarchical multiple regression analyses to assess whether sense of coherence is a moderator of the relationship between
time since diagnosis and psychological distress symptoms (i.e. , depressive and anxiety symptoms) (n = 147)
Depressive symptoms
(z) Time since diagnosis
(z) SOC
(z) Time since diagnosis × SOC
Adjusted R2 of the model
Significance of F change

Anxiety symptoms

model 1

model 2

model 3

model 1

model 2

model 3

0.235b
0.080
0.026

0.100
-0.504d
0.314
< 0.001

0.068
-0.500d
-0.191d
0.344
0.009

0.282b
0.062
0.056

0.165
-0.438d
0.236
< 0.001

0.135
-0.434d
-0.172d
0.260
0.026

Values shown are standardized beta regression coefficients adjusted for sex, race, age, education, marital status, income, disease type, surgery for
Inflammatory bowel disease, relapse rate, and disease in remission. dP < 0.01, bP < 0.01 vs control.

Association of psychological distress and SOC with
health-related quality of life

of HRQoL, along with several demographic and clinical
variables.
Hierarchical multiple regression analysis performed
with overall HRQoL as the dependent variable showed
that, in the final step (Table 5, model 5), lower levels

Univariable analyses shown in Table 2 revealed that
anxiety and depressive symptoms, as well as SOC
scores, were significantly correlated with all aspects
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of anxiety (P < 0.001) and higher levels of SOC (P
= 0.016) were independently associated with higher
levels of overall HRQoL. The relationship of SOC
with overall HRQoL held even after the inclusion of
depressive and anxiety symptoms. Notably, depressive
symptoms were only weakly associated with overall
HRQoL.
Similar analysis with “satisfaction with health” as
the dependent variable revealed that having CD was
associated with poorer satisfaction with general health
in all steps of this analysis (Table 5, models 2-5, P =
0.008). The addition of SOC in model 3 increased the
variance explained by 4.2% (P = 0.004), but addition
of depressive symptoms rendered the relationship of
SOC with “satisfaction with health” non-significant,
indicating that depressive symptoms might mediate
the relationship of SOC with “satisfaction with health”.
Addition of anxiety symptoms further increased the
variance by 10.2% (model 5, P < 0.001) and rendered
the previously significant relationship of depressive
symptoms non-significant. In the final step, lower
levels of anxiety symptoms (P < 0.001), having UC
(P = 0.008) and lower income (P = 0.048) were the
variables independently associated with higher levels
of “satisfaction with health”.
The same patterns regarding the relationship of
psychological distress and SOC with HRQoL domains
emerged in the hierarchical analyses performed
with the other four WHOQOL-Bref components as
dependent variables. SOC was initially associated with
physical, mental, social relations and environment
HRQoL, but these relationships became non-significant
after inclusion of psychological distress symptoms
(Table 5). In the final models, lower relapse rate (P
= 0.024) and lower levels of anxiety symptoms (P
< 0.001) were the important independent correlates
of better physical HRQoL (Table 5). Lower levels of
anxiety (P = 0.004) and lower levels of depressive
symptoms (P = 0.015) were the significant independent
correlates of better mental HRQoL (Table 5). Younger
age (P = 0.047), race other than Latin or White (P
= 0.049) and lower levels of anxiety symptoms (P <
0.001) were the important independent correlates of
better social relations HRQoL (Table 5). Finally, higher
income (P = 0.043) and lower relapse rate (P = 0.031)
were the variables independently associated with
better environmental HRQoL (Table 5).

In a preliminary step, we investigated whether
[64]
the assumptions suggested by Baron and Kenny
were met for a mediation to be present. As shown in
univariate and multivariate analyses, all associations
between outcome variables (HRQoL domains) with
both the predictor (SOC) and the potential mediators
(anxiety and depressive symptoms), as well as
between the predictor and the mediators, were
significant, thus supporting the applicability of the
mediation analyses.
As shown in Table 6, anxiety symptoms sig
nificantly (and fully) mediated the effects of SOC upon
certain HRQoL domains, namely satisfaction with
health, physical, mental, and social relations HRQoL.
In addition, anxiety symptoms partially mediated the
effect of SOC on overall HRQoL: a significant indirect
effect combined with a significant direct effect of SOC
on overall HRQoL was found. Conversely, depressive
symptoms did not mediate the effects of SOC upon
most HRQoL dimensions, namely physical, social
relations and environment HRQoL, with the exception
of mental HRQoL, where depressive symptoms fully
mediated the effect of SOC on mental HRQoL (Table 6).

DISCUSSION
The results of the present study showed that lower
levels of SOC are associated with higher levels of
anxiety and depressive symptoms, independent of
demographic and disease-related variables, confirming
our first hypothesis. The relapse rate also correlated
with anxiety symptoms, while time since diagnosis
was associated with anxiety and depressive symptoms
only in patients with lower SOC scores. Anxiety
symptoms were the most important independent
correlate of most aspects of HRQoL, mediating the
effects of SOC and depressive symptoms upon
physical and social relations HRQoL, and satisfaction
with general health. Anxiety and depressive symptoms
were also independent correlates of mental HRQoL,
while SOC was an independent correlate of overall
HRQoL. These findings confirmed our second and third
hypotheses. To the best of our knowledge, this is the
first study demonstrating the relationship of SOC with
psychological distress and HRQoL in IBD.
Our study confirmed that psychological distress
symptoms are frequent in IBD patients. We found a
prevalence of clinically relevant anxiety or depressive
symptoms of 25.2% and 24.5%, respectively, while
15.6% had a positive screen for both anxiety and
depression. Studies using the same instrument (HADS)
have reported a prevalence of clinically relevant anxiety
and/or depressive symptoms of up to 43% in IBD
[68]
patients , while studies using the BDI-PC reported
[69]
a prevalence of 25% for depression . Regarding the
clinical variables studied, we found here that anxiety
symptoms were independently associated with relapse
[8,70]
rate, in line with previous findings
. By contrast,

Mediation analysis

SOC was associated with all HRQoL domains and
this association was either significantly attenuated
or became non-significant following the inclusion of
psychological distress symptoms (suggesting that
anxiety/depressive symptoms may mediate the effects
of SOC upon certain domains of HRQoL); therefore, we
assessed any indirect (i.e., mediator) effects through
formal mediation analyses. Six separately produced
mediation analyses were performed (Table 6).
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Table 5 Hierarchical multiple regression analyses to assess variables independently associated with overall health-related quality of
life and satisfaction with health (n = 147)
Model 1

Model 2

Model 3
Overall HRQoL
-0.152
-0.233b
0.011
-0.163
0.129
0.008
-0.071
-0.100
0.045
0.111
-0.061
-0.101
0.359d
-

Model 1

Model 2

Model 3

Model 4

Model 5
-0.061
-0.121
-0.013
0.176
0.127
0.092
-0.174a
0.285b
0.048
0.089
0.036
0.089
0.045
-0.052
-0.409d

-0.135
-0.229b
0.025
-0.108
0.180
0.025
-0.074
-0.141
0.099
0.101
-0.004
-0.114
0.231a
0.067
-0.369d

-0.101
-0.101
0.017
0.143
0.105
0.087
-0.125
-

0.143
-0.001
0.360

0.224
0.081
< 0.001

-0.007
-0.007
0.547

0.035
0.042
0.058

-0.127
-0.005
-0.073
-0.185a
-0.029
0.030
0.026
0.183
-0.015
0.016
-0.214b
0.124
0.208a
-0.295b
-

-0.126
-0.017
-0.064
-0.145
0.031
0.046
0.024
0.136
0.031
0.018
-0.160a
0.106
0.123
-0.134
-0.378d

-0.150
-0.041
-0.034
-0.030
-0.041
-0.018
0.082
-

-0.104
-0.001
-0.048
-0.008
-0.045
-0.020
0.114
0.205
-0.231a
0.061
-0.090
0.038
-

0.105
0.219
0.273
0.058
0.114
0.054
0.020
< 0.001
0.001
Social relations HRQoL
0.015
-0.012
0.042
-0.085
-0.146
-0.095
0.137
-0.118
0.136
-0.233a
-0.274b
-0.222a
0.022
0.023
-0.004
0.037
0.008
0.013
0.169
0.107
0.105
-0.136
-0.139
-0.123
-0.162
-0.080
-0.048
0.046
0.042
0.001
-0.082
-0.071
-0.059
-0.067
-0.069
-0.054
0.309d
0.152
-0.311b
-

0.360
0.087
< 0.001

-0.012
-0.012
0.631

0.039
0.159
0.241
0.051
0.120
0.082
0.037
< 0.001
< 0.001
Environmental HRQoL
0.013
-0.015
0.029
-0.001
-0.062
-0.021
-0.068
-0.087
-0.072
-0.154
-0.195a
-0.154
0.006
0.007
-0.014
0.076
0.046
0.050
0.245b
0.183a
0.181a
0.024
0.020
0.033
-0.003
0.080
0.105
0.083
0.078
0.046
-0.214a
-0.203a
-0.194a
0.101
0.099
0.111
0.310d
0.185
-0.248a
-

-0.119
-0.153
0.017
-0.125
-0.103
0.060
0.013
-

-0.120
-0.162
0.033
-0.115
0.127
0.042
0.001
-0.096
-0.051
0.117
-0.074
-0.099
-

0.036
0.036
0.102

0.029
-0.007
0.539

Sex (female)
Race (white)
Race (other)
Age
Education
Living with spouse
Income
Disease (CD = 1, UC = 2)
Time since diagnosis
Surgery for IBD
Relapse rate
Disease in Remission
SOC score
Depressive symptoms
Anxiety symptoms
Regression Statistics
Adjusted R2
Incremental adjusted R2
Significance of F change

-0.187a
-0.007
-0.042
-0.180
0.002
0.068
0.086
-

-0.147
0.017
-0.069
-0.187
-0.006
0.059
0.099
0.172
-0.140
0.060
-0.239b
0.112
-

Sex (female)
Race (white)
Race (other)
Age
Education
Living with spouse
Income
Disease (CD = 1, UC = 2)
Time since diagnosis
Surgery for IBD
Relapse rate
Disease in Remission
SOC score
Depressive symptoms
Anxiety symptoms
Regression Statistics
Adjusted R2
Incremental adjusted R2
Significance of F change

-0.003
-0.109
0.110
-0.279b
-0.008
0.063
0.157
0.077
0.077
0.012

Model 5

Satisfaction with Health
-0.080
-0.102
-0.062
-0.096
-0.146
-0.109
-0.021
-0.036
-0.023
0.128
0.095
0.132
0.081
0.082
0.063
0.095
0.071
0.075
-0.120
-0.170
-0.172
0.326b
0.323b
0.335b
-0.092
-0.024
-0.002
0.121
0.117
0.087
-0.041
-0.032
-0.023
0.099
0.097
0.108
0.251b
0.137
-0.227a
-

Sex (female)
Race (white)
Race (other)
Age
Education
Living with spouse
Income
Disease (CD = 1, UC = 2)
Time since diagnosis
Surgery for IBD
Relapse rate
Disease in Remission
SOC score
Depressive symptoms
Anxiety symptoms
Regression Statistics
Adjusted R2
Incremental adjusted R2
Significance of F change

0.047
0.047
0.059

Model 4

0.084
0.007
0.303

0.144
0.115
< 0.001
Physical HRQoL
-0.179a
-0.054
-0.091
-0.234a
-0.004
0.025
0.028
0.168
-0.045
0.055
-0.226b
0.110
0.356d
-

0.167
0.083
< 0.001

-0.136
-0.218a
0.016
-0.148
0.121
0.010
-0.072
-0.096
0.054
0.099
-0.057
-0.097
0.314b
-0.090
-

0.228
0.061
0.001

0.043
-0.106
0.146a
-0.181a
0.057
0.029
0.103
-0.170
-0.002
0.003
-0.004
-0.072
0.067
-0.148
-0.383d
0.317
0.089
< 0.001

0.008
0.007
-0.052
-0.140
0.005
0.095
0.264b
0.045
0.045
0.066

0.069
0.024
0.136

0.087
0.042
0.004
Mental HRQoL
-0.137
-0.073
-0.071
-0.057
-0.043
-0.055
0.040
0.201
-0.133
0.055
-0.076
0.036
0.368d
-

0.153
0.084
< 0.001

0.116
0.029
0.025
-0.075
-0.015
-0.050
0.002
-0.074
-0.049
0.038
0.219a
-0.097
0.009
-0.063
0.053
0.188a
-0.357d
-

0.189
0.036
0.010

0.218
0.102
< 0.001
-0.074
-0.023
-0.043
0.032
-0.031
-0.038
0.036
0.186
-0.064
0.010
-0.023
0.040
0.128
-0.241a
-0.270b
0.282
0.041
0.004
0.029
-0.026
-0.068
-0.137
0.012
0.057
0.181a
0.013
0.125
0.047
-0.170a
0.103
0.148
-0.178
-0.164
0.200
0.011
0.097

Values shown are standardized beta regression coefficients. dP < 0.01, bP < 0.01, aP < 0.05 vs control. IBD: Inflammatory bowel disease; CD: Crohn's disease;
UC: Ulcerative colitis; HRQoL: Health-related quality of life.
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[30]

considering person-centered medicine . Therefore,
it is essential for gastroenterologists to be able to
identify patients with difficulties in coping with IBD.
Notwithstanding that our preliminary results deserve
replication in prospective studies, the SOC scale
could be a useful and time-efficient method to detect
psychologically vulnerable IBD patients and refer them
for psycho-educational and/or psychotherapeutic
interventions aiming to prevent the development of
psychopathology.
Our second new finding is that SOC was in
dependently associated with overall HRQoL. Moreover,
SOC was also associated with all other aspects of
HRQoL, but these relationships were mediated by
psychological distress, mostly anxiety symptoms.
Although the relationship of SOC with health outcomes
[41,42]
has been challenged
, especially its potential to
[43]
predict physical health , its relationship with HRQoL is
well documented, and evidence suggests that a strong
[39]
SOC predicts better HRQoL . However, extremely
limited numbers of studies have investigated the
association of SOC with HRQoL in patients with IBD. In
line with the findings of the present study, in their study
with 113 patients who had undergone a resection of
the sigmoid colon or rectum including 53 IBD patients,
[75]
Siassi et al
found that SOC was longitudinally
associated with emotional HRQoL and, to a lesser
extent, with the disease-specific Gastrointestinal Quality
[76]
of Life Index (GLQI) . The authors pointed out that
the effect of personality on HRQoL by far exceeded the
influence of common clinical variables. Our findings
further confirmed the results of the aforementioned
study by addressing the association of SOC and HRQoL
in a larger and more homogeneous sample of IBD
patients, suggesting that SOC may be considered to
better determine the complex interactions between
psychological distress and HRQoL in IBD.
Notably, anxiety symptoms were the major
independent correlate of most aspects of HRQoL. Several
studies have shown the association of psychological
[77-80]
distress with HRQoL in IBD
. A prospective study
indicated that anxiety is associated with impaired
[12]
[19]
HRQoL , while Hyphantis et al
reported that
psychological distress was strongly associated with
impaired HRQoL in IBD, but somatization mediated
this relationship. Our findings regarding the association
of anxiety with HRQoL indicated that, apart from the
early recognition and treatment of depression, clinicians
should pay closer attention to IBD patients’ anxiety
symptoms. Accordingly, IBD patients experience
significant anxious cognitions related to the worry and
[81]
fear of bowel symptoms in the social context .
Some limitations of this study should be ad
dressed. First, the cross-sectional design did not allow
inferences concerning causality to be drawn. Second,
the drawback of using only self-reported measures for
independent psychological predictors and HRQoL means
that we could not refute the criticism that an underlying
response style might have led to our results. Third,

Table 6 Mediation analysis (Sobel test) to assess whether the
effect of sense of coherence on health-related quality of life
domains is mediated by depressive and/or anxiety symptoms
Specific indirect effects

Overall HRQoL
Satisfaction with Health
Physical HRQoL
Mental HRQoL
Social relations HRQoL
Environment HRQoL

via depressive

via anxiety

symptoms

symptoms

Direct
effect

Indirect
effect; Z

Indirect
effect; Z

0.008a
0.002
0.003
0.004
0.002
0.003

-0.001; -0.648
0.001; 0.503
0.002; 1.399
0.003; 2.290a
0.002; 1.488
0.002; 1.650

0.005; 3.112b
0.007; 3.325d
0.004; 3.372d
0.003; 2.546a
0.005; 3.328d
0.001; 1.578

Direct effect represents the independent effect of the predictor on the
outcome after controlling for potential mediators; predictor: SOC;
mediators: anxiety symptoms, depressive symptoms; control variables:
sex, race, age, education, marital status, income, disease type, time since
IBD diagnosis, surgery for IBD, relapse rate, and disease in remission. dP <
0.01, bP < 0.01, aP < 0.05 vs control. HRQoL: Health-related quality of life.

depressive symptoms were not found to be strongly
associated with relapse rate or illness severity. Instead,
they were associated with time since diagnosis,
although our moderation analysis showed that the
relationship of both anxiety and depressive symptoms
with time since diagnosis holds only for those patients
with lower capacities to cope with the illness, i.e.,
those with lower SOC scores. These findings suggested
that acute or sub-acute phenomena, such as relapses,
are associated with anxiety, whereas chronic mild
stress, such as having a long-term disabling condition
for several years, is rather associated with depressive
symptomatology, especially for IBD patients with
limited coping resources.
Our first main new finding is that SOC was
independently associated with psychological distress,
i.e., anxiety and depressive symptoms. Opheim et
[25]
al
assessed SOC in IBD patients using the short
13-item version of SOC scale and, similar to the
findings of our study, found no association between
SOC and disease activity measures. They also found
that SOC was inversely associated with the Five-item
[71]
Fatigue Severity Scale (FSS-5) , and that higher
SOC scores were associated with better self-efficacy,
but a measure of psychological distress was lacking.
The relationship of SOC with psychological distress
has been studied in other chronic medical conditions,
[72]
such as myocardial infarction , chronic obstructive
[73]
[74]
pulmonary disease (COPD) , systemic sclerosis ,
[46]
[23]
rheumatoid arthritis
and colorectal cancer ,
where significant inverse associations between SOC
and psychological distress symptoms have been
demonstrated. Our findings demonstrate that the
same applies to patients with IBD. Furthermore,
the present findings provide support for previous
suggestions that medical interventions should not only
aim at alleviating the disease, but also at improving
health by strengthening a person’s SOC and by
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our sample was drawn from a specialized outpatient
Gastroenterology department in a tertiary university
hospital; therefore it may not be representative. In
addition, our sample comprised patients with a rather
“stable” disease, as 61.2% of the patients were in
remission, a percentage that increased to 96.9% in
CD patients. The low rate of active disease at the time
of the study, particularly in CD patients, might partly
be accounted for by the exclusion criteria applied,
according to which, patients hospitalized at the time of
the study were excluded. The large number of patients
in remission at the time of the study may also reflect
successful clinical management, raising an important
consideration regarding how effectively these patients
are being treated for their disease. We should also
acknowledge that, as the disease activity/severity
indices (CDAI/TWT) were categorized cumulatively to
obtain a comparable index applicable to both types of
IBD, the contribution of current disease state (i.e., in
remission or not) to psychological distress and HRQoL
should be interpreted with caution, because it was
extracted from different scoring systems, although
established cut-offs were used. Finally, the application of
SOC as a “salutogenic index” is not uniformly supported
by all studies, and some studies have recommended
caution in the application of SOC to different
[82,83]
populations
.
On the other hand, the strengths of this study
include the high response rate (98%), the use of
widely available validated instruments and the fact
that our findings are in accordance to previous results
derived from similar studies. In addition, the concurrent
assessment of disease severity both retrospectively
(number of relapses in the past 2 years) and currently
(by means of disease-specific activity measures such
as CDAI and TWT) represent an additional strength
of this study, given that ‘disease activity’ varies across
studies, resulting in some controversy. More specifically,
disease activity is often assessed retrospectively based
[84]
on self-reporting of previous relapses
or a current
[78]
self-reported perception of disease activity . Thus,
we offered discrimination between current (disease
in remission, assessed by objective measures) and
previous disease activity.
The present study might have important clinical
implications. Psychological distress symptoms were
found to be quite prevalent among patients with IBD
and were inversely related to HRQoL. Despite the
high rates of anxiety and/or depressive symptoms
in patients with IBD, appropriate treatment remains
[68]
an unmet need for the majority of the patients .
Given the deleterious effects of psychological distress
symptoms in patients with IBD, timely recognition
and management of both depressive and anxiety
symptoms is imperative. Notably, anxiety symptoms
emerged as the most potent correlate of impaired
HRQoL, often rendering the association between
depressive symptoms and certain domains of
HRQoL non-significant. Moreover, anxiety was the
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psychological distress symptom that was associated
with a higher relapse rate. Therefore, in support of
previous findings, this study highlighted the importance
of assessing and discussing anxiety, apart from
depression, with IBD patients within the medical
setting. However, whether psychological interventions
have an impact on the treatment of IBD is a matter of
debate. A recent systematic review found no evidence
for efficacy of psychological therapy in adult patients
with IBD in general, while psychological interventions in
adolescents may be beneficial, suggesting that further
research is needed to assess the efficacy of these
therapies in subgroups identified as being in need
of psychological interventions, and to identify what
[85]
type of therapy may be most useful . In the present
study, SOC emerged as an important concept for IBD
patients, as higher levels of SOC were independently
associated with lower levels of psychological distress
symptoms and higher levels of overall HRQoL; SOC
was also found to buffer the negative impact of longer
disease duration on psychological well-being. Therefore,
our findings suggest that treatment strategies focusing
on enhancing SOC, especially in those IBD patients
with lower levels of SOC, might result in alleviating
psychological distress, and in turn enhancing HRQoL,
or might directly exert a positive effect on overall
HRQoL, an hypothesis that remains to be confirmed
in future longitudinal studies. Evidence suggests that
SOC can be strengthened through personal activity and
[86]
[87]
care , psychodynamic psychotherapy
or group[88]
based cognitive behavioral therapy , which have been
shown to enhance SOC and promote HRQoL in people
[88]
with chronic medical conditions .

COMMENTS
COMMENTS
Background

Patients with inflammatory bowel disease (IBD) often experience remarkable
levels of psychological distress, leading to negative outcomes and reducing the
patients’ quality of life by amplifying symptom burden, decreasing treatment
adherence and increasing disability. Living with IBD is a severe psychological
distress and it is likely that the patient’s predominant coping abilities may
influence his or her psychological adaptation and the formation of quality of
life. Studies in other chronic medical illnesses have shown that the patients’
capacities to cope with health-stressors are important determinants of quality of
life.

Research frontiers

Sense of coherence (SOC) is a theoretical construct that aims to explain why
some people, regardless of major stressful situations and severe hardships,
fall ill and others do not. It is assumed that an individual with a strong SOC
maintains and enhances health through effective and flexible coping with
stressors by adopting health-enhancing and avoiding unhealthy behaviors. The
current research hotspot is how SOC influences psychological distress and
quality of life in patients with IBD, while simultaneously interacting with diseaserelated parameters.

Innovations and breakthroughs

Previous studies in IBD found that SOC was associated with self-efficacy and
fatigue. Here, we confirmed that lower levels of SOC are associated with higher
levels of anxiety and depressive symptoms, and impaired overall quality of life.
We also found that time since diagnosis is only associated with anxiety and
depressive symptoms in patients with lower levels of SOC, and that anxiety
symptoms are the most important independent correlate of quality of life.
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Applications

The results of the present study highlighted the importance of assessing and
discussing anxiety, apart from depression, with IBD patients within the medical
setting. In addition, treatment strategies focusing on enhancing SOC, especially
in those IBD patients with lower levels of SOC, might result in alleviating
psychological distress and enhancing quality of life. Therefore, it is essential for
gastroenterologists to be able to identify patients with difficulties in coping with
IBD, and the SOC scale could be a useful and time-efficient method to detect
psychologically vulnerable IBD patients and refer them for psycho-educational
and/or psychotherapeutic interventions: studies have shown that SOC can be
strengthened through personal activity and care, psychodynamic psychotherapy
or group-based cognitive behavioral therapy.

11
12

13

Terminology

SOC is defined as a global orientation that expresses the extent to which one
has a pervasive, enduring, though dynamic, feeling of confidence, taking into
consideration that (1) the stimuli deriving from one’s internal and external
environments in the course of living are structured, predictable and explicable
(comprehensibility); (2) the resources are available to one to meet the demands
posed by these stimuli (manageability); and (3) these demands are challenges
worthy of investment and engagement (meaningfulness).

14

Peer-review

This paper focuses on the influence of psychological factors, including Sense
of Coherence, psychological distress and Health-Related Quality of Life in
IBD, as a means of assessing how individual psychological experiences
potentially contribute to disease penetration or persistence in IBD. The SOC is
a health-promoting model reflecting a person’s worldview and responsiveness
to stress situations like IBD, and may be important in adaptation to such
chronic illnesses. Without doubt the topic of the manuscript is interesting and a
contemporary issue in the IBD community.
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AIM: To analyze the incidence and possible risk
factors in hospitalized patients treated with Clostridium
difficile infection (CDI).
METHODS: A total of 11751 patients were admitted
to our clinic between 1 January 2010 and 1 May
2013. Two hundred and forty-seven inpatients were
prospectively diagnosed with CDI. For the risk analysis
a 1:3 matching was used. Data of 732 patients
matched for age, sex, and inpatient care period and
unit were compared to those of the CDI population.
Inpatient records were collected from an electronic
hospital database and comprehensively reviewed.

Ethics approval: The study protocol was reviewed and approved
by the Semmelweis University Regional and Institutional
Committee of Science and Research Ethics (TUKEB 56/2013).
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Incidence of CDI was 21.0/1000 admissions
(2.1% of all-cause hospitalizations and 4.45% of
total inpatient days). The incidence of severe CDI
was 12.6% (2.63/1000 of all-cause hospitalizations).
Distribution of CDI cases was different according to the
unit type, with highest incidence rates in hematology,
gastroenterology and nephrology units (32.9, 25 and
24.6/1000 admissions, respectively) and lowest rates
in 1.4% (33/2312) in endocrinology and general
internal medicine (14.2 and 16.9/1000 admissions)
units. Recurrence of CDI was 11.3% within 12 wk
after discharge. Duration of hospital stay was longer in
patients with CDI compared to controls (17.6 ± 10.8
d vs 12.4 ± 7.71 d). CDI accounted for 6.3% of allinpatient deaths, and 30-d mortality rate was 21.9%

st
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(54/247 cases). Risk factors for CDI were antibiotic
therapy [including third-generation cephalosporins or
fluoroquinolones, odds ratio (OR) = 4.559; P < 0.001],
use of proton pump inhibitors (OR = 2.082, P < 0.001),
previous hospitalization within 12 mo (OR = 3.167,
P < 0.001), previous CDI (OR = 15.32; P < 0.001),
while presence of diabetes mellitus was associated
with a decreased risk for CDI (OR = 0.484; P < 0.001).
Treatment of recurrent cases was significantly different
from primary infections with more frequent use of
vancomycin alone or in combination (P < 0.001), and
antibiotic therapy duration was longer (P < 0.02).
Severity, mortality and outcome of primary infections
and relapsing cases did not significantly differ.

burden .
Previously increasing incidence was only reported
in long-term care facilities. In contrast, recent studies
[7]
report both community onset CDI and acute hospital
[8]
care onset . Annual incidence of Clostridium difficile
associated diarrhea and colitis (CDAD and CDAC,
respectively) sharply increased from 35 to 156/100000
[9]
in past twenty years in Quebec . The increase was
more significant in elderly patients, 65 years and
above, (number of CDI reports furthermore elevated
[10]
via mandatory surveillance healthcare systems) .
Not only did the incidence, but also the number of
[11]
complicated cases and mortality rates increased .
Of note, asymptomatic carriers and colonization of
colon microbial flora is observed in about 3% of the
population, although in a much higher proportion
[12]
of patients after long hospital stays and surgery .
The spectrum of clinical manifestations associated to
Clostridium difficile can diverge from asymptomatic
carriers to life-threatening infection. CDI symptoms can
vary between diarrhea and colitis or enteritisto even lifethreatening complicated forms, pseudomembranosus,
fulminant colitis or toxic megacolon. Some studies
reported decreasing incidence of severe CDI. Feuerstadt
[12]
et al
reported improved prognosis and decreased
mortality (30-d mortality decreased significantly in
both the overall (17.1% vs 13.1%, P < 0.01) and in
the severe CDI (31.3% vs 23.3%, P < 0.05) cohorts
between CDI 2006-2008 and 2009-2011.
Recently reported epidemic and wide-spreading of
Clostiridum difficile infections are associated with health
care associated factors and resistant strains (e.g.,
[13]
NAP1/B027) . Suggested risk factors for developing
CDI include prior antibiotic use, acid suppressive
[14,15]
[16]
agents
, previous CDI , comorbidities, malignancies,
[17]
gastrointestinal disorders
and inflammatory bowel
[18]
diseases .
Since there are only limited retrospective data are
available from Eastern Europe, our aim was to analyze
prospectively the incidence, possible risk factors,
treatment strategy and outcome of CDI infections in
st
hospitalized patients, treated at the 1 Department of
Medicine, Semmelweis University, Budapest, Hungary.

CONCLUSION: CDI was accounted for significant
burden with longer hospitalization and adverse outcomes.
Antibiotic, PPI therapy and previous hospitalization or
CDI were risk factors for CDI.
Key words: Clostridium difficile infection; Hospitalization;
Antibiotics; Proton pump inhibitors
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clostridium difficile infection (CDI) is one of
the most common healthcare-associated infections.
It has a high economic burden and its incidence is
rapidly increasing in long-term care facilities and acute
care hospitals. In the present study, we reported an
epidemic of CDI with one of the highest incidences
to date. Previous antibiotic treatment, proton pump
inhibitor use, previous hospitalization, higher Charlson
Comorbidity Index, and previous CDI were identified
as predictive factors. CDI was associated with a
high healthcare burden, long hospital stay and high
mortality.
Kurti Z, Lovasz BD, Mandel MD, Csima Z, Golovics PA, Csako
BD, Mohas A, Gönczi L, Gecse KB, Kiss LS, Szathmari M,
Lakatos PL. Burden of Clostridium difficile infection between
2010 and 2013: Trends and outcomes from an academic center in
Eastern Europe. World J Gastroenterol 2015; 21(21): 6728-6735
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i21/6728.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i21.6728

MATERIALS AND METHODS
Patients

INTRODUCTION
Clostridium difficile infection (CDI) is one of the
most common antibiotic-associated complications
nowadays and a leading cause of healthcare associated
[1]
infections . The incidence of CDI is dramatically
[2]
increasing since 2000 and its rising severity is
well represented by more frequent transfer to the
intensive care unit, colectomy and infection associated
[3]
mortality . It results in remarkable healthcare system
costs and eventually leads to an important healthcare

WJG|www.wjgnet.com
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All patients admitted to the 1 Department of Medicine,
Semmelweis University, Budapest, Hungary between 1
January 2010 and 1 May 2013 prospectively evaluated.
Our institution is an academic center with a secondary
referral center including all specialities of internal
medicine and oncology and provides primary internal
medical care for a region of about 225000 inhabitants
with a secondary referral area of 750000 to 1500000
inhabitants for specialized care. A total of 11751
inpatients were admitted in our clinic during the followup period, including all cause of hospital admission.
Total 601 stool sample tested for CDI in Microbiology
Department of Semmelweis University, microbiological
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serology test, including 168 positive and 433 negative
result and including recidive cases. Testing density was
5.11/10000 patient-days.
A total of 247 inpatients had a confirmed diagnosis
of CDI based on the clinical symptoms, laboratory
results and cytotoxin stool testing and/or stool culture.
Patient data were collected from the hospital electronic
database.

analysis by using logistic regression analysis. Variables
with a P vaule < 0.1 were included in the multivariate
testing. Kaplan-Meier curve was plotted to analyse
mortality outcomes with LogRank test. A P value of <
0.05 was considered significant.

Methods

The crude incidence of CDI infection was 21.0 per
1000 all-cause hospital admissions (2.1% of all-cause
hospitalizations), 4.45% of total inpatient days were
related to CDI (4326/96284 d, equaling 25.6 cases per
10000 patient-days) during the observed period. The
majority of the patients were 60 years or older (< 40
years old: 4.7%, 40-60 years old: 11.9%, > 60 years
old: 83.4%). Community acquired infection rate was
45.3%. Symptoms were detected at hospitalization in
82 patients (33.2%) and within 3 d from admission in
further 30 patients (12.1%). Mean time to presence
of CDI symptoms was 2.75 ± 5.3 d from hospital
admission.
Total 601 stool sample tested for Clostridium difficile
infection in Microbiology Department of Semmelweis
University, microbiological serology test, including 168
positive and 433 negative result and including relapses.
Testing density was 5.11/10000 patient-days.
The incidence of CDI was different according to the
unit type, with highest incidence rates in hematology,
gastroenterology and nephrology units (32.9, 25 and
24.6/1000 admissions) and lowest rates in 1.4%
(33/2312) in endocrinology and general internal medicine
(14.2 and 16.9/1000 admissions) units. Incidence did
not differ between genders.
The incidence of severe CDI was 12.6% (2.63/1000
of all cause hospitalizations). In severe CDI patients were
older (severe: 84.2% vs all: 69.6% of patients were
> 65 years, P < 0.001) and duration of hospitalization
was longer (18.4 ± 11.7 inpatient days vs 17.3 ± 10.3
inpatient days, P < 0.001).

RESULTS
Incidence of CDI and severe CDI

CDI was defined as an acute diarrheal disease (more
than three liquid stools per day) with a positive
cytotoxin stool assay or a positive cytotoxin stool assay
associated with the diagnosis of pseudomembranous
colitis by imaging or endoscopic methods, surgery,
[19]
or autopsy . Repeated exotoxin positivity in 3 mo
were defined as recurrence. In our department we
apply standardized medical protocols and surveillance
guidelines for healthcare associated infections (HAI)
including CDI, and thus evaluation of symptomatic
patients and treatment strategy is harmonized.
For defining the possible risk factors a 1:3 matching
was used. Data of 732 inpatients matched for age,
gender, inpatient care period and unit were compared to
the CDI population. Inpatient records were collected and
comprehensively reviewed, including inpatient ward,
co-morbidities (according to Charlson Comorbitiy Index
[20]
and age-adjusted Charlson Comorbidity Index ),
medication use (including previous or current antibiotic
treatment, proton pump inhibitors and any medication
for the treatment of co-morbidities and the current CDI
episode), laboratory parameters [white blood cell count
(WBC), creatinine, C-reactive protein (CRP), serum
albumin level].
Severe CDI was defined as WBC 15 G/L or above
and serum albumin level 30 g/L or below based on
[21]
previous guidelines .
Community acquired CDI defined as symptoms
developed before hospital admission or less than 48 h
[22]
after .
Three different outcomes were uses, such as
recovered, recurrence after healing (within 12 wk),
and death. Recurrence was defined as a clinical relapse
including symptoms and positive stool test within 12
wk from the discharge.

Risk factors for CDI

Serum creatinine level, WBC and CRP were higher
while serum albumin level was lower in patients with
CDI compared to controls. Charlson Comorbity Index
and age-adjusted Charlson Comorbidity Index were
also significantly higher in CDI cases compared to
controls (5.6 ± 3.1 and 6.8 ± 2.7 vs 4.8 ± 3.0 and 5.9
± 2.7, P < 0.001). More detailed description of clinical
and laboratory parameters are shown in Table 1.
Risk factors for CDI included previous “risk”
antibiotic therapy (clindamycin, penicillins, third
generation cephalosporins and fluoroquinolones, P <
0.001), use of proton pump inhibitors (OR = 2.08, P
< 0.001), previous hospitalization within 12 mo (OR =
3.16, P < 0.001), previous CDI (OR = 15.3, P < 0.001).
The presence of diabetes mellitus was associated with a
decreased risk for CDI (OR = 0.48, P < 0.001) (Table 2).

Ethical permission

The study protocol was approved by the Semmelweis
University Regional and Institutional Committee of
Science and Research Ethics (TUKEB 56/2013).

Statistical analysis

SPSS version 20 (SPSS Inc., Chicago, IL, United
States) was used for statistical analysis. D-test,
ANOVA-Scheffe test were used to compare continuous
variables, Khi2, Fischer-exact tests were used to
compare categorical variables. Categorical variables
if appropriate were further tested in a multivariate
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Table 1 Clinical and laboratory parameters of patients with

1.0

Age (yr)
Male/female
Charlson Index
Age-adjusted Charlson
Comorbidity Index
CRP (mg/L)
Procalcitonin (mg/L)
WBC count (G/L)
Albumin (g/L)
Creatinine (μmol/l)
Na (mmol/L)
K (mmol/L)

Survival of patients with C. difficile infection

Clostridium difficile infection and controls

P value

CDI cases

Controls

(n = 247)

(n = 732)

72.4 (14.2)
90/157
5.6 (3.1)
6.8 (2.7)

70.6 (13.8)
276/455
4.8 (3.0)
5.9 (2.7)

NS
NS
< 0.001
< 0.001

108.3 (101.3)
1.8 (8.1)
14.3 (20.9)
29.5 (9.9)
158.3 (158.2)
137.7 (14.7)
4.1 (4.4)

49.8 (74.0)
1.2 (12.4)
9.9 (8.4)
36.2 (11.2)
124.1 (117.7)
136.1 (25.1)
4.4 (4.8)

< 0.001
NS
< 0.001
< 0.001
< 0.001
NS
NS

Gender
Previous Clostridium
difficile infection
Previous
hospitalization1
Healthcare facility or
nursery home
Treatment with "risk"
antibiotics
Proton pump inhibitor
therapy
Charlson Comorbidity
Index

P = 0.77
P < 0.001,
OR = 15.3
95%CI: 2.03-48.7
P < 0.001,
OR = 3.17
95%CI: 2.19-4.57
P = 0.06

P = 0.47
P = 0.08

P < 0.001 ,
OR = 4.56
95%CI: 3.36-6.19
P < 0.001,
OR = 2.08
95%CI: 1.52-2.85
P = 0.001

Primary CDI
Relapse
Censored
Censored

0.4

0.2

0

5

10

15

20

25

30

Time from admission (d)

Figure 1 Early mortality of patients with Clostridium difficile infection.
Primary infection vs relapse, within 30 d from admission. P log rank = 0.64. C.
Difficile: Clostridium difficile; CDI: Clostridium difficile infection.

Table 2 Risk factors for Clostridium difficile infection in
inpatients
Multivariate analysis

0.6

0.0

Data are expressed as mean ± SD. CDI: Clostridium difficile infection; CRP:
C reactive protein; NS: Not significant; WBC: White blood cell count.

Univariate analysis

0.8

Treatment strategy was different in community vs
hospital-acquired cases with a tendency towards higher
metronidazole (P = 0.07) and lower vancomycin (P =
0.004) and/or combination therapy (P = 0.04) rates in
the community acquired cases. A similar proportion of
the patients required a change of the first therapy.
The treatment strategy was not significantly
different according to the unit type, age or gender (data
not shown).
Treatment of recurrent cases was significantly
different from primary infections (86.7% vancomycin
based including 53.3% combination vancomycinmetronidazole vs 29.2% vancomycin-based therapy
in primary CDI, P < 0.001). Length of treatment
recurrent infections was 16.6 days, longer compared
to the primary cases (P = 0.03 vs primary CDI).

P < 0.001,
OR = 2.39,
95%CI: 1.61-3.51
P = 0.81
P < 0.001
OR = 4.09,
95%CI: 2.98-5.61
P = 0.006
OR = 1.62,
95%CI: 1.15-2.29
P = 0.004
OR = 1.08,
95%CI: 1.03-1.14

1

Within 1 year from index hospitalization. Previous “risk” antibiotic
therapy: clindamycin, penicillins, third-generation cephalosporins, or
fluoroquinolones. Previous treatment strategy was registered within 1 year
from diagnosis of CDI. Proton pump inhibitor therapy was defined as at
least the suggested daily dose (20 mg omeprazole, 30 mg lansoprazole, or
40 mg pantoprazole or esomeprezol). OR: Odds ratio; NA: Not applicable.

Outcome of CDI infection

Duration of hospital stay was longer (17.6 ± 10.8 d vs
12.4 ± 7.7 d, P < 0.01) in patients with CDI infection
compared to the controls. Length of hospitalization was
not different between age-groups (data not shown);
8.1% of the patients required ICU therapy during the
CDI infection.
The 30-d mortality rate was 21.9% in CDI patients
(54/247 cases), equaling 6.3% of all-inpatient deaths
(37/555) (Figure 1). In addition, mortality rates were
different according to age with highest mortality in the
eldest patients (21.7% in > 60 years old, 16.7% in
40-60 years old and 0% in younger patients, P = 0.053,
Figure 2).
Recurrence of CDI infection was 11.3% (n = 26)
12 wk after discharge. The outcome of recurrent cases
was not significantly different from that of the primary
infection. The rate of severe CDI was 5.9% and 30-d
mortality was 23.8% (Figure 1).

Treatment strategy

Treatment of primary infection was started with
metronidazole in 70.8% of the patients (28.4% iv and
42.4% oral), vancomycin alone in 7.7% or combination
therapy in 21.5%. Change in the antibiotic treatment
was required in 11.9%. The mean length of antibiotic
treatment was 12.1 ± 6.9 d. The initial treatment of
severe CDI included combination therapy in 31.6%,
metronidazole in 60.5% or vancomycin alone in 7.9%
of the cases. Change in the antibiotic therapy was
required in 15.8% of the patients. The length of the
treatment was 13.6 ± 5.9 d, and 12.6 ± 7.1 d in
severe cases.
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unnoticed.
In a multinational European study, the mean
incidence of CDI was 4.1 per 10000 patient-days,
with 63% of the patients aged 65 years or more as
extrapolated from the results obtained in November
[25]
2008, from single hospitals . Of note, a significant
geographic variation was reported with the highest
rate in Finland (19.1 per 10000 patient-days) and the
lowest in Turkey and Bulgaria (0 and 0.6 per 10000
patient-days). Interestingly, very low incidences were
reported from Eastern European countries including
Bulgaria, Croatia, Czech Republic, Romania, Slovakia
and Hungary (2 per 10000 patient-days). In contrast,
Poland reported one of the highest incidences (12.5
per 10000 patient-days). The incidence in the present
study equals 25.6 cases per 10000 patient-days, which
is one of the highest reported in Europe, 5 to 10-fold
higher compared to the Eastern European data in the
multicenter study from 2008.
Few other data are available from Eastern Europe.
Surprisingly low, 0.6 per 10000 patient-days incidence
rate was reported from a university center from Croatia
[26]
by Novak et al
in 2010. Similarly low incidence was
reported in a Czech tertiary referral center by Balihar et
[27]
al
in 2014, with an incidence of 0.6 per 10000 and
15.8% severe cases, in a retrospective observational
[27]
study . Finally, the incidence rate in the present study
was almost 5-times higher than in the recently published
[28]
data from Austria (5.23 per 10000 patient-days) .
The rate of severe CDI was similar in the present study
(12.6%) to that reported from Austria (16.5%). Patients
with severe CDI were older and CDI was associated with
longer hospital stay. Interestingly, even higher severe
CDI rates were reported from the US (20.1%) between
[12]
2006 and 2011 and from Canada (rising from 7.1% in
[9]
1991-1993 to 18.2% in 2003) .
Previous antibiotic treatment (clindamycin, amocillin/
clavulanic acid, cephalosporins, ciprofloxacin and flu
oroquinolones), acid suppressive agents, previous
hospitalizations, long-term care home residence and
comorbidities were previously reported as risk factors
[14-16,29-31]
for CDI
. In concordance, in the present
study previous antibiotic treatment with the above
compounds, proton pump inhibitor use, previous
hospitalization, higher Charlson Comorbidity Index,
and previous CDI were identified as predictive factors
for CDI. In addition, higher creatinine, lower serum
albumin level and higher white blood cell count was
associated with CDI and in previous studies with
[9]
adverse outcomes . Male gender, elevated CRP and
fluoroquinolone exposure was associated with severe
CDI and more frequent transition to intensive care
[32]
unit . The protective association found for diabetes
mellitus might represent a selection bias, since the
chance for being hospitalized with any gastrointestinal
symptoms, especially diarrhea (as well as the CDI
incidence) was lower in the endocrinology unit com
pared to the gastroenterology, nephrology or hema
tology units.

30-d mortality rate (%)

30

20

10

0
< 40 years

40-60 years

> 60 years

Figure 2 Early mortality in hospitalized patients with Clostridium difficile
infection according to the age at admission (within 30-d from admission).
P = 0.05 vs different age groups.

DISCUSSION
This is the first prospective systematic evaluation of
the incidence, risk factors, treatment and outcomes of
CDI in a tertiary academic center in Eastern Europe in
inpatients. CDI was associated with a high health care
burden and it was responsible for 4.5% of inpatients
stays, leading to long hospital stay and high mortality
(21.9%). The incidence of severe CDI was 12.6%
while recurrence of CDI infection was 11.3% within
12 wk after discharge. Primary CDI infection was
initially treated by metronidazole-based regimen, while
severe or recurrent cases were significantly more
often treated initially with vancomycin, alone or in
combination.
Previous studies reported increasing incidence
rates from Western Europe and North America. The
mean prevalence of CDI increased from 261 to 546
discharged cases per 100000 patients in a nationwide
study from the United States between 1993 and
[23]
2003
(Estimations were based on the discharge
data from the Nationwide Inpatient Sample. Similar
results were published from another multicenter study
between 2000 and 2006. The incidence of hospitalonset CDI increased from 7 to 8.5 cases/10000
patient-days, similarly the community-onset CDI
[24]
increased from 1.1 to 1.3 cases/10000 patient-days .
A striking rise in incidence was reported from the
Quebec region: 35.6 per 100000 population in 1991 to
156.3 per 100000 in 2003, with some local geographic
variation. Of note, the highest increase was observed
among patients aged 65 years or above (from 102.0
[9]
to 866.5 per 100000) .
In concordance, the incidence rate of CDI was
21/1000 all cause hospital admission and the majority
(83.4%) of patients were elderly (older than 60 years).
Importantly, the diagnosis of CDI in the present study
was based on clinical symptoms and positive cytotoxin
assay. A systematic stool evaluation by patients with
non-suggestive clinical symptoms was not performed.
Therefore, a proportion of mild cases may have been
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Previous studies suggested a benefit from
vancomycin-based treatment strategy, especially in
patients with severe CDI preventing adverse outcomes
[9]
and the development of complicated CDI . In a
recent paper from the US, authors reported a shift
in the treatment patterns, with shorter duration of
oral metronidazole (P < 0.001), longer duration of
intravenous metronidazole (P = 0.04), more frequent
use of vancomycin (P < 0.001) and more frequent
switching from metronidazole to vancomycin (P < 0.001)
[12]
between 2006 and 2011 . In the present study,
patients received a tailored therapy with increased
and earlier use of vancomycin in severe and recurrent
cases. Largely similarly treatment data were presented
[27]
from the Czech Republic . Interestingly, in the present
study, treatment strategy was different in community
vs hospital-acquired cases, with higher metronidazole
and lower vancomycin/combination rates in community
acquired cases.
Readmission rate (11.3%) in the present study was
lower compared to that reported from North America
[12,33]
(16%-18%)
and the Czech Republic (16.4%).
However, even lower readmission rates were reported
[34]
in a multicenter study from Canada (7%) . The
average total length of hospital stay in the present
study was in the range of previous findings with a
mean incremental length of stay of 5.0-13.6 and
2.7-21.3 d for CDI requiring admission and hospital
[35]
acquired CDI episodes . Of note, much longer mean
hospital stay was reported recently from the Czech
[27]
Republic (median 35 d) .
Despite the relatively aggressive treatment str
ategy, the 30-d mortality rate in the present study was
as high as 21.9%. The higher Charlson Comorbidity
Index and overall high proportion of elderly patients
may at least partly explain this finding. Similar
mortality rates were reported recently from the Czech
Republic (overall: 19.7%, hospital-acquired: 22.4%
and in severe-CDI: 62%) in a cohort with similar age
distribution and comorbidity pattern. A mortality rate
of 15.2% was reported in a multicenter study from
[35]
Canada . In another Canadian study death rate in
complicated and non-complicated CDI was between
19%-25.5% and 4.2%-11.3% without a clear
[9]
time trend between 1991 and 2003 . In addition,
increasing adjusted mortality rates were reported in
the US in the Nationwide Inpatient Sample between
1993 and 2003. Mortality rates increased from 20.3
deaths per 100000 discharges in 1993 to 50.2 deaths
[23]
per 100000 discharges in 2003 . In contrast, lower
and improving mortality rates were reported more
recently from the US (overall: 17.1% vs 13.1%, P <
0.01 and severe CDI: 31.3% vs 23.3%, P < 0.05)
between 2006 and 2011, despite a higher Charlson
Comorbidity Scores and older population in the more
[12]
recent cohort . Finally, mortality rate (11.0%) was
lower in a case-control study from Japan, while risk
factors for CDI were not different from Europe and
[36]
North America . Of note, in the latter study only
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the use of vancomycin but not metronidazole was
associated with a decreased risk for mortality.
Authors are aware of potential limitations of this
study including the possible underestimation of the
incidence due to the strict inclusion criteria. Cases
were identified by suggestive symptoms and cytotoxin
test positivity, therefore milder cases might have
remained unidentified. Demographic data was only
partly registered, e.g., nursery home care was not
always documented. Conventional treatment methods
were used in our university hospital for CDI, including
vancomycin and/or metronidazole therapy and patient
isolation. The use of new antibiotics, e.g., fidaxomicin,
tigecyclin or fecal microbiota transplantation was
exceptional with only one patient evaluated for fecal
microbiota transplantation. In the present study,
definition of severe CDI was based on Society for
Healthcare Epidemiology of America (SHEA) guidelines,
but this severity based evaluation was not validated
previously. In contrast, the strengths of the present
study include the prospective, complete capture.
Cases were identified through the full electronic online
in- and outpatient medical records, which is linked
to the microbiology and laboratory data, making
the search, data capture and analysis extremely
reliable. The system contains all out- and inpatient
records related to the patient including laboratory
data, imaging, hospitalization and/or surgery related
hospitalization records from all departments of the
Semmelweis University since 2005. In addition, we
apply standardized medical protocols and surveillance
guidelines in our Department for HAI including CDI,
and thus evaluation of symptomatic patients and
treatment strategy is harmonized in the different units
of the department.
In conclusion, the incidence of CDI was high in
this prospective study, and was associated with longer
hospital stay and adverse outcomes. Early readmission
rates were comparable to findings of previous studies.
A relatively high proportion of patients received
aggressive antibiotic therapy and this was tailored to
the severity of the cases. Antibiotic therapy, proton
pump inhibitor treatment, previous hospitalization and
CDI were identified as risk factors for CDI.
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Abstract
AIM: To investigate the utility of 1 H magnetic
1
resonance spectroscopy ( H MRS) as a noninvasive
test for steatosis in patients infected with hepatitis C
virus.
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METHODS: Ninety patients with chronic hepatitis
1
C and pathology data underwent 3.0T H MRS, and
the results of MRS and pathological analysis were
compared.
RESULTS: This group of patients included 26 people
with mild fatty liver (28.89%), 16 people with
moderate fatty liver (17.78%), 18 people with severe
fatty liver (20.0%), and 30 people without fatty liver
(33.33%). The water peak was near 4.7 parts per
million (ppm), and the lipid peak was near 1.3 ppm.
Analysis of variance revealed that differences in the
lipid peak, the area under the lipid peak, ratio of the
lipid peak to the water peak, and ratio of the area
under the lipid peak to the area under the water
peak were statistically significant among the groups.
Specifically, as the severity of fatty liver increased, the
value of each index increased correspondingly. In the
pairwise comparisons, the mean lipid peak, area under
the lipid peak, ratio of the lipid peak to the water
peak, and ratio of the area under the lipid peak to the
area under the water peak were significantly different
between the no fatty liver and moderate fatty liver
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22% and 76%. Fatty liver and viral hepatitis can exist
simultaneously and promote liver fibrosis, which is an
important risk factor for cirrhosis and hepatocellular
[6,7]
carcinoma . In addition, in recent years, studies
illustrated that hepatic steatosis also affects antiviral
efficacy, and American Association for the Study of
Liver Diseases (AASLD) HCV treatment guidelines
suggested that fatty liver is one of the factors that
affect the likelihood of a virologic response following
HCV treatment.
Liver biopsy remains the gold standard for
evaluating hepatic steatosis, despite well-established
drawbacks regarding its invasiveness and sampling
errors due to small sample sizes and inter-observer
[8,9]
variability . However, this invasive procedure is not
without risk. The procedure is associated with a low
mortality rate and high error rate, predominantly
th
owing to undersampling, whereby less than 1/50000
of the liver volume is typically obtained for histologic
evaluation. Histological assessment of a needle
biopsy specimen is potentially inaccurate because the
heterogenic manifestation of hepatic steatosis can lead
to underscoring of the severity of steatosis or result
[10]
in false-positive results . These factors highlight the
need for a noninvasive test to characterize diffuse
liver disease. For ethical reasons and because most
patients are unwilling to undergo repeated procedures,
treatment algorithms rarely allow serial liver biopsy.
Noninvasive modalities such as ultrasound,
computed tomography, and magnetic resonance
imaging (MRI) have been employed for the assessment
[11-13]
of hepatic steatosis
. However, these modalities
do not specifically measure hepatic fat content, they
are semiquantitative, and they lack a high sensitivity
[12]
and specificity . Many studies have focused on the
role of imaging techniques as noninvasive alternatives
to liver biopsy for detecting and quantifying hepatic
[14]
steatosis . The reported sensitivities and specificities
of different imaging techniques and different studies
investigating the same technique vary substantially.
1
1
H magnetic resonance spectroscopy ( H MRS) is a
safe and noninvasive alternative for quantifying hepatic
fat content. The modality offers good reproducibility
and a detailed investigation of different liver lobes,
and it has been evaluated in various clinical studies.
1
H MRS is widely used to measure intramyocellular
[15,16] 1
and intrahepatocellular lipid content in vivo
. H
MRS measures the resonance signals derived from
protons in triglycerides (TGs), which can be quantified
and used as a noninvasive marker of the severity
1
of steatosis. The lipids observed in H MRS arise
mainly from TGs in lipid droplets, as these are nuclear
magnetic resonance-visible, whereas lipids bound to
membranes and proteins are too rigid to generate a
1
1
H MRS-observable signal. This property of H MRS to
detect mobile lipids in lipid droplets has made it the
[17,18]
standard method for quantifying liver fat content
.
The purpose of this study was to assess the value of
1
H MRS in diagnosing hepatic steatosis in patients with

groups, whereas no differences were noted between
the severe fatty liver group and the mild or moderate
fatty liver group. Area under the ROC curve (AUC) of
area ratio in lipid and water and ratio in lipid and water
in the no fatty liver group to mild fatty liver group, mild
fatty liver group to moderate fatty liver group, and
moderate fatty liver disease group to severe fatty liver
group, were 0.705, 0.900, and 0.975, respectively.
CONCLUSION: 1H MRS is a noninvasive technique
that can be used to provide information on the effect
of liver steatosis on hepatic metabolic processes. This
1
study indicates that the H MRS can be used as an
indicator of steatosis in patients with chronic hepatitis C.
Key words: 1H; Magnetic resonance spectroscopy; Hepatitis
C; Antiviral therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this study was to investigate the
1
utility of H magnetic resonance imaging spectroscopy
1
( H MRS) as a noninvasive test of steatosis in patients
infected with hepatitis C virus. Ninety chronic hepatitis
1
C patients with pathology data underwent 3.0T H
1
MRS. H MRS is a noninvasive technique that can be
used to provide liver steatosis information on hepatic
1
metabolic processes. This study indicates that the H
MRS can be used as an indicator of steatosis in chronic
hepatitis C patients.
Zhang Q, Zhang HM, Qi WQ, Zhang YG, Zhao P, Jiao J, Wang
JB, Zhang CY. 3.0T 1H magnetic resonance spectroscopy for
assessment of steatosis in patients with chronic hepatitis C. World
J Gastroenterol 2015; 21(21): 6736-6744 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6736.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6736

INTRODUCTION
As a result of obesity and insulin resistance in patients
with nonalcoholic fatty liver disease (NAFLD), the
prevalence of hepatic steatosis is increasing rapidly
[1,2]
throughout the world . Simple nonalcoholic steatosis
can progress to more serious liver disease [nonalcoholic
steatohepatitis (NASH) and cirrhosis], representing a
threat to public health.
Hepatitis C virus (HCV) is one of the leading
causes of liver disease worldwide. It is estimated
that approximately 3% of the global population is
infected with HCV, many of whom develop chronic
[3-5]
liver disease, cirrhosis, or even hepatitis carcinoma .
The prognosis of hepatitis and the efficacy of antiviral
therapy vary among individuals, and recently, the
presence of fatty liver was also found to affect
these variables. The incidence of HCV infection with
overlapping steatosis ranges internationally between
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averages, 3.4 mm, PA w/s exc angle 250.
1
H MRS was performed with and without water
suppression. Localized breath-hold single voxel point
resolved spectroscopy (PRESS) with TR/TE = 3000
ms/35 ms and number of averages = 64 were taken.
A voxel of 2 cm × 2 cm × 2 cm was located mainly
in the right parietal region of the liver in all subjects.
Data acquisition was performed with breath holding to
ensure that the scanning area of interest was constant
and to reduce the impact of cardiac pulsatility. Liver
tissue contains more water and fat, and the strongest
1
H MRS signals detected are water and fat.

NAFLD.

MATERIALS AND METHODS
Patients

From January 2010 to June 2010, 90 patients with
chronic hepatitis C were enrolled. The diagnosis of
hepatitis C was based on the AASLD Clinical Guideline
for Hepatitis C (2004). This study was conducted
in accordance with the Declaration of Helsinki. This
study was conducted with approval from the Ethics
Committee of Jilin University. Written informed consent
was obtained from all participants.
All enrolled patients were also naïve to any antiviral treatment. The other inclusion criteria were as
follows: (1) HCV RNA > 500 copies/mL; (2) absence of
complications such as gastrointestinal bleeding, hepatic
encephalopathy, and primary liver cancer; and (3) liver
function defined as Child-Pugh grade A or B based
on serum bilirubin and albumin levels, the presence
of ascites and hepatic encephalopathy, and the
prothrombin time. Patients with hypersplenism were
also enrolled. The exclusion criteria were as follows: (1)
infection with hepatitis A, B, D, or F virus, Epstein-Barr
virus, cytomegalovirus, or human immunodeficiency
virus; and (2) the presence of alcoholic or druginduced liver diseases or severe heart, brain, or kidney
disease.
According to the 2003 branch of the Chinese
Medical Association to develop liver fatty liver disease
[19]
classification criteria for grading liver fat content ,
30%-50% hepatic steatosis was classified as mild fatty
liver; 50%-75% steatosis as moderate fatty liver, and
greater than 75% as severe fatty liver. Meanwhile,
fatty degeneration of the field of vision affecting less
than 30% of liver cells was classified as the absence
of fatty liver. The severity of disease was scored
according to the Ishak system. The classification of
patients with mild and moderate diseases was based
on the Ishak fibrosis (F) and necroinflammatory (NI)
scoring system as follows: mild hepatitis (F ≤ 2 and NI
≤ 3), moderate hepatitis (3 ≤ F < 6 and NI > 4), and
cirrhosis (F = 6). Liver disease was evaluated using 3.0T
1
MRI H MRS. According to each area under the peak,
we can calculate the percentage area and compare
the values with those obtained via pathologic analysis
to determine whether the aforementioned parameters
differ among the groups.

Analysis of 1H MR spectra

All data were calibrated and calculated using the
spectroview of extended MR workspace 2.6.3.2. The
peak lipid value, peak water value, area under the
lipid peak, and lipid/water ratios of all patients were
analyzed and compared among the different groups.
In Philips workstation, the collection of the original
data was proceeded with Spectroview software. After
a baseline correction and frequency correction, with
1
water peak as a reference, H MRS water peak is
about near 4.7 parts per million (ppm), and fat peak is
about 1.3 ppm. Then, the lipid peak/water peak ratio,
the area under the lipid peak, and the ratio of the area
under the lipid peak to the area under the water peak
were calculated (Figure 1).

Statistical analysis

All statistical analyses were performed using SPSS
19.0 software (SPSS Inc., Chicago, IL). Mean data
were analyzed using the t-test. All statistical tests were
two-sided, and P < 0.05 was considered statistically
significant. The statistical methods of this study were
rd
reviewed by Yong-Gui Zhang from 3 Hospital of Jilin
University.

RESULTS
Demographics and baseline characteristics

This group of patients included 26 (28.89%), 16
(17.78%), and 18 patients (20.0%) with mild,
moderate, and severe fatty liver, respectively, and
30 patients without fatty liver (33.33%). In terms of
gender differences, the proportion of males was higher
than that of females in the moderate and severe fatty
liver groups (P < 0.05), whereas no gender differences
were observed in the no fatty liver and mild fatty
liver groups. In addition, total bilirubin (TBIL), alanine
aminotransferase (ALT), aspartate transaminase (AST),
triglyceride (TG), cholesterol, and fasting blood glucose
levels were higher in the moderate and severe fatty
liver groups than in the no fatty liver and mild fatty
liver groups (P < 0.05; Table 1).

MRI and 1H MRS

MRI measurements were performed using a clinical
Philips Achieva 3.0 T TX scanner (Philips Healthcare,
Best, The Netherlands). The Sense Torso coil was
positioned on the abdomen, and scout images
were acquired to localize the liver and surrounding
structures. T1- and T2-weighted images were acquired
for all patients and controls. The images were acquired
using the following parameters: TR/TE, 2000/40
ms; field of view = 35 mm × 35 mm × 35 mm, 96
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H MR spectrum characteristics

In the lipid and water peak curve, the water peak was
near 4.7 ppm, and the lipid peak was near 1.3 ppm.
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Figure 1 1H magnetic resonance spectroscopy ROI area.

Table 1 Patient demographics and baseline characteristics
No fatty liver (n = 30)

Mild fatty liver (n = 26)

Moderate fatty liver (n = 16)

Severe fatty liver (n = 9)

49.8 ± 10.6
Male 8 (53.33%)
5.18 ± 1.20
3±1
12.7 ± 6.7
12.9 ± 10.6
10.7 ± 9.9
1.2 ± 0.3
2.7 ± 1.2
4.1 ± 0.2

53.4 ± 9.8
Male 6 (46.15%)
5.43 ± 1.14
4±1
13.9 ± 6.4
18.8 ± 12.3
16.5 ± 10.1
1.8 ± 0.4
3.3 ± 1.5
4.3 ± 0.3

52.7 ± 10.4
Male 5 (62.5%)a
5.23 ± 1.65
6±1
26.6 ± 6.9a
62.4 ± 13.2a
52.5 ± 12.3a
3.2 ± 1.1a
5.4 ± 1.8a
5.8 ± 2.0a

55.6 ± 11.2
Male 7 (77.78%)a
5.43 ± 1.47
7±1
38.7 ± 11.6a
103.8 ± 20.3a
87.7 ± 16.2a
5.4 ± 2.1a
6.7 ± 2.2a
7.4 ± 3.3a

Age (yr)
Gender
HCV-RNA(copies/mL)
Child-Plug
TBIL
ALT
AST
TG
Chol
Blood glucose
a

P < 0.05, vs no fatty liver group and mild fatty liver group.

Table 2

1

H magnetic resonance spectroscopy spectrum parameters for different fatty liver pathological levels

Group

Peak of fat

No fatty liver
Mild fatty liver
Moderate fatty liver
Severe fatty liver

81.4 ± 46.1
181.5 ± 87.7
596.4 ± 293.8a
1155.6 ± 250.2a

Fat area under the
peak
32.56 ± 18.44
71.87 ± 35.14
238.6 ± 117.5a
462.2 ± 120.16a

Peak of water

Water area under
the peak

Fat/water peak ratio

Fat/water under the peak
area ratio

1450 ± 540
1340 ± 590
1460 ± 670
1420 ± 480

575.9 ± 216.4
528.4 ± 223.8
582.6 ± 247.9
568.7 ± 197.2

0.0789 ± 0.0612
0.2038 ± 0.1552
0.6344 ± 0.4924a
0.8856 ± 0.4795a

0.0846 ± 0.0531
0.2124 ± 0.1588
0.5968 ± 0.4326a
0.8742 ± 0.4528a

a

P < 0.05, vs no fatty liver group and mild fatty liver group.

Fat peak increased in patients with fatty liver, and the
peak obviously increased with the severity of fatty liver
(Figure 2).
1

and severe fatty liver groups, and the moderate and
severe fatty liver groups (P < 0.05). Meanwhile, no
significant differences were noted between the no fatty
liver and mild fatty liver groups (P > 0.05; Table 2).

H MR spectrum parameters

Diagnosis of the severity of fatty liver

1

H MRS parameter analysis revealed that the lipid
peak, area under the lipid peak, lipid peak/water peak
ratio, and the ratio of the area under the lipid peak
to the area under the water peak were significantly
different among the groups, as each index increased
with increasing severity of liver disease (P < 0.05).
Pairwise comparisons revealed significant differences
in the lipid peak, area under the lipid peak, lipid peak/
water peak ratio, and the ratio of the area under the
lipid peak to the area under the water peak between
the no fatty liver and moderate fatty liver groups, the
no fatty liver and severe fatty liver groups, the mild
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1

ROC curve of H MRS parameter was used to different
the degree of fatty liver. When comparing the no fatty
liver group and mild fatty liver groups, area under
the ROC curve (AUC) of area ratio in lipid and water
and ratio in lipid and water were 0.705 and 0.71,
which have certain reference significance, and the
other parameters are not sensitive (Figure 3A). When
comparing the mild fatty liver group and moderate
fatty liver group, area under the ROC curve (AUC) of
area ratio in lipid and water and ratio in lipid and water
were 0.900 and 0.780, respectively, which showed a
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A1

A2

B1

B2

C1

C2

D1

D2

Figure 2 1H magnetic resonance spectroscopy spectrum characteristics for different fatty liver pathological levels. MRS shows short a low fat peak in the
no fatty liver group (A1, A2); In mild fatty liver pathological images (B1), lipid droplets increased slightly [hematoxylin-eosin (HE), magnification × 200]; 1H magnetic
resonance spectroscopy (1H MRS) for mild fatty liver showed a slightly increased fat peak (B2); In moderate fatty liver pathological images (C1), lipid drops relatively
increased compared with mild fatty liver (HE, magnification × 200); 1H MRS for moderate fatty liver showed a significantly higher fat peak (C2); In severe fatty liver
pathological images (D1), the full field distribution of large bubble lipid droplets (HE, magnification × 200); 1H-MRS for severe fatty liver showed a significantly higher
fat peak close to the water peak (D2).

Different degrees of fatty change 1H MRS peak ratio of
fat and water, area ratio of fat water variance analysis

good sensitivity and specificity (Figure 3B). To compare
the moderate fatty liver disease and severe fatty liver
groups, area under the ROC curve (AUC) of area ratio
in lipid and water and ratio in lipid and water were
0.975 and 0.920, respectively, which showed a good
sensitivity and specificity, and lipid peak area under
the ROC curve AUC was 0.735 (Figure 3C).
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By analysis of peak ratio of fat and water, and area
ratio of fat and water in patients with different
degrees of fatty liver, it was shown that peak ratio
of fat and water and the area ratio of fat and water
between groups were statistically significant (P <
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C

ROC
1.0
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0.8
Parameter
Fat water peak ratio
Fat water under the peak area ratio
Peak of fat
Peak of water
Fat area under the peak
Water area under the peak
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0.4

Area
0.920
0.975
0.500
0.490
0.735
0.500

0.2
0.0

0.0

0.2

0.4

0.6

0.8

1.0

Specificity

Figure 3 1H magnetic resonance spectroscopy of different groups of nonalcoholic fatty liver disease. A: 1H magnetic resonance spectroscopy (1H MRS) of no
vs mild fatty liver groups; B: 1H MRS of mild vs moderate fatty liver groups; C: 1H MRS of moderate vs severe fatty liver groups.

0.05; Figure 4).

progresses to chronic liver disease, with many
patients remaining asymptomatic. In approximately
20% of cases, fibrosis develops into cirrhosis, which
leads to hepatocellular cancer in 5% of patients each
[20,21]
year
. Liver biopsy is the reference standard for
staging and grading chronic liver disease, but this
invasive procedure is not without risk. There is a low
mortality rate and high error rate associated with this

DISCUSSION
It is estimated that approximately 3% of the global
population is chronically infected with HCV and that
approximately 4 million persons are newly infected
each year. In 55%-85% of patients, HCV infection
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Figure 4 1H magnetic resonance spectroscopy fat water peak ratio and fat under water peak area ratio in different degrees of fatty liver (A, B).

procedure, predominantly owing to undersampling,
th
as typically less than 1/50000 of the liver volume is
[22]
obtained for histologic evaluation . As a result of the
problems associated with biopsy, a steady drive to
identify an effective noninvasive method of evaluating
liver damage has led to developments both in testing
with serologic biomarkers of disease and in imaging.
For ethical reasons and because most patients are
unwilling to undergo repeated procedures, treatment
algorithms in the United Kingdom rarely allow serial
liver biopsy. The impetus to find a reliable and
repeatable biomarker of disease activity and response
[23]
to treatment thus has a renewed focus .
MRS is a valuable tool for the noninvasive assessment
of metabolic processes in vivo. Because of the
presence of certain compounds in the organization
of nuclear protons, these compounds or metabolites
produce certain chemical shifts in specific chemical
environments. Small changes in the magnetic
resonance peak caused by these changes could
be collected by a magnetic resonance scanner and
converted to numerical spectra. Neuronal markers,
membrane constituents, osmolytes, and the energy
status can be measured for the diagnosis of various
[24] 1
diseases and therapeutic monitoring in humans . H
MRS generates a spectrum of the various resonances
of protons that are embedded in different chemical
bonds. Because the protons are surrounded by
various nuclei and electrons with their own magnetic
properties, small magnetic field perturbations
occur in a systematic manner, leading to slight
differences in the received frequencies of protons in
different chemical bonds. Thus, the chemical shifts
occur essentially as a consequence of the variable
electronegativity of adjacent chemical moieties in
the molecule. The chemical shift scale describes
the position of resonances in the spectrum in ppm,
irrespective of the field strength, relative to a reference
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set at 0 ppm. The underlying frequency shift, however,
measured in Hertz (Hz), is directly proportional to
the strength of the magnetic field, e.g., 1 ppm of the
proton spectrum at 1.5T refers to 64 Hz and to 128
Hz at 3.0T. Therefore, with higher magnetic fields,
the resonances are better separated. The frequency
separation of the resonances or peaks describes the
[19,25]
resolution of the spectrum
.
1
The clinical use of localized H MRS in vivo, first
in the brain and then in the prostate, has been well
[26,27]
established and refined over the last two decades
.
Single volume spectroscopy with a stimulated
echo acquisition mode or the PRESS technique is
recommended because of longer acquisition times and
reduced SNR for multivoxel liver MRS with chemical
[28,29]
shift imaging
.
The ratio of the fat peak (1.3 ppm) to the water
peak (4.7 ppm) is a common definition of the hepatic
1
[30]
fat percentage as determined by H MRS . Using this
[30]
definition, Thomas et al
reported the relationship
between body adiposity and steatosis in 11 patients
with NASH and identified hepatic fat percentages of up
to 75%. In a clinical study by Longo et al, an equation
(AUCtotal fat peaks/AUCtotal peaks) for calculating
1
hepatic fat content from H MR spectra was advocated.
The same method was applied in a large study by
Szczepaniak et al, who evaluated the prevalence of
hepatic steatosis in over 2300 participants of the Dallas
[31]
Heart Study population .
In this study, a Philips Achieva 3.0T TX scanner and
1
H torso toil were used to obtain the signal. Localized
breath-hold single-voxel PRESS was used. In this
study, data were analyzed using the Philips Achieva
3.0T spectroview of extended MR workspace 2.6.3.2,
quantitative spectral analysis of chemical shifts,
calculation of the product of the metabolite peak and
the area under the peak, and other variables. The peak
lipid value, area under the lipid peak, peak lipid/peak
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spectroscopy for assessment of steatosis during antiviral therapy for chronic
hepatitis C. It provided a new noninvasive technique for assessing the steatosis
of the liver and response to antiviral therapy for chronic hepatitis C.

water ratio, and ratio of the area under the lipid peak
to the area under the water peak were statistically
different between the control group and antiviral group
at baseline and between baseline and 6 mo after
the start of therapy in the antiviral therapy group.
1
H MRS parameter analysis revealed that that the
lipid peak, area under the lipid peak, fat peak/water
peak ratio, and ratio of the area under the lipid peak
to the area under the water peak were statistically
significant among the groups, as each index increased
with increasing severity of fatty liver disease. Pairwise
comparisons revealed significant differences in the lipid
peak, area under the lipid peak, lipid peak/water peak
ratio, and the ratio of the area under the lipid peak to
the area under the water peak between the no fatty
liver and moderate fatty liver groups, the no fatty liver
and severe fatty liver groups, the mild and severe fatty
liver groups, and the moderate and severe fatty liver
groups. Meanwhile, no significant differences were
noted between the no fatty liver and mild fatty liver
groups. The findings suggested that liver steatosis was
modified significantly by antiviral therapy in patients
with chronic HCV-linked steatosis, which is the same
[32]
as the result reported by van Werven .
1
In short, 3.0T H MRS may be an effective
technology for assessing lipid metabolism in patients
with chronic HCV. However, the study samples
are relatively small, necessitating further in-depth
exploration.
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Abstract
AIM: To determine whether or not the use of anti
oxidant supplementation aids in the prevention of
post- endoscopic retrograde cholangiopancreatography
pancreatitis.
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METHODS: A systematic review of randomized controlled
trials (RCTs) was made to evaluate the preventive effect of
prophylactic antioxidant supplementation in post-endoscopic
retrograde cholangiopancreatography pancreatitis (PEP).
The inclusion criteria included: acute post-endoscopic
retrograde cholangiopancreatography pancreatitis in adults;
randomized clinical trials with the use of any antioxidant
as an intervention compared with placebo, to reduce PEP.
The outcome measure was the incidence and severity of
PEP. Twelve RCTs involving 3110 patients since 1999 were
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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included. The antioxidants used were selenite, β-carotene,
and pentoxifylline (each one in one trial), N-acetylcysteine
(NAC) in three trials, and allopurinol in six trials. The
group of patients treated with NAC received different
doses; either oral or intravenous, and allopurinol-treated
patients received five different oral doses in two different
administration periods. The results are expressed with
raw numbers, proportions, as well as mean and standard
deviations. The incidence of pancreatitis between groups
2
was analyzed with Pearson’s χ test or Fisher’s exact test
(F ). The main outcome is expressed as relative risks and
95%CI.

Fuentes-Orozco C, Dávalos-Cobián C, García-Correa J,
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RESULTS: The incidence of pancreatitis in all
antioxidant treatment groups was 8.6%, whereas it
was 9.7% in the control group. The antioxidants used
were selenite, β-carotene, and pentoxifylline (each one
in one trial), NAC in three trials, and allopurinol in six
trials. In allopurinol trials, three different dosifications
were used; two trials reported a low dosage (of less
than 400 mg), two trials reported a moderate dose
(600 mg) and the remaining two employed higher
doses (more than 900 mg). Supplementation was not
associated with a significant reduction in the incidence
of PEP [relative risk (RR) = 0.93; 95%CI: 0.82-1.06; P
= 0.28]. In addition, the incidences of PEP in patients
treated with allopurinol and those treated with other
antioxidants were similar to that observed in patients
who received the placebo (RR for trials with allopurinol,
0.92; 95%CI: 0.78-1.08; P = 0.31) and, with the use
of other antioxidants, the incidence of PEP was 8.9%,
whereas it was 9.7% in the control group (RR = 0.95;
95%CI: 0.77-1.18; P = 0.19).

INTRODUCTION
Pancreatitis is the most common complication of
endoscopic retrograde cholangiopancreatography
[1-4]
(ERCP)
, with a reported incidence ranging from
[5-9]
1.8% to 7.2% in most prospective series . However,
the reported incidence may be up to 30%, depending
on the criteria used to diagnose pancreatitis, the type
and duration of patient follow-up, and the type of case
[10]
mix . More commonly, hyperamylasemia occurs in
[11]
up to 30% of patients undergoing ERCP .
The generally accepted criteria for the diagnosis of
post-ERCP pancreatitis (PEP) were proposed in 1991
during a consensus workshop. These criteria include
the new onset of pancreatic-type abdominal pain
associated with at least a three-fold increase in serum
amylase or lipase occurring within 24 h after ERCP.
The pain symptoms need to be sufficiently severe to
require admission to a hospital or to extend the length
[12]
of stay of patients who are already hospitalized .
Most of the episodes of acute pancreatitis are
catalogued as mild. However, based on the presence
of organ failure or local complications, acute severe
pancreatitis occurs after 0.3% to 0.6% of ERCP
[10,13-15]
procedures
.
Numerous attempts have been made to identify a
pharmacological agent that could be used to reduce
the incidence and severity of PEP. An ideal agent
should be highly effective in reducing PEP, safe for the
patient, well tolerated, relatively affordable, and not
require a prolonged administration time. Unfortunately,
nearly all of the agents investigated have fallen short
of these goals, but some agents have shown some
[16,17]
promise
. An early step in the pathogenesis of acute
pancreatitis is capillary endothelial injury manifested by
[18,19]
an increase in capillary permeability
. Subsequent
research has suggested that this capillary injury might
[20-22]
be mediated by oxygen-derived free radicals
.
The manifestations of pancreatitis in an experimental
animal model can be ameliorated by blocking the
[23-25]
action of oxygen-derived free radicals
. Xanthine
oxidase catalyzes the conversion of hypoxanthine to
xanthine, which generates an oxygen-derived free
radical. This catalyst is commonly derived from a
ubiquitous inactive precursor, xanthine dehydrogenase,
which is present in the pancreas and in the intestinal
mucosa. Xanthine dehydrogenase is converted to

CONCLUSION: Antioxidant supplementation shows
no beneficial effect on the incidence of PEP. There is a
lack of robust trials to support the use of antioxidants
for prevention.
Key words: Antioxidant drugs; Endoscopic retrograde
cholangiopancreatography; Pancreatitis; Prophylaxis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acute pancreatitis is considered one of the
most serious complications after endoscopic retrograde
cholangiopancreatography (ERCP). The mechanism
of post-ERCP pancreatitis remains unclear but several
studies show that free radicals play a role in its
pathogenesis. Antioxidant drugs have been tested using
different routes of administration and dosifications. The
analysis of all randomized clinical trials published since
1999 did not revealed any significant reduction in the
incidence and severity of post-endoscopic retrograde
cholangiopancreatography pancreatitis (PEP) when
compared with placebo. There is currently a lack of
robust trials to support the use of antioxidants for the
prevention of PEP. Well-designed placebo-controlled
randomized controlled trials are warranted to determine
any beneficial effect.
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xanthine oxidase by the proteolytic cleavage of a
peptide fragment. These findings have prompted
attempts to prevent pancreatitis by treatment with
free radical scavengers (e.g., superoxide dismutase,
dimethyl sulfoxide, or catalase), protease inhibitors
(e.g., gabexate), or xanthine oxidase inhibitors (e.g.,
[26-29]
allopurinol)
.
The efficacy of oral allopurinol in reducing PEP
[30]
has been investigated in an in vivo animal model .
Pretreatment was associated with a significant (six-fold)
reduction in the incidence of pancreatitis; furthermore,
when pancreatitis did occur, it was less severe. Other
dog and rat models pretreated with allopurinol have
demonstrated a significant reduction in the progression
of histological pancreatic injury and in the severity of
[31-33]
experimental pancreatitis
.
Based on the aforementioned findings, the idea
of antioxidant supplementation for the prevention
of PEP seemed rational and reasonable. Therefore,
we undertook this revision of randomized controlled
trials (RCTs) to evaluate the effect of prophylactic
antioxidant supplementation compared with placebo or
no intervention on the incidence and severity of PEP.

review are presented in Table 1, and the definition and
severity of PEP used in each included trial are described
in Table 2. These studies were published between
1999 and 2013. The sizes of the RCTs ranged from 40
to 701 (total, 3110) patients. All 12 studies included
[34-45]
here reported post-ERCP pancreatitis events
, eight
[35-39,41,42,44]
reported mild and moderate PEP events
, and
[35-37,39,41,42]
six reported severe PEP events
.
All patients were older than 18 years and were
scheduled for ERCP. The selected trials used different
[34]
types of antioxidants, including sodium selenite ,
[35,38,39,42-44]
[36,39,44]
allopurinol
, N-acetylcysteine (NAC)
,
[36]
[41]
β-carotene , and pentoxifylline . These antioxidants
were administered orally or intravenously using different
regimens and formulations. Two studies used an
[21,25]
intravenous route to administer the antioxidant
,
whereas the remaining 10 studies applied the
[23,24,26-32]
antioxidant orally during the perioperative period
.
The dosage, timing, and frequency of these antioxidants
were quite different.

Incidence of PEP

The outcome data of each included trial are described
in Table 3. A total of 3110 patients were included in
the 12 trials that compared antioxidants with placebo
or no intervention for the prevention of PEP (1534 in
the antioxidant group and 1576 in the control group).
Altogether, 285 patients developed PEP (132 in the
antioxidant group and 153 in the control group), with
an incidence of 8.6% in the antioxidant group and
9.7% in the control group. Antioxidant supplementation
was not associated with a significant reduction in the
incidence of PEP [relative risk (RR) = 0.93; 95%CI:
0.82-1.06; P = 0.28]. Furthermore, when trials were
divided according to the type of antioxidant, there was
no significant decrease in PEP incidence (RR for trials
with allopurinol, 0.92; 95%CI: 0.78-1.08; P = 0.31);
the incidence in trials with other antioxidants was 8.9%,
whereas it was 9.7% in the control group (RR = 0.95;
95%CI: 0.77-1.18; P = 0.19). When allopurinol studies
were stratified according to the dosage of allopurinol,
there was still no statistically significant preventive
effect of allopurinol on mild, moderate, and severe PEP.
Five doses of allopurinol were applied in these trials (300,
400, 600, 900, and 1200 mg), which were divided into
three levels: low (300 and 400 mg), moderate (600
mg), and high (900 and 1200 mg).
[35,42]
Two RCTs
applied a low dosage of allopurinol.
[35]
Budzyńska et al
showed that allopurinol did not
play a significant role in the incidence and severity of
[42]
PEP. Similarly, Romagnuolo et al
concluded that the
overall risk of PEP did not decrease after pretreatment
with allopurinol. However, it might have potential
benefits in the high-risk group, but it is potentially
harmful (PEP rates: allopurinol, 5.4%; placebo, 1.5%)
in the non-high-risk group. Nevertheless, in this
study, the percentage of patients with pancreatic duct
injection was significantly higher in the allopurinol

MATERIALS AND METHODS
This systematic review included all articles published
between January 1999 and December 2014, under
the terms of: “antioxidants in pancreatitis in human
beings”. Randomized controlled trials that included
pancreatitis post ERCP were selected, making a
comparison of the use of antioxidants against placebo.
The inclusion criteria included: acute pancreatitis
post ERCP in adults; randomized clinical trials with an
intervention of any antioxidant use compared with
placebo, to reduce PEP. The outcome measure was the
incidence and severity of PEP.

Data extraction and outcome measure

The authors extracted the manuscripts. All selected
studies must have had the inclusion criteria, and
the outcome results were captured in a database in
®
®
®
Office Excel 2013 (Microsoft Corp. Redmond, CA).
Any disagreements were resolved by discussion and
consensus to reach a common conclusion.

Statistical analysis

The results were expressed with raw numbers,
proportions, as well as mean and standard deviations.
The incidence of pancreatitis between groups was
2
analyzed with χ test or Fisher Exact Test. The main
outcome is expressed as relative risks and 95%
confidence intervals (95%CIs).

RESULTS
Study characteristics

The main characteristics of the 12 RCTs included in this
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Table 1 Main characteristics of the randomized controlled trials included in this study
Ref.

No. of patients
(antioxidant/
placebo)

Patient
characteristics

Antioxidant
supplement

Wollschläger
et al[34], 1999
Budzyńska
et al[35], 2001

40
(20/20)
200
(99/101)

Selenite

Selenite, IV, 1 mg bolus/2 × 1 Control, no prophylaxis
mg infusion, l d before ERCP
Allopurinol Allopurinol, orally, 200 mg, Placebo, orally, 200 mg, 15
15 h and 3 h before ERCP
and 3 h before ERCP

Lavy et al[36],
2004
Katsinelos
et al[37], 2005

321
(141/180)
249
(124/125)

Katsinelos
et al[38], 2005

243
(125/118)

Mosler et al[39],
2005

701
(355/346)

Patients
undergoing ERCP
Patients
undergoing
elective ERCP
Patients
undergoing ERCP
Patients
undergoing
diagnostic or
therapeutic ERCP
Patients
undergoing
diagnostic or
therapeutic ERCP
Patients
undergoing
diagnostic or
therapeutic ERCP
Patients
undergoing ERCP

Patients
undergoing ERCP
Patients
undergoing ERCP

Allopurinol

Milewski
et al[40], 2006

106
(55/51)

Kapetanos
et al[41], 2007

320
(158/162)

Romagnuolo
et al[42], 2008
MartinezTorres et al[43],
2009
Abbasinazari
et al[44], 2011
Alavi Nejad
et al[45], 2013

586
(293/293)
170
(85/85)
74
(29/45)
100
(50/50)

Intervention
Antioxidant group

Study design
Control group

Allopurinol

Allopurinol, orally, 600 mg,
15 and 3 h before ERCP

Placebo, orally, 2 g, 12 h
before ERCP
Placebo IV, 70 mg/kg 2 h
before, and 35 mg/kg at
4 h intervals for 24 h after
ERCP
Placebo, orally, 600 mg, 15
and 3 h before ERCP

Allopurinol

Allopurinol, orally, 4 h
(600 mg) and 1 h (300 mg)
before ERCP

Placebo, orally, 4 h
(600 mg) and 1 h (300 mg)
before ERCP

b-carotene
NAC

b-carotene, orally, 2 g, 12 h
before ERCP
NAC, IV, 70 mg/kg 2 h
before, and 35 mg/kg at 4 h
intervals for 24 h after ERCP

Randomized, controlled
Randomized, placebocontrolled
Randomized, doubleblind, placebo-controlled
Randomized, doubleblind, placebo-controlled

Randomized, doubleblind, placebo-controlled

Randomized, doubleblind, placebo-controlled

NAC

NAC, two doses of 600 mg Placebo IV, twice a day for
Randomized, placeboorally 24 h and 12 h before
2 d after ERCP
controlled
ERCP, and 600 mg IV for 2 d
after ERCP
Patients
Pentoxifylline Pentoxifylline, orally, 400
No intervention
Randomized, controlled
undergoing ERCP
mg, 1 d before ERCP (2 and
10 pm) until the night after
ERCP (6 am, 2 and 10 pm)
Patients
Allopurinol Allopurinol, orally, 300 mg, Placebo, orally, 300 mg, 1 h
Randomized, doubleundergoing ERCP
1 h before ERCP
before ERCP
blind, placebo-controlled
Patients
Allopurinol Allopurinol, orally, 300 mg, Placebo, orally, 300 mg, 15
Randomized, placeboundergoing ERCP
15 and 3 h before ERCP
and 3 h before ERCP
controlled

NAC

Allopurinol, orally, 300 mg, Placebo, orally, 300 mg, 15
15 and 3 h before ERCP
and 3 h before ERCP
NAC, 1200 mg with 150 mL Placebo, orally 2 h before
water orally 2 h before ERCP
ERCP

Randomized, doubleblind, placebo-controlled
Randomized, doubleblind, placebo-controlled

ERCP: Endoscopic retrograde cholangiopancreatography; IV: Intravenously; NAC: N-acetylcysteine.

[38,39]

group (allopurinol, 129; placebo, 102; P = 0.02),
which might have resulted in a higher occurrence of
PEP in the non-high-risk subgroup.
[43,44]
Two studies
investigated the preventive effect
of a moderate dose of allopurinol. Martinez-Torres
[43]
et al
indicated that pretreatment with allopurinol
decreased the incidences of hyperamylasemia and PEP
in patients undergoing high-risk procedures. However,
[44]
Abbasinazari et al drew the opposite conclusion after
using the same dose of allopurinol, i.e., that there
was no difference between allopurinol and placebo
regarding prevention of the occurrence of PEP (P =
0.97). However, differences were found between the
two RCTs regarding the drug administration time. In
[43]
the research by Martinez-Torres et al , subjects were
administered allopurinol at 15 h and 3 h before ERCP,
whereas they received it at 3 h and just before ERCP
[44]
in the study by Abbasinazari et al
It is necessary to
assess whether administration time plays a part in the
effect of allopurinol.

WJG|www.wjgnet.com

Two trials
, both published in 2005, applied a
[39]
high dose of allopurinol. Mosler et al
observed that
the overall frequency of pancreatitis was 12.55%
(allopurinol, 12.96%; placebo, 12.14%; P = 0.52).
Moreover, there was no significant difference for
mild (allopurinol, 7.9%; placebo, 6.9%), moderate
(allopurinol, 4.5%; placebo, 4.6%), or severe
(allopurinol, 0.6%; placebo, 0.6%) PEP separately.
[38]
By contrast, Katsinelos et al
held the view that
the risk of PEP decreased at the highest dosage (1200
mg) of allopurinol. They observed four cases (3.2%)
of mild PEP and 21 patients (17.7%) with PEP (RR =
0.29; 95%CI: 0.12-0.71; P = 0.001). In the control
group, mild PEP was observed in 6.7%, moderate
PEP was observed in 9.3%, and severe PEP was
observed in 1.6% of individuals. The administration
time of the two studies was not the same. Patients
were administered allopurinol at 15 h and 3 h before
[38]
ERCP in the study by Katsinelos et al , whereas they
received it at 4 h and 1 h before ERCP in the study by

6748

June 7, 2015|Volume 21|Issue 21|

Fuentes-Orozco C et al . Antioxidants to prevent post-ERCP pancreatitis
Table 2 Definition and severity of post-endoscopic retrograde cholangiopancreatography pancreatitis
Ref.

Definition of post-ERCP pancreatitis

Severity of post-ERCP pancreatitis

Wollschläger
et al[34], 1999

Abdominal pain attributed to pancreatitis, in association
NA
with a serum lipase or amylase level ≥ 2 times the upper
limit of normal
Budzyńska
Abdominal pain attributed to pancreatitis, together with
Mild: symptoms lasting up to 3 d and pancreas normal on the CT scan.
et al[35], 2001
a need for an unplanned hospitalization or an extension
Moderate: requiring specific therapeutic measures for 4-10 d, Balthazar’s
of a planned hospitalization by at least 2 d, and a serum grade B/C on CT. Severe: local or systemic complications for more than 10 d,
amylase level ≥ 3 times the upper limit of normal at 24 h
Balthazar’s grade D/F on CT, or death
after ERCP
Lavy et al[36], 2004 Abdominal pain attributed to pancreatitis, in association
Mild: requiring 2-3 d of hospitalization. Moderate: requiring 4-10 d of
with an amylase level ≥ 3 times the upper limit of normal
hospitalization. Severe: requiring 10 d of hospitalization or requiring
surgical intervention or leading to death
Katsinelos et al[37], Abdominal pain attributed to pancreatitis, together with Mild: symptoms persisting for 3 d and a normal appearance of the pancreas
2005
a need for an unplanned hospitalization or an extension by US and/or CT. Moderate: requirement for specific therapeutic measures
of a planned hospitalization by at least 2 d, and a serum
for 4-10 d (Balthazar’s grade B/C on CT). Severe: local or systemic
amylase level ≥ 3 times the upper limit of normal at 24 h
complications for more than 10 d after ERCP (Balthazar’s grade D/F) or
after ERCP
death
Katsinelos et al[38], Abdominal pain attributed to pancreatitis, together with Mild: symptoms persisting for 3 d and a normal appearance of the pancreas
2005
a need for an unplanned hospitalization or an extension by US and/or CT. Moderate: requirement for specific therapeutic measures
of a planned hospitalization by at least 2 d, and a serum
for 4-10 d (Balthazar’s grade B/C on CT). Severe: local or systemic
amylase level ≥ 3 times above the upper limit of normal
complications for more than 10 d after ERCP (Balthazar’s grade D/F) or
at 24 h after ERCP
death
Mosler et al[39],
New-onset or increased abdominal pain lasting for
Mild: hospitalization lasting 2-3 d. Moderate: hospitalization lasting
2005
more than 24 h, causing the unplanned admission of
4-10 d. Severe: hospitalization prolonged for more than 10 d or any of
an outpatient for more than one night or prolonging a
the following: hemorrhagic pancreatitis, pancreatic necrosis, pancreatic
planned admission of an inpatient, and associated with
pseudocyst, or the need for percutaneous drainage or surgery
a serum amylase level ≥ 3 times the normal level, at
approximately 18 h (the next morning) after ERCP
Milewski et al[40],
Clinical features consistent with acute pancreatitis
NA
2006
beginning after ERCP and lasting for at least 24 h,
associated with a serum amylase level > 5 times the
normal level
Kapetanos
Abdominal pain attributed to pancreatitis, together with
Mild: clinical pancreatitis and serum amylase at least three times
et al[41], 2007
a need for an unplanned hospitalization or an extension
higher than normal at more than 24 h after ERCP, requiring admission
of a planned hospitalization by at least 2 d, and a serum
or prolongation of planned admission for 2-3 d. Moderate: required
amylase level ≥ 3 times the upper limit of normal at 24 h hospitalization for 4-10 d. Severe: required hospitalization for more than
after ERCP
10 d, an intervention (percutaneous drainage or surgery), or diagnosis of a
pseudocyst
Romagnuolo
Abdominal pain attributed to pancreatitis requiring
NA
et al[42], 2008
medical attention, in association with a serum lipase or
amylase level > 2 times the upper limit of normal
Martinez-Torres
Serum amylase level above 600 IU/L or ≥ 3 times the Mild: two or fewer signs from Ranson’s criteria. Moderate: three to six signs.
et al[43], 2009
normal value, and sharp pain irradiating to the back and
Severe: more than six signs. The criteria were as follows. At admission:
nausea or vomiting
age, > 55 yr; WBC count, > 16000/mL; serum glucose level, > 11.1 mmol/
L; SLDH/ALT, > 350 IU/L; AST level, > 250 IU/L. During initial 48 h:
hematocrits, decrease of more than 0.10; BUN level, increase of more than 5
mg/dL; calcium, < 2 mmol/L; PaO2, < 60 mmHg; base deficit, > 4 mmol/L;
fluid sequestration, > 6 L
Abbasinazari
NA
Mild: amylase concentration at least three times the upper limit of normal
et al[44], 2011
at more than 24 h after ERCP, requiring admission for 2-3 d. Moderate:
admission for 4-10 d. Severe: admission for more than 10 d
Alavi Nejad
Serum amylase level > 275 U/mL or serum lipase level >
The severity of pancreatitis based on the number of hospitalized days
et al[45], 2013
1000 U/mL with the presence of abdominal pain
following ERCP. Mild: < 4 d. Moderate: 4-10 d. Severe: > 10 d
CT: Computed tomography; US: Ultrasound; ERCP: Endoscopic retrograde cholangiopancreatography; NA: Not available; AST: Aspartate
aminotransferase; BUN: Blood urea nitrogen; SLDH/ALT: Serum lactate dehydrogenate to alanine aminotransferase ratio; WBC: White blood cell.
[39]

[46,47]

about 15 h
. To assess whether the preventive
effect of allopurinol is influenced by the time of
[48]
administration, Cao et al recently published a metaanalysis of six RCTs of allopurinol, and classified the
administration time into two levels: long (15 and 3
h before ERCP) and short (4 and 1 h before ERCP;
3 h and just before ERCP; and 1 h before ERCP),
to determine whether this variable influenced the

Mosler et al . Allopurinol is absorbed approximately
to 90% of the total dose in the gastrointestinal
tract. It has a rapid onset, and 70% of the drug
administered can transform into a long-lasting active
metabolite, oxypurinol, in the liver. Peak plasma levels
of allopurinol and oxypurinol can be observed at 1.5
h and 4.5 h postadministration, respectively. The halflife of allopurinol is 1-2 h, and that of oxypurinol is

WJG|www.wjgnet.com

6749

June 7, 2015|Volume 21|Issue 21|

Fuentes-Orozco C et al . Antioxidants to prevent post-ERCP pancreatitis
Table 3 Outcome data of the randomized controlled trials included in this study
Ref.

Antioxidant group
No. of
No. of PEP
patients (n ) cases (n )

Wollschläger et al[34], 1999
Budzyńska et al[35], 2001
Lavy et al[36], 2004
Katsinelos et al[37], 2005
Katsinelos et al[38], 2005
Mosler et al[39], 2005
Milewski et al[40], 2006
Kapetanos et al[41], 2007
Romagnuolo et al[42], 2008
Martinez-Torres et al[43], 2009
Abbasinazari et al[44], 2011
Alavi Nejad et al[45], 2013
Total

20
99
141
124
125
355
55
158
293
85
29
50
1534

2
12
14
15
4
46
4
9
16
2
3
5
132

Control group

PEP stratified according to
severity
Mild

Moderate

Severe

NA
9
10
8
4
28
NA
6
8
2
2
NA

NA
2
4
7
0
16
NA
1
6
0
1
NA

NA
1
0
0
0
2
NA
2
2
0
0
NA

No. of
No. of PEP
patients (n ) cases (n )
20
101
180
125
118
346
51
162
293
85
45
50
1576

3
8
17
12
21
42
6
5
12
8
5
14
153

PEP stratified according to
severity
Mild

Moderate

Severe

NA
5
9
7
8
24
NA
4
4
8
3
NA

NA
3
4
5
11
16
NA
0
6
0
2
NA

NA
0
4
0
2
2
NA
1
2
0
0
NA

ERCP: Endoscopic retrograde cholangiopancreatography; PEP: Post-ERCP pancreatitis; NA: Not available.

incidence of PEP. Those authors could not demonstrate
[35,38,43]
any significant difference between the long
and
[39,42,44]
short
administration groups, in contrast to the
[38]
results obtained by Katsinelos et al
and Martinez[43]
Torres et al , who demonstrated a beneficial effect of
allopurinol in the prevention of PEP after using a long
administration time.

RR = 0.95; 95%CI: 0.77-1.18). Considering only
[37,40,45]
the trials of NAC
, the incidence of pancreatitis
was 10.4% in the treatment group and 14.1% in
the control group; however, the difference was not
statistically significant (P = 0.22; RR = 0.83; 95%CI:
0.61-1.15).
[50]
Gu et al
published the most recent metaanalysis of antioxidants as prophylactic agents for PEP.
Those authors evaluated 3010 patients and found no
statistically significant difference in the incidence of
PEP between the antioxidant group (8.5%) and the
control group (9.1%; RR = 0.92; 95%CI: 0.65-1.32;
P = 0.66). They concluded that there was a lack of
strong evidence in support of the use of antioxidants
to reduce the incidence of PEP or the severity of
episodes. However, they recognized the limitations
of the evaluated trials, as the dose, route, and time
of administration, as well as the evaluation of the
patients and procedure-related risk factors, were not
uniform. For these reasons, they suggested performing
more powerful RCTs to test specific doses, routes, and
times of administration, as well as including extensive
evaluation of the severity of pancreatitis episodes, risk
factors, and subrogate outcome variables, such as
hyperamylasemia and length of hospital stay.
Traditionally, stent placement in pancreatic ducts
of small caliber (5 Fr) has been considered as the
standard treatment to prevent PEP, and it is even
recommended in the management guidelines for the
[51,52]
prevention of pancreatitis in patients at high risk
.
Recently, Akbar and colleagues published the results
of a meta-analysis that included a total of 29 studies,
comprising 22 of pancreatic stent placement and
seven of the use of nonsteroidal anti-inflammatory
drugs (NSAIDs), showing that both stenting and
transrectal administration of NSAIDs are superior to
placebo in the prevention of post-ERCP pancreatitis.
The combination of transrectal NSAIDs and the use of
stents together showed no greater effectiveness in the

DISCUSSION
Some differences arose between the six RCTs of
allopurinol. As specified previously, five different
doses were used, and two different regimens of
administration were employed; moreover, the risk
factors were inconsistent in the RCTs mentioned
[35,38,39,42-44]
above
. For example, male sex, days of
hospitalization, and administration of allopurinol were
[38]
considered risk factors by Katsinelos et al , whereas
previous PEP, pancreatic injection, and pancreatic
therapy were predictors of PEP in the study by Martinez[43]
Torres et al , compared with the nonsignificant risk
factors, such as sex, number of pancreatic injections,
biliary sphincterotomy, and pancreatic stent placement,
[42]
reported by Romagnuolo et al .
In terms of the problems mentioned above, and as
[48]
recommended by Cao et al , we suggest performing
a rigid determination of risk factors and classifying
them into patient-related and procedure-related risk
factors. Definite patient-related risk factors (suspected
sphincter of Oddi dysfunction, female sex, and
previous pancreatitis) and definite procedure-related
risk factors (precut sphincterotomy and pancreatic
injection) were listed in the European guidelines, which
[49]
could act as a guide for future research .
In the remaining six trials, four different anti
[34,36,37,40,41,45]
oxidants were used
. The incidence of
PEP in these six trials was 8.9% (49 cases among
548 patients receiving any of the four antioxidants),
whereas it was 9.7% in the control group (P = 0.19;
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prevention of post- ERCP pancreatitis compared with
[53]
each intervention alone .
Regarding pharmacological prophylaxis, it is
[48]
possible that NSAIDs might be useful . Since the
[15]
publication by Elmunzer et al in 2012, most medical
centers have included the use of preoperative NSAIDs
for the prevention of PEP. The rectal administration of
100 mg of diclofenac or indomethacin may be effective
in preventing the incidence of PEP.
In conclusion, this review showed that the pro
phylactic use of antioxidants in different dosages and
at different administration times had no preventive
effect regarding the incidence of PEP. Further welldesigned placebo-controlled RCTs are warranted to
confirm the preventive effect of antioxidants in PEP.

5
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7

8
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Acute pancreatitis is considered one of the most serious complications after
endoscopic retrograde cholangiopancreatography (ERCP). The mechanism
of post-ERCP pancreatitis remains unclear but several studies show that free
radicals play a role in its pathogenesis. Antioxidant drugs have been tested
using different routes of administration and dosifications. The analysis of all
randomized clinical trials published since 1999 did not revealed any significant
reduction in the incidence and severity of post-endoscopic retrograde
cholangiopancreatography pancreatitis (PEP) when compared with placebo.
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There is currently a lack of robust trials to support the use of antioxidants for
the prevention of PEP. Well-designed placebo-controlled randomized controlled
trials are warranted to determine any beneficial effect. Numerous attempts have
been made to identify a pharmacological agent that could be used to reduce
the incidence and severity of PEP.
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Applications

Antioxidant supplementation shows no beneficial effect on the incidence of PEP.
There is a lack of robust trials to support the use of antioxidants for prevention.
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therapy to prevent post-ERCP. The authors appropriately focus on the
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authors present a well written and thorough review the theoretical basis for
antioxidants and the available clinical work on this topic.
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CASE REPORT

True left-sided gallbladder with variations of bile duct and
cholecystic vein
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Abstract

Hiromichi Ishii, Akinori Noguchi, Mie Onishi, Koji Takao,
Takahiro Maruyama, Hiroaki Taiyoh, Yasunobu Araki,
Takeshi Shimizu, Hiroyuki Izumi, Naoki Tani, Masahide
Yamaguchi, Tetsuro Yamane, Department of Surgery,
Matsushita Memorial Hospital, Osaka 570-8540, Japan

A left-sided gallbladder without a right-sided round
ligament, which is called a true left-sided gallbladder,
is extremely rare. A 71-year-old woman was referred
to our hospital due to a gallbladder polyp. Computed
tomography (CT) revealed not only a gallbladder
polyp but also the gallbladder located to the left of the
round ligament connected to the left umbilical portion.
CT portography revealed that the main portal vein
diverged into the right posterior portal vein and the
common trunk of the left portal vein and right anterior
portal vein. CT cholangiography revealed that the
infraportal bile duct of segment 2 joined the common
bile duct. Laparoscopic cholecystectomy was performed
for a gallbladder polyp, and the intraoperative finding
showed that the cholecystic veins joined the round
ligament. A true left-sided gallbladder is closely
associated with several anomalies; therefore, surgeons
encountering a true left-sided gallbladder should be
aware of the potential for these anomalies.
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Core tip: A left-sided gallbladder without a rightsided round ligament, which is called a true leftsided gallbladder, is extremely rare. We performed
laparoscopic cholecystectomy on a patient with a true
left-sided gallbladder which coexisted with an infraportal
bile duct of segment 2 and cholecystic venous anomaly.
Surgeons encountering a true left-sided gallbladder
should be aware of the potential for these anomalies.
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A

INTRODUCTION
A left-sided gallbladder usually denotes that the
gallbladder is located to the left side of the round
ligament without situs inversus viscerum; however,
most reported cases of left-sided gallbladder are
associated with a right-sided round ligament, and
[1]
such a case is called a “false” left-sided gallbladder .
A left-sided gallbladder without a right-sided round
[1]
ligament is called a true left-sided gallbladder .
Several variations of infraportal bile duct were reported
[2-6]
previously ; however, the infraportal bile duct of
segment 2 has never been reported in detail. Although
the cholecystic veins are usually divided into two
subgroups, small branches that directly enter the liver
through the liver bed and those that run through the
Calot’s triangle, cholecystic venous branches entering
the round ligament were confirmed intraoperatively.
We report an extremely rare case of a true left-sided
gallbladder with infraportal bile duct of segment 2 and
cholecystic venous anomaly.

B

Figure 1 Computed tomography examination reveals a left-sided gallbladder.
A: The round ligament (arrow) is connected to the left portal umbilical portion
(arrow head); B: The gallbladder (dotted arrow) is located to the left side of the
round ligament (arrow) and the middle hepatic vein, and attached to the left lateral
section of the liver.

CASE REPORT

RAPV

A 71-year-old woman was referred to our hospital
due to an asymptomatic gallbladder polyp of 1cm
in diameter that enlarged gradually. The laboratory
data were within normal limits. An abdominal
ultrasonography revealed a gallbladder polyp. An
abdominal dynamic computed tomography (CT)
examination revealed a gallbladder polyp, without
enhancement, of 1 cm in diameter. The gallbladder
was located to the left side of the middle hepatic vein
and the normal anatomically positioned round ligament
connected to the left portal umbilical portion, and was
attached to the left lateral section of the liver (Figure
1). CT portography revealed an anomaly of portal
venous divergence of the main portal trunk into the
right posterior portal vein and the common trunk of
the left portal vein and right anterior portal vein (Figure
2). CT arteriography showed that the hepatic artery
was of normal type and the cystic artery diverged from
the right hepatic artery. Drip infusion cholangiographicCT (DIC-CT) demonstrated that the cystic duct joined
the extrahepatic bile duct on the right side and created
a hairpin turn anterior to the extrahepatic bile duct.
Furthermore, one of the two bile ducts of segment
2 followed a route that was caudal to the umbilical
portion of the left portal vein, that is, an infraportal
course, and joined the extrahepatic bile duct (Figure 3).

WJG|www.wjgnet.com

UP

LPV

PV
RPPV

Figure 2 Computed tomography portography reveals the portal venous
anomaly. The dotted line is the round ligament. PV: Portal vein; LPV: Left portal
vein; RAPV: Right anterior portal vein; RPPV: Right posterior portal vein; UP:
Umbilical portion.

The patient was diagnosed preoperatively as having
a polyp of the true left-sided gallbladder with an
infraportal bile duct of segment 2.
We performed laparoscopic cholecystectomy with
four surgical ports. A good surgical field was obtained
by retracting the round ligament using a thread fold
via the abdominal wall. The gallbladder was located
left of the round ligament and attached to the left
lateral section of the liver and the round ligament,
and Calot’s triangle was covered by the gallbladder.
Therefore, we first separated the gallbladder from
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A

B

Figure 3 Drip infusion cholangiographic-computed tomography demonstrates that the cystic duct joins the extrahepatic bile duct on the right side and
creates a hairpin turn anterior to the extrahepatic bile duct. One of two bile ducts of segment 2 (arrow) follows a route that is caudal to the umbilical portion of the
left portal vein, that is, an infraportal course, and joins the extrahepatic bile duct; the other one (dotted arrow) follows a normal route, that is, a supraportal course. A:
Computed tomography (CT) three-dimensional reconstruction, ventral view; B: CT three-dimensional reconstruction, dorsal view.

A

The round ligament
The left lateral section
of the liver

B

C

The gallbladder bed

The round
ligament

The gallbladder

The infraportal
bile duct
of segment 2

The cholecystic
vein

The gallbladder

Stump of the
cystic duct

Figure 4 Intraoperative finding reveals a true left-sided gallbladder. A: Image before cholecystectomy; B: Anomaly of the cholecystic vein which enters the round
ligament; C: Image after cholecystectomy.

the liver bed and the round ligament. Two cholecystic
veins which enter the round ligament were confirmed
and divided by ultrasonic scalpel. The cystic artery
and cystic duct were clipped and divided respectively,
and the gallbladder was finally removed. The anatomy
was inspected again; we confirmed the liver bed
located to the left side of the round ligament and
the infraportal bile duct of segment 2 (Figure 4).
Pathological examination revealed a cholesterol polyp
without malignancy. The postoperative course was
uncomplicated.

left-sided gallbladder should be clearly distinguished
[10]
from a “false” left-sided gallbladder. Gross
reported
that the embryologic development of a left-sided
gallbladder may occur in one of two ways. The first way
in which this anomaly may develop is as follows: the
gallbladder anlage begins as a normal embryologic bud
from the hepatic diverticulum and migrates to the left,
where it becomes fixed by the developing peritoneum
to the undersurface of the left lateral section of the
liver. This accounts for the normal entrance of the cystic
duct into the extrahepatic bile duct. The second one
is as follow: a gallbladder develops on each side, with
the left-sided gallbladder persisting on the left and the
right-sided one becoming atrophic and disappearing. In
such a case, the cystic duct joins the extrahepatic duct
or left hepatic duct from the left side. We consider that
the true left-sided gallbladder in our case was caused
in the first way, because the cystic duct joined the
extrahepatic bile duct on the right side.
Although several authors reported that a left-sided
[11-13]
gallbladder is not identified preoperatively
, a leftsided gallbladder can be diagnosed preoperatively with
[1,14,15]
improvements in diagnostic imaging methods
,
and we were able to diagnose this anomaly by CT
examination.
It has been reported that a true left-sided gallbladder
is closely associated with multiple anomalies of the

DISCUSSION
Since Hochstetter first described a left-sided gallbladder
[7]
in 1886 , many cases have been reported in the
literature; however, most reported cases of left-sided
gallbladder are associated with a right-sided round
ligament, and such a case is called a “false” left[1]
sided gallbladder . A left-sided gallbladder without a
right-sided round ligament is called a true left-sided
[1]
gallbladder , and is extremely rare. To our knowledge,
only two cases of a true left-sided gallbladder have been
[1,8]
reported previously . A true left-sided gallbladder is an
anomaly of the gallbladder; however, a “false” left-sided
gallbladder is not an anomaly of the gallbladder, but of
[9]
the round ligament . Therefore, we think that a true
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[1]

portal vein and bile duct . In our case, the patient had
anomalies of not only the portal vein and bile duct, but
also the cholecystic vein. The portal vein anomaly in our
[1]
case was the same as in the previous report . Several
types of infraportal bile duct, such as the infraportal
[2]
[3,4]
bile duct of the caudate lobe , left lateral section ,
[3-6]
[4,6]
segment 3 , and right posterior section , have been
reported. To our knowledge, the infraportal bile duct of
[3,4]
segment 2 has been described in only two studies ;
therefore, we think that this variation is a rare type.
[4]
Kitami et al reported that infraportal courses of the
bile duct are observed more frequently in patients with
portal vein variation, such as our case, than without
portal vein variation. The surgeon should initiate the
dissection as close to the gallbladder as possible in order
to prevent injury of the infraportal bile duct of segment
2 in a patient with true left-sided gallbladder.
The cholecystic veins are usually divided into two
subgroups, small branches that directly enter the liver
through the liver bed and those that run through Calot’s
[16,17]
triangle
; however, cholecystic venous branches en
tering the round ligament were confirmed in our case.
We think that these cholecystic veins are the specific
anomaly of a true left-sided gallbladder. The surgeon
should pay special attention to the possibility of this
cholecystic venous anomaly when a true left-sided
gallbladder is dissected from the round ligament. We
reported this extremely rare case to emphasize that
laparoscopic cholecystectomy can be performed safely
for a true left-sided gallbladder when the surgeon is
familiar with the anatomical variations.

A rare case of true left-sided gallbladder has been reported. Surgeons need to
face different gallbladder anomalies to be ready to manage ambiguities during
cholecystectomy.
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Abstract
We report the case of a 69-year-old woman with
reactive lymphoid hyperplasia (RLH) of the liver. She
underwent partial hepatectomy under a preoperative
diagnosis of hepatocellular carcinoma; however,
histopathological analysis revealed RLH. The liver nodule
showed the imaging feature of perinodular enhancement
in the arterial dominant phase on contrast-enhanced
computed tomography and magnetic resonance
imaging, which could be a useful clue for identifying RLH
in the liver. Histologically, the perinodular enhancement
was compatible with prominent sinusoidal dilatation
surrounding the liver nodule.
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Core tip: It is difficult to differentiate between reactive
lymphoid hyperplasia (RLH) of the liver and malignant
liver tumors such as hepatocellular carcinoma and
liver metastases. We observed a liver nodule with
perinodular enhancement in the arterial dominant
phase on contrast-enhanced computed tomography
and magnetic resonance imaging. We consider that this
imaging feature could be a useful clue for identifying
RLH in the liver. Histological analysis revealed the
liver nodule in our patient to be RLH, with prominent
sinusoidal dilatation around the nodule. This dilatation
is the cause of the perinodular enhancement, which is
useful for the accurate diagnosis of RLH.
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imaging and high signal intensity on T2-weighted
imaging. The nodule showed high signal intensity on
2
diffusion-weighted imaging (b = 800 m /s, inverted
black-and-white gray scale), and low signal intensity on
the apparent diffusion coefficient map. On gadoliniumethoxybenzyl-diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)-enhanced MRI, the nodule showed
perinodular enhancement in the arterial dominant
phase, washout of contrast medium in the late phase,
and low signal intensity in the hepatobiliary phase
(Figure 2). Under the preoperative diagnosis of HCC,
partial hepatectomy was performed. A section of the
resected liver showed a well-circumscribed and yellowwhite unencapsulated lesion (15 mm × 10 mm) (Figure
3). However, histopathology confirmed RLH of the liver,
characterized by mass infiltration of mature lymphoid
cells, forming lymphoid follicles of various sizes, with
germinal centers. Prominent sinusoidal dilatation was
seen around the nodule. In the perinodular portal
tracts, marked lymphoid cell infiltration was observed,
but there was no definite evidence of portal venular
stenosis or fibrous tissue. Immunohistochemical
staining of germinal centers was positive for CD10 and
negative for Bcl-2 (Figure 4).

Sonomura T, Anami S, Takeuchi T, Nakai M, Sahara S, Tanihata
H, Sakamoto K, Sato M. Reactive lymphoid hyperplasia of
the liver: Perinodular enhancement on contrast-enhanced
computed tomography and magnetic resonance imaging. World
J Gastroenterol 2015; 21(21): 6759-6763 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6759.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6759

INTRODUCTION
Reactive lymphoid hyperplasia (RLH) is a benign
[1]
condition of unknown etiology and pathogenesis . It
is common in the gastrointestinal tract, orbit, lung,
and skin, but rare in the liver, where it is difficult to
differentiate from malignant liver tumors such as
hepatocellular carcinoma (HCC) and liver metastases.
The liver nodules with perinodular enhancement on
contrast-enhanced computed tomography (CT) and
magnetic resonance imaging (MRI) have been reported
[2-7]
in some papers in the English-language literature .
However, few reports have focused on perinodular
enhancement in RLH. Histological analysis revealed
prominent sinusoidal dilatation surrounding the liver
nodule as the cause of the perinodular enhancement.
This imaging feature can aid in the accurate diagnosis
of RLH.
Informed consent was obtained from the patient.
At our institution, approval of the Institutional Review
Board is not required for retrospective case reports.

DISCUSSION
RLH is generally thought to be a benign lesion
characterized by hyperplastic lymphoid follicles with
[1]
[2]
[9]
reactive germinal centers . Ota et al and Zen et al
reported a reduction in the size of lesions in RLH of the
liver; however, the risk of malignant transformation is
also reported, namely, the development of malignant
[10]
lymphoma . Although RLH can be found in various
organs, including the gastrointestinal tract, orbit,
lung and skin, its occurrence in the liver is rare. It
occurs predominantly in middle-aged women (mean
[3]
age, 54.1 years) . Although the exact etiology
remains unknown, associations have been suggested
between the development of hepatic RLH and chronic
[11]
[5,10,12]
hepatitis , autoimmune disease
, and malignant
[13]
tumor . None of these was present in our case.
It is difficult to distinguish between RLH of the liver
and malignant liver tumors such as HCC and liver
[14]
metastases on the basis of the imaging findings . In
the present case, the imaging feature of perinodular
enhancement was evident in the arterial dominant
phase on contrast-enhanced CT and MRI. Perinodular
enhancement has previously been described in some
[2-7]
papers in the English-language literature , and may
be a useful aid for identifying RLH in the liver. However,
few reports have focused on perinodular enhancement
in RLH of the liver. Among other tumors of the liver,
hypervascular HCCs show enhancement of the
perinodular liver parenchyma (corona enhancement)
in the late phase images of CT during hepatic
[15]
arteriography , and liver metastases show ring
enhancement with central necrosis in three phases on
triple-phase contrast-enhanced CT or MRI. Therefore,

CASE REPORT
A 69-year-old woman with atrial fibrillation was being
followed up at the cardiology department. Abdominal
ultrasonography performed to investigate hematuria
revealed the incidental finding of a well-defined
hypoechoic lesion in Segment 1 of the liver. She had
no history of persistent viral infection, autoimmune
disease, inflammatory bowel disease or malignant
tumors. Her body mass index was 26.7, which means
she was overweight, but she had no fatty liver. Blood
examination showed that her liver function was
normal, and that hepatitis B surface antigen, hepatitis
B core antibody, hepatitis C antibody and anti-nuclear
antibody were negative. The tumor marker values
were α-fetoprotein 4.9 ng/mL, PIVKA-2 31‑000
mAU/mL, carcinoembryonic antigen 1.8 ng/mL and
carbohydrate antigen 19-9 18.1 U/mL. We considered
that the high PIVKA-2 value was due to the warfarin
she was taking for atrial fibrillation. Unenhanced CT
showed a liver nodule with subtle low attenuation
relative to the liver parenchyma. On triple-phase
contrast-enhanced CT, the nodule demonstrated
perinodular enhancement in the arterial dominant
phase, and washout of contrast medium in the
[8]
equilibrium phase (Figure 1). On unenhanced MRI ,
the nodule showed low signal intensity on T1-weighted
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A

B

C

Figure 1 Unenhanced and double-phase contrast-enhanced computed tomography images of the liver, showing a nodule in Segment 1 (arrows). The
nodule shows subtle low attenuation relative to that of liver parenchyma on the unenhanced image (A). On contrast-enhanced computed tomography, the nodule
shows perinodular enhancement in the arterial dominant phase (B) and washout of contrast medium in the equilibrium phase (C).

A

B

C

D

E

F

G

H

Figure 2 Unenhanced and Gd-EOB-DTPA-enhanced magnetic resonance imaging. The nodule shows low signal intensity on an unenhanced T1-weighted
image (A), and high signal intensity on a T2-weighted image (B). The nodule shows high signal intensity on diffusion-weighted imaging (C) (b = 800 m2/s, inverted
black-and-white gray scale), and low signal intensity on apparent diffusion coefficient imaging (D); On Gd-EOB-DTPA-enhanced MRI, the nodule showed perinodular
enhancement in the arterial dominant phase (E, F), washout of contrast medium in the late phase (G), and low signal intensity in the hepatobiliary phase (H)
suggesting the absence of normal hepatocytes.

perinodular enhancement in the arterial dominant
phase may enable differentiation of liver RLH from
[16]
malignant liver tumors. In addition, Osame et al
[7]
and Yoshida et al observed vessels coursing through
a liver lesion (vessel-penetrating sign) on CT, and
suggested that this finding may enable malignancy to
be excluded.
Histological analysis revealed that the nodule was
well-demarcated, with massive infiltration of mature
lymphoid cells, forming lymphoid follicles of various
sizes with germinal centers, and with prominent
sinusoidal dilatation surrounding the nodule. We
consider that the sinusoidal dilatation was the cause
of the perinodular enhancement in the present

Figure 3 Cut section of the resected liver. The lesion (15 mm × 10 mm) is
well-circumscribed, yellow-white in color, and unencapsulated.
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A

B

C

D

CD10

Bcl-2

Figure 4 Histological findings. A: The nodule is well demarcated and comprises a massive infiltration of mature lymphoid cells, forming lymphoid follicles of various
sizes with germinal centers (HE staining, low magnification); B: Prominent sinusoidal dilatation (double-headed arrow) seen around the nodule (HE staining, high
magnification) is the likely cause of the perinodular enhancement observed on the contrast-enhanced imaging examinations; C, D: Immunohistochemical staining is
positive for CD10, and is negative for Bcl-2. These results exclude follicular lymphoma. HE: Hematoxylin and eosin.

Clinical diagnosis

[7]

case. Yoshida et al considered that perinodular
enhancement reflects increased arterial supply to
the perinodular hepatic parenchyma caused by
portal venular stenosis and/or disappearance, due to
marked lymphoid cell infiltration in the perinodular
[7]
portal tracts . However, there was no definite
evidence of portal venular stenosis or fibrous tissue
in the perinodular portal tracts in the present case.
Immunohistochemical staining of germinal centers was
positive for CD10 and negative for Bcl-2. The negative
results for Bcl-2 indicate RLH, and exclude follicular
[1]
lymphoma from our diagnosis .
RLH of the liver is not generally diagnosed until
[2,4]
after partial hepatectomy. Some reports
describe
needle biopsy for the diagnosis of RLH; however, this
procedure has drawbacks that an insufficient sample
may be obtained for diagnosis, and that there is a
risk of tumor dissemination in the case of a malignant
tumor.
In conclusion, RLH should be considered in the
differential diagnosis of a small liver nodule that
displays perinodular enhancement in the arterial
dominant phase on contrast-enhanced CT and MRI.

Abdominal ultrasonography revealed the incidental finding of a well-defined
hypoechoic lesion in Segment 1 of the liver.

Differential diagnosis

A liver tumor such as hepatocellular carcinoma (HCC) and liver metastasis was
suspected.

Laboratory diagnosis

The tumor marker values were α-fetoprotein 4.9 ng/mL, PIVKA-2 31‑000 mAU/
mL, carcinoembryonic antigen 1.8 ng/mL and carbohydrate antigen 19-9 18.1
U/mL, and we considered that the high PIVKA-2 value was due to the warfarin
she was taking for atrial fibrillation.

Imaging diagnosis

Contrast-enhanced computed tomography (CT) and magnetic resonance
imaging (MRI) showed perinodular enhancement in the arterial dominant phase,
and washout of contrast medium in the late phase.

Treatment

Under the preoperative diagnosis of HCC, a partial hepatectomy was performed.

Pathological diagnosis

Histopathology confirmed RLH of the liver, characterized by massive infiltration
of mature lymphoid cells, forming lymphoid follicles of various sizes, with
germinal centers.

Related reports

Some English-language literature has reported that RLH in the liver demonstrated
perinodular enhancement on contrast-enhanced CT and magnetic resonance
imaging (MRI).

Term explanation

RLH is a benign condition of unknown etiology and pathogenesis. It is common
in the gastrointestinal tract, orbit, lung, and skin, but rare in the liver, where it
is difficult to differentiate from malignant liver tumors such as HCC and liver
metastases.

COMMENTS
COMMENTS
Case characteristics

Experiences and lessons

A 69-year-old woman with atrial fibrillation was being followed up at the
cardiology department.
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arterial dominant phase on contrast-enhanced CT and MRI, which could be a
useful clue for identifying RLH in the liver.

8

Peer-review

In a middle-aged female patient, RLH should be considered in the differential
diagnosis of a small liver nodule that displays perinodular enhancement in the
arterial dominant phase on contrast-enhanced CT and MRI.
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Abstract
Gastric cancer (GC) is the most prevalent malignancy in
the world, especially in China. GC has been postulated
to spread via several different routes, including through
hematogenous channels, lymphatic vessels, the seeding
of peritoneal surfaces, direct extension through the
gastric wall, and retrograde extension through the vas
deferens or lymphatics. Testicular metastasis is rare. We
show here a 53-year-old patient with GC who underwent
a radical total gastrectomy approximately 22 mo ago
after he presented with a sensation of heaviness and
swelling of the right hemiscrotum. The diagnosis of
metastatic adenocarcinoma was made after a rightside orchiectomy. We report the first case of testicular
metastasis from gastric adenocarcinoma in mainland
China and summarize the clinicopathologic features of
the disease based on previously published papers.
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Core tip: Gastric cancer has been postulated to spread via
several different routes, including through hematogenous
channels, lymphatic vessels, the seeding of peritoneal
surfaces, direct extension through the gastric wall,
and retrograde extension through the vas deferens or
lymphatics. This paper presents the clinicopathologic
features of a case of testicular metastasis from gastric
carcinoma in a 53-year-old man. This particular pattern
of spread in gastric carcinoma is rare. We report the
first such case in mainland China and summarize the
clinicopathologic features of the disease based on the
current literature .
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the mucinous lakes among the tumor tissue (Figure
1A). The tumor cells were immunoreactive for Muc-5
+
+
(partly ) (Figure 1B) and Ki-67 (30% ). No cancerous
cells were found within the greater omentum, in the
proximal resection margin or in the distal resection
margin according to the histopathology examination.
The patient received 6 cycles of chemotherapy
after the operation, and the regimen was FOLFOX4
2
(oxaliplatin 85 mg/m per day and calcium folinate 200
2
mg/m per day were administered intravenously by a
2
drip on the first day, fluorouracil 400 mg/m per day
2
was injected intravenously, and fluorouracil 600 mg/m
per day was injected intravenously via a pump for 22
h over the first 2 d. This regimen was performed once
every 2 wk and twice as 1 cycle.) His chemotherapy
th
was completed on 29 May 2013, and the PET-CT
scan showed no recurrence of the tumor after 1 mo.
He was then followed-up by regular check-ups, and
no abnormalities were detected until six months ago.
th
On 18 September 2014, the patient underwent an
orchiectomy of the right testis. Macroscopically, the
right testis measured 5 cm × 3 cm × 2 cm and its
incisal surface contained a gray solid tumor. The right
epididymis measured 4 cm × 1.5 cm × 1 cm and
its incisal surface showed an isabeling solid tumor.
The spermatic cord was 6 cm in length. Microscopy
revealed extensive infiltrates of a poorly differentiated
adenocarcinoma that involved the testicular
interstitium (Figure 2A), tunica albuginea, epididymis,
and spermatic cord. Hyperchromatic and pleomorphic
neoplastic tumor cells were observed especially in the
testicular interstitium. Some signet ring cells were
clustered and had invaded the cancerous tissue; focal
mucinous lakes were also observed. Those tumor
+
cells were immunoreactive for CAM5.2 (scattered )
+
+
(Figure 2B), CK8/18 (scattered ), Muc-1 (manipulus ),
+
Ki-67 (focal 40% ), but were nonreactive for Vimentin
(VI), Oct 3/4, placental alkaline phosphatase (PLAP),
inhibin hormone (INH), C-Kit and AFP. These features
suggested a metastatic mucinous adenocarcinoma
that was consistent with an origin in the patient’s
gastric carcinoma. The patient received 2 cycles of the
FOLFOX4 chemotherapy after the orchiectomy of the
st
right testis. The disease was stable until 31 December
2014.

Li B, Cai H, Kang ZC, Wu H, Hou JG, Ma LY. Testicular
metastasis from gastric carcinoma: A case report. World J
Gastroenterol 2015; 21(21): 6764-6768 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i21/6764.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i21.6764

INTRODUCTION
The incidence of secondary neoplasia of testicular
cancers ranges from 0.02% to 2.5%. Other than
leukemia and lymphoma, the most common origins of
secondary testicular tumors are the prostate (35%),
the lung (18%), the skin (melanoma, 11%) and the
[1]
kidney (9%) . The testis is a rare site of metastasis
from gastric carcinoma. A testicular secondary may
present as a mass that resembles a primary testicular
tumor and is usually diagnosed by a pathological
examination. We report a male patient who presented
with a testicular lump that was determined to be a
metastasis from a primary gastric tumor.

CASE REPORT
A 53-year-old man, who was diagnosed with gastric
adenocarcinoma and who underwent a radical
total gastrectomy, presented with a sensation of
heaviness and swelling of the right hemiscrotum for
approximately 6 mo. A physical examination revealed
a moderate hydrocele on the right side, and the
testis was impalpable. Ultrasonography indicated a
5-cm mass in the right testis, with numerous fronds
surrounded by the hydrocele, while a computerized
tomography (CT) scan revealed a small volume
of ascites which indicated peritoneal metastasis,
a hydrocele on the right side, and no para-aortic
lymphadenopathy. These appearances were consistent
with a testicular tumor. However, the level of β-HCG
and AFP in serum were within normal limits. The
patient had undergone an examination for epigastralgia
22 mo earlier. Gastroscopy and biopsy had revealed
a poorly differentiated gastric adenocarcinoma in the
body of stomach, and then a radical total gastrectomy
plus esophagojejunal Roux-en-Y anastomosis was
performed. A pathological examination revealed
that the lesser and greater curvature of the stomach
was 11 cm and 21 cm in length, respectively. The
ulcerative lesion measuring 2.5 cm × 2 cm × 1
cm and was located 3 cm away from the proximal
resection margin and 5 cm away from the distal
resection margin. A histological examination of
the postsurgical specimen confirmed that the fullthickness of gastric wall had been infiltrated by poorly
differentiated adenocarcinoma cells; lymph nodes
metastasis (22/36) was also shown. Hyperchromatic
and pleomorphic neoplastic cells of the signet ring
cell type were aggregated in clusters that floated in
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DISCUSSION
The incidence on biopsy of secondary neoplasms that
are testicular in nature is 0.02% to 2.5%. Other than
leukemia and lymphoma, the most common origins of
secondary testicular tumors are the prostate (35%), the
lung (18%), the skin (melanoma, 11%) and the kidney
[1]
(9%) . Gastric cancer (GC) with testicular metastasis
is not frequently described, and only approximately
14 cases worldwide have been reported. GC has been
postulated to spread by several routes, including
through hematogenous channels, lymphatic vessels, the
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A

B

Figure 1 Photomicrographs show hyperchromatic and pleomorphic neoplastic cells of the signet ring type floating in the mucinous lakes among the
gastric cancer tissue (hematoxylin and eosin staining, magnification × 40) (A) immunoreactivity of the tumor cells to MUC-5 (magnification × 40) (B).

A

B

Figure 2 Photomicrographs show the infiltration of the paratesticular tissue by metastatic poorly differentiated adenocarcinoma cells: (hematoxylin and
eosin staining, magnification × 40) (A), immunoreactivity of the tumor cells to CAM5.2 (magnification × 40) (B).

seeding of peritoneal surfaces, direct extension through
the gastric wall, and retrograde extension through the
vas deferens or lymphatics. The possible dissemination
pathways of gastric tumor metastasis to the testicles
are hematogenous channels, retrograde through the
lymph vessels and along the spermatic cord and the
seeding of the peritoneal surfaces. Then, the tumor cells
may migrate through the abdominal ring and over an
open Haller’s habenula to reach the testis, which is a
similar pattern of migration as the Krukenberg tumor in
[2]
[3]
women . Ford et al reported that the left testis and
spermatic cord were involved by the gastric carcinoma
and this was accompanied by a hard, nontender Blumer’
s shelf. However, the incidence of secondary metastasis
to the testis is very low compared with metastasis to the
ovary, which can be explained by its distinct anatomy.
The testes are suspended in the scrotum by scrotal
tissue and the spermatic cords, and are invaginated by
the serosal tunica vaginalis, which becomes sequestered
from the processus vaginalis and the peritoneal cavity
[4]
just before birth . The right testis descends to the
scrotum later compared with the left testis in children,
and the right processus vaginalis may be more prone to
insufficiency. This may lead to an insufficient obliteration
of the peritoneal gap in the abdominal inguinal ring
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and the generation of a temporary patent processus
vaginalis testis, whereas in adulthood, the regressive
obliteration of these structures allows for tumor
spread through a patent processus vaginalis. IngaMarie Schaefer reported an elderly male patient who
underwent an orchidopexy for left-sided cryptorchidism
before the tumor metastasized to the testis, and only
the non-cryptorchid right testis was affected, possibly
because previous operative obliteration of the left
inguinal canal prevented metastatic spread to that
[5]
side . The age of the patients at the onset of symptoms
ranged from 23 to 68 years. The average age of onset
of testicular metastasis of GC was 55.9 ± 13.7 years,
whereas most patients with primary testicular tumors
are rarely over 40 years of age. Complaints of unilateral
testicular swelling with or without pain are frequent:
[1,2,5,6]
4 of 8 cases occurred on the right side
and 4 of
[3,4,7,8]
9 cases occurred on the left side
. Most of the
cases occurred 2 mo to 9 years after the diagnosis of
the gastric carcinoma, and some of the patients were
misdiagnosed with primary testicular tumors before the
[1,5]
histopathology examination
because of the similar
clinical manifestations, such as swelling and pain of
[4]
the scrotum and sudden acute pain of the testis .
Hydrocele is also a typical sign of metastatic tumors of
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[3,4,5,7,8]

underwent a radical total gastrectomy, presented with a sensation of heaviness
and swelling of the right hemiscrotum.

the testis
. A case report showed that the yellowish
fluid that was collected by aspiration from the hydrocele
contained metastatic adenocarcinoma cells, which were
[4]
consistent with those of a gastric primary tumor . The
negative effects of the hydrocele may include its role
as an obstacle to lymphatic return by the metastatic
cancer cells and the insufficiency of the processus
[5]
vaginalis, which may lead to contact with the ascites .
The tumor markers in the serum that are related to the
[6,7]
[2]
gastric carcinoma such as CA19-9
and CEA may be
elevated, which may indicate a recurrence of the gastric
tumor. The levels of AFP and β-HCG in the serum,
which are typically elevated in primary tumors of the
[7]
testis, were within normal limits. Ota et al reported
an atypical patient with an elevated level of β-HCG in
the serum (9.48 ng/mL) and in the hydrocele (83.2 ng/
mL), which likely occurred because of the expression of
β-HCG in the gastric cancerous tissue, as demonstrated
by an immunohistochemical analysis. The positive
expression rate of β-HCG in gastric cancer tissue is
[7]
approximately 10.5%-23.5% , and some types of
gastric carcinoma also express AFP. Therefore, it may
be prudent to identify this marker in primary testicular
tumors. Most of the patients underwent an orchiectomy.
Due to the strong capsule around the testes termed
the “tunica albuginea”, metastasis to the testes rarely
occurs, but when it does, the tumor cells are prone to
infiltrate the tunica albuginea, the epididymis, and the
[6]
spermatic cord ; only 4 reported cases thus far have
[1,2,5,8]
involved the testicular interstitium
, and 1 case has
[5]
involved the rete testis . A histologic examination of
postsurgical samples confirmed poorly differentiated
adenocarcinomas (including the presence of signet
ring cells and mucinous cells), which were similar to
the primary gastric tumor; however, one case showed
a degree of differentiation in the metastatic tumor
[3]
cells that was lower than that of the primary tumor .
The tumor cells were immunoreactive for CEA and
pan-keratin, but were nonreactive for AFP, β-HCG,
CD117 and PLAP, which is a characteristic of a primary
[1]
testicular tumor , except for those markers that are
[7]
also expressed in primary gastric carcinoma . The
immunohistochemical markers of cancerous tissue
are the most significant rationale for diagnosis. The
prognosis of patients with testicular metastasis from
gastric carcinoma is poor because of the advanced stage
of the disease, and the overall survival is only 2-51 mo.
In conclusion, we present the clinicopathologic fea
tures of a testicular metastasis from gastric carcinoma
in a 53-year-old man. This particular pattern of spread
in gastric carcinoma is rare, and the diagnosis is usually
based on pathological examination.

Clinical diagnosis

A physical examination revealed a moderately-sized hydrocele on the right side,
and the testis was impalpable.

Differential diagnosis

The differential diagnosis of this disease is usually primary testicular tumor,
which is based on the histopathology examination.

Laboratory diagnosis

The levels of β-HCG and AFP in the serum were within normal limits.

Imaging diagnosis

Ultrasonography indicated a 5-cm mass in the right testis, with numerous
fronds surrounded by the hydrocele. A computerized tomography scan revealed
a small volume of ascites, a hydrocele on the right side, and no paraaortic
lymphadenopathy.

Pathological diagnosis

Microscopy revealed extensive infiltrates of a poorly differentiated adeno
carcinoma that involved the testicular interstitium, tunica albuginea, epididymis,
and spermatic cord. In addition, the tumor cells were immunoreactive for CAM5.2
(scattered+) and CK8/18 (scattered+).

Treatment

The patient underwent an orchiectomy of the right testis and was subsequently
treated with FOLFOX 4 chemotherapy.

Related reports

Gastric cancer with testicular metastasis is rarely reported, and the clinical and
pathological characteristics of the disease remain unclear.

Term explanation

Orchiectomy is a surgical method of castration in which one or both testicles
are removed. There are three main types of orchiectomy: simple, subcapsular,
and inguinal.

Experiences and lessons

Testicular tumors in patients with a history of gastric carcinoma should be
diagnosed based on the histopathologic examination.

Peer-review

The authors describe a case of a 53-year-old patient with gastric cancer with
testicular metastasis. They have also summarized the clinicopathologic features
of the disease based on previously published papers.
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Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest

VI

Qatar
Abdulbari Bener, Doha
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Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
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Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara

VII

Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok
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Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights

VIII

David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha

May 25, 2015

Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa

WJG|www.wjgnet.com

Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York
Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York

IX

Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Laura Ann Woollett, Cincinnati
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Sam Zakhari, Bethesda
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

May 25, 2015

S

Contents

Weekly Volume 21 Number 22 June 14, 2015

EDITORIAL
6769

Portal vein thrombosis in cirrhosis: Controversies and latest developments
Harding DJ, Perera MTP, Chen F, Olliff S, Tripathi D

6785

Somatostatin analogs for gastric carcinoids: For many, but not all
Massironi S, Zilli A, Conte D

6794

Prognostication and response assessment in liver and pancreatic tumors: The new imaging
De Robertis R, Tinazzi Martini P, Demozzi E, Puntel G, Ortolani S, Cingarlini S, Ruzzenente A, Guglielmi A, Tortora G,
Bassi C, Pederzoli P, D'Onofrio M

6809

Exclusive enteral nutrition in children with Crohn's disease
Day AS, Lopez RN

6817

What are the effects of proton pump inhibitors on the small intestine?
Fujimori S

TOPIC HIGHLIGHT
6820

Cardiovascular risk across the histological spectrum and the clinical manifestations of non-alcoholic fatty
liver disease: An update
Athyros VG, Tziomalos K, Katsiki N, Doumas M, Karagiannis A, Mikhailidis DP

6835

Predictive roles of intraoperative blood glucose for post-transplant outcomes in liver transplantation
Park CS

REVIEW
6842

Endoscopic treatment of gastroparesis
McCarty TR, Rustagi T

6850

Minimally invasive treatment of pancreatic pseudocysts
Zerem E, Hauser G, Loga-Zec S, Kunosić S, Jovanović P, Crnkić D

6861

Advances in the study of Lynch syndrome in China
Lu JY, Sheng JQ

WJG|www.wjgnet.com



June 14, 2015|Volume 21|Issue 22|

World Journal of Gastroenterology

Contents

Volume 21 Number 22 June 14, 2015

ORIGINAL ARTICLE
Basic Study
6872

Induction of endoplasmic reticulum-derived oxidative stress by an occult infection related S surface antigen
variant
Lee IK, Lee SA, Kim H, Won YS, Kim BJ

6884

Downregulation of microRNA-382 is associated with poor outcome of esophageal squamous cell carcinoma
Qi B, Lu JG, Yao WJ, Chang TM, Qin XG, Ji YH, Wang TY, Liu SG, Li HC, Liu YZ, Zhao BS

Case Control Study
6892

Nonalcoholic fatty liver disease, spleen and psoriasis: New aspects of low-grade chronic inflammation
Balato N, Napolitano M, Ayala F, Patruno C, Megna M, Tarantino G

6898

Association of colorectal cancer susceptibility variants with esophageal cancer in a Chinese population
Geng TT, Xun XJ, Li S, Feng T, Wang LP, Jin TB, Hou P

Retrospective Cohort Study
6905

Clinicopathologic and molecular features associated with patient age in gastric cancer
Seo JY, Jin EH, Jo HJ, Yoon H, Shin CM, Park YS, Kim N, Jung HC, Lee DH

Retrospective Study
6914

Medical training fails to prepare providers to care for patients with chronic hepatitis B infection
Chao SD, Wang BM, Chang ET, Ma L, So SK

6924

Prognostic angiogenic markers (endoglin, VEGF, CD31) and tumor cell proliferation (Ki67) for
gastrointestinal stromal tumors
Basilio-de-Oliveira RP, Nunes Pannain VL

6931

Assessment of liver fibrosis by Fibroscan as compared to liver biopsy in biliary atresia
Shen QL, Chen YJ, Wang ZM, Zhang TC, Pang WB, Shu J, Peng CH

6937

Clinical impact of preoperative acute pancreatitis in patients who undergo pancreaticoduodenectomy for
periampullary tumors
Chen YH, Xie SM, Zhang H, Tan CL, Ke NW, Mai G, Liu XB

6944

Study of celiac artery variations and related surgical techniques in gastric cancer
Huang Y, Mu GC, Qin XG, Chen ZB, Lin JL, Zeng YJ

Clinical Trials Study
6952

Prevalence, significance and predictive value of antiphospholipid antibodies in Crohn's disease
Sipeki N, Davida L, Palyu E, Altorjay I, Harsfalvi J, Antal Szalmas P, Szabo Z, Veres G, Shums Z, Norman GL, Lakatos PL,
Papp M

WJG|www.wjgnet.com

II

June 14, 2015|Volume 21|Issue 22|

World Journal of Gastroenterology

Contents
6965

Volume 21 Number 22 June 14, 2015

Esomeprazole regimens for reflux symptoms in Chinese patients with chronic gastritis
Sun J, Yuan YZ, Hou XH, Zou DW, Lu B, Chen MH, Liu F, Wu KC, Zou XP, Li YQ, Zhou LY

6974

Detection of superficial esophageal squamous cell neoplasia by chromoendoscopy-guided confocal laser
endomicroscopy
Huang J, Yang YS, Lu ZS, Wang SF, Yang J, Yuan J

Observational Study
6982

Cardiac autonomic dysfunction in patients with gastroesophageal reflux disease
Milovanovic B, Filipovic B, Mutavdzin S, Zdravkovic M, Gligorijevic T, Paunovic J, Arsic M

6990

Metabolic surgery and intestinal gene expression: Digestive tract and diabetes evolution considerations
Rodrigues MRS, Santo MA, Favero GM, Vieira EC, Artoni RF, Nogaroto V, Moura EG, Lisboa P, Milleo FQ

Prospective Study
6999

Assessment of the correlation between serum prolidase and alpha-fetoprotein levels in patients with
hepatocellular carcinoma
Uygun Ilikhan S, Bilici M, Sahin H, Demir Akca AS, Can M, Oz II, Guven B, Buyukuysal MC, Ustundag Y

Randomized Controlled Trial
7008

Efficacy of poly-unsaturated fatty acid therapy on patients with nonalcoholic steatohepatitis
Li YH, Yang LH, Sha KH, Liu TG, Zhang LG, Liu XX

SYSTEMATIC REVIEWS
7014

Treatment strategies for colorectal carcinoma with synchronous liver metastases: Which way to go?
Ihnát P, Vávra P, Zonča P

META-ANALYSIS
7022

Standard chemotherapy with cetuximab for treatment of colorectal cancer
Li XX, Liang L, Huang LY, Cai SJ

7036

Sequential vs simultaneous revascularization in patients undergoing liver transplantation: A meta-analysis
Wang JZ, Liu Y, Wang JL, Lu L, Zhang YF, Lu HW, Li YM

CASE REPORT
7047

Laparoscopic fenestration of pancreatic serous cystadenoma: Minimally invasive approach for symptomatic
benign disease
Dokmak S, Aussilhou B, Rasoaherinomenjanahary F, Sauvanet A, Vullierme MP, Rebours V, Lévy P

7052

Diagnostic utility of endoscopic ultrasound-guided fine-needle aspiration biopsy for glomus tumor of the
stomach
Kato S, Kikuchi K, Chinen K, Murakami T, Kunishima F

WJG|www.wjgnet.com

III

June 14, 2015|Volume 21|Issue 22|

World Journal of Gastroenterology

Contents
7059

Volume 21 Number 22 June 14, 2015

Abnormal layering of muscularis propria as a cause of chronic intestinal pseudo-obstruction: A case report
and literature review
Angkathunyakul N, Treepongkaruna S, Molagool S, Ruangwattanapaisarn N

WJG|www.wjgnet.com

IV

June 14, 2015|Volume 21|Issue 22|

World Journal of Gastroenterology

Contents

Volume 21 Number 22 June 14, 2015
Associate Editor of World Journal of Gastroenterology , Rinaldo Pellicano, MD,
Chief Doctor, Professor, Department of Gastroenterology and Hepatology,
Molinette Hospital, Turin 10123, Italy

ABOUT COVER

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1378 experts in gastroenterology and hepatology
from 68 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

AIMS AND SCOPE

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science
Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of Open
Access Journals. ISI, Journal Citation Reports®, Gastroenterology and Hepatology, 2013 Impact
Factor: 2.433 (36/74); Total Cites: 20957 (6/74); Current Articles: 1205 (1/74); and Eigenfactor®
Score: 0.05116 (6/74).

INDEXING/ABSTRACTING

I-IX

Editorial Board

FLYLEAF

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Shuai Ma
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Saleh A Naser, PhD, Professor, Burnett School of
Biomedical Sciences, College of Medicine, University
of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karolinska Institutet, Stockholm 141-86, Sweden

WJG|www.wjgnet.com

Responsible Science Editor: Ya-Juan Ma
Proofing Editorial Office Director: Jin-Lei Wang

Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx



http://www.wjgnet.com
PUBLICATION DATE
June 14, 2015
COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

June 14, 2015|Volume 21|Issue 22|

World J Gastroenterol 2015 June 14; 21(22): 6769-6784
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i22.6769

© 2015 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Portal vein thrombosis in cirrhosis: Controversies and latest
developments
Damian J Harding, M Thamara PR Perera, Frederick Chen, Simon Olliff, Dhiraj Tripathi
cirrhosis, particularly in advanced disease. It has
been a feared complication of cirrhosis, attributed
to significant worsening of liver disease, poorer
clinical outcomes and potential inoperability at liver
transplantation; also catastrophic events such as acute
intestinal ischaemia. Optimal management of PVT has
not yet been addressed in any consensus publication.
We review current literature on PVT in cirrhosis; its
prevalence, pathophysiology, diagnosis, impact on the
natural history of cirrhosis and liver transplantation,
and management. Studies were identified by a search
strategy using MEDLINE and Google Scholar. The
incidence of PVT increases with increasing severity
of liver disease: less than 1% in well-compensated
cirrhosis, 7.4%-16% in advanced cirrhosis. Prevalence
in patients undergoing liver transplantation is 5%-16%.
PVT frequently regresses instead of uniform thrombus
progression. PVT is not associated with increased
risk of mortality. Optimal management has not been
addressed in any consensus publication. We propose
areas for future research to address unresolved clinical
questions.
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Core tip: Portal vein thrombosis is a complication of
liver cirrhosis. Optimal management of portal vein
thrombosis in cirrhosis has not been addressed in
any consensus publication. There has been recent
interest in the impact of portal vein thrombosis on
the natural history of cirrhosis, and several authors
have now described specific treatments for portal vein
thrombosis, particularly with transjugular intrahepatic
portosystemic stent-shunt and anticoagulation. We
review current literature on portal vein thrombosis
in cirrhosis and propose areas for future research to

Abstract
Portal vein thrombosis (PVT) is encountered in liver
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address unresolved clinical questions.

local intra-abdominal inflammation, such as pancreatitis
or cholangitis. In Southern Asia omphalitis from
neonatal umbilical sepsis or cannulation is a cause of
[4]
childhood PVT . Tumour-related and non-cirrhotic PVT
is not further discussed in this review.

Harding DJ, Perera MTP, Chen F, Olliff S, Tripathi D. Portal vein
thrombosis in cirrhosis: Controversies and latest developments.
World J Gastroenterol 2015; 21(22): 6769-6784 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i22/6769.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i22.6769

INCIDENCE AND PREVALENCE
There have only been limited studies of the incidence
and natural history of PVT in cirrhosis. A prospective
study of 1243 patients with Child’s A and B cirrhosis
found the cumulative incidence of new PVT after 1
[5]
and 5 years 4.6% and 10.7% respectively . Another
prospective study of 73 cirrhotics, with a mean
baseline MELD score of 15.1, showed an annual
[6]
incidence of 16% . In one cohort of 251 patients with
cirrhosis listed for transplantation the incidence of new
[7]
PVT was 7.4% during a mean follow up of 12 mo .
The cumulative incidence of PVT after 1 year was
[8]
12.8% in a study by Maruyama et al that followed
150 patients with viral hepatitis-related cirrhosis and
no baseline PVT. The risk of developing PVT has been
related to the severity of liver disease, with a risk less
[9]
than 1% in those with well-compensated cirrhosis .
The prevalence of PVT in cirrhotic populations is
[10]
between 0.6% to 26% . In studies published since
2000 the prevalence of PVT in patients undergoing
transplantation or evaluation for transplantation is
[11-16]
between 5% to 16%
.

INTRODUCTION
Portal vein thrombosis (PVT) is a relatively common
finding in advanced cirrhosis, often found in asym
ptomatic subjects as part of routine ultrasonography.
There has been no published consensus on non-malig
nant PVT in cirrhosis.
We aim to provide an analysis of the current
literature and explore options for optimal management
of non-malignant PVT in cirrhosis. Literature was
identified by a search strategy using MEDLINE and
Google Scholar using search terms that included
“liver cirrhosis” OR “cirrhosis” AND “portal vein” AND
“thrombosis” OR “venous thrombosis” OR “embolism
and thrombosis.” Eligible studies referred to aspects
of the incidence and prevalence, pathophysiology,
aetiology, diagnosis and management of PVT in
cirrhosis. Because liver transplantation is an important
treatment for cirrhosis, studies that referred to PVT
and liver transplantation were also eligible. Studies that
referred to non-cirrhotic or hepatocellular carcinomarelated PVT were excluded. We identified 2967 search
results with MEDLINE and 2860 results with Google
Scholar.

PATHOPHYSIOLOGY
Acute phase

In acute PVT there is new formation of either partially
or completely occlusive thrombosis in the portal
vein. The episode may be asymptomatic, or may be
associated with abdominal pain - particularly if the
superior mesenteric vein is involved. Acute obstruction
of the superior mesenteric vein and mesenteric arches
can lead to intestinal ischaemia, and life-threatening
infarction: this seldom occurs in patients with cirrhosis
where the onset and progression of PVT is a more
gradual and slower process, allowing alternative
venous drainage to be established.
Following acute complete occlusion of the portal
vein there is intense compensatory hepatic arterial
vasodilatation (“arterial rescue”) that stabilises liver
function.

ANATOMY
The portal vein is a valveless, approximately 6-8 cm
long conduit that arises from the confluence of the
superior mesenteric and splenic veins posterior to the
neck of the pancreas. It accounts for 75% of the blood
supply to the liver. In the porta hepatis, the portal
vein divides into right and left branches that ultimately
empty into the hepatic sinusoids of the right and left
[1]
lobes respectively .
PVT is a condition caused by the formation of blood
clot within the extra-hepatic portion of the portal vein.
In the presence of cirrhosis, PVT is most commonly
associated with portal vein stasis, or caused by tumour
invasion from hepatocellular carcinoma or portal vein
occlusion by cholangiocarcinoma in patients with
primary sclerosing cholangitis. PVT may also occur
following ablative therapy for hepatocellular carcinoma
[2,3]
or fine needle aspiration of pancreatic mass . PVT
can also occur as an unusual condition in non-cirrhotic
individuals: in the Western Hemisphere there is
commonly an underlying pro-thrombotic aetiology or

WJG|www.wjgnet.com

Chronic phase

After the period of arterial vasodilatation a phase of
“venous rescue” follows with formation of venous
collaterals that bypass the occluded segment, forming
a “cavernoma” in 3 to 5 wk. For practical purposes
an acute PVT can be differentiated from chronic PVT
by the absence or presence of a cavernoma of porto[17,18]
portal collateral vessels on imaging
.
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Complications of PVT

by means of plasma from patients on vitamin K
[33]
antagonists . Other conventional coagulation tests
in patients with cirrhosis do not take into account the
[34]
reduction in anti-coagulant proteins .
Several large population studies have demonstrated
that the incidence of venous thromboembolism (deep
vein thrombosis, pulmonary embolism) in individuals
with cirrhosis is at least similar to that in subjects
[35-38]
without liver disease
.
Factor Ⅷ is an important pro-coagulant involved
in thrombin generation. Concentrations of factor Ⅷ
[39]
increase progressively with worsening cirrhosis .
Protein C is an important anti-coagulant: levels
[40]
of protein C are often reduced in cirrhosis . The
ratio of factor Ⅷ to protein C may be predictive of a
[41]
hypercoagulability .
Some pro-thrombotic genotypes, including factor V
Leiden G1691A mutation, methylenetetrahydrofolate
reductase (MTHFR) C677T mutation and prothrombin
G20210A mutation may be more frequent in cirrhotic
patients with PVT compared with cirrhotic patients
[42-44]
without PVT
.
Anticardiolipin antibodies may be more common
[45]
in PVT in cirrhosis . Bacteraemia from bacteroides
fragilis has been associated with an increased risk
of PVT due to transient appearance of anticardiolipin
[46]
antibodies . However in a prospective longitudinal
study of cirrhotic patients in France and Belgium
the presence of G20210A prothrombin or factor V
mutations was not associated with the development of
[5]
PVT .

Complications of PVT include variceal haemorrhage,
intestinal ischaemia and portal biliopathy (enlarged
collateral veins on the surface of the common bile duct
[19]
causing partial or complete bile duct obstruction) .
There is conflicting evidence regarding the role of
PVT in the natural history of cirrhosis (see below). It
has been reported that subjects with cirrhosis and
PVT are at an increased risk of variceal haemorrhage
[20]
compared with cirrhotics without PVT . The incidence
of intestinal ischaemia following PVT is not widely
[21]
reported. Harki et al
prospectively assessed
for symptoms and clinical evidence of ischaemia
(by measuring small intestinal mucosal saturation
measurements with visible light spectroscopy). In their
small cohort (n = 17) of subjects with non-malignant,
non-cirrhotic PVT, 67% had both exercise-induced
abdominal pain and low visible light spectroscopy
findings consistent with ischaemia. No similar studies
have been reported. The risk of intestinal infarction
has not been well characterised for reasons explained
earlier. Prospective studies have not identified cases
[8,22]
of intestinal infarction
. A retrospective study of
databases from 11 hospitals in Sweden reported
on 176 patients with PVT over a median 2.5 years.
Abdominal pain was less common in cirrhotic than
non-cirrhotic patients. 3% of the cohort required bowel
[23]
resection for intestinal ischaemia or infarction .

AETIOLOGY OF PVT IN CIRRHOSIS
Venous stasis

Cirrhosis is associated with increased intra-hepatic
vascular resistance and reduced portal blood flow into
[24]
the liver . Low portal blood flow seems to be the
most important risk factor for PVT in cirrhosis and has
[6,25,26]
been found to be predictive of future PVT
.
Many patients with cirrhosis are treated with nonselective beta-blockers, which reduce portal blood flow
[27]
and velocity . The role of non-selective beta-blockers
in influencing survival in patients with decompensated
cirrhosis remains controversial; whether they are
implicated in the pathogenesis of PVT has not been
[5]
evaluated with the exception of Nery et al who did
not find any association between the use of nonselective beta-blockers and the development of
[10,28-30]
PVT
.

Endotoxinaemia

Bacterial translocation and endotoxinaemia are
common with worsening liver disease, as a result of
[47-50]
intestinal mucosal barrier damage
. Inflammation
[51-53]
from bacterial infection increases portal pressure
.
Portal endotoxinaemia may facilitate activation
of the coagulation cascade within the portal venous
[54]
[55]
system . Villa et al
demonstrated that the use of
enoxaparin in cirrhosis was associated with reduced
bacterial translocation, and proposed that this was
because of improvements in intestinal microcirculation
sufficient to ameliorate portal hypertensive enterocyte
[55]
damage . Reducing portal pressure with non-selective
beta blockers is associated with a reduced risk of
[56,57]
spontaneous bacterial peritonitis or bacteraemia
.

Thrombophilia

HISTORICAL RISK FACTORS FOR PVT IN
CIRRHOSIS

Levels of both pro- and anti-coagulation proteins
are reduced in cirrhosis with impaired synthetic
function, usually with maintained haemostatic balance
[31]
and no tendency for bleeding or thrombosis .
Thrombin generation in cirrhosis is only impaired in
[32]
the presence of severe thrombocytopenia . The
international normalized ratio (INR) in liver disease
likely overestimates the risk of bleeding because the
international sensitivity index used is determined
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Reported historical risk factors for PVT in cirrhosis
include complications of, and previous treatments for
complications of portal hypertension (previous variceal
haemorrhage, endoscopic sclerotherapy, splenectomy,
shunt surgery) and the presence of hepatocellular
[7,15,26]
carcinoma
. The presence of hepatocellular
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Cross-sectional imaging

carcinoma (in the absence of macro-vascular invasion)
[13]
appears to be a risk factor for non-neoplastic PVT .
Severity of underlying cirrhosis, and time spent on a
waiting list for liver transplantation are risk factors for
[7,58]
PVT
.
Low platelet count, and the development of colla
teral vessels have been associated with increased risk
[7,8]
of developing PVT . These findings are compatible
with the presence of reduced portal blood flow in
cirrhosis with portal hypertension, likely the most
[6]
important causative factor for PVT in cirrhosis .

Multiphase CT is alternatively recommended to diag
nose PVT during evaluation of cirrhosis. Ultrasound is
accurate detecting thrombus in the trunk of the portal
vein and intrahepatic branches. CT better assesses
the superior mesenteric vein, the presence of portosystemic shunts, renal veins and inferior vena cava,
and the extent of thrombus. CT can help diagnose
[62,63]
hepatocellular carcinoma and intestinal ischaemia
.
MRI is an alternative to CT, although has reduced
[64]
definition in the presence of significant ascites .
MRI with contrast is helpful for demonstrating the
portal venous system flow and thrombus like CT. MRI
is advised for repeated imaging in younger patients to
avoid the radiation associated with repeated CTs.

DIAGNOSIS AND SCREENING
Imaging is appropriate as part of the initial evaluation
of subjects with cirrhosis, and periodically during follow
up. Because of the risk of hepatocellular carcinoma
in cirrhosis computed tomography (CT) or magnetic
resonance imaging (MRI) evaluation is advisable
following new ultrasound diagnosis of PVT, to look for
the presence of liver tumour. Endoscopic screening for
varices should also take place because of the increased
risk of varices in the presence of cirrhosis with PVT.

EFFECTS OF PVT ON THE NATURAL
HISTORY OF CIRRHOSIS
The effects of PVT on the natural history of cirrhosis,
including its effects on survival may not be deleterious.
The risk of PVT appears to increase with severity of
[9]
cirrhosis , but there is little data to demonstrate that
[16,65]
PVT is an independent prognostic factor in cirrhosis
.

Ultrasound and Doppler ultrasound

Ultrasound and Doppler ultrasound are usually
sufficient to diagnose PVT according to published
series, however the incidence of PVT is much higher
[59,60]
than that is routinely detected by above means
.
Ultrasound may demonstrate hyperechoic material in
the vessel lumen, but there is variation and operator
dependent aspect to this diagnosis. Most of the
diagnosis is reliant on Doppler scan that demonstrates
absence of flow in part of, or all of the lumen. It can
also show flow velocity and direction. “False negatives”
have been reported with ultrasound at the time of
[14]
transplantation . Such findings may occur because
of de novo thrombus formation between imaging and
transplantation or false negatives. Different grades
of PVT (discussed below) further complicate these
findings. Using three-monthly Doppler ultrasound on
their cohort of 251 cirrhotic patients awaiting transplan
[7]
tation, Francoz et al diagnosed PVT in 9 patients at
the time of transplantation. Eight of these patients had
only partial thrombosis: transplantation was technically
feasible in all cases. Data from 1491 patients who
underwent liver transplantation at Queen Elizabeth
Hospital Birmingham between January 2000 to August
2012 show a PVT prevalence of 119 (8%). Thirty-four
(29%) of these cases were diagnosed at the time of
surgery. For these subjects the mean interval from last
screening imaging to transplantation was 2.25 mo.
This suggests that some of the PVTs diagnosed are
“interval” thromboses. Overall there were no survival
differences between “diagnosed”, “incidental” PVT
[61]
cases and matched controls without PVT .
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Effects on survival

A review, using UNOS registry data from 2002 to 2013
of 66506 patients without hepatocellular carcinoma
who were awaiting liver transplantation, found that the
presence of PVT was not associated with an increased
risk of death or reduced chance of undergoing
[66]
transplantation .
[8]
Maruyama et al followed up 150 patients with
viral hepatitis-related cirrhosis, without PVT at
baseline. Of the 42 (28%) patients who developed PVT
the thrombus progressed in 7.2%, was unchanged
in 45.2% and improved in 47.6%. The cumulative
survival rates were similar between the thrombosis
[8]
and non-thrombosis groups .

Effects on disease progression

In a prospective study of 1243 patients with cirrhosis
and a mean follow-up of 47 mo, the development of
PVT was not associated on multivariate analysis with
the risk of disease progression. 118 subjects developed
a new PVT, of which 87 were non-occlusive (one year
cumulative incidence 4.6%). Non-occlusive thrombus
varied over time, disappearing on follow-up in 70% of
[5]
cases .
Natural history studies have identified relatively
high rates of PVT regression instead of uniform
thrombus progression. One study of 42 consecutive
patients with cirrhosis (mean MELD 12.1; range 7-20)
and untreated extra-hepatic, non-malignant PVT
followed up subjects for a mean 27 mo. PVT worsened
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Figure 1 Yerdel’s Classfication of portal vein thrombosis[15]. A: Grade Ⅰ portal vein thrombosis. Partial portal vein thrombosis (< 50% lumen) with or without
minimal extension in to the superior mesenteric vein (SMV); B: Grade Ⅱ portal vein thrombosis; > 50% occlusion with or without minimal extension into the SMV; C:
Complete thrombosis of both portal vein and proximal SMV. Distal SMV is open; D: Complete thrombosis of portal vein, proximal and distal SMV.

in 48% of patients and improved in 45%. There was
no clear association between progression or regression
of PVT and clinical outcome, with baseline Child-Pugh
score the only independent predictor of survival or
[22]
hepatic decompensation .
The positive findings of a study that examined
the effects of primary prevention of PVT with anticoa
gulation in subjects with cirrhosis might suggest that
PVT does have a role in the progression of cirrhosis:
improved survival and less episodes of hepatic decom
[55]
pensation were seen in the study’s active arm .
However the study’s authors did not attribute the
difference in hepatic decompensation to the prevention
of PVT: they postulated that enoxaparin therapy lead
to improved intestinal microcirculation and endothelial
function, which had a protective effect on the course of
the liver disease by reducing bacterial translocation. No
other published studies have confirmed their findings.

bacterial peritonitis is suggestive of the development of
PVT and should be thoroughly evaluated. The PVT may
be the cause of, or the consequence of such events. A
stable patient on diuretics may develop a PVT leading
to diuretic resistance, leading to SBP. On the other
hand bacterial infection in the peritoneum may lead to
development of PVT.

IMPACT OF PVT ON LIVER
TRANSPLANTATION
PVT, particularly complete thrombosis affects rates
of complications, and possibly survival with liver
transplantation. It was historically seen as a contrain
dication to transplantation.

Surgical considerations

The Yerdel classification of PVT is widely used to
describe PVT because it correlates thrombosis extent
with surgical technique and risk of complications
[15]
(Figure 1) .
Pre-existing knowledge of a patient’s PVT and use of
the Yerdel classification allows appropriate graft selection
and planning of the transplant surgical procedure.
(Intra-operative diagnosis of incidental PVT may cause
problems of added surgical explant time, increased risk
of significant bleeding and prolonged cold ischaemia
time for the selected graft). For Yerdel grades Ⅰ to
Ⅲ, operative techniques include thrombectomy, with

Complications

The presence of PVT has been associated with a longer
time to achieve endoscopic eradication of varices, but
[67]
once achieved did not influence their recurrence .
The potential for life-threatening intestinal infarction
in the presence of complete thrombus occlusion of
the portal and superior mesenteric veins is known,
although the actual risk of this event is not known.
Sudden clinical deterioration in a cirrhotic patient,
such as the development of diuretic resistant ascites or
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Table 1 Key studies of portal vein thrombosis and liver transplantation
Number of
patients

Prevalence PVT,
n (%)

PVT characteristics

Outcomes

Englesbe et al[65]

22291 (2001-2007)

897 (4.02)

Not described

Sringeri et al[61]

1491
(2000-Aug 2012)
889 (1998-2008)

119 (8.0)

Not described

PVT was not predictive of waiting list mortality (HR = 0.90, P = 0.23)
PVT was predictive of post-transplant mortality (HR = 1.32, P = 0.02)
Prolonged theatre timea, increased blood transfusion rates1. No
difference mortality up-to 140 mo
No difference 1 yr (85% vs 86%) and 5 yr (68% vs 73%) survival between
PVT and non-PVT subjects
Survival improved significantly for patients with complete PVT in the
second era (2003-2008) (57% vs 89% at 1 yr1)
Reduced 5 yr survival between PVT and non-PVT subjects
(65.3% vs 76.3%1)
But improved 5 yr survival from 1st to 2nd era in all patients
(from 72% to 83%1)

Ravaioli et al[13]

91 (10.2)

Partial 51 (56%)
Complete 40 (44%)

Yerdel et al[15]

779 (1987-1996)

63 (8.1)

Grade 1: 24,
Grade 2: 23,
Grade 3: 6,
Grade 4: 10

1

The P value is < 0.05. PVT: Portal vein thrombosis.
[61]

or without creation of an interposition graft, followed
by direct porto-portal anastomosis. In cases where
the lumen of the portal vein has been narrowed by
cicatrisation of the thrombus, the narrowed segment
can be resected and a donor iliac vein graft used as an
interposition graft, resulting in a patent, larger diameter
vein. Thrombectomy is still possible with Yerdel grade
Ⅲ PVT as long as the portal vein is carefully examined
down to the junction of the superior mesenteric and
splenic veins with extraction of all thrombus.
Cases of Yerdel grade Ⅳ and some grade Ⅲ
cases may be considered as contraindications to
transplantation in some centres, while taken on by
experienced high volume centres. Complex vascular
reconstruction techniques may be necessary with
meso-portal “jump grafts” from donor veins or
synthetic vascular grafts, creation of porto-caval
shunt or portal vein arterialisation. Such complex
procedures for extensive or grade Ⅳ PVT carry a high
(approximately 50%) risk of post-transplant portal
[16]
hypertension . There are a few case series of patients
with diffuse PVT who have undergone multivisceral
[68]
transplantation . The procedure is only offered in a
few centres, but should be considered in patients with
severe bowel dysfunction due to porto-mesenteric
venous ischaemia or refractory portal hypertensive
gastrointestinal bleeding where diffuse PVT is present.

theatre time, but no difference in survival .
Several papers describe outcomes based upon
the classification of thrombosis. In subjects with nonocclusive PVT, post-transplant mortality outcomes are
[15,69,70]
no different from non-PVT patients
.
Mortality rates likely increase in the presence of
occlusive PVT, but may be better in larger centres with
greater experience of PVT-surgical management. In
a review of 25753 transplants performed in different
centres between 1984 and 2008 the 30 d and 1 year
mortality rates for subjects with PVT were higher than
for those without PVT (10.5% and 18.8% vs 7.7%
and 15.4%): only complete PVT accounted for this
[69]
difference . Mortality rates were higher still in subjects
with grade Ⅳ PVT. Studies of transplant recipients
where end-to-end portal anastomoses were not feasible
describe high rates of post-operative morbidity due
to persistent portal hypertension, and higher rates of
[71-73]
early post-operative mortality (25%)
. More recent
data from high volume centres with specific experience
in PVT-surgical treatment do not show any effect
of PVT on survival. Two studies provide analysis of
outcomes for patients with Yerdel grades 3 and 4 PVT.
Outcomes for these centres have improved: Ravaioli et
[13]
al
showed no survival differences for patients with
complete PVT when their 10 year data were restricted
[13]
to the last 5 years (Table 1) .

Outcomes of liver transplantation with PVT

PVT following liver transplantation

A large American series described outcomes postliver transplantation between September 2001
and December 2007 in 22291 subjects where the
prevalence of PVT was 4.02% (n = 897). PVT was not
classified according to grade, or whether occlusive/nonocclusive. The presence of PVT was associated with
higher post-transplant mortality only during the first
[65]
year of follow up in this cohort (HR = 1.32, P = 0.02) .
Our own institution’s experience of 1491 transplants
between January 2000 and August 2012 found the
presence of PVT was associated with significant
increases in intra-operative blood product use and
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Thrombosis of the portal vein, particularly early
[74]
following transplantation carries a poor prognosis .
The rate of PVT occurrence post-transplantation in
subjects without a history of preceding PVT is between
[12,14,15,75]
0%-2%
. PVT post-transplantation can occur
at the anastomosis site when there is significant
[76]
mismatch of the donor: recipient vein diameters .
The rate of post-transplant PVT recurrence in subjects
[14,61,77,78]
with previous PVT is higher: 2%-3%
. It is not
clear whether thrombosis rates are greater following
more complex procedures. There are no standardised
approaches to post-liver transplant prevention of re-
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thrombosis. It is expected that the risk of recurrent
PVT should be reduced by the correction with
transplantation of the haemodynamic abnormalities
associated with cirrhosis and portal hypertension. In
considering approaches to managing the risk of PVT
recurrence, they should be weighed against risks of
post-operative bleeding.

endoscopy is warranted to assess for oesophageal
[82]
varices .

ANTICOAGULATION
Six published studies describe anticoagulation in 199
cirrhotic patients using warfarin (with target INR
2-3) or low molecular weight heparin for means of
[7,55,83-86]
between 6 mo to 302 d
(Table 2). Two case
reports describe the use of rivaroxaban, an oral factor
Xa inhibitor, in the management of acute PVT in six
[87,88]
subjects with well-compensated Child’s A cirrhosis
.
[55]
With the exception of studies reported by Villa et al
[85]
and Senzolo et al , all of the reported studies are
case-control or retrospective series of subjects with
cirrhosis and partial or occlusive acute PVT. These
published studies do not describe treatment of chronic
PVT associated with cavernoma.

LIVING DONOR TRANSPLANTATION
AND PVT
Living donor transplantation is performed in many
centres because of a shortage of cadaveric donors. For
the safety of donors partial grafts obtained from living
donors have only a very short length of portal vein.
To complete the anastomosis it is vital that there is an
adequate length of recipient portal vein, which is not
always feasible, particularly in the presence of recipient
[79]
PVT . Procurement of additional vessels to allow
complex interposition or jump grafts is also limited,
making living donor liver transplantation for patients
with complete PVT technically more difficult with high
reported mortality. Outcomes in the presence of partial
[80]
PVT are similar to those in recipients without PVT .
For cases of complete PVT the use of re-canalised
umbilical vein, saphenous vein of the donor or the
recipient, or the hepatic veins of the explanted cirrhotic
liver have all been used. Another option is to use the
cryopreserved vessels from cadavers or cadaveric
donors but their use has been associated with worse
[81]
outcomes due to an increased risk of re-thrombosis .

Primary prevention
[55]

Villa et al
performed a randomised, controlled
study of enoxaparin (4000 IU daily) for 48 wk in 70
patients with Child’s B7 to C10 cirrhosis and no PVT
(34 active arm, 36 controls). The study’s primary
outcome, prevention of PVT in subjects with cirrhosis,
was successful: there were no PVTs in the active
arm at the end of follow up (at 2 years), compared
with the 27.7% rate of PVT in the control arm. Of
clinical importance, rates of hepatic decompensation
(ascites, encephalopathy, bacterial peritonitis, portal
hypertensive bleeding) were significantly lower in
the treatment arm (38.2%) compared with controls
(83%, P < 0.0001). Treatment with enoxaparin was
associated with a reduction in bacterial translocation,
which was thought at least partly responsible for
the lower rates of decompensation. No relevant side
effects or haemorrhagic events were reported.

MANAGEMENT OF PORTAL VENOUS
THROMBOSIS IN CIRRHOSIS
The natural history of PVT in cirrhosis remains
controversial: this has affected the ability to provide
clear management consensus. The presence of
PVT does affect liver transplantation surgery and
potentially outcome. In candidates for transplantation
the main objective of management is to achieve
at least partial recanalisation to allow portal flow
to the graft with a conventional end to end PV
anastomosis. If recanalisation cannot be achieved
the objective is to prevent extension of thrombus,
particularly to the superior mesenteric vein. Careful
screening during evaluation and throughout follow
up is important to achieve these aims. In patients
with PVT there are different possible approaches to
treatment: anticoagulation, transjugular intrahepatic
portosystemic stent-shunt (TIPSS), and endovascular
procedures with fibrinolysis. The use of primary
preventative strategies could also be considered for
patients at risk of developing PVT.
PVT in cirrhosis is associated with a higher risk
of variceal haemorrhage than in cirrhotic individuals
without PVT: assessment with upper gastrointestinal
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Secondary prevention
[85]

Senzolo et al prospectively evaluated treatment with
low molecular heparin (nadraparin) for at least 6 mo
compared with standard care in 35 actively treated and
21 control subjects. The patients had cirrhosis (mean
MELD 12.6 active arm) and either partial or complete
acute PVT. In the active arm the incidence of complete
recanalisation was 60%, with stabilisation or partial
recanalisation achieved in 20%. Amongst controls
recanalisation occurred in only one subject (5%) with
partial recanalisation or stabilisation in 5 (24%): the
incidence of thrombus progression in controls was
71.4%.
Amongst the reported studies of anticoagulation
therapy for secondary prevention, treatment was
associated with recanalisation rates of between 39.3%
to 75%, and an incidence of thrombus progression
between 0% and 14.3%. This compares favourably
with rates of recanalisation or thrombus progression
[85]
reported for control subjects by Senzolo et al .
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n

34 (36)

28

33 (21)

55

28

19 (10)

(controls)
Warfarin (INR 2-3)
Mean 8.1 mo

Duration and type of
anticoagulation

[85]

Child’s 7-10

MELD 7-29

MELD 12.6
(controls MELD
13.7)

48 wk treatment. Follow up
to 2 yr

Warfarin
Mean 302 d
Enoxaparin 4000 IU/d

Nadraparin low molecular
weight heparin until end
of follow up, or until 6
mo following complete
recanalisation.

Enoxaparin 200 IU/kg per
day: 6 mo for responders
and non-responders. Partial
responders continue until
end of follow up.
mean MELD 12.8
Warfarin (INR 2-3) or
+/- 3.8
enoxaparin mean 6.8 mo

?

mean MELD 12.8

Baseline severity
liver disease

Primary prevention
study: No PVTs at
baseline

not described

0/24/11

0/41/14

0/23/5

0/18/1

PVT characteristics
(none/partial/complete
occlusion)

N/A

N/A

30 (54.5%)

5 (17.9%)

0

Partial recanalisation/
stabilisation

1 bleeding episode following
endoscopic variceal band
ligation
Mild anaemia in patient with
portal hypertensive gastropathy

Bleeding complicaitons

[84]

Treatment arm:
Active arm: 2 variceal bleeds, 2
No PVT at 2 yr.
epistaxis
Control arm: PVT Control arm: 1 variceal bleed, 1
epistaxis
in 10/36 (27.8%) at
2 yr (P = 0.001)

0

2

1

Progression

6 variceal bleeds, 1 lower GI
bleed, 1 obscure GI bleed, 1 oral
bleed post-dental extraction, 1
severe vaginal bleed
12/33 (36%) active arm vs
Partial: 9/33 active 5/33 (14.3%) active
Active arm: 1 cerebral
1/21 (5%) controls
arm. Stabilisation:
arm vs 15/21
haemorrhage, 1 epistaxis, 1
7/33 active arm.
(71.4%) control
haematuria, 1 variceal bleed
Control arm: 5 variceal bleeds
Partial recanalisation
arm (P < 0.001)
or stabilisation in 5/21
controls.
11 (39.3%)
17 (60.7%)
0
1 significant vaginal bleed

25 (45.5%)

21 (75%) at median 11 mo

8/19 (42%) vs 0/10 nonanti-coagulated (P = 0.002)

Recanalisation

[84]

With the exception of the study reported by Delgado et al , all study patients were screened for large varices, with endoscopic obliteration provided before
commencement of anticoagulation. Patients with cavernoma were generally excluded. Patients in the study by Delgado et al received standard primary or secondary
[89]
management of varices following recognised international guidelines . In the studies of patients who received pre-emptive endoscopic obliteration of varices (n = 144)
there were 4 episodes of variceal haemorrhage on treatment. There were 6 episodes of variceal haemorrhage amongst the 57 control subjects.
[85]
Senzolo et al report one cerebral haemorrhage leading to hemiparesis on treatment. Other bleeding complications on treatment were: 2 epistaxis (1 epistaxis in a
control subject), 1 haematuria, 2 significant vaginal bleeding, 1 obscure and 1 lower gastro-intestinal haemorrhage. Among the control subjects there were 2 episodes

Complications

Amitrano et al and Senzolo et al reported a mean time until venous recanalisation of 6.5 and 5.5 mo respectively. Delgado et al reported that that up to 39%
of subjects who had achieved portal vein recanalisation developed re-thrombosis after stopping anti-coagulation. Where assessed for, the prevalence of thrombophilic
[84,86]
abnormalities was between 5 and 16% (Werner and Delgado)
.

[83]

PVT: Portal vein thrombosis.

Prospective
randomised
controlled trial

Villa et al[55]

Prospective case
control

Senzolo et al[85]

Retrospective

Retrospective

Delgado et al[84]

Werner et al[86]

Prospective

Prospective case
control

Amitrano et al[83]

Francoz et al[7]

Study type

Table 2 Summary of studies reporting the use of anticoagulation for portal vein thrombosis in cirrhosis
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Table 3 Summary of new oral anti-coagulants
Name

Dabigatran

Action
Clearance

Direct thrombin inhibitor
80% renal clearance

CYP3A4 interaction?
Absorption with food?
Elimination half life

No
No effect
12-17 h

Apixaban

Edoxaban

of intestinal ischaemia (one fatal), and two subjects
went on to have liver transplantation that required
[84]
caval hemi-transposition. Delgado et al
identified
9
baseline platelet count of < 50 × 10 /L as a risk factor
for bleeding complications.
[85]
In the study reported by Senzolo et al
control
patients experienced greater rates of complications
than the active arm: 2 of the 21 controls developed
intestinal ischaemia (one fatal), and 2 required caval
hemitransposition at liver transplantation. Delgado et
[84]
al
study showed that complications associated with
deteriorating cirrhosis were more common in patients
who did not achieve recanalisation.

the current use of anticoagulation in some settings
such as cirrhotics with partial or occlusive PVT who
are on transplant waiting lists. There is no consensus
on which anticoagulant is best: low molecular weight
heparin can be given until transplantation, but requires
administration of an injection. Warfarin impacts upon
patients’ MELD scores and requires monitoring of
INR. Rivaroxaban cannot be provided to patients with
decompensated cirrhosis (Table 2).

TIPSS

TIPSS (with bare or covered stents) may be a
treatment option to manage PVT as an alternative
to anticoagulation, particularly in the presence of
severe complications of portal hypertension (recurrent
or refractory variceal haemorrhage or ascites), or
contraindications to anticoagulation. The goal of TIPSS
is to repermeate the portal vein and restore portal flow
through the low resistance shunt, thereby preventing
recurrent thrombosis. TIPSS may have a role in
liver transplant candidates in maintaining portal vein
patency, avoiding PVT propagation, and enhancing
the feasibility of transplantation. TIPSS may even
[99,100]
be feasible in some patients with cavernoma
.
TIPSS can prevent total portal vein occlusion in liver
[101]
transplantation candidates with partial PVT
. There
are no studies that compare anticoagulation, TIPSS, or
conservative treatment in the management of PVT in
cirrhosis.

New oral anti-coagulants

These agents work by direct inhibition of thrombin or
activated factor Xa, and are licenced for the prevention
of primary or recurrent venous thromboembolism,
or prevention of stroke in non-valvular atrial fibril
[90-93]
lation
. Their practical advantages include oral
administration, the lack of any requirement for
monitoring with blood tests, and no effect on INR, an
important component of the MELD score. The new oral
anticoagulants have no antidote: of clinical importance
when considering individual patients’ risks of bleeding
[94]
complications . However specific antidotes, such as
Andexanet Alfa (Clinicaltrials.gov: NCT01758432) are
under development. The new oral anti-coagulants can
be affected by drugs that are P-glycoprotein substrates.
Drugs that inhibit or induce CYP3A4 can significantly
[95]
affect concentrations or effects of rivaroxaban . The
potential for drug interaction is important to consider
for patients intending to commence new directly acting
[96]
antiviral therapies for hepatitis C (Table 3) .
Recent case reports describe the use of rivaroxaban
to treat acute PVT in well-compensated cirrhosis.
Unfortunately for patients with severe liver disease
the drug has not been evaluated in decompensated
cirrhosis, where concerns exist that its pharmacological
[97,98]
effects will be altered
.
From these small studies and series it is clear that
anticoagulation with warfarin or low molecular heparin
is feasible in cirrhosis, may prevent the onset of PVT or
its extension once present, and may even slow down
progression of liver cirrhosis. Further controlled studies
with larger numbers are indicated to validate these
findings. These published experiences may justify
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Rivaroxaban

Activated factor Ⅹa inhibitor Activated factor Ⅹa inhibitor
Activated factor Ⅹa inhibitor
73% hepatic
50% hepatic
65% hepatic
27% renal clearance
50% renal clearance
35% renal clearance
Yes (minor)
Minimal
Yes
No effect
Up to 20% more
40% more therefore intake with food
12 h
9-11 h
8-9 h young
11-13 h elderly

Outcomes

Experience of TIPSS in more than 200 subjects with
[99-106]
cirrhosis and PVT has been published
. Rates
of feasibility between 70% to 100% are described.
Successful TIPSS placement is associated with clinical
improvement, low rates of re-thrombosis, and low
rates of recurrent portal-hypertensive bleeding.
Because of the low rates of re-thrombosis following
complete portal vein recanalisation, systemic anticoa
gulation following TIPSS is probably only indicated
in the presence of a documented pro-thrombotic
[101-103]
state
.
The use of TIPSS has been described in cirrhotic
patients with PVT and complications of portal
hypertension, bleeding or ascites. A small number
of individuals have undergone TIPSS with the aim of
preventing complete occlusive PVT while awaiting liver
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[102,105]

[101]

transplantation
. D’Avola et al
describe TIPSS
in 15 cirrhotic subjects with partial PVT waiting for
transplantation. These individuals were compared with
8 matched controls who did not undergo TIPSS. There
were no significant complications associated with the
TIPSS procedure. There were no differences between
the groups’ post-transplantation outcomes, transplant
operating times or use of blood products. Wang et
[105]
al
compared a group of 25 patients with cirrhosis
and PVT who were treated successfully with TIPSS
with a cohort of 25 patients with cirrhosis and PVT who
were managed conservatively including endoscopic
variceal ligation). Successful TIPSS was associated with
portal vein recanalisation and not surprisingly lower
rates of variceal bleeding. Interestingly there were no
differences in survival between the two groups, which
were followed up for a mean of 25.1 mo (Table 4).
While elective TIPSS use in cirrhosis carries a
[107]
higher risk with high MELD scores , between 16% to
33% of cases where baseline severity of liver disease
was recorded had baseline Child’s C disease severity.

its overall prognostic significance is still not fully
understood. PVT is clinically relevant where liver
transplantation is anticipated.
While reduced portal vein velocity is likely the most
important risk factor for PVT in cirrhosis, other causes
such as thrombophilic disorders and endotoxinaemia
may play an important role in some individuals. Future
studies examining the impact of more targeted use of
non-selective beta-blockers in advanced cirrhosis, or
strategies aimed at reducing bacterial translocation in
cirrhosis may demonstrate a beneficial impact on the
[28,115-117]
incidence of PVT
. Larger studies are warranted
[55]
to repeat the work of Villa et al to establish whether
primary prevention of PVT with anticoagulation has a
role in selected subjects with cirrhosis.
When PVT is first diagnosed in a cirrhotic individual,
it is important to ensure that the thrombosis is
not associated with the presence of hepatocellular
carcinoma: this can be assessed with the use of
[118]
multiphase CT or MRI liver
. Endoscopic screening
for varices is warranted. A thrombophilic disorder
may be a contributing causative factor -and should
be looked for if diagnosis will have longer term clinical
implications, for example in liver transplant candidates.
The increasing experience of using specific
therapies to prevent or to treat PVT in cirrhotic
patients is very interesting. It has been argued that
there is sufficient evidence or experience to warrant
the use of anti-coagulation in patients with cirrhosis
and PVT who are listed for liver transplantation,
following prophylactic management of oesophageal
[20,119]
varices
. However in our opinion there remains
a lack of adequately powered, randomised studies
to demonstrate clearly the role, benefits and risks of
anticoagulation or TIPSS to manage PVT in cirrhosis,
and whether such interventions are appropriate in
all cirrhotics, or appropriate in only certain groups,
such as potential liver transplant candidates. There
is no clear evidence to support the routine use of
anticoagulation or TIPSS in primary prevention.
Prospective cohort studies are warranted to
assess the impact of PVT on patients referred for liver
transplantation; to evaluate its impact on eligibility
for transplantation, on the natural history of patients
waiting for transplantation and on outcomes of
transplantation.
Randomised controlled studies are warranted to
compare current conservative management with
the use of anticoagulation or TIPSS to treat acute
PVT in cirrhosis. To evaluate outcomes it may be
preferable to perform a study in patients referred for
or waiting for transplantation. Outcomes of interest
should include incidence and maintenance of portal
vein recanalisation, survival and effects on MELD or
progression of underlying liver disease, effects on
portal hypertensive complications, and effects on
transplant surgery and outcomes. Future study should
compare the use of warfarin, low-molecular weight

Complications and technical failure

Technical failure has been associated with extensive
[100]
main PVT , and the absence of a patent intra-hepatic
[101,103,105]
portal vein branch that can be punctured
.
TIPSS placement may compromise an intended liver
transplant procedure if it is sited distally into the
[108]
portal vein trunk and superior mesenteric vein
.
Lower rates of success are reported in the presence of
[100,101]
cavernoma
. Reduced rates of TIPSS dysfunction
[103]
have been reported with the use of covered stents .
Unlike anticoagulation, TIPSS is associated with a
[109]
risk of developing hepatic encephalopathy . Han et
[99]
[102]
al
and Luca et al
reported rates of post-TIPSS
encephalopathy between 25% to 32%, although
[104]
Senzolo et al
reported only one out of 28 subjects
developing encephalopathy in their series of both
cirrhotic and non-cirrhotic patients.

ENDOVASCULAR FIBRINOLYSIS
Results from published experiences of thrombolysis
in non-cirrhotic patients have been disappointing
with high incidence of major bleeding complications
[110-112]
and low rates of recanalisation
. Experience of
thrombolysis, alone or in conjunction with TIPSS, in
[113,114]
cirrhotic patients with PVT is limited
.

CONCLUSION
PVT is a common problem in patients with advanced
cirrhosis, with diagnosis occurring more frequently
because of the greater prevalence of ultrasound
screening in cirrhosis. While PVT has been associated
with some important clinical complications, including
worsening portal hypertension (at least in the short
term), mesenteric infarction and portal biliopathy;
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Series 1994-2005

Senzolo et al[104]
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Case series

Blum et al[114]

7

9

15 (+ 8
controls
with PVT)

15

57

28 (15 noncirrhotic)

34

70

n

Cirrhosis: disease
severity not stated

Cirrhosis: disease
severity not stated

Mean Child’s 8

B: 11 (73)
C: 4 (27)

B: 26 (46)
C: 6 (30)

A: 25 (44)

A: 3 (14)
B: 11 (52)
C: 7 (33)
(incomplete details)
Not stated

A: 17 (24)
B: 42 (60)
C: 11 (16)

Baseline severity liver
disease: Child’s A/B/C
(%)

Bleeding: 7

Primary indication: maintain
PV patency for future liver
transplantation

Ascites: 1

Prevention of complete PVT
pre-liver transplant: 8
Bleeding: 6

Bleeding: 10
Ascites: 5

Ascites: 1

Bleeding: 56

Ascites: 5
Portal biliopathy: 3
Specific treatment PVT: 1

Bleeding: 15

Bleeding: 27 (79)
Ascites: 5 (15)
Other: 2

Bleeding: 48
Ascites/ hydrothorax: 18
Specific treatment of PVT: 4

TIPSS indication (%)

PVT: Portal vein thrombosis; TIPSS: Transjugular intrahepatic portosystemic stent-shunt; F/U: Follow up.

All bare stents

Series 1999-2005
3 covered stents: others bare
stent

Bare and covered stents

Series 1995-2003
12 bare Wallstent (Boston
Scientific), 1 bare Zilver stent
(Cook)
Series 1995-2009

Uncovered stents in all
patients

Series 2001-2008

Bauer et al[103]

D’Avola et al[101]

Van Ha et al[106]

Han et al[99]

Series 1990-2004
Palmaz (Cordis) or Wallstent
(Boston Scientific) bare stents

Perarnau et al[100]

26 Memotherms (Angiomed)
bare stents, 3 Viatorr covered
stents

Series 2003-2010
13 bare Wallstent, 57 covered
Viatorr ePTFE covered (WL
Gore and Associates)

Luca et al[102]

Study type and stent
characteristics

PVT severity not
stated.
No cavernoma.

Complete: 7
Partial: 2
Cavernoma: 4

All partial PVT

Complete: 4/partial:
7/complete with
cavernoma: 4

Cavernoma: 30
Partial: 35

Complete: 14

Complete: 8 (3 with, 5
without cavernoma)
Partial: 5

Complete acute: 15
Complete +
cavernoma: 19

Complete: 24
Cavernoma: 2

PVT characteristics:
Complete/ partial/
cavernoma (%)

Mean F/U 17 mo.
1 stent occlusion

Primary patency
maintained in 26/43 (17
required shunt revisions
to maintain patency)

Primary patency mean 18
mo in 14/19.
Stent thrombosis in 2
non-cirrhotic subjects
(Budd-Chiari syndrome)

Mean F/U 30 mo.
26/34 (72%) long-term
patency

Complete recanalisation
in 40 (57%): 38
maintained patency at
mean follow up 20.7 mo.

Outcome

Series of successful cases

3/15 TIPSS thrombosis:
all successfully treated.
Median time TIPSS to
transplant: 185 d.
100% portal vein patency
at time of transplant vs
50% patency at transplant
in controls (P = 0.008)
Series describing only patients
1/9 re-thrombosed.
2 patients transplanted
who successfully underwent
with no PVT present
TIPSS

Series describes only patients
who successfully underwent
TIPSS

Overall: 13/15 (87)
Cavernoma: 3/4
No cavernoma: 10/11 (91)

Complete PVT: 8/14 (57)
Partial PVT: 35/35 (100)
Cavernoma: 16/30 (53%)

Overall: 43/57 (75)

19/28 (73%)

No cavernoma: 15/15 (100)
Cavernoma: 12/19 (63)

70/70 (100) cannulation.
Complete recanalisation
or significant reduction in
thrombosis: 61 (87)

Successful cannulation (%)

Table 4 Summary of retrospective case series reporting the use of transjugular intrahepatic portosystemic stent-shunt for portal vein thrombosis in cirrhosis

Failure related to
presence of cavernoma.
1 case of delayed
severe intra-abdominal
haemorrhage following
percutaneous transhepatic approach.

Failed cannulation in
presence of thrombosed
intrahepatic PV branches
or peri-hilar cavernoma

Significant complications/
notes
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heparin and new oral anti-coagulants.
Some centres routinely provide anti-coagulation to
patients with cirrhosis and acute PVT who are waiting
for transplantation. It would be useful to combine and
publish the available efficacy and safety data from
these centres.
Management of PVT in cirrhosis at present remains
an individualised decision, according to the risk of
thrombus extension, the likelihood of transplantation,
and whether there are other clinically significant issues,
such as intractable ascites or portal hypertensive
bleeding that would warrant use of TIPSS.
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EDITORIAL

Somatostatin analogs for gastric carcinoids: for many, but
not all
Sara Massironi, Alessandra Zilli, Dario Conte

Abstract

Sara Massironi, Alessandra Zilli, Dario Conte, Gastroenterology
and Endoscopy Unit, Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, I-20122 Milan, Italy
Alessandra Zilli, Dario Conte, Department of Pathophysiology
and Transplantation, Università degli Studi di Milano, I-20122
Milan, Italy

Gastric carcinoids (GCs) are classified as: type Ⅰ ,
related to hypergastrinemia due to chronic atrophic
gastritis (CAG), type Ⅱ, associated with Zollinger-Ellison
syndrome in multiple endocrine neoplasia type 1, and
type Ⅲ, which is normogastrinemic. The management
of type-Ⅰ gastric carcinoids (GC1s) is still debated,
because of their relatively benign course. According to
the European Neuroendocrine Tumor Society guidelines
endoscopic resection is indicated whenever possible;
however, it is not often feasible because of the presence
of a multifocal disease, large lesions, submucosal
invasion or, rarely, lymph node involvement. Therefore,
somatostatin analogs (SSAs) have been proposed
as treatment for GC1s in view of their antisecretive,
antiproliferative and antiangiogenic effects. However,
in view of the high cost of this therapy, its possible side
effects and the relatively benign course of the disease,
SSAs should be reserved to specific subsets of “high
risk patients”, i.e. , those patients with multifocal or
recurrent GCs. Indeed, it is reasonable that, after the
development of a gastric neuroendocrine neoplasm in
patients with a chronic predisposing condition (such as
CAG), other enterochromaffin-like cells can undergo
neoplastic proliferation, being chronically stimulated
by hypergastrinemia. Therefore, definite indications to
SSAs treatment should be established in order to avoid
the undertreatment or overtreatment of GCs.
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Core tip: The management of type-Ⅰ gastric carcinoids
is still debated because of their relatively benign course
against the fact that they can have a heterogeneous
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unpredictable biological behavior. Even if in most
cases their endoscopic treatment is effective, in some
particular cases it may not be sufficient. The potential
role of somatostatin analogs (SSAs) has been reported
in several recent studies. However, neither a standard
indication nor a specific schedule of treatment with
defined dosage and duration have been adopted to
date. Because of the high cost of SSAs, clear-cut
indications for this therapy are required in order to
avoid any overtreatment.

Table 1 Characteristics of gastric carcinoids according to the
[8]
European Neuroendocrine Tumor Society guidelines

Massironi S, Zilli A, Conte D. Somatostatin analogs for gastric
carcinoids: For many, but not all. World J Gastroenterol 2015;
21(22): 6785-6793 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i22/6785.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.6785

GC2

GC3

70%-80%

5%-6%

14%-25%

NET G1
CAG

NEC G3
None

Serum gastrin values
Metastases
Mortality rate

Elevated
2%-5%
0%

NET G1-G2
Gastrinoma/
MEN-1
Elevated
10%-30%
< 10%

Normal
50%-100%
25%-30%

GC 1, 2 and 3: Type Ⅰ, Ⅱ and Ⅲ gastric carcinoids; NENs: Neuro
endocrine neoplasms; CAG: Chronic atrophic gastritis; MEN-1: Multiple
endocrine neoplasia type Ⅰ.

extended to the deep submucosa or presenting
[13,14]
lymph node involvement
. Moreover, the evolution
to neuroendocrine carcinoma may occur in 3% of
[15]
patients . Nevertheless, local or distant metastases
have been reported also in patients affected by GC1s
with low proliferation index (< 2%), small size and
[16-19]
exclusive intramucosal invasion
. In addition, GC1s
frequently recur (5%-67% of cases after endoscopic
[20,21]
treatment)
, with a median recurrence-free time
interval of 24 mo after endoscopic resection. Notably,
recurrences are independent of polyp diameter,
number of polyps or serum gastrin levels.
GC2s generally develop in patients with duodenal
or pancreatic gastrinoma causing ZES syndrome
in the context of a multiple endocrine neoplasia
[22]
type Ⅰ (MEN-1) . These are usually small multiple
polyps (diameter of 1-2 cm ø), localized in the fundic
mucosa, with a low or moderate proliferation grade,
but may also exhibit angioinvasion, invasion of
muscularis propria and metastases at regional lymph
nodes or, less frequently, at distant sites. Unlike GC1s,
GC2s are equally frequent in male and female patients.
Their local excision is generally recommended, even
in the presence of multiple lesions. In addition, in
view of their antiproliferative effects, SSAs may be
useful in those subgroups of patients presenting slowly
[23]
progressive carcinoids. Tomassetti et al
observed
GC2 regression in three patients with ZES/MEN-1
after a long-term therapy with SSAs. However,
the management of GC2s is complicated by the
controversies regarding the treatment of gastrinoma
in MEN-1. Indeed, the indication for extensive
duodenal-pancreatic surgery in patients with MEN-1,
who present pharmacologically controllable ZES and
no other clinically symptomatic hormonal excess
syndrome, remains debatable, also because SSAs play
[24]
a role in reducing tumor growth .
GC3s are generally large (> 2 cm ø), solitary,
ulcerated neoplasms, with infiltrative growth, elevated
Ki-67 index and a higher risk of metastatic spreading
when compared to GC1s and GC2s (metastatic rate
of 50%-100%). GC3s occur mostly in men older
than 50 years, presenting pain, anemia and weight

INTRODUCTION
Gastric carcinoids - clinical features

Epidemiology: Gastric carcinoids (GCs) represent
up to 23% of all digestive neuroendocrine neoplasms
(NENs). Their annual incidence is of about 0.2/100000,
with a marked increase in the last few decades,
also owing to the expanding indications for upper
gastrointestinal tract endoscopy (UGE) and improved
[1-4]
immunohistological identification techniques . Over
the last 35 years a 10 to 15-fold increase has been
[5]
reported in the United States and in the United
[6]
Kingdom respectively.
Modlin reported that the percentage of GCs among
all gastric tumors has increased from 0.3% to 1.77%.
Notably, the 5-year survival rate for GCs has risen
[7]
from 51% to 63% .
Classification: GCs include three different types
[8]
of gastric neuroendocrine tumors : types Ⅰ (GC1s)
and Ⅱ (GC2s) are related to hypergastrinemia,
[9]
due to chronic atrophic autoimmune gastritis and
gastrinoma-related Zollinger-Ellison syndrome (ZES)
respectively, while type Ⅲ (GC3s) are generally
sporadic tumors, associated with normal gastrin levels
[10]
and a worse prognosis (Table 1).
GC1s account for 75%-80% of all GCs. They
usually occur in women in their 50s and 70s and are
usually asymptomatic and non-functioning, thus they
are incidentally detected during UGE performed for
[11,12]
other reasons, e.g., anemia or dyspepsia
. Most
GC1 cases are polypoid with a median diameter of 5
mm ø, generally confined to the mucosa-submucosa
of the gastric fundus or body and, less frequently,
antrum. They are usually well differentiated (i.e., with
Ki-67 index < 2%), multiple in 65% of all cases and
sometimes present as microcarcinoids, macroscopically
undetectable at UGE. Noteworthy, 8%-23% of GC1s
may metastasize to regional lymph nodes and seldom
even to the liver, mainly when facing with lesions
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Table 2 Grading of neuroendocrine neoplasms according to
[8]
the World Health Organization 2010 classification

Table 3 Scoring staging system according to tumor-node[26]
metastasis

Histological classification

G1 (low
grade)

G2 (intermediate
grade)

G3 (high
grade)

Mitotic rate (n/10 HPF)
Ki-67 index

<2
< 3%

2–20
3%–20%

> 20
> 20%

T-primary tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
In-situ tumor/dysplasia (< 0.5 mm)
T1
Tumor invades lamina propria or submucosa and < 1 cm
T2
Tumor invades muscularis propria or subserosa or > 1 cm
T3
Tumor penetrates serosa
T4
Tumor penetrates serosa and/or invades adjacent structures
N-regional lymph nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis
M-metastases
MX
Distant metastasis cannot be assessed
M0
No distant metastases
M1
Distant metastases
Stage
0
Tis N0 M0
1
T1 N0 M0
2A
T2 N0 M0
2B
T3 N0 M0
3A
T4 N0 M0
3B
Any T N1 M0
4
Any T Any N M1

loss. Unlike GC1s and GC2s, GC3s may be associated
with an atypical carcinoid syndrome, characterized
by itching, bronchospasm and flushing, mediated by
histamine released from enterochromaffin-like (ECL)
cells. The management of GC3s is fairly clear and
similar to that of gastric adenocarcinoma; it is based
on surgery (partial or total gastrectomy with lymph
node dissection) and chemotherapy if surgery is not
[8]
feasible .
The treatment of metastatic liver disease includes
hepatic resection, embolization of the hepatic artery,
radiofrequency ablation and cryoablation.
Grading and staging: The histological classification
of NENs includes grade (G) and differentiation.
The grading system (Table 2) is based on the rate
of proliferation, defined by the number of mitoses
2
per 10 high-power microscopic fields or per 2 mm
(mitotic rate) and as the percentage of tumor cells
positively immuno-labelling for the Ki-67 antigen (Ki-67
index). Differentiation refers to the extent to which
neoplastic cells resemble normal cells. Generally, welldifferentiated NENs are of low or intermediate grade,
whereas poorly differentiated NENs are usually of high
[25]
grade .
The tumor-node-metastasis (TNM) staging system
is based on the size and/or extent (reach) of the
primary tumor (T), whether cancer cells have spread
to nearby (regional) lymph nodes (N), and whether
any metastasis (M), or the spread of the cancer to
other parts of the body, has occurred. According to
the TNM staging, five stages can be considered: 0 for
tumors in situ < 0.5 mm ø, Ⅰ for small NENs invading
submucosa or lamina propria, Ⅱ for larger or more
invasive neoplasms without metastases, Ⅲ for tumors
invading surrounding structures or spreading to
regional node metastases, and Ⅳ for NENs with distant
[26]
metastases (Table 3) .

mediating cell growth and histamine secretion, and
stimulate acid secretion from the adjacent parietal
[27-29]
cells
.
Due to the progressive destruction of gastric
parietal cells, achlorhydria causes chronic hyper
gastrinemia, which in turn is responsible for ECL cell
hyperplasia and sometimes dysplasia, which over time
[30,31]
may lead to ECL cell carcinoid development
.
Among the factors influencing the trophic sensitivity
of ECL cells to hypergastrinemia, the female gender is
the most relevant one: the ECL cell hyperplasia is found
more frequent in female than in male CAG patients.
Furthermore, the decrease in ECL cells density with age
[32]
increasing does not occur in women . GCs associated
with hypergastrinemia are more common in female
subjects, whereas sporadic GCs, which develop through
a gastrin-independent mechanism, occur mostly in
males.
ECL cell hyperplasia may disappear when the
hypergastrinemia is abolished. SSAs may be used
to inhibit gastrin release and thus reduce the ECL
[33]
cell hyperplasia . Some morphometric studies
have showed that antrectomy was responsible for a
reduction of the ECL cell volume vs the total volume of
endocrine cells, while octreotide reduced the volume of
[34]
all endocrine cells .
In addition to chronic autoimmune atrophic
gastritis, also the proton pump inhibitors, the use
of which has been increasing worldwide, can induce
gastric achlorhydria and consequent hypergastrinemia,
even if the actual association with an increased
[35]
risk of GCs has not been demonstrated yet .
Probably, hypergastrinemia does not represent the
only risk factor predisposing to the development

Type-i gastric carcinoids

GC1s are neuroendocrine tumors of the gastric mucosa
originating from ECL cells in response to chronic
hypergastrinemia associated with chronic atrophic
gastritis (CAG), either autoimmune or due to Helico
bacter pylori infection. GC1s are the most frequent GCs,
accounting for 70%-80% of all gastric NENs.
Pathogenesis: The ECL cells constitute the largest
endocrine cell population of the gastric body and fundus
mucosa; they express CCK-2 (gastrin) receptors,
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of gastric NENs, as not all GCs are associated with
hypergastrinemia (see gastric carcinoid type Ⅲ) and
not all the conditions associated with hypergastrinemia
lead to neoplastic proliferation. This may also be
promoted by genetic background, intragastric
environmental changes related to achlorhydria
and/or intramucosal modifications occurring in CAG,
which have been implicated in the pathogenesis
of gastric adenocarcinoma. Finally, factors such as
prostanglandins and lymphokines, locally released
during chronic inflammation, as in the case of CAG,
[36,37]
may play a role in the pathogenesis of GCs
.

endoscopic eradication is not always feasible because
carcinoids may be multifocal or submucosal. Many
small studies have shown that the combination of
endoscopic resection and surveillance of GC1s was
a good treatment for lesions without local or distant
[21]
spreading. Merola et al
reported a 100% survival
rate and no metastases in endoscopically treated
patients; however, the recurrence rate was up to
68% after endoscopic resection. A lower recurrence
[46]
rate (18% and 0.4%) is reported in recent Turkish
[20]
and Japanese studies
in which patients with GC1s
were treated with EMR or ESD and followed up over
a median of five years. Possible differences of the
recurrence rates among these studies can depend on
the difficulty to determine whether the lesions detected
during follow-up endoscopies are true recurrences or
simply small lesions missed at the initial endoscopy.
Furthermore, more advanced endoscopic techniques,
such as ESD and the routine use of chromoendoscopy,
have been undertaken in Eastern countries, probably
contributing to lower recurrence rates.
Currently, when dealing with the deep invasion
of the gastric wall and detection of positive resection
margins after endoscopic mucosal resection, local
surgical tumor resection is generally performed. On the
other hand, as this type of tumors are often multiple
and recurrent, antral resection is recommended as it
aims to avoid chronic gastrin stimulation of ECL cells
and even if the long-term benefits of antrectomy
[47,48]
remain uncertain
. Indeed, a further recurrence
has been described in up to 20% of all cases and
the surgical approach is more invasive and at higher
risk of complications. However, in the case of disease
progression or recurrence after local surgical resection,
partial or total gastrectomy along with lymph node
dissection should be carried out as suggested in the
[8]
current guidelines .
Overall, the optimal treatment for GC1s remains
controversial in view of their usually benign course,
but also of their tendency to recur: a controlled study
comparing the outcomes of endoscopic surveillance,
endoscopic resection, surgical approach and SSAs
treatment of GC1s is yet to be carried out.

Clinical and endoscopic features: These lesions,
typically multicentric/multiple, small, usually with
polypoid appearance (up to 78% according to
[21]
Merola ) and localized in the oxyntic atrophic mucosa,
are characterized by slow growth (low proliferative
index Ki-67, i.e., G1 according to the World Health
Organization classification) and a low tendency
to local or distal invasion. Only larger lesions (> 1
cm) are associated with lymph node or other organ
spreading (in 3%-8% and 2% of cases, respectively),
with a 5-year survival > 95%. These neoplasms only
seldom have a functional syndrome, as in almost all
cases they do not secrete specific hormones. Their
detection is usually incidental or achieved during CAG
follow-up. It is estimated that about 2.4%-5% of CAG
patients develop GC1s in their lifetime, with an annual
[9,11]
incidence of approximately 0.4% to 2.4%
.
Since CAG is associated with chronic hyper
gastrinemia, GC1s typically occur in the form of recurrent
lesions. Moreover, even after endoscopic resection, up to
67% of GC1s recur after a mean time of 24 mo, with a
reported trend to evolve in less differentiated lesions.

Management of type-i gastric carcinoid - a clinical
challenge

GC1s are usually treated conservatively. The European
Neuroendocrine Tumor Society (ENETS) Consensus
Guidelines have suggested that annual surveillance is
sufficient in case of GC1s with a diameter < 10 mm
[8]
[24,38-40]
ø . This approach is supported by some reports
which suggest that careful endoscopic follow-up
might represent a reasonable safe option in selected
patients. However, further studies evaluating larger
cohorts during a longer follow-up period are necessary
in order to support this clinical behavior, as some cases
of progressive malignant GC1s have already been
[17-19,41]
reported
.
Accordingly, the ENETS guidelines recommend
endoscopic resection whenever possible, even in the
presence of small carcinoids (diameter < 1 cm ø)
and for up to 6 polyps not involving the muscularis
[8]
propria . Endoscopic mucosal resection (EMR) and
submucosal dissection (ESD), characterized by a high
rate of efficacy and a low risk of complications, have
[42-46]
been suggested for treating GCs
but the complete
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SSAs

Historical perspectives: The history of SSAs begins
in 1973 when Brazeau and Guillemin discovered a
GHRH antagonist, which they called somatostatin and
which appeared to be widely distributed in the organs
[49]
and nervous system of animals and humans.
Noteworthy, native somatostatin plays an important
regulatory role in neurotransmission and secretion,
by preventing the release of the growth hormone,
thyroid-stimulating hormone, gastrointestinal
hormones, pancreatic enzymes and neuropeptides It
is not suitable though for long-term clinical application
due to its short half-life (< 3 min) and the impact of
rebound hypersecretion. Therefore, synthetic drugs
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were developed with improved pharmacokinetic
characteristics. SSAs have been used since 1980 to
control the symptoms related to gastroenteropancreatic
NENs, especially carcinoids and VIPomas, due to their
characteristic of expressing somatostatin receptors
(SSTR).
Long-acting SSAs have been used as a medical
treatment of both functioning and non-functioning
neuroendocrine tumors, due to the SSAs capability
to inhibit hormone release and neoplastic growth by
binding to specific high-affinity SSTR. Two different
SSAs, octreotide and lanreotide, which principally bind
to receptor subtypes 2 and 5, are clinically used with
comparable effectiveness. Recently, pasireotide, a SSA
with high affinity to all types of somatostatin receptors,
has been introduced, even if its use is still restricted to
those patients with partial/nil response to octreotide
[50]
and lanreotide .
In a multicenter study comparing the treatment
with lanreotide (30 mg i.m. every 10 d) vs octreotide
(200 μg s.c. twice or thrice daily) in 33 patients with
[51]
carcinoid syndrome, O’Toole et al did not evidence
any significant differences with regard to symptom
control. Again, both these analogs have been reported
[52,53]
to have an antiproliferative effect in vitro
. Data
from uncontrolled prospective and retrospective
[54-56]
clinical series
showed tumor shrinkage and
disappearance in response to either short-acting
SSAs alone or when combined with interferon-α.
Further trials have reported tumor stabilization in up
to 50% of patients, but without complete regression.
More recently, two randomized double-blind placebo[57,58]
controlled prospective studies
have clearly
supported the antiproliferative effects of SSAs with
a prolonged progression-free-survival in patients
affected by enteropancreatic neuroendocrine tumors
and treated with octreotide LAR (long-acting release)
and lanreotide. However, there is need for additional
studies, including patients with a primary tumor
outside the midgut, in order to demonstrate the
antiproliferative effects of octreotide. Again, further
controlled trials in larger cohorts of patients are
strongly required in order to identify the predictive
factors of response and to confirm whether such a
response may positively influence the patients’ survival
rate.

systematic analysis of data from 62 published studies
[64]
about antiproliferative effects of SSAs , tumor growth
stabilization was observed for a period of 8-16 mo in
about 50% of the patients, and tumor regression in
about 10%-20% of patients.
Unfortunately, tachyphylaxis can develop after
months or years on treatment, probably due to the
development of resistant cell clones within the tumor,
whereas it does not seem related to any downregulation of the number of somatostatin receptors on
the cell surface.
Another relevant antiproliferative effect of SSAs
is based on their capability to inhibit the production
and secretion of many angiogenic factors, thereby
[65]
reducing the tumor growth rate . Therefore, SSAs
may suppress tumor growth either directly, through
their effect on SSTR expressing cells, or indirectly, via
[66]
the inhibition of angiogenic factors, such as VEGF .
Finally, SSAs have an antisecretive role, as
[67]
supported by a study by Fykse et al
in which five
patients with hypergastrinemia and GCs were every
month treated with octreotide LAR over one year with
the consequent significant reduction in tumor burden,
ECL cell grade of hyperplasia and the normalization of
[23]
circulating chromogranin A levels. A further study
reported a significant reduction in gastrin levels and
tumor regression in three patients suffering from
Zollinger-Ellison syndrome and treated with lanreotide
or octreotide for one year. Despite the small number of
patients included in these studies, the results suggest
that SSAs both inhibit gastrin secretion and growth of
these tumors.
Side effects of SSAs therapy: Generally, SSAs are
safe, easy to use and well tolerated with infrequent
mild side effects, the most common being abdominal
discomfort, bloating, diarrhea (related to the inhibition
of pancreatic enzymes) usually self-limiting after
the first few months of therapy. The development of
cholestasis is reported in up to 60% of patients and
can be partially prevented by orally administered
ursodeoxycholic acid. Impaired glucose tolerance and
[68]
bradycardia have also been occasionally reported .

Somatostatin analogs … for many gastric carcinoids

Endoscopic resection has proved to represent a
safe effective treatment for GC1s as it is associated
with a 100% survival rate, even if recurrences have
been described with a frequency of up to 67% of
[21]
all patients endoscopically treated . Indeed, GC1s
are frequently multiple and can present submucosal
invasion; in addition, they are sometimes undetectable
at UGE, as they present as microcarcinoids. Therefore,
the endoscopic approach is not always effective or
adequate and other treatment options are needed
for some subgroups of “high risk” patients, i.e., those
with a multifocal or recurrent disease. Moreover GC1s
can be considered a complication of another disorder

Benefits of SSAs therapy: The antineoplastic effects
of somatostatin and SSAs are both direct and indirect,
the former depending on the direct binding to tumor
cells, the latter ones mediated through the inhibition
of growth factors, angiogenesis and the immune
system. The anti-tumour effect of SSAs may include
both cytostatic (growth arrest) and cytotoxic (pro[59-62]
apoptotic) mechanisms
. SSAs may also inhibit
the insulin-like growth factor-Ⅰ secretion, thought to
be involved in recurrence, growth and aggressiveness
[63]
of some endocrine and non-endocrine tumors . In a
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that involves the entire gastric mucosa, so that a
locoregional treatment may not be appropriate and a
systemic therapy is thus a more pertinent approach.
SSAs have been proposed as a potential treatment
in view of their antiproliferative, antisecretive and
antiangiogenic effects, although they are not currently
[8]
recommended according to both the ENETS and
[69]
NANETS guidelines for type-1 GCs.
[70]
Of interest, Ferraro et al observed that octreotide,
given daily over six months, decreased fasting gastrin
levels and ECL proliferation in patients with CAG and
[71]
hypergastrinemia. Bakke et al have reported a direct
antiproliferative effect of octreotide on rat ECL cells.
SSAs have also been occasionally used in tertiary
referral centres to treat single or multiple GC1s with
[72]
diameter < 1 cm ø and low proliferative index .
When administered in a continuous way, SSAs have
contributed to the reduction in number and size
of GC1s and the suppression of circulating gastrin
levels, by inhibiting gastrin release from antral G
[73]
cells. However, a series by Jianu et al
has reported
GC1 size increase and early recurrence after the SSA
withdrawal in patients followed up over a median of
5 years from therapy discontinuation. One should
consider though that such findings have not been
confirmed by other studies.
Reasonably, after the development of a neuro
endocrine neoplasm, other ECL cells can develop
neoplastic proliferation in similar conditions (e.g.,
chronic hypergastrinemia). Therefore, patients with
recurrent GC1s should be considered at higher risk of
developing other recurrences.

can also apply to multifocal GCs and GCs involving the
submucosal layer and hence endoscopic resection is
preferred as the first-line therapy. The far larger use of
standard polipectomies instead of the more effective
“en bloc” resection and ESD might account for the still
[21]
high recurrence rates observed in some series .
Given the above considerations, we have recently
reported on a series of CAG patients with recurrent
GC1s, treated with SSAs until carcinoid disappearance
and suppression of circulating gastrin values. For
such patients SSAs have represented an efficient
therapeutic option (Massironi et al submitted). As
already reported, SSAs can exert an antiproliferative
effect on neoplastic ECL-cells as well as other
hyperplastic or dysplastic ECL-cells, which frequently
accompanied GC1s, thus reducing the risk of further
[77]
[19]
development . Moreover, several studies
have
reported that SSAs might significantly suppress
intestinal metaplasia, which may be present in patients
with chronic atrophic gastritis and may represent a risk
[78,79]
factor for gastric adenocarcinoma
.
Another pharmacological therapeutic option is
represented in the near future by netazepide, an orally
administered highly selective active gastrin/CCK-2
receptor antagonist, recently described as an effective
treatment in animal models of ECL-cell tumours
[80]
induced by hypergastrinemia . Its use over a 12-wk
period in a recent non-randomized trial was associated
with a significant reduction in both the number of GC1s
and the size of the largest tumour, of about 30%, and
with the normalization of CgA levels, but not of gastrin
[81]
values . Nevertheless, randomized controlled trials
involving longer-term treatment and larger cohorts of
patients, are required to confirm these results.

Somatostatin analogs … not for all

Not all GC1 patients are to be treated with SSAs
on the consideration that such a therapy comes
with high costs attached and the 5-year survival
rate of GC1 patients when regularly followed up
[74]
with endoscopy remains good . Accordingly, SSAs
are better reserved to specific subsets of patients,
such as those with recurrent or multifocal GC1s.
Actually, no clear guidelines are currently available
for patients presenting GC1 recurrence after repeated
endoscopic resection. For these patients antrectomy
has been proposed in spite of its invasiveness and
[75]
possibly related complications . Furthermore,
some morphometric studies have demonstrated that
[76]
octreotide reduced the overall endocrine cell volume ,
while antrectomy decreased only the volume of ECL
cells.
A further treatment option can be that of multiple
endoscopic resections; however, in the context of CAG,
gastric mucosa is chronically and diffusely altered and
GC1s are often multifocal, extended to submucosa
and sometimes macroscopically undetectable, making
endoscopic resection not always feasible and radical.
In those countries where advanced endoscopic
techniques are in place, management by endoscopy
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CONCLUSION
Approval is still to come for specific indications, schedule
and duration of therapy to avoid the undertreatment
or overtreatment of recurrent GC1s. The duration
of a SSA-based therapy may be guided by both the
regression of GC and the suppression of gastrin levels.
Finally, the comparison between new therapies, such
as gastrin receptor antagonists and antibodies against
progastrin-releasing peptides, and the traditional
ones, such as the endoscopic or surgical approaches,
can be useful in order to identify the most effective
management approach.
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Abstract
Diffusion-weighted imaging (DWI), dynamic contrastenhanced magnetic resonance imaging (DCE-MRI) and
perfusion computed tomography (CT) are technical
improvements of morphologic imaging that can
evaluate functional properties of hepato-bilio-pancreatic
tumors during conventional MRI or CT examinations.
Nevertheless, the term “functional imaging” is
commonly used to describe molecular imaging
techniques, as positron emission tomography (PET)
CT/MRI, which still represent the most widely used
methods for the evaluation of functional properties of
solid neoplasms; unlike PET or single photon emission
computed tomography, functional imaging techniques
applied to conventional MRI/CT examinations do not
require the administration of radiolabeled drugs or
specific equipments. Moreover, DWI and DCE-MRI can
be performed during the same session, thus providing a
comprehensive “one-step” morphological and functional
evaluation of hepato-bilio-pancreatic tumors. Literature
data reveal that functional imaging techniques could
be proposed for the evaluation of these tumors before
treatment, given that they may improve staging and
predict prognosis or clinical outcome. Microscopic
changes within neoplastic tissues induced by treatments
can be detected and quantified with functional imaging,
therefore these techniques could be used also for posttreatment assessment, even at an early stage. The
aim of this editorial is to describe possible applications
of new functional imaging techniques apart from
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molecular imaging to hepatic and pancreatic tumors
through a review of up-to-date literature data, with
a particular emphasis on pathological correlations,
prognostic stratification and post-treatment monitoring.
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or altered cellular membranes will present diffusion
restriction, which is depicted as signal hyperintensity
areas on high b-value DW images and hypointensity
on the apparent diffusion coefficient (ADC) maps;
ADC measurement can also quantify water molecules’
diffusion. As dedifferentiation or therapies may induce
microscopic changes in neoplastic tissues that could
modify water molecules’ diffusion, DWI can distinguish
between different degrees of malignancy and can be
also proposed for post-treatment monitoring. More
over, DWI can be performed in a single session with
DCE-MRI, thus providing a comprehensive “one-step”
morphological and functional evaluation of hepatobilio-pancreatic tumors.
Perfusion imaging techniques evaluate changes
in signal intensity (DCE-MRI) or density (pCT) after
contrast medium injection, being therefore able to
assess microvascularization through the evaluation
of the dynamics of contrast medium distribution from
vessels to the neoplastic tissue. Perfusion parameters
are therefore theoretically good candidates for the
evaluation of microscopic vascular differences between
lesions with different pathological grade and for the
assessment of treatment response, especially after
chemoembolization or during treatments with antiangiogenic drugs.
This editorial analyzes up-to-date literature data
regarding the application of functional imaging
techniques, apart from molecular imaging, to hepatic
and pancreatic tumors, with particular emphasis on
correlations to pathological features, prognostic stra
tification and therapeutic response assessment.

INTRODUCTION

FUNCTIONAL IMAGING TECHNIQUES:
TECHNICAL BASES

Functional imaging techniques include different methods
that can detect or measure changes in metabolism,
blood flow, and chemical composition. This group
included both molecular imaging methods, as positron
emission tomography (PET)-computed tomography
(CT)/magnetic resonance imaging (MRI) or single
photon emission computed tomography (SPECT),
and radiological techniques, as diffusion-weighted
imaging (DWI), dynamic contrast-enhanced MRI
(DCE-MRI) and perfusion CT (pCT). Functional imaging
techniques are technical improvements of conventional
morphological techniques that can provide both
qualitative and quantitative information on hepato[1-3]
bilio-pancreatic tumors , being therefore similar to
molecular imaging techniques. Functional techniques
can be performed during conventional imaging
evaluations as CT or MRI, therefore they describe both
morphological and functional features of solid tumors;
moreover, they do not need radiolabeled agents as
18
fluorodeoxyglucose ( F-FDG) or specific equipments.
DWI evaluate the random diffusion of water mole
cules: biological tissues with high cellular density

In 1965 Stejskal and Tanner developed a modified
T2-weighted MR sequence for the detection of water
molecules’ diffusion. DWI enables the visualization
of Brownian random motions of water molecules
in the extracellular, intracellular, and intravascular
[5]
spaces . DWI provides information on tissue cellu
larity and integrity of cell membranes, since the
degree of restriction to water diffusion in biological
[6-9]
tissues is inversely correlated to these features .
Restricted diffusion is present in tissues with narrowed
extracellular spaces as a consequence of a high cellular
density, which increases the number of hydrophobic
cellular membranes, whereas in cystic or necrotic
[10]
lesions water diffusion is relatively ‘‘free’’ . The b value
is a technical parameter that regulates the sensitivity
of this sequence to water molecules’ diffusion.
Generally, both low and high b values are used for DWI
examination; nevertheless, the choice of the b value
may vary from institution to institution. The intravoxel
incoherent motion (IVIM) model is an advanced DWI
[11,12]
technique developed by Le Bihan
that enables a
separate quantitative assessment of all the microscopic

Key words: Diffusion magnetic resonance imaging;
Perfusion imaging; Hepatocellular carcinoma; Liver
neoplasms; Pancreatic neoplasms
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Diffusion-weighted imaging and perfusion
imaging could add functional information to the
morphological evaluation of hepatic and pancreatic
tumors. Diffusion-weighted imaging findings seem to be
correlated with pathological features and could predict
the clinical outcome of hepatocellular carcinomas
and pancreatic tumors, especially neuroendocrine
neoplasms. Apparent diffusion coefficient quantification
and perfusion techniques can be of value for the
evaluation of response to ablative treatments, locoregional therapies and anti-angiogenic therapies, even
at an early stage.
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the maximum enhancement in a tissue region of inte
rest; and time to peak (TTP), defined as the time from
the arrival of the contrast medium in major arterial
vessels to the peak enhancement). Other than poor
standardization, another important drawback of pCT is
the high radiation dose, even though technical improve
ments have recently led to the development of low[18]
dose pCT examination protocols .

translational motions that contribute to DWI signal. In
biological tissues, these motions are represented by
the molecular diffusion of water, expressed by diffusion
(D) and pseudodiffusion (D*), and the perfusion effect
caused by blood circulation in the capillary network
(perfusion fraction - f). IVIM, therefore, can evaluate
perfusion features without the need of contrast medium
injection. Multiple b values must be used for IVIM
evaluation.
DCE-MRI was developed to assess myocardial
and pulmonary blood flow. This technique requires
the intravenous injection of a gadolinium-based
contrast agent, followed by rapid serial signal intensity
measurements while the contrast agent enters
tumor arterioles, passes through capillary beds and
washes out of the tumor. Technical improvements
have shortened the acquisition time and have led to
the development of three-dimensional sequences,
which replaced single-section examinations: as a
consequence, DCE-MRI can be applied to abdominal
imaging. The contrast kinetics features assessed by
DCE-MRI reflect tissue perfusion, the concentrationtime curve in the arterial input vessel, the capillary
surface area, the permeability and the volume of the
extracellular extravascular space. As a consequence,
several metrics can be derived from DCE-MRI
trans
evaluation: the volume transfer constant (K ), the
fractional volume of the extravascular-extracellular
trans
space (ve), the rate constant (Kep, where Kep = K /
ve), the fractional volume of the plasma space (vp),
the area under the contrast agent concentration-time
[13]
curve (AUC) . In 1999, a consensus opinion agreed
[13]
to standardize the terminology of DCE-MRI studies
trans
and selected AUC60 and K
as the preferred end
points in clinical trials involving anti-angiogenic
[13,14]
drugs
. Nevertheless, DCE-MRI end points can be
tailored to the specific drug involved in the trial.
Perfusion CT has the same physical bases of
DCE-MRI, as it is based on the evaluation of temporal
changes in tissue density following intravenous admi
nistration of iodine contrast medium. By rapid sequential
acquisitions during contrast medium passage, pCT
allows the quantification of tissues’ vascularity. Per
fusion can be quantified using mathematical modeling
techniques (mainly the compartmental and the
deconvolution analysis) that use data derived both
[15-17]
from the tissue and the vascular system
. The
analytical methods and the acquisition protocols vary
from institution to institution and between commercial
vendors, leading to poor standardization. Many different
metrics can be directly or indirectly derived from pCT
studies: blood flow (BF), representing the flow rate
through vasculature; blood volume (BV), representing
the volume of flowing blood; mean transit time (MTT),
representing the average time taken to travel from
arteries to veins; perfusion, representing the flow
rate through vasculature; permeability surface (PS),
representing the total flux from plasma to interstitial
space; peak enhancement image (PEI), representing
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CORRELATION WITH PATHOLOGICAL
FINDINGS AND PROGNOSTIC
STRATIFICATION
Primary liver tumors

The prognosis and management of hepatocellular
carcinoma (HCC) depend on size, degree of dedifferen
tiation, presence of vascular invasion and intrahepatic
[19]
metastases . As advanced and poorly differentiated
HCCs have a significantly worse prognosis than well
and moderately differentiated lesions after surgical
[20]
resection , preoperative staging and prognostic
prediction play an important role, eventually sug
gesting wider surgical clearance margins and closer
post-treatment surveillance.
As the pathological grade of HCC depends on
[21]
cellular and structural atypia , increasing cellular
density, nuclear-to-cytoplasmic ratio, and architectural
complexity accompanying dedifferentiation may
cause water diffusion restriction. DWI features can
be assessed both with a visual (qualitative) and a
quantitative analysis through ADC measurement. An
[22]
et al
reported a linear correlation towards higher
grades in HCCs showing diffusion restriction: the
combination of absence of diffusion restriction (defined
as no hyperintensity on high b-value DW images) and
no arterial enhancement at conventional contrastenhanced MRI in predicting well differentiated HCCs
had a 100% positive predictive value. The multistep
nature of HCC dedifferentiation probably necessitates
a quantitative approach rather than a simple visual
analysis. Details on the main published studies
regarding ADC measurement and correlations with the
pathological grade of HCCs are reported in Table 1.
Overall, literature data show that HCC dedifferentiation
tends to be associated with a decrease of the ADC
[23-29]
value, despite differences between studies
. Apart
from the direct correlation with the pathological grade,
[29]
Nakanishi et al
found that ADC quantification might
have a clinical prognostic value, being significantly
lower in patients with early recurrence after surgery
than in those without early recurrence. One important
aspect dealing with ADC measurement is the choice
of the region of interest (ROI), given that a “wholetumor” ROI can be irrespective of lesion heterogeneity:
as previously mentioned, necrotic areas have a
relatively free diffusion and should be avoided during
ROI placement because they may falsely increase the
ADC value; ADC measurement should be therefore per
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would be ideal for the prediction of the pathological
grade and clinical behavior of HCCs, but literature
data at this regard are relatively poor. One single
[37]
study
reported a significant negative correlation
between the standardized uptake value (SUV) derived
18
trans
from F-FDG PET/CT and K
in advanced HCCs.
Some more studies have been conducted with pCT:
[38]
while Ippolito et al
did not report any significant
correlation between pCT-derived parameters and
[39]
pathological grade, Sahani et al
found that welldifferentiated HCCs had significantly higher perfusion
[40]
values than less differentiated lesions. Yang et al
reported that pCT could quantitatively assess the
blood supply and particularly its distribution during
hepatocarcinogenesis, with statistically significant
correlations between BF, hepatic arterial perfusion
(HAP) and microvascular density (MVD).
Few experiences, mainly focused to a qualitative
visual assessment of DW images, have been reported
[41]
regarding cholangiocarcinoma (CCC). Cui et al
found an inverse correlation between the pathological
[42]
grade and ADC values; Park et al
reported that
the addition of DWI to conventional sequences might
improve the pre-operative assessment of hilar CCC,
increasing the sensitivity for the evaluation of tumor
extent along the bile ducts and liver invasion, thus
improving T stage, a parameter that is directly related
to prognosis.

Table 1 Data derived from the main published studies that
have tested correlations between apparent diffusion coefficient
values and pathological grade of hepatocellular carcinomas
Number of
patients

b values

mean ADC value
-3
2
(× 10 mm /s)

Nasu et al[23]

99

0, 500

Piana et al[24]

99

0, 500

Saito et al[25]

32

100, 800

Muhi et al[26]

73

500, 800

Nishie et al[27]

80

0, 500, 1000

Heo et al[28]

27

0, 1000

Nakanishi et al[29]

44

0, 50, 1000

1.45 (WD); 1.46 (MD);
1.36 (PD)
1.29 (WD); 1.22 (MD);
1.21 (PD)
1.25 (WD); 1.12 (MD);
1.13 (PD)
0.91 (WD); 0.71 (MD);
0.68 (PD)
1.21 (WD); 1.14 (MD);
0.76 (PD)
1.20 (WD); 1.10 (MD);
0.90 (PD)
1.29 (MD); 1.07 (PD)

Study

2

(s/mm )

ADC: Apparent diffusion coefficient; WD: Well differentiated; MD:
Moderately differentiated; PD: Poorly differentiated.

formed only on solid areas showing diffusion restriction.
Studies regarding IVIM imaging reported interesting
[30]
results. Woo et al
found that the D value (diffusion)
quantification had significantly higher AUC than ADC
measurement for the differentiation between highgrade and low-grade HCCs. Moreover, the percentage
of arterial enhancement depicted at conventional
contrast-enhanced MRI, which is directly linked to the
degree of dedifferentiation of HCCs, was correlated
with IVIM-derived f value (perfusion fraction).
As previously mentioned, the prognosis of patients
with HCC depends also on other pathological features:
DWI has been tested for the detection of malignant
features of HCC, as vascular involvement or intra
hepatic metastases. It has been reported that ADC
measurement has a high sensitivity and specificity
(reaching up to 93.5% and 78.6%, respectively) for
[31,32]
the prediction of microvascular involvement
. Portal
[33]
vein involvement precludes most curative options ,
but its diagnosis may be hampered by the presence of
a non-neoplastic thrombus in a cirrhotic liver. Few and
controversial papers have been published regarding
the ability of DWI in distinguishing malignant from
[34]
non-malignant thrombi: Catalano et al reported that
most neoplastic thrombi were isointense to the primary
tumor on DWI, whereas all bland thrombi were
hypointense; it must be noted that blood degradation
products present variable T2 signal prolongation and
water diffusivity, therefore false-positives may be
[35]
encountered at DWI . Satellite nodules are important
determinants of patients’ prognosis and influence the
therapeutic approach. The high accuracy of DWI in
detecting small HCCs, even smaller than 1 cm, may
be assumed to be applicable to intrahepatic HCC
[36]
metastases .
Arterial blood supply tends to increase during
hepatocarcinogenesis. Perfusion imaging techniques
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Pancreatic tumors

Although the prognosis of patients with pancreatic
ductal adenocarcinomas (PDACs) is related to the
pathological grade, treatment choice mainly relies on
clinical stage. Surgical resection is the only curative
treatment for this neoplasm, therefore the preoperative prediction of the pathological grade may
have a smaller importance for PDAC management as
compared to other pancreatic tumors.
Some studies have tried to correlate DWI findings
with the pathological grade, but results are contro
[43-45]
versial
. Details on the most relevant published
studies are reported in Table 2. Overall, low-grade
[43-45]
PDACs tend to present low ADC values
, but it still
not clear which histological feature mainly contributes
[43]
to diffusion restriction. Wang et al
and Muraoka
[46]
et al
reported that tumors with limited glandular
formation and dense fibrosis (i.e., paucicellular
tumors) had lower ADC values as compared to welldifferentiated lesions characterized by neoplastic
tubular structures; moreover, PDACs with dense
fibrosis showed significantly lower ADC values than
those with loose fibrosis. Fibrosis may be therefore the
key factor contributing to diffusion restriction in PDACs,
but these findings have not been confirmed by other
[47]
studies: particularly, Klauss et al
reported that the
difference between the IVIM-derived D value (diffusion)
of moderate and severe fibrosis PDACs was significant,
but the cellular complexes surrounded by fibrosis
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showed transient decreases in signal intensity [signal
ratio (SR): 6.9%-55.7%]; high SR (cut-off 22%)
significantly correlated with higher disease stage and
presence of nodal metastases; patients with high SR
had significantly short overall survival.
Pancreatic neuroendocrine tumors (PanNETs) can
be divided into well/moderately differentiated and
poorly differentiated lesions and their mitotic rate
based on the quantification of the mitotic index (Ki67%)
can distinguish three categories: G1, with a Ki67 ≤
[57]
2%, G2 (Ki67 3%-20%), and G3 (Ki67 > 20%) .
Several treatment options, ranging from surgery to
systemic therapy or loco-regional treatments, have
been proposed for PanNETs according to their grade of
differentiation. The histological grade plays therefore a
key role in the clinical management of PanNETs; many
studies have been conducted regarding the application
of functional imaging techniques to PanNETs, apart
from nuclear imaging techniques. Details regarding
ADC measurements correlations with the grade of
differentiation are reported in Table 2. Overall, it seems
that ADC values are correlated with the Ki67 labeling
index: G3 PanNETs tend to present lower mean ADC
[58-60]
values compared to well-differentiated PanNETs
.
As for PDACs, staging plays a fundamental for
treatment planning and prognostication of PanNETs.
In most cases, liver metastases from PanNETs are
hypervascular; nevertheless, in some cases they
can be iso- or hypovascular and therefore difficult to
detect and correctly characterize using conventional
imaging techniques. Moreover, heterogeneity of liver
[61]
metastases has been reported . DWI is a good
functional technique for the detection of PanNET liver
metastases, with 71% sensitivity and 85%-100%
specificity, equal or even higher than T2-weighted
[62,63]
and contrast-enhanced images
. In a study that
evaluated the role of DWI in the differentiation of
hemangiomas from other hypervascular liver lesions,
the mean ADC value of NETs metastases was found
-3
-3
2
[64]
to be 1.43 × 10 ± 0.39 × 10 mm /s , slightly
higher than that reported by Schmid-Tannwald (1.23
-3
-3
2
[65]
× 10 ± 0.31 × 10 mm /s) . Nevertheless, MR
features derived from conventional sequences should
be always taken into account, due to a wide overlap
in ADC values among different liver lesions. DWI can
also obtain images from the entire body in one single
acquisition (whole-body diffusion-weighted imaging
[66]
- WBDWI). Cossetti et al
reported two cases of
NETs with distant metastases (bone and mediastinal
lymphnodes) discovered by WBDWI and confirmed by
[67]
Octreoscan. Etchebehere et al
compared WBDWI
68
with Ga-DOTATATE PET-CT and 99mTc-HYNICOctreotide SPECT-CT: WBDWI had a similar accuracy
when compared to molecular imaging techniques
for lung and liver lesions, while showed a higher
[68]
false-negative rate for bone lesions. Schraml et al
reported that PET-CT and WBDWI had comparable
overall detection rates for NETs metastases but

Table 2 Data derived from the main published studies that
have correlated apparent diffusion coefficient quantification
with the pathological grade of pancreatic ductal adenocar
cinomas and neuroendocrine tumors
Study

n

b values

Histotype

mean ADC value
-3
2
(× 10 mm /s)

Wang et al[43]

21

0, 500

PDAC

Legrand et al[44]

22

Multiple1

PDAC

Rosenkrantz et al[45]

30

0, 500

PDAC

Wang et al[58]
Jang et al[59]

18
20

0, 50, 500
0, 800

PanNET
PanNET

Hwang et al[60]

44

Multiple3

PanNET

2.10 (WD-MD);
1.46 (PD)
1.43 (WD);
1.94 (MD-PD)
1.78/1.75 (WD-MD);
1.69/1.62 (PD)2
1.75 (G1); 1.00 (G3)
1.48 (G1-G2);
1.04 (G3)
1.31 (G1);
1.08 (G2-G3)

2

(s/mm )

1

50, 200, 400, 600, 800 s/mm2; 2Two readers; 30, 25, 50, 75, 100, 150, 200,
500, 800, 1000 s/mm2. n: Number of patients; ADC: Apparent diffusion
coefficient; PDAC: Pancreatic ductal adenocarcinoma; WD: Well diffe
rentiated; PanNET: Pancreatic neuroendocrine tumor; MD: Moderately
differentiated; PD: Poorly differentiated.

might provide more structural limitations than fibrosis
[44]
alone. Legrand et al reported that mean ADC values
did not significantly differ between tumors having <
50% and those having > 50% of fibrotic stroma, or
between tumors containing dense fibrosis and those
[45]
containing loose fibrosis. Similarly, Rosenkrantz et al
reported no associations between ADC values and
“adverse” pathological features as poor differentiation.
Some authors have proposed a more practical role for
functional imaging, testing correlations with clinical
[48]
features as tumor stage or survival. Hayano et al
reported a significant negative correlation between ADC
values, size and number of metastatic lymphnodes;
PDACs with low ADC values presented also a high
tendency to show portal system and extra-pancreatic
nerve plexus invasion. The comparison of CT and DWI
[49]
performed by Fukukura et al , instead, reported that
only CT findings might be associated with the clinical
behavior of PDACs. Some studies focused on the
application of DWI to the detection and characterization
of liver metastases from PDAC and reported high
[50]
sensitivity and specificity using DWI alone
or DWI
[51-53]
plus other sequences
: imaging features derived
from conventional MR sequences should be always
taken into account because of the possible presence of
DWI false-positives.
Well-differentiated PDACs have a higher micro
vascular density as compared to less differentiated
[54]
tumors ; perfusion imaging should therefore theore
tically be able to identify well-differentiated PDACs,
which have better prognosis than poorly differentiated
lesions. It has been reported that pCT-derived PEI and
BV values could identify high grade PDACs with 100%
[55]
[56]
specificity and 75% accuracy . Ueno et al reported
that DCE-MRI might predict the survival of patients
with advanced PDAC: all patients included in this study
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significantly differed in organ-based detection rates with
superiority of PET-CT for lymph node and pulmonary
lesions and of WBDWI for liver and bone metastases.
Experimental applications of pCT to PanNETs
[69]
reported interesting results. Rodallec et al
and
[70]
D’Assignies et al reported that pCT features were
correlated with MVD; moreover, BF values of benign
PanNETs were higher than those of uncertain behavior
tumors and carcinomas, and significant correlations
were reported between BF, MTT and proliferation
index, microscopic vascular neoplastic involvement
and presence of nodal or liver metastases. Regarding
[71]
staging, Ng et al
reported that BF and hepatic
arterial fraction were significantly higher in liver
metastases from PanNETs than in healthy liver,
thus reflecting an increased arterial blood supply to
metastatic lesions; opposite relationships were found
[72]
for MTT and PS. Guyennon et al
reported that pCT
could provide additional information in respect to
conventional CT; particularly, despite both hyperva
scular and hypovascular metastases presented higher
hepatic arterial perfusion index as compared to the
background liver, mean BF and BV values were higher
in hyperdense metastases compared with hypodense
lesions. All liver metastases showed higher BF, BV, PS
and hepatic arterial perfusion index as compared to
the background liver.
Functional parameters derived from pCT may
therefore be useful for the characterization of suspect
PanNET liver metastases when they present atypical
morphological features, as hypovascularity.
Well- and poorly-differentiated PanNETs present
[73]
different DCE-MRI features. Bali et al reported that a
signal intensity - time curve similar to that of the aorta
was typical of well-differentiated PanNETs, while a curve
characterized by a slow enhancement was present in
non well-differentiated PanNETs, but also in PDACs.
Moreover, a positive correlation was observed between
the MVD and the distribution factor, which reflects the
volume fraction of the tissue that is accessible to the
contrast agent (i.e., the plasma and the extravascular
[74]
extracellular space). Kim et al
found a significant
difference in the perfusion characteristics of welldifferentiated PanNETs and neuroendocrine carcinomas:
trans
K
values, representing tissue blood flow, were
significantly lower in G3 tumors. Interestingly, the
trans
mean K
of neuroendocrine carcinomas was higher
than that of PDACs, thus reflecting the true histological
features of PanNETs: even if poorly differentiated, they
present higher MVD as compared to PDACs.
DCE-MRI has been tested for PanNETs staging.
[75]
Koh et al
found three different patterns of contrast
enhancement for neuroendocrine hepatic metastases,
with specific perfusional parameters. DCE-MRI is
therefore potentially able to categorize metastases
on the basis of their vascular characteristics, with
prognostic and therapeutic consequences. Armbruster
[76]
et al
reported that arterial flow fraction and
intracellular uptake fraction have a high diagnostic
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accuracy for the distinction between NET liver
metastases and normal hepatic tissue. DCE-MRI
parameters are also partially correlated to SUVs derived
18
68
from F-FDG- and Ga-DOTA-Tyr(3)-octreotate (68Ga[77]
DOTATATE-) PET/CT .

RESPONSE TO TREATMENTS
Primary liver tumors

Loco-regional therapies as percutaneous or intraoperative ablation techniques [radiofrequency ablation
(RFA), microwaves, irreversible electroporation or
transarterial chemoembolization (TACE) and radioem
bolization (TARE)], have significantly contributed
[78]
to the control of unresectable localized HCCs . As
these therapies may be repeated and interchangeably
applied, early assessment of treatment response
is crucial. Response Evaluation Criteria In Solid
Tumors (RECIST) criteria are not applicable to HCC,
as both loco-regional treatments and systemic
therapy generally result in tumor necrosis rather than
shrinkage. The European Association for the Study
of Liver Diseases has proposed to assess response to
loco-regional treatments by assessing the decrease in
viable tumor volume, seen as a decrease in contrastenhancing areas at conventional contrast-enhanced
[79]
CT/MRI . However, the differentiation of viable tissue
from treatment-induced changes as inflammation or
granulation tissue can be difficult, as these non-tumoral
[80,81]
changes can present contrast enhancement
.
DWI and perfusion imaging techniques may have a
potential role in the differentiation of viable tumor from
treatment-induced necrosis. Viable neoplastic areas
present high cellularity with intact cell membranes
and show high vascularization; conversely, treatmentinduced necrotic and inflammatory changes present
a reduced cellular density, an increased membrane
permeability and poor vascularization.
Radiofrequency ablation (RFA) induces coagulative
[82]
necrosis in tumor tissues. Lu et al
reported that
the ADC values of HCCs successfully treated with RFA
showed a predictable evolution and might help radio
logists to monitor tumor response, being significantly
[83]
high starting from 1 mo after RFA. Ippolito et al
reported that pCT enabled the assessment of HCC
vascularity after RFA, providing quantitative information
about the presence of arterial vessels within viable
residual neoplastic tissues: in this study, a significant
difference in perfusion, arterial perfusion (AP), and
hepatic perfusion index (HPI) values was found
between treated lesions with residual tumor and those
[84]
successfully treated. Eccles et al reported statistically
significant changes in ADC values of HCCs treated
with radiotherapy (RT): in their study, the baseline
-3
2
median ADC of 1.56 × 10 mm /s increased to 1.89
-3
2
-3
2
× 10 mm /s at RT week one, to 1.91 × 10 mm /s
-3
2
during week two and to 2.01 × 10 mm /s one month
following treatment; early increases of ADC values were
[85]
correlated with sustained tumor response. Kim et al
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Table 3 Data derived from the main published studies that have evaluated apparent diffusion coefficient values before and after
trans-arterial treatments of primary and metastatic liver tumors
Study

n

b values (s/mm2)

ADC before treatment
-3
2
(× 10 mm /s)

ADC after treatment
-3
2
(× 10 mm /s)

Histotype

Treatment

Kamel et al[86]
Sahin et al[87]
Kamel et al[88]
Chen et al[89]
Yuan et al[90]
Deng et al[98]
Kamel et al[99]
Rhee et al[100]
Mannelli et al[102]
Kubota et al[103]
Liapi et al[120]
Li et al[121]

38
74
24
20
41
6
13
20
36
25
26
26

0, 500
0, 50, 400, 800
0, 50, 750
0, 500
0, 500
0, 500
0, 500
0, 500
0, 50, 500
0, 500
0, 500
0, 750

1.51
1.10
1.86
1.56
2.22
1.30
1.65
1.64
1.64
1.271
1.51
1.31

1.70
1.27
2.13
2.09
1.42
2.23
1.95
1.82
1.92
1.3571/1.2222
1.79
1.59

HCC
HCC
HCC
HCC
HCC
HCC
HCC
HCC
HCC
HCC
Metastases (PanNET)
Metastases (PanNET)

TACE
TACE
TACE
TACE
TACE
TARE
TARE
TARE
TACE
TACE
TACE
TACE

1

No disease relapse; 2Disease relapse. ADC values are presented as means. n: Number of patients; ADC: Apparent diffusion coefficient; HCC: Hepatocellular
carcinoma; PanNET: Pancreatic neuroendocrine tumor; TACE: Trans-arterial chemoembolization; TARE: Trans-arterial radioembolization.

reported that ADC values and DCE-MRI parameters
acquired before concurrent chemoradiotherapy
correlated with progression-free survival (PFS) and
were valuable in the prediction of the clinical outcome.
The best cutoff values for response prediction of ADC,
trans
K
, Kep, and extravascular extracellular volume
-3
2
fraction (ve) were 1.008 × 10 mm /s, 0.108 /min,
-1
0.570 min , and 0.298%, respectively.
Many studies have been conducted on the
application of functional imaging techniques for HCCs
treated with TACE and TARE; the most significant
results are reported in Table 3. Overall, ADC values
tend to increase after TACE, even at an early
[86-89]
evaluation
. DWI can reliably assess the efficacy
[90]
of trans-arterial treatments: Yuan et al
reported
differences in the mean ADC values of the necrotic
-3
and vital tumor tissues after TACE (2.22 × 10 ±
-3
2
-3
-3
0.31 × 10 mm /s and 1.42 × 10 ± 0.25 × 10
2
mm /s, respectively); a significant linear correlation
was identified between the ADC value of the entire
area of the treated mass and the extent of tumor
[91]
necrosis (r = 0.58; P < 0.001). Mannelli et al
did
not report differences between conventional MRI
sequences and DWI for the assessment of post-TACE
necrosis, although enhancement decrease on MRI
subtraction images was more significantly correlated
with pathological findings than ADC increase. Although
quantitative analysis of diffusion restriction appears
to be of value in assessing response to TACE, visual
[92]
analysis seems to be less accurate: Goshima et al
reported that DW images were significantly less
sensitive than contrast-enhanced images in detecting
[93]
residual/recurrent tumor after TACE, and Yu et al
reported that the addition of DW images to contrastenhanced images reduced specificity and diagnostic
accuracy in detecting perilesional recurrence. Probably,
the presence of treatment-induced granulation tissue
is the cause of DWI false positives.
[94]
Regarding pCT, Yang et al
reported a significant
decrease of the HAP, total liver perfusion (TLP), and
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hepatic arterial perfusion index (HAPI) values 4 wk
after TACE.
[95]
Braren et al
reported strong correlation between
the extravascular extracellular volume fraction
assessed with DCE-MRI and the percentage of
[96]
residual tumor after TACE. Taouli et al
reported that
untreated HCCs had higher arterial fraction and lower
portal/venous hepatic blood flow values than chemo
embolized HCCs.
90
Trans-arterial yttrium-90 ( Y) radioembolization
(TARE) aims to deliver a high radiation dose to
[97]
HCCs . Although a small study reported a 60%
[98]
increase in the mean ADC value after TARE , other
studies reported less conspicuous ADC increases
[99]
[100]
(approximately 10%-20%) . Rhee et al
reported
that 1-mo response to TARE assessed with DWI
significantly preceded size changes: the mean
-3
-3
2
baseline ADC value (1.64 × 10 ± 0.30 × 10 mm /s)
-3
-3
2
increased to 1.81 × 10 ± 0.37 × 10 mm /s at 1 mo
-3
-3
2
(P < 0.05), and to 1.82 × 10 ± 0.23 × 10 mm /s
at 3 mo (P < 0.05), while the mean tumor size did not
significantly modify at 1 or 3 mo. Functional imaging
techniques may be helpful for response prediction to
[101]
trans-arterial treatments. Park et al
reported that
IVIM imaging could predict lipiodol uptake: the D*
(pseudodiffusion) value was significantly higher in a
“lipiodol-good uptake” HCC group than in a “lipiodol[102]
poor uptake” group. Mannelli et al
reported
that ADC quantification could predict response to
TACE: HCCs with poor/incomplete response (< 50%
necrosis) had significantly lower pre- and post-TACE
ADC values than lesions with good/complete response.
[103]
Kubota et al
reported that the percent ADC value
modification after therapy was significantly higher in
non-relapsed HCCs (85.2% ± 12.4%) as compared
to lesions with disease relapse (8.0% ± 56.7%, P <
[104]
0.001). Konstantinidis et al
reported that DCE-MRI
could predict treatment outcome after hepatic arterial
infusion (HAI) of floxuridine and dexamethasone (with
or without bevacizumab) in advanced intra-hepatic
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Table 4 Data derived from the main published studies that have correlated functional radiological techniques with response to
systemic therapies of hepatic and pancreatic tumors
Study

n

Technique

Imaging biomarker

Histotype

Treatment

Lewin et al[107]
Vouche et al[108]
Hsu et al[109]
Yopp et al[111]
Jiang et al[112]

12
15
31
17
23

IVIM
DWI
DCE-MRI
DCE-MRI
pCT

HCC
HCC
HCC
HCC
HCC

sorafenib
Y TARE ± sorafenib
sorafenib+metronomic tegafur/uracil
bevacizumab
bevacizumab + cytotoxic agents

Kim et al[113]

10

DCE-MRI/DWI

HCC

sunitinib

Sahani et al[114]

23

DCE-MRI/DWI

HCC

sunitinib

Kim et al[123]
Schlemmer et al[124]
Anzidei et al[125]

35
24
18

pCT
pCT
pCT, DWI

f increase
ADC increase
Ktrans decrease
AUC90/AUC180/Ktrans decrease
BF/BV/PS decrease
MTT increase
Ktrans/Kep decrease
ADC increase
Ktrans/Kep decrease
ADC increase
BF decrease
Perfusion decrease
CP decrease
ADC increase

CRC metastases
PanNET metastases
CRC metastases

XELOX, FOLFOX, FOLFIRI
Tyrosine-kinase inhibitors
Oxaliplatinum, capecitabine,
bevacizumab

De Bruyne et al[127]
Vriens et al[129]
Coenegrachts et al[130]
Deckers et al[126]
Niwa et al[133]
Cuneo et al[134]
Yao et al[135]
Miyazaki et al[132]

19
23
10
20
63
12
39
20

DCE-MRI
DCE-MRI
DCE-MRI
DWI
DWI
DWI
pCT
DCE-MRI

CRC metastases
CRC metastases
CRC metastases
CRC metastases
PDAC
PDAC
PanNET
PanNET metastases

Bevacizumab
Cytotoxic therapy
Bevacizumab + FOLFIRI
Chemotherapy
Gemcitabine
Chemoradiation
Bevacizumab ± everolimus
90
Y-octretotide

AUC decrease
Ktrans decrease
Kep increase
ADC decrease
ADC decrease
ADC increase
BF decrease
Distribution volume increase

90

n: Number of patients; IVIM: Intravoxel incoherent-motion diffusion-weighted imaging; f: Perfusion fraction; HCC: Hepatocellular carcinoma; 90Y TARE:
90
Yttrium trans-arterial radioembolization; DWI: Diffusion-weighted imaging; ADC: Apparent diffusion coefficient; DCE-MRI: Dynamic contrast-enhanced
MRI; Ktrans: Volume transfer constant; AUC90, AUC180: Area under the curve at 90 and 180 s; pCT: Perfusion computed tomography; BF: Blood flow; BV:
Blood volume; PS: Permeability surface; MTT: Mean transit time; Kep: Rate constant; CP: Capillary permeability.

CCCs: AUC90 and AUC180 were significantly higher in ≥
3-year survivors than < 3-year survivors.
The advent of anti-angiogenic therapies, including
sorafenib and bevacizumab, greatly expanded treat
ment options for HCCs. As anti-angiogenic drugs
frequently do not induce tumor shrinkage but acts on
tumor vascularization, functional imaging techniques
may be suitable for the evaluation of patients treated
with these agents. Details regarding the most relevant
studies on treatment assessment by means of func
tional radiological techniques are reported in Table 4.
Sorafenib, an oral multikinase inhibitor that sup
presses tumor cell proliferation and angiogenesis, is
so far the only drug that has shown overall survival
[105]
benefit in patients with advanced HCC
and
represents the standard systemic therapy for patients
with advanced (unresectable and/or metastatic) HCCs
with well-preserved liver function and for intermediatestage HCCs with disease progression after local
[106]
treatments . As sorafenib inhibits neovascularization
and decreases tumor vascularity, perfusion parameters
should decrease in responding patients. Nevertheless,
[107]
literature data are controversial. Lewin et al
reported a significant f (perfusion fraction) increase in
responders at 2 wk and at 2 mo of sorafenib therapy,
whereas a decrease was noted in non-responders at
[108]
the same time intervals. Vouche et al
reported that
90
ADC values did not change 1 and 3 mo after Y TARE
90
or Y TARE plus sorafenib treatments. These results
may be explained by the pleiotropic anti-angiogenic
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actions of sorafenib, which destroys tumor vessels
and improves the integrity of basement membranes
of the remaining microvessels, thus leading to less
“water leakage” from the perfusion pool. Modifications
during sorafenib treatment can be assessed also using
[109]
perfusion-imaging techniques. Hsu et al
found
trans
good correlations between K
values and survival
in patients who received sorafenib plus metronomic
trans
tegafur/uracil therapy: baseline K
was higher in
patients with RECIST partial response (PR) or stable
disease (SD) than in those with progressive disease
[110]
(PD). Frampas et al
reported a non-significant
decrease in all pCT-derived values between RECIST
non-progressors and progressors treated with sorafenib.
Although not routinely used in clinical practice,
other anti-angiogenic therapies are on study for HCCs,
including bevacizumab (a monoclonal antibody directed
against vascular endothelial growth factor - VEGF)
and sunitinib (an oral multikinase inhibitor with VEGF[111]
receptor as one of its targets). Yopp et al
reported
trans
a significant decrease of AUC90, AUC180, and K
in
HCCs treated with bevacizumab; time to progression
inversely correlated with AUC90 and AUC180 changes
(P < 0.05 and P < 0.001). In one study focused on
locally advanced HCCs receiving bevacizumab and
trans
cytotoxic therapy, high pretreatment K
identified
[112]
patients with RECIST response to therapy . Sunitinib
trans
seems to induce K
and Kep decrease and ADC
[113,114]
increase
; these modifications can be assessed
even at a very early stage (after 2 wk of treatment).
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trans

Moreover, patients with larger K
and Kep decrease
might have a favorable clinical outcome; high baseline
trans
K
and large decreases of the extracellular volume
fraction were correlated with longer PFS. No significant
changes at DCE-MRI have been reported after van
[115,116]
detanib treatment
.

measurement, ADC quantification was not reliable
enough to predict final response at such an early time
point in individual lesions.
Many studies have been conducted with DCE-MRI,
probably as a consequence of the standardization
[127]
of DCE-MRI-derived endpoints. De Bruyne et al
reported that bevacizumab therapy could decrease
DCE-MRI-derived AUC in patients with CRC liver
[128]
metastases. Vriens et al
reported a large reduction
in DCE-MRI-derived perfusion parameters and glucose
18
metabolic rate at F-FDG PET/CT in CRC metastases
[129]
treated with bevacizumab. The same author
reported also that cytotoxic chemotherapy did not alter
DCE-MRI-derived properties of tumor vasculature.
[130]
Coenegrachts et al
reported that a decrease of Kep
allowed early identification of response after 6 wk of
[131]
FOLFIRI and bevacizumab treatment. O’Connor et al
reported that the variance of CRC liver metastases
shrinkage after bevacizumab and FOLFOX-6 treatment
was mainly explained by the median values of ve,
tumor enhancing fraction (EF), and microvascular
[132]
uniformity. Miyazaki et al
reported that DCE-MRIderived liver distribution volume and tumor distribution
volume were significantly increased in liver metastases
with good response to radiolabeled octreotide; low
pretreatment values of liver distribution volume and
high tumor arterial flow fraction were associated with
better response.

Liver metastases
[82]

Lu et al
reported that metastatic liver lesions
successfully treated by RFA showed a predictable
evolution of ADC values, with an up-and-down
[117]
variation during follow-up. Szurowska et al
reported
that low pre-treatment ADC values could predict
complete response of colorectal adenocarcinoma
(CRC) liver metastases treated with RFA. Meijerink
[118]
et al
reported that pCT-derived BF distribution
fully paralleled PET/CT images in showing either the
absence or presence of local recurrence after RFA:
high hepatic arterial perfusion (> 50 mL/min per 100
g) and low portal venous perfusion (< 10 mL/min per
100 g) areas represented viable neoplastic tissue.
[119]
Marugami et al
reported that ADC quantification
might be helpful for the early detection of response in
CRC liver metastases treated with HAI chemotherapy
with 5-fluorouracil: ADC increase was significantly
greater in responders than in non-responders.
Chemoembolization induces an increase of ADC
[120-122]
values in PanNET liver metastases
; response to
TACE can be assessed even at an early stage, starting
[122]
from three weeks after treatment
. Details on the
main published studies regarding functional imaging
applications after trans-arterial treatments are reported
in Table 3. Functional radiological techniques have
been tested for follow-up evaluations during systemic
treatment of liver metastases; details are reported in
[123]
Table 4. Kim et al
reported that pCT-derived BF and
flow extraction product (FEP) could be used as early
response predictors in patients with liver metastases
from CRC, being both significantly different between
responders and non-responders to XELOX, FOLFOX or
FOLFIRI chemotherapy regimens.
[124]
Schlemmer et al
reported that metastatic
NETs with good response to tyrosine kinase inhibitors
showed a significant tendency towards lower perfusion
values assessed by pCT as compared to poor respon
[125]
ders. Anzidei et al
reported that both pCT and
DWI could detect therapy-induced (oxaliplatinum,
capecitabine and bevacizumab) modifications in CRC
liver metastases vascularization before significant size
changes became evident: capillary permeability was
significantly higher in lesions with complete and partial
response; moreover, ADC values were significantly
higher in partial response lesions than in patients with
[126]
stable disease. Deckers et al
reported that the
increase of ADC values in responding liver metastases
could occur even within days after the start of
chemotherapy; unfortunately, as these changes were
of smaller magnitude than the variability of ADC
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Pancreatic tumors

DWI has been tested for treatment response evaluation
of pancreatic tumors: therapy seems to increase ADC
[133]
values. Niwa et al
reported ADC differences among
patients with advanced pancreatic cancer treated
with gemcitabine: in particular, significant differences
between patients with progressive disease and those
with stable disease were found at 3- and 6-mo followup. Tumor progression rate was significantly higher in
patients with low ADC values than in those with higher
[134]
values. Cuneo et al
reported a significant correlation
between pre-treatment mean ADC values of surgically
resected PDACs and the amount of tumor cell
destruction after chemoradiation evaluated on surgical
specimens, with a Pearson correlation coefficient of
0.94 (P = 0.001): the mean pre-treatment ADC value
-3
2
was 1.61 × 10 mm /s in responding patients (> 90%
-3
2
tumor cell destruction) compared to 1.25 × 10 mm /s
in non-responding patients (> 10% viable tumor).
[135]
Regarding PanNETs, Yao et al
reported that
bevacizumab was associated with a 44% decrease in
BF in patients with low-to intermediate grade tumors;
the addition of everolimus induced a further 29% BF
decrease. Everolimus alone was associated with 13%
increase in MTT. Pretreatment PS (P = 0.009), posttreatment MTT (P = 0.003), percent reduction in BF
(P = 0.03), and percent reduction in BV (P = 0.002)
were associated with high percent reduction in tumor
diameters. Such perfusion changes occurred early
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after treatment start and might be used as functional
biomarkers of response to bevacizumab or everolimus
treatment.

8

CONCLUSION
Literature data reveal that DWI can provide prognostic
stratification of HCCs and PDACs, as DWI findings may
reflect “adverse” pathological features associated with
poor clinical outcome and prognosis. ADC values are
generally low in poorly differentiated lesions, although
different results have been reported regarding the
direct correlation of ADC values and the pathological
grade. Perfusion imaging techniques can theoretically
depict microvascular changes related to dedifferen
tiation of HCCs and PDACs, but poor and controversial
results have been reported.
Overall, it seems that functional radiological
techniques find their most important applications in
PanNETs: both DWI and perfusion imaging methods
provide indirect information on their clinical behavior
and improve their staging.
Functional imaging techniques can predict treat
ment outcome and assess response of primary and
metastatic hepatic tumors to loco-regional therapies,
particularly TACE: ADC increase seems to be asso
ciated with good clinical outcome.
Perfusion imaging can be of value in the posttreatment assessment of patients treated with tyrosine
kinases inhibitors: DCE-MRI and pCT can distinguish
responders from non-responders using DCE-imaging.
Functional radiological techniques are therefore
reliable and useful to evaluate patients with hepatic and
pancreatic tumors; these “new imaging” techniques
could be therefore considered and -whenever possibleadopted as a part of CT/MRI examination protocols.
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EDITORIAL

Exclusive enteral nutrition in children with crohn’s disease
Andrew S Day, Robert N Lopez
nutritional improvements and enhanced bone health.
Whilst several recent studies have provided further
elaboration of the roles of exclusive enteral nutrition in
the management of CD, other reports have provided
new understanding of the mechanisms by which this
intervention acts.
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INTRODUCTION

Core tip: Exclusive enteral nutrition is well-established
as a key therapy in children with active Crohn’s disease.
Recent studies increasingly support this role, whilst
other data has illustrated key mechanisms of action.

Crohn’s disease (CD), one of the inflammatory bowel
diseases (IBD), is a chronic inflammatory condition
that may involve any part of the gastrointestinal
tract (GIT) commonly leading to symptoms such
as abdominal pain, diarrhoea and nutritional impair
[1]
ments . CD may present at any age, with up to one
quarter of cases being diagnosed during childhood.
In recent years, rates of CD have been increasing in
many countries. Recent Australian data, for instance,
shows a ten-fold increase in the incidence of CD over
st
[2]
the first decade of the 21 century . Other reports
also demonstrate increasing incidence of CD in various
countries and indicate that this condition is often
[3]
presenting at younger ages .

Abstract
Exclusive enteral nutrition involves the use of a
complete liquid diet, with the exclusion of normal
dietary components for a defined period of time,
as a therapeutic measure to induce remission in
active Crohn’s disease (CD). This very efficacious
approach leads to high rates of remission, especially
in children and adolescents newly diagnosed with
CD. This intervention also results in mucosal healing,
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The best accepted hypothesis for the pathogenesis
of CD is that uncontrolled inflammation in the
GIT follows a dysregulated immune response to
environmental triggers in individuals with a genetic
[1]
susceptibility . Environmental factors implicated
include diet and the intestinal microflora. Some
dietary factors, such as breast-feeding in infancy are
protective, whilst others (for example, a high fat diet)
are associated with increased risk.
Onset of CD in children and adolescents is
commonly associated with weight loss, and may
also lead to impaired linear growth and pubertal
delay. Consequently, the management of CD in this
age group requires close attention to nutrition, with
frequent assessment of weight, height and weight for
[1,4]
height measurements . Exclusive enteral nutrition
(EEN) provides a way to induce remission and
optimise nutrition following diagnosis. EEN involves
the administration of a liquid diet formulation for a
defined period of time as the sole intervention to
[4]
induce remission . EEN has essentially no side-effects
and is associated with high rates of mucosal healing.
However, similar to all other currently-available
therapies for CD, EEN is not curative. This article
focuses upon the roles of EEN in paediatric CD, with
particular regards to new understandings of the role of
EEN as well as the mechanisms of this therapy.

weight for height assessments is essential at diagnosis.
Review of historical growth patterns and interpretation
of linear growth in the context of familial growth
patterns are also important. Subsequent to diagnosis
close attention to growth patterns and to the velocity
of linear growth is required to ensure that adequate
growth is attained and then maintained.
In addition to altered weight and height, impaired
nutrition and uncontrolled inflammation also leads to
[8]
delayed pubertal development . In past generations,
the combined effects of these growth impairments
commonly resulted in reduced final adult height.
Consequently, assessment of pubertal status in
adolescents and calculation of bone age are important
aspects of the ongoing care of children with CD, from
diagnosis onwards.
Micronutrient deficiencies are also seen in children
with CD. Although deficiencies of iron and vitamin
D are seen most commonly, vitamin B12, zinc and
[10]
selenium may also be low . Although the nutritional
impacts of CD may be most pronounced at diagnosis
(when inflammation is uncontrolled prior to the
commencement of therapy), these adverse effects also
can occur at any subsequent stage.
Given that CD can have adverse nutritional
consequences in children, it is not surprising that
close ongoing attention to nutrition is a critical aspect
of patient management. The use of EEN provides
an important and vital role in managing many of
the negative nutritional impacts of CD in children
[4]
as well as inducing remission . Although the main
focus of EEN is upon the induction of remission and
initial control of disease, further benefits may follow.
Additionally, ongoing maintenance enteral nutrition
(MEN) after initial EEN may assist in the maintenance
[11,12]
of remission
.

CD AND NUTRITIONAL CONSEQUENCES
CD is characterised by the finding of acute and chronic
inflammatory changes in any section of the GIT. CD
can be distinguished from ulcerative colitis (another
form of IBD) by disease location, extent of involvement
through the bowel wall, its patchy nature and the
[5]
finding of non-caseating granuloma . CD in childhood
is typically extensive with pan-enteric involvement
commonly seen; more than half of children have
[1,6]
disease involvement proximal to the terminal ileum .
The initial features of CD also may include perianal,
perioral or extra-intestinal features.
Many children diagnosed with CD present with
classical symptoms of diarrhoea, abdominal pain and
weight loss. Others, however, may present with less
obvious symptoms such as lethargy, isolated joint
symptoms, or oral findings.
Many reports indicate that almost all children
presenting with CD have a history of either weight loss
or plateauing of weight gain: in some studies more
[1,7]
than 85% of children have these features . This
likely reflects early satiety or post-prandial abdominal
discomfort. Circulating pro-inflammatory cytokines
[for example, tumour necrosis factor (TNF)-α] also
[8]
contribute to anorexia . Consequent to changes in
weight, a number of children may also have impaired
linear growth. These changes in normal growth
patterns may exist for many months prior to diagnosis,
sometimes preceding any specific gastrointestinal
[9]
symptoms . Measurement of weight, height and
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EFFICACY OF EEN IN INDUCTION OF
REMISSION
A number of studies published over the last 15 years
have demonstrated the efficacy of EEN in children
with active CD. Generally EEN leads to the induction
of remission in approximately 85% of patients. A
meta-analysis of paediatric studies indicated that EEN
had equivalent response to corticosteroids in children
[13]
with active CD . Although still involving relatively
small cohorts, studies published in the last year or so
confirm and build upon previous data.
A prospective Australian study involving 34
children demonstrated clinical remission in 84%
and biochemical remission in 76%, whilst 58% had
[14]
early endoscopic response . A subset of this group
also had small bowel imaging (magnetic resonance
enterography) before and after EEN: 3 of these 14
children had complete transmural healing.
A recent Spanish study evaluated the outcomes
[15]
of 40 children treated with EEN . On an intention to
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treat basis, 80% entered remission after 6-8 wk of
EEN. When the investigators evaluated the outcomes
in the 34 children who had completed the full period of
EEN, 32 (92.1%) entered remission.
A retrospective study conducted in the Netherlands
[16]
assessed the outcomes of EEN in 77 children . Of
the children who completed a course of EEN, 71% had
complete remission whilst 26% had partial remission.
The investigators noted that ileal or ileo-colonic disease
location and poor nutritional status at baseline were
important determinants of outcome in this series.
The impact of disease location upon outcomes has
been variable in reported studies.
One study conducted in the United Kingdom
showed a marked disparity between colonic disease
(50% response rate) and ileal or ileo-colonic
disease (remission rate between 92% and 83%
[17]
respectively) . In contrast, a subsequent report from
Scotland involving 114 children showed that those with
isolated terminal ileal disease had a lower remission
rate, but that location did not otherwise influence
[18]
outcome . When evaluated in a Cochrane analysis,
there was felt to be insufficient evidence to clearly
[19]
elucidate the impact of location upon outcome .
Exclusivity is an important determinant of efficacy
for EEN as illustrated in two separate reports. Johnson
[20]
et al
demonstrated that almost three times as
many children managed with EEN entered remission
compared to a group of children managed with Partial
EN (half of daily calories provided with normal diet and
[21]
half as formula). More recently, Gupta et al reported
that 65% of 23 children entered remission when
managed with a novel Partial EN regimen (comprising
90% of intake as overnight enteral feeds and 10% as
normal diet during the day).
To date there has been little consideration of how
factors such as disease location or disease severity
might influence outcomes in an individual patient.
One study demonstrates that an early fall in faecal
calprotectin levels corresponded with response to
[22]
EEN one month later . Further evaluation of faecal
markers or other specific indicators might permit the
development of predictive algorithms that lead to a
more individualised application of EEN in children.
EEN may have roles in the perioperative period in
children with CD. Preoperative nutritional support may
enhance weight and improve nutritional parameters
(e.g., serum albumin) leading to enhanced operative
outcomes. Extensive data from clinical trials conducted
in Japan also show the benefits of enhanced nutritional
support post-operatively. These studies demonstrated
that the use of maintenance enteral nutrition to
provide up to 50% of caloric requirements in adults
with surgically-induced remission delayed recurrence
[23,24]
in these individuals
.

some children may have nausea or loose motions
initially, others may have constipation. Transient
elevation of hepatic transaminases were noted in
[25]
one case series , but was not observed in a second
[26]
series . Refeeding syndrome has also been reported
[27,28]
following EEN
. The three children reported in
these reports had moderate/severe malnutrition,
placing them at increased risk of refeeding syndrome.
Consequently, when commencing EEN in children with
significant malnutrition, a routine approach should
be utilised to identify those at greater risk and to
commence enteral nutrition slowly and carefully along
with close monitoring of electrolytes.

EEN AND MUCOSAL HEALING
Evidence in recent years has emphasised the
importance of mucosal healing as a primary outcome
measure in children with CD. The disconnect between
clinical improvement in patients with active CD and
lack of endoscopic change, particularly following
corticosteroid treatment, has been shown in a number
[14,29,30]
of studies
. While improved patient well-being is
a useful and satisfying marker of disease control, the
role of mucosal healing as a predictor for long-term CD
[14,31]
burden has become very clear
.
The inherent difficulty in documenting mucosal
response to therapy is the need to repeat endoscopy,
often times in patients who have noted a significant
clinical improvement in their symptoms following
treatment. A few studies in recent years have managed
to document important endoscopic, histologic and
biological findings before and after treatment with EEN
in children with CD - invaluable evidence to further
encourage this therapy as the mainstay towards
achieving disease remission.
An English case-controlled study documented a
79% rate of clinical remission in children with CD
[31]
following an eight-week course of EEN . Further to
that, they showed improvements in median endoscopic
and histologic scores in both ileal and colonic disease
following treatment. Of particular significance, this
study showed a fall in ileal interferon (INF)-γ mRNA
and a rise in transforming growth factor (TGF) β1
mRNA, whereas in the colon interleukin (IL)-8 mRNA
fell following treatment.
A number of studies have shown early mucosal
healing with EEN at 8-10 wk following commencement
[14,29,30]
of therapy
. In addition, EEN has consistently
outperformed corticosteroids in achieving mucosal
healing in cases of active CD when the two different
therapies have been directly compared. Perhaps most
encouragingly, early mucosal healing as a result of
EEN has been shown to result in improved outcomes
at one year - specifically, in terms of reduced rates of
endoscopic relapse, hospitalisation and need for anti[14]
TNF agents . As a corollary however, poor initial,
mucosal response following a course of EEN can be
viewed as an indicator of more severe disease course,

SIDE-EFFECTS OF EEN
[4]

Few significant side-effects are seen with EEN . Whilst
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which may warrant earlier introduction of other
medical therapies.
[14]
Grover et al
extended the impact of EEN on
mucosal healing to further demonstrate that EEN
is also able to lead to resolution of transmural
inflammation. Follow-up magnetic resonance imaging
was utilised to demonstrate improvements and
resolution of inflammatory changes in this series of
children with newly diagnosed CD.
What is clear is that EEN is the superior therapy
for inducing mucosal healing - the gold standard for
disease remission. Achievement of this standard is
likely to result in improved disease control for children
with IBD - a cohort in whom disease phenotype is
typically more aggressive.

Vitamin D deficiency is a prevalent issue amongst
[37]
children with IBD. Levin et al found that the majority
of their cohort of Australian children with IBD were
either vitamin D deficient (< 51 nmol/l) or insufficient
(51-75 nmol/l). This report also showed that children
with vitamin D deficiency had greater corticosteroid
exposure than those with normal vitamin D levels. As
may have been expected however, the mean serum
vitamin D concentration was higher in the group
treated with EEN after diagnosis compared to the
group treated with corticosteroids.
An eight-week course of EEN in children newlydiagnosed with IBD has been shown to result in
normalisation of bone markers indicating more new
[38]
bone formation and less bone resorption . Further
more, a six-week course of EEN (followed immediately
by a two-week course of partial EN) resulted in better
improvements in z-scores (on DEXA scans) when
compared to a group of Canadian children treated with
[39]
corticosteroids .
EEN has also been shown to have more direct
benefits on bone mineral density. A German study
elegantly demonstrated that bone metabolism and
muscle mass improved within 12 wk of commencement
[36]
with EEN in children with CD . The peripheral
quantitative computed tomography method used in
this study demonstrated improved trabecular density
z-scores, normalisation of initially high cortical density
z-scores and improved muscle cross-sectional area.

EEN ENHANCES GROWTH AND
NUTRITION
In addition to anti-inflammatory benefits, EEN also
leads to important improvements in nutritional
parameters. Early changes after starting EEN include
rapid improvement in circulating levels of Insulinlike Growth Factor (IGF)-1, with prompt return to
[32]
control values . Weight is enhanced, with weight gain
typically corresponding with efficacy. Some reports
have also shown early height catch up during the full
period of EEN.
[33]
Gerasimidis et al recently evaluated the influence
of EEN upon body composition parameters in 17
children. Body impedance analysis demonstrated
marked improvement in lean mass (p = 0.0001) but
not fat mass (p > 0.05) during eight weeks of EEN.
During this period, levels of a number of micronutrients
also improved.
An earlier report showed improved weight, lean
body mass, and skin fold thickness measurements
[34]
after 3 and 6 wk of EEN . Similarly, a subsequent
study from Toronto, Canada, showed improvements
[35]
in weight and lean body mass subsequent to EEN .
Interestingly, this report also showed improved linear
growth in comparison to height gains seen in ten
children treated with corticosteroids over the same
period of time.

VARIATIONS IN EEN PRACTICE AND
PROTOCOLS
Although EEN is well established as a standard and
safe therapy to induce remission in active CD, there
are marked differences in the application of EEN, as
well as variations in individual protocols.
A trans-Atlantic study published in 2003 reported
that EEN was used regularly by 62% of European
paediatric gastroenterologists, whilst only 5% of
[40]
practitioners in the United States used this therapy .
Subsequent studies have indicated that EEN was
used regularly by 12% of North American and 38% of
[41,42]
Australian paediatric gastroenterologists
. A recent
Swedish report found that 96% of paediatric units in
Sweden used EEN as a treatment option in active CD,
whilst 68% of those respondents routinely used EEN
[43]
as initial therapy in newly-diagnosed CD .
The reasons for these marked differences in the
routine application of EEN are not fully characterised.
Two studies shed some light on what influences
the choice of EEN as a preferred option to treat CD
in childhood. The routine use of EEN by Australian
paediatric gastroenterologists appeared to be closely
related to their awareness of this therapy during their
[42]
training . Those who were not routinely using EEN
reported concerns about adherence, cost and resource
requirements. When asked similar questions, North

EEN AND BONE HEALTH
It is well established that active CD negatively impacts
upon bone health. Reduced bone mineral density
and increased fracture risk are known complications
[36]
of poorly-controlled CD . Future fracture risk is
associated with peak bone mass, which is acquired
[37]
primarily during childhood and adolescence . Among
the factors leading to reduced bone mass in children
with IBD are vitamin D deficiency, corticosteroid
therapy, reduced sunlight exposure, decreased physical
activity and uncontrolled intestinal inflammation, which
[36-39]
directly and indirectly contributes to malnutrition
.
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[43]

[50]

American respondents reported similar concerns .
Again the routine recommendation of EEN was
associated with the practitioners’ previous experience
with EEN.
In addition, EEN protocols vary in many regards
[44]
between units and countries . Variations include the
duration of EEN course, the type or brand of formu
lation used, and the inclusion of other oral intake (such
as other fluids or boiled lollies) during EEN. A number
of studies demonstrate no differences between
outcomes seen with elemental or polymeric enteral
[4]
formulae , and indicate that polymeric formulae
[45]
have superior taste and acceptability . However,
the impact of any other differences upon comparative
outcomes has not yet been evaluated.
A typical regimen involves the use of a polymeric
[4,44,46]
formula administered exclusively over eight weeks
.
Formula is introduced gradually over the first three
days of the course of therapy, until required daily
amounts are reached (specific details of calculating
caloric requirements and further practical aspects of
[4]
EEN are included in reference ). Whilst most children
are able to take the required volumes orally, some will
require placement of a nasogastric tube to facilitate
compliance. During the period of EEN, children are
encouraged to take additional water orally and to chew
small amounts of sugar-less chewing gum. At the
completion of the eight week period of EEN, one small
meal would typically be reintroduced every three days,
whilst reducing the daily volume of formula with each
added meal.

to ascertain changes during and following EEN .
The results arising from this work again showed a
reduction in diversity during EEN, with a divergence
from the control setting seen in the children with
CD. Interestingly, the concentrations of the putative
protective Faecalibacterium prausnitzii species fell
after 1 mo of EEN. This study also demonstrated an
increase in faecal pH and a reduction in butyrate levels
during EEN. In contrast, an increase in faecal butyrate
levels was seen in a Swedish study of 18 children
[51]
managed with EEN . In these patients the induction
of remission was associated with increased butyrate
and decreased acetic acid in faecal samples.
A new report has employed high-throughput
sequencing to delineate changes in the flora during and
[52]
following EEN . The number of operational taxonomic
units (OTU) reduced markedly upon commencing
EEN, and this correlated closely with the successful
induction of remission. Furthermore, subsequent
disease exacerbations occurred in conjunction with an
increase in OTUs. A particular finding was that families
within the Firmicutes correlated with disease activity.
Together these reports indicate that EEN leads
to pronounced changes in the intestinal flora, and
variations in faecal metabolic activity. The relationships
between these changes and coincident improvements
in mucosal inflammation are yet to be ascertained.

EEN and barrier function

The intestinal mucosa provides an essential barrier to
the outside world: intestinal permeability is a central
component of this activity. Increased permeability
occurs secondary to active inflammation in the gut and
may also be present in preclinical CD.
[53]
In elegant in vitro studies Nahidi et al
showed
that a polymeric formula (as used in EEN) resulted in
normalisation of altered permeability and migration of
key tight junction proteins back to the cell membrane.
This report was further supported by studies employing
[54]
a murine model of gut inflammation . In this model,
the administration of a polymeric formula in animals
with gut inflammation reversed impaired intestinal
permeability and altered tight junction protein locali
sation, in conjunction with normalisation of inflamma
tory changes. Although this work is consistent and
clear, these findings have not yet been complemented
by in vivo studies in individuals with CD.

MECHANISMS OF EEN IN CD
Although EEN has been used for many years, it is
only in the last few years that an understanding of the
mechanisms of this therapy has emerged. Evidence
now indicates three primary components to the
actions of EEN: alteration of the intestinal microflora,
enhancement of barrier function and direct anti-inflam
matory effects. However, the relationships between
these events and the triggers for these changes have
yet to be elucidated.

EEN and the intestinal microbiota

Initial support for modulation of the intestinal flora by
EEN came from three earlier studies, using molecular
[47-49]
tools
. The most comprehensive of these studies
used denaturing gel gradient electrophoresis to examine
changes in the flora during and following a course of
[49]
EEN in children . In this report, EEN resulted in a
marked and prolonged reduction of bacterial diversity
across all bacterial groups. In particular, variations in
the composition of the Bacteroides group correlated
closely with reducing disease activity and inflammatory
proteins.
A more recent study used a similar molecular
technique (temperature gradient gel electrophoresis)
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Direct anti-inflammatory effects of EEN

Numerous studies have demonstrated that the use
of EEN results in reductions in mucosal levels of pro[55]
inflammatory cytokines. Meister et al
used ex vivo
mucosal biopsies to demonstrate that an elemental
formula resulted in an increased ratio of IL-1Ra to
IL-1β compared to the ratio in control samples. Using
[56]
an in vitro model of inflammation de Jong et al
showed that polymeric formula led to a reduction
in cellular production of IL-8 following stimulation
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with TNF-α. Preliminary data indicated that this antiinflammatory effect of the polymeric formula was
mediated by disruption of intracellular nuclear factor
(NF)-κB signalling. Subsequent experiments have
demonstrated that the administration of polymeric
formula results in inhibition of specific kinases in the
NF-κB signal transduction pathway (unpublished
observations). These findings suggest that as yet
unidentified active elements within formulae used for
EEN interact directly with epithelial cells leading to antiinflammatory effects. Again, further work is required
to definitively elucidate these processes.

7

8
9

CONCLUSION

10

EEN is now firmly established as a first line therapy for
the induction of remission in children with active CD.
Recent studies further support and clearly substantiate
the added benefits of EEN. However, additional
collaborative studies are now required to further
progress the use and application of EEN. Hopefully,
ways to optimise and individualise EEN protocols
should arise from such endeavours.
A number of investigators have provided intriguing
data on the mechanisms by which EEN exerts its
clinical benefits. Although these include in vitro and
animal methods, the clear implication is that EEN
interacts directly with the inflamed gut. The relevant
importance of the various mechanisms is not yet
clarified - further elaboration of these aspects may
prompt the development of novel enteral nutrition
formulations for EEN that enhance outcomes. In
addition, these data should further enhance our
understanding of the roles that these mucosal events
play in the pathogenesis of CD. In turn, these avenues
of research promise to result in novel approaches that
may lead to better outcomes for children with CD.
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EDITORIAL

What are the effects of proton pump inhibitors on the small
intestine?
Shunji Fujimori
Several meta-analyses and systematic reviews have
reported that patients treated with PPIs, as well as
post-gastrectomy patients, have a higher frequency of
small intestinal bacterial overgrowth (SIBO) compared
to patients who lack the aforementioned conditions.
Furthermore, there is insufficient evidence that these
conditions induce Clostridium difficile infection. At
this time, PPI-induced dysbiosis is considered a type
of SIBO. It now seems likely that intestinal bacterial
flora influence many diseases, such as inflammatory
bowel disease, diabetes mellitus, obesity, nonalcoholic fatty liver disease, and autoimmune diseases.
When attempting to control intestinal bacterial flora
with probiotics, prebiotics, and fecal microbiota
transplantation, etc ., the influence of acid suppression
therapy, especially PPIs, should not be overlooked.
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Core tip: proton-pump inhibitor (PPI) administration
provokes dysbiosis of small intestinal bacterial flora,
which exacerbates nonsteroidal anti-inflammatory druginduced small intestinal injury. Dysbiosis is considered
part of small intestinal bacterial overgrowth. Both PPI
administration and gastrectomy increase the frequency
of small intestinal bacterial overgrowth. Intestinal
bacterial flora influence a number of systematic
diseases. The influence of acid suppression therapy,
especially PPIs, on small intestinal bacterial flora is
worth noting.

Abstract
Generally, proton-pump inhibitors (PPIs) have great
benefit for patients with acid related disease with
less frequently occurring side effects. According to
a recent report, PPIs provoke dysbiosis of the small
intestinal bacterial flora, exacerbating nonsteroidal
anti-inflammatory drug-induced small intestinal injury.
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previous publications only evaluated approximately 10
species of bacteria, as closely as possible, using the
[8]
available technology . In the beginning, “dysbiosis”
was mostly used in research on inflammatory bowel
[9,10]
disease
. However, it has recently been posited that
intestinal bacterial flora influence many diseases, such
[11]
as diabetes mellitus , obesity, non-alcoholic fatty liver
[12,13]
[14]
disease
, and autoimmune diseases . While 150
manuscripts that were published between 1960 and
2009 and included in PubMed used the word “dysbiosis”,
in the period from 2010 to 2014, an additional 800
manuscripts of that type were published. Clearly, the
field of dysbiosis has attracted attention in recent
years.
What does it mean for PPIs to induce dysbiosis?
The first report of a possible association between
PPIs and small intestinal bacterial overgrowth (SIBO)
[15]
was published in 2008 . Recently, a meta-analysis
reported on the statistical relationship between PPIs
[16]
and SIBO . In addition, numerous reports have
stated that the number of patients with SIBO increases
[17]
after total gastrectomy . According to one report,
the frequency of patients with Clostridium difficile (C.
difficile) diarrhea increased during PPI administration in
[18]
2003 . Several other reports describe an association
between PPI administration and C. difficile infection.
However, there was no clear association between PPI
administration and C. difficile infection in a recent
[19]
systematic review . Additionally, there are no reports
of an increase in the number of patients with C. difficile
diarrhea following total gastrectomy. Therefore, at this
time, it is doubtful that PPI administration triggers C.
difficile infection, while the frequency of SIBO is likely
increased by PPI administration. Presumably, SIBO
is closely related to dysbiosis. Currently, PPI-induced
dysbiosis is considered part of SIBO.
In the near future, intestinal bacterial flora will be
controlled by probiotics (viable micro-organisms with
beneficial physiologic or therapeutic properties) and
prebiotics (dietary components that foster the growth
of beneficial bacteria). In addition, fecal microbiota
transplantation is a promising therapy for controlling
intestinal bacterial flora; its effectiveness has been
reported in patients with inflammatory disease as
[20,21]
well as in patients with C. difficile infection
. When
attempting to control intestinal bacterial flora, the
influence of acid suppression therapy, especially PPIs,
should not be overlooked.

Proton-pump inhibitors (PPIs) induce strong acid
suppression in the stomach and are used to treat
upper gastrointestinal ulcerative lesions, including
reflux esophagitis. Generally, PPIs are highly beneficial
for patients with acid-related disease, and side
effects from PPIs are infrequent. Recently, Wallace
[1]
et al reported that PPIs exacerbate nonsteroidal
anti-inflammatory drug (NSAID)-induced small
intestine injury in rats. In their study, omeprazole
and lansoprazole caused “dysbiosis”, or a microbial
imbalance, which exacerbated NSAID-induced small
intestinal injury. These results are important for
researchers who investigate NSAID-associated small
intestinal injuries. Because PPIs are co-administered
with NSAIDs to prevent NSAID-induced gastroduodenal
injury, many studies have evaluated NSAID-induced
[2-4]
small intestinal injury in healthy volunteers . Until
recently, most studies on NSAID-associated injury
have focused on the upper gastrointestinal tract
because the stomach and duodenum are common
sites of major morbidity and mortality in the clinical
setting. As a result, PPIs and prostaglandin analogs are
the currently established treatments against NSAID[5]
induced gastroduodenal injuries . However, PPIs can
affect the small intestinal bacterial flora. On the other
hand, the examination protocol for evaluating NSAIDassociated small intestinal injuries has not changed
since the Wallace et al study was published.
As mentioned above, many studies have evaluated
healthy volunteers who were treated with the
combination of NSAIDs and PPIs. These studies have
shown that the preventive effect of PPIs does not
[4]
extend to the small intestine ; after taking NSAIDs
and PPIs for two weeks, > 50% of subjects had small
intestine injuries. If PPIs do indeed exacerbate small
intestinal injury, most capsule endoscopy studies that
evaluated NSAID-induced small intestinal injury with
the concomitant administration of PPIs likely overestimated the frequency of NSAID-induced small
intestinal injury. Accordingly, it is very important that
we appropriately interpret the results of these studies
by evaluating NSAID-associated small intestinal injury
while considering whether or not PPIs have been coadministered.
Recently, the concept of dysbiosis, also called
dysbacteriosis, has received substantial attention in
various biomedical fields. Since the 1960s, the word
“dysbiosis” has been used in research on intestinal
bacteria flora in infants and post-gastrectomy patients
in Germany. “Dysbiosis” was first used in a manuscript
[6]
written in English in 1985 . Afterwards, the term was
used in a 1987 study of patients with ulcerative colitis
whose intestinal flora had increased levels of Proteus, a
[7]
genus of Gram-negative proteobacteria . Since then,
“dysbiosis” has become established, and its use in
publications written in English has increased. However,
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is considered
to be an independent cardiovascular disease (CVD)
risk factor. However, simple steatosis has a benign
clinical course without excess mortality. In contrast, the
advanced form of NAFLD, non-alcoholic steatohepatitis
(NASH) with liver fibrosis increases mortality by
approximately 70%, due to an increase in CVD
mortality by approximately 300%. Chronic kidney
disease (CKD) may be caused by NAFLD/NASH and
it substantially increases CVD risk, especially in the
presence of type 2 diabetes mellitus. Moreover, CKD
may trigger NAFLD/NASH deterioration in a vicious
cycle. NAFLD/NASH is also related to increased arterial
stiffness (AS), an independent CVD risk factor that
further raises CVD risk. Diagnosis of advanced liver
fibrosis (mainly by simple non-invasive tests), CKD,
and increased AS should be made early in the course
of NAFLD and treated appropriately. Lifestyle measures
and statin treatment may help resolve NAFLD/NASH
and beneficially affect the CVD risk factors mentioned
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above.

that NASH prevalence ranges from 3%-5% (> 20% of
NAFLD cases) in the general population, however this
[5]
rises to 37% in the morbidly obese .
NAFLD/NASH is considered as the hepatic manife
station of MetS, and are closely related to cardiovascular
[6]
disease (CVD) , to the extent that NAFLD/NASH and
[6]
CVD are viewed as two aspects of a shared disease .
More patients with NASH die from CVD than from liver
[6,7]
disease . Nevertheless, CVD risk level is not the same
across the entire histological and clinical spectrum of
[8]
NAFLD . It seems that simple steatosis and NASH
are considered disease states of different CVD risk
involvement, each with different consequences, linked
[9,10]
to environmental and genetic factors
. The multiple
parallel hit theory suggests that NASH may occur
directly in many individuals without previous simple
[9,10]
steatosis
. It is possible that NASH can happen in
the absence of simple steatosis because inflammation
related to NASH pathogenesis might originate in the
gut microbiota, in response to the prime neutrophil
chemokines and macrophage-inflammatory protein-2,
inflamed adipose tissue and to circulating inflammatory
cells. In any case, the identification and management
of high CVD risk patients with NAFLD/NASH remains a
[8]
clinical challenge . This narrative review considers this
key issue, referring only to recent advances in diagnosis,
[9,10]
risk stratification and treatment of NAFLD/NASH
.

Key words: Non-alcoholic fatty liver disease; Nonalcoholic steatohepatitis; Cardiovascular disease;
Liver fibrosis; statins; Chronic kidney disease; Arterial
stiffness; Inflammation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD)
is an independent cardiovascular disease (CVD) risk
factor. However, simple steatosis has a rather benign
clinical course, while its advanced form, non-alcoholic
steatohepatitis (NASH) substantially increases total
mortality, mainly due to increased CVD events. In
this review we propose the use of statin treatment
for NASH, given its beneficial effect on NAFLD/NASH
and CVD risk. There are data suggesting biopsy
proven amelioration of NASH and normalization in
liver ultrasonography and enzyme values as well as
improvement of chronic kidney disease and arterial
stiffness that usually accompany NASH and exacerbate
CVD risk.
Athyros VG, Tziomalos K, Katsiki N, Doumas M, Karagiannis
A, Mikhailidis DP. Cardiovascular risk across the histological
spectrum and the clinical manifestations of non-alcoholic
fatty liver disease: An update. World J Gastroenterol 2015;
21(22): 6820-6834 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i22/6820.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.6820

Degree of liver fibrosis and CVD
risk
The United States National Health and Nutrition
Examination Survey (NHANES) was conducted in
1988-1994 and followed-up 11154 participants until the
end of 2006 (mean follow up: 14.5 years). The findings
suggest that the degree of liver fibrosis is related
[7]
to clinical outcome in NAFLD/NASH patients . The
diagnosis of NAFLD was based on liver ultrasonography
and the degree of liver fibrosis in NAFLD patients was
determined without a biopsy by the NAFLD fibrosis
score (NFS), the AST-platelet ratio index (APRI) and
[7]
the FIB-4 score . The ultrasonographic prevalence
of NAFLD was 34% (if projected to the entire United
States adult population this represents 43.2 million
Americans), however, if only people with moderate to
severe steatosis were included in NAFLD diagnosis its
prevalence falls to 20.2%, projecting to 25.6 million
[7]
United States adults . The majority of NAFLD patients
(71.7%) had simple steatosis, while 28.3% had NFS
values suggesting an intermediate (25.1%) or high
[7]
(3.2%) level of liver fibrosis . These data project to
10.8 million United States adults with NAFLD with
some evidence of advanced fibrosis, 9.4 million with
an intermediate probability and 1.4 million with a high
[7]
probability of fibrosis . The 15 years follow-up showed
that NAFLD in the form of steatosis was not related
with higher total mortality compared with those without
NAFLD (adjusted HR = 1.05, 95%CI: 0.93-1.19, p =

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD), a term
describing the most common liver disease (affects
approximately 15%-30% of the general population in
Western Countries), is characterized by accumulation
of fat (> 5%) in liver cells in the absence of excessive
alcohol intake, chronic viral hepatitis or other liver
[1,2]
disease .
NAFLD has a high prevalence (75%-100%) in
populations with pre-existing metabolic conditions
characterized by insulin resistance (IR) such as obesity,
metabolic syndrome (MetS) or type 2 diabetes mellitus
[1,2]
(T2DM) . NAFLD prevalence continues to increase
[1]
due to the obesity and T2DM pandemic .
Histological manifestations of NAFLD range from
simple steatosis, non-alcoholic steatohepatitis (NASH;
characterized by hepatocellular necroinflammation and
ballooning), liver fibrosis and cirrhosis, which in some
[3]
cases may progress to hepatocellular carcinoma .
Despite its high prevalence, the pathogenesis of
steatosis and the progression to NASH with fibrosis⁄
cirrhosis, and the natural history of NAFLD are not yet
[4]
[3]
entirely clear (Figure 1) . The evidence suggests
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Pathogenesis of NAFLD and NASH
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Figure 1 Factors that contribute to the pathogenesis of non-alcoholic fatty liver disease or non-alcoholic steatohepatitis. NAFLD: Non-alcoholic fatty liver
disease; NASH: Non-alcoholic steatohepatitis; TNF-α: Tumor necrosis factor-alpha; CYP2E1: Cytochrome P450 2E1; FFA: Free fatty acid; NF-kB: Nuclear factor
kappa-light-chain-enhancer.
[7]

NS) . In contrast, there was a progressive increase
in total mortality with increasing levels of liver fibrosis
scores [adjusted HR = 1.69, 95%CI: 1.09-2.63 for
the NFS, 1.85 (1.02-3.37) for the APRI, and 1.66
(0.98-2.82) for the FIB-4], as compared with subjects
[7]
without fibrosis . The increase in mortality was mainly
due to increased CVD mortality (HR = 3.46, 95%CI:
1.91-6.25 for NFS; 2.53, 1.33-3.83 for APRI; 2.68,
[7]
1.44-4.99 for FIB-4) . Thus, prospective data from this
US representative cohort suggest that steatosis per se,
does not increase total and CVD mortality, while NASH,
with advanced fibrosis as evaluated by non-invasive
markers, was related to increased total and (mainly)
[7]
CVD mortality .
The fact that NAFLD at the stage of simple steatosis
has a benign clinical course without excess mortality
[11]
has been reported 10 years ago . Also, the fact
that NASH with liver fibrosis was related to increased
overall and CVD mortality was established by studies
[12,13]
with a long-term follow-up (up to 28 years)
.
Moreover, fibrosis or even cirrhosis was found in
15%-50% of NASH patients on their index biopsy,
suggesting that a good portion of NASH patients
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develop progressive liver disease that could lead to
[14,15]
liver-related mortality
. A study reporting survival
of biopsy proven NAFLD or alcoholic fatty liver disease
(AFLD) after 24 and 20 years of follow-up, respectively,
showed that CVD was the most common cause of
death (48%) in NAFLD patients, while liver-related
[16]
death was recorded in 7% of these patients . In
contrast, AFLD patients had a liver-related death rate
[16]
of 36% and CVD death rate of 32% . NASH patients
with moderate or severe fibrosis at baseline showed
a worse survival rate than patients with none or mild
[16]
fibrosis at baseline (adjusted HR = 2.09, P = 0.01) .
Liver biopsy is the gold standard for the diagnosis
[16]
of NAFLD or NASH . The classification in liver biopsy
is as follow: Steatosis should have a > 5% fat content
in the liver biopsy. Fibrosis stage was defined as
follows: 0 = none, 1 = perisinusoidal or periportal
fibrosis, 1A = mild perisinusoidal fibrosis, 1B =
moderate perisinusoidal fibrosis, 1C = portal/periportal
fibrosis, 2 = perisinusoidal - portal/periportal fibrosis,
[17]
3 = bridging fibrosis, and, 4 = cirrhosis . However, it
is not possible to perform a liver biopsy in all patients
with NAFLD (a considerable proportion of the general
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population); not all patients need a liver biopsy and
many will not consent. Thus, non-invasive tests can
be used instead to evaluate the stage of fibrosis and
[18]
consequently the overall risk of these patients . A
recent study evaluated the usefulness of 4 validated
non-invasive scoring systems that were originally
designed to distinguish patients from those without
advanced liver fibrosis in comparison with the results
[18]
of liver biopsy . Thus, 310 biopsy proven NAFLD/
NASH patients were followed for median period of 105
mo. The 4 tests were the 3 used in the United States
[7]
National Health and Nutrition Examination Survey ,
[19,20]
NFS, APRI, and FIB-4
, plus the more recently
[21]
introduced BARD score . These are calculated using
[19-21]
the original published formulas
. The score of
these simple non-invasive tests were useful for the
identification of NAFLD patients in this study who are
at increased risk for total and liver-related mortality
[18]
and predicted clinical outcome successfully . These
results were confirmed by a meta-analysis of 32
studies evaluating the diagnostic accuracy of these 4
non-invasive tests in comparison with the results of
[22]
liver biopsy . Results of this evaluation suggested
an excellent sensitivity and specificity of these
[22]
tests . Thus, with the use of these 4 simple tests
NAFLD patients can be evaluated for both CVD risk
[22]
and progressive liver disease risk . These tests can
also divide NASH patients into those with and those
without advanced fibrosis and therefore increased
overall risk, indicating which patients need more
[22]
intensive therapy . It seems that these data were
lost in the large number of papers on NAFLD, which
has dramatically increased during the last 5 years.
The vast majority of the papers or the majority of
studies analyzed in a review on the NAFLD and CVD
association, include NAFLD patients diagnosed by
ultrasonography or alanine aminotransferase (ALT)
[23,24]
levels
. These usually report an increased CVD risk
in NAFLD patients, however it is not clear which NAFLD
patients shape this risk: all NAFLD patients or those
with (advanced) fibrosis? Only a few studies identify
this association and also indicate NAFLD patients at
risk of systemic complications, based on the 4 simple
tests mentioned above to distinguish NAFLD patient
[25]
with liver fibrosis . One of these studies used the NFS
and the FIB-4 scores to separate 1559 NAFLD patients
that included those with high possibility of liver fibrosis
[25]
(group 1) and those with a low probability (group 2) .
In group 1 the prevalence of CVD at baseline was 7.7%
vs 2.3% (NFS, P = 0.002) and 9.0% vs 2.3% (FIB-4,
[25]
P = 0.0012) . The prevalence of T2DM at baseline
was in group 1 in comparison with group 2, 31.5% vs
3.1% (NFS, P < 0.0001) and 17.0% vs 4.7% (FIB-4,
[25]
P < 0.0001) . New onset diabetes (NOD) prevalence
was 4.5% vs 1.2% (NFS, P = 0.034) and 3.6% vs
1.2% (FIB-4, P = 0.11), and of CVD in these patients
was 5.0% vs 0.9% (NFS, P = 0.0019) and 5.4%
[25]
vs 0.9% (FIB-4, P = 0.0034) . This study brings
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forward another issue: that of pre-existing T2DM and
the risk of NOD according to the degree of liver fibrosis
in NAFLD patients; diabetes further increases the risk
of CVD morbidity and mortality in NAFLD and MetS
[26]
patients . This can also be seen from the other way
around: in T2DM patients the prevalence of NAFLD
is 75%-100%, of NASH 63%-87%, liver fibrosis
[27]
22%-60%, and advanced liver fibrosis (4%-9%) ,
according to the number of MetS components, visceral
obesity, older age, increased duration of T2DM, and
[27]
the presence of family history of T2DM . This is
a vicious cycle leading from NAFLD/NASH to T2DM
and vice versa. In any case the presence of NAFLD,
and especially with (advanced) liver fibrosis, in T2DM
patients is associated with increased overall (CVD and
[27]
liver-related) mortality . Given that an increase in the
adherence to multiple interventions in patients with
T2DM is feasible and effective in better controlling the
[28]
disease, as shown in a best practice study , and that
[26]
similar measures may improve NAFLD/NASH
this
is an interesting implication for the treatment of both
[28-31]
diseases
.
We need to abandon the idea that elevated liver
enzymes and steatosis on ultrasonography alone
could define CVD and liver-related risk; we need to
calculate the overall risk of NAFLD/NASH patients with
the use of the 4 simple tests, routinely available in
[32]
clinical practice . We need a pragmatic approach to
diagnosis and staging of NAFLD so that patients at risk
[32]
of complications can be identified . This approach
[33]
has implications for both diagnosis and treatment .

NAFLD, chronic kidney disease and CVD risk

The prevalence of chronic kidney disease (CKD)
among the general population in the United States is
13% (that of early stages of CKD, including stage 3, is
[34]
[35]
11%) , in Europe it is similar , while in Japan it is
much higher; 20% of the adult population is estimated
to have CKD stage 3-5 [glomerular filtration rate (GFR)
2 [36]
< 60 ml/min per 1.73 m ] . In total, there seem to
be more than 1.1 million patients with end-stage-renal
[37]
disease (ESRD) worldwide . CKD is an independent
CVD risk factor substantially increasing its morbidity
and mortality, to the degree that it is considered as
[38]
a coronary heart disease (CHD) risk equivalent .
CVD is the leading cause of morbidity (40% of
hospitalizations) and mortality (50% of deaths) in CKD
[37,38]
patients
. Less than a half of CKD patients have
develop ESRD, because most of them die from CVD
[37,38]
before they develop ESRD
.
NAFLD is considered to be a risk factor for CKD
and is associated with an increased prevalence and
[37,39]
incidence of CKD
. In a community-based study
involving 2103 patients with T2DM the prevalence of
stage 3 or higher of CKD was 15% among patients
with ultrasound-diagnosed NAFLD vs 9% (p < 0.001)
among T2DM patients without NAFLD, after adjustment
for numerous baseline confounding factors and
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[40]

[47]

independent traditional CKD risk factors . Another
study evaluated 1361 subjects with an abnormal oral
[41]
glucose tolerance test (OGTT) on routine screening .
Participants with ultrasound-diagnosed NAFLD had
a higher prevalence of microalbuminuria compared
with patients with impaired glucose tolerance who did
not have NAFLD (19% vs 6.3% in abnormal OGTT
subjects; 32.6% vs 4.5% in newly diagnosed T2DM
patients; p < 0.0001) after adjusting for several
[41]
classical risk factors . These results suggest that
NAFLD is a predictor of another CKD manifestation,
microalbuminuria, in patients with prediabetes or
[41]
T2DM .
Two studies from the NHANES 2001 through 2006
investigated the association between serum surrogate
markers of NAFLD, gamma-glutamyl-transpeptidase
(GGT) and bilirubin concentrations, and CKD in a
(United States) nation-wide representative sample
[42,43]
of 13188 adults
. Serum GGT elevation was
associated with an increased odds of CKD (OR = 2.38,
[42]
95%CI: 2.02-2.80, p < 0.0001) , while total bilirubin
levels were independently related with both decreasing
estimated-GFR and increasing albuminuria in United
[43]
States adults .
A recent review suggests that NAFLD, and mainly
NASH, is related with an increased and independent
risk of developing CVD, T2DM, CKD, and colorectal
[44]
cancers . Finally, in a meta-analysis, which included
33 studies with 63902 participants, NAFLD was
associated with an increased risk of prevalent (OR =
2.12, 95%CI: 1.69-2.66) and incident (HR = 1.79,
[45]
95%CI: 1.65-1.95) CKD . NASH was related to a
higher prevalence (OR = 2.53, 95%CI: 1.58-4.05) and
incidence (HR = 2.12, 95%CI: 1.42-3.17) of CKD than
[45]
simple steatosis , and advanced fibrosis in NASH was
associated with an even higher prevalence (OR = 5.20,
95%CI: 3.14-8.61) and incidence (HR = 3.29, 95%CI:
2.30-4.71) of CKD than NASH without advanced
[45]
fibrosis . These data suggest that the presence and
the severity of NAFLD/NASH and advanced fibrosis are
clearly related with an increased risk and the severity
[45]
of CKD .
Recent studies suggest the NAFLD/NASH is
characterized by inflammation of the liver which may
secrete proinflammatory, pro-fibrogenic, and antifibrinolytic substances, including fetuin-A, tumor
necrosis factor-alpha (TNF-α), and plasminogen
[46]
activator inhibitor-1 (PAI-1), all causing kidney injury .
The above mentioned meta-analysis also found that
even mild renal impairment may promote NAFLD
generation, within a vicious cycle, with unfavourable
[45]
CVD and metabolic consequences , suggesting
that CKD per se may contribute to the pathogenesis
[45,47]
of NAFLD
. It has been shown in male SpragueDawley rats that nephrectomy results in a substantial
dysregulation of hepatic fatty acid metabolism,
steatohepatitis, IR, glucose and lipid metabolism
aberrations, early even prior to glomerulosclerosis and
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CKD development .
Moreover, in liver transplant recipients the odds
of developing CKD is high, while the risk of death in
these patients increases exponentially when GFR is <
2
30 ml/min per 1.73 m (HR = 2.67 and 5.47; 95%CI:
[48]
1.80-9.65, for stage 4 and 5, respectively) . Given
that available therapeutic options to reverse CKD are
restricted, it should be emphasized that there is a need
for hepatologists to diagnose CKD early in patients
with chronic liver disease, mainly NAFLD, to optimize
[49]
management aimed at delaying CKD progression .
In a large registry including 1120295 adults it was
estimated that the adjusted HR for hospitalizations is
high and for death in stage 5 CKD patients reaches 5.9
(95%CI: 5.4-6.5), while that for overt atherosclerotic
CVD is 3.4 (95%CI: 3.1-3.8) compared with subjects
[50]
with normal renal function , suggesting a low
[50]
quality of life and a reduced life expectancy . It
has also been shown that stage 3 or higher diabetic
nephropathy is related to an annual mortality rate
[51]
of 20%, similar only to that of cancer . If a patient
has T2DM and CKD plus NAFLD/NASH (clinical
practice suggests that almost all patients with diabetic
nephropathy have NAFLD) the CVD burden is even
[45,52,53]
greater
.
Thus, NAFLD and CKD share some key cardiome
tabolic risk factors and it is suggested that they
have common pathophysiological mechanisms; one
can lead to the other and their co-existence leads
to a geometrically increased CVD risk in patients
that have both conditions, especially in those with
[37,39,45,52,53]
metabolic disorders such as T2DM
. Given
[54-56]
that there is available treatment of NAFLD
and
[57]
CKD (up to stage 3) , that also prevents CVD or
[58,59]
its complications
, especially in patients with
[60,61]
T2DM with increased CVD risk
, hepatologists,
nephrologists, and cardiologists should place additional
emphasis on the early diagnosis of both NAFLD and
[62,63]
CKD
.
Another issue is that elevated serum uric acid (SUA)
[64-66]
levels, related to renal function and T2DM
, may
play a role in the pathogenesis of NAFLD. There seems
to be a link between elevated SUA levels and MetS/
[67-69]
NAFLD
. Given that NAFLD, CKD, and elevated
SUA levels are implicated in increased CVD risk,
attention should be given to SUA within the treatment
[68-71]
of NAFLD
. It has been reported that some lipid
and blood pressure lowering treatments that decrease
CVD risk and improve/preserve renal function, while
improving NAFLD, reduce SUA levels with their off[68-73]
target effects
. These specific drugs should be
preferred for the treatment of NAFLD risk factors, such
as arterial hypertension or dyslipidaemia.

NAFLD, arterial stiffness and CVD
risk
NAFLD was found to be an independent predictor
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of faster progression of arterial stiffness (AS), even
after adjusting for other CVD risk factors, thus further
increasing CVD risk. Pulse Wave Velocity (PWV), a
measure of AS, is independently associated with
increased CVD risk across several patient groups and
[74-76]
even in the general population, in both genders
.
NAFLD is associated with AS, as evaluated by PWV, even
in a non-obese, non-hypertensive, and non-diabetic
[77]
young and middle-aged (Chinese) population . NAFLD
patients with severe liver fibrosis have the higher
[78]
increase in AS . Moreover, in patients with stage 3-5
CKD, PWV is much higher than in patients with CKD
stage 1-2 and constitutes a major clinical determinant of
CVD event rate and severity, independently of traditional
[79,80]
CVD risk factors
. The pathogenesis of AS in NAFLD
is not clear. One mechanism might be related to the
systemic inflammation linked to NAFLD, and mainly
[78]
NASH with fibrosis , which seems to have an adverse
effect on arterial compliance; high-sensitivity C-reactive
protein (hsCRP) and pro-inflammatory cytokines may
have adverse effects on the elastic properties of the
[81]
wall of large arteries . Arterial compliance was low
in NAFLD patients with elevated hsCRP, while NAFLD
[81]
with low hsCRP had no effect on arterial compliance .
Central obesity was a vital determinant for both
increased AS and elevated hsCRP levels in NAFLD
[81]
patients . Another issue is whole blood viscosity
[82]
(WBV), a predictor of CVD events . WBV was shown
to be increased in NAFLD and to be independently
related with AS, even after adjusting for other CVD risk
[82]
factors . This association between WBV and AS has
been shown in T2DM patients also, which comprise
[83]
a great portion of NAFLD patients . Thus, detection
of abnormal WBV and AS should be performed early
[82]
within risk stratification in NAFLD patients .
There are data suggesting that the older theory on
AS pathogenesis (AS is a result of large artery athero
[84]
sclerosis) is not correct . Stiff arteries suffer from
arteriosclerosis, which is different from atherosclerosis,
and this is also verified by the fact that there is little or
no association between PWV and traditional CVD risk
[84]
factors, except for age and arterial hypertension .
Additionally, PWV does not increase during the early
stages of large artery atherosclerosis, but it is increased
during the advanced atherosclerotic plaque period,
[84]
probably due to arterial (aortic) calcification (AC) . AC
is a common complication of CKD and ESRD, and the
extent of AC in the general population and in patients
with CKD is predictive of subsequent CVD mortality
[85]
beyond traditional CVD risk factors . Thus, late
atherosclerosis and CKD both promote AC and increase
[84,85]
AS
.
There is evidence that lifestyle changes, antidia
betic drugs, inducible nitric oxide synthesis, antihy
pertensive agents [mainly inhibitors of the reninangiotensin-aldosterone system (RAAS)], and statins
improve arterial elasticity in patients with a wide
spectrum of diseases, such as CVD, CKD, T2DM, MetS,
obesity, primary biliary cirrhosis, NAFLD, heart failure
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with preserved ejection fraction, arterial hypertension
[86-100]
and dyslipidaemia
. Moreover, anti-inflammatory
drugs, such as corticosteroids and anti-TNF-α therapy
have been shown to improve arterial compliance in
[101]
patients with chronic inflammatory conditions
.
Overall a multifactorial approach appears to be the
optimal solution for the management of increased
[26-31,89,90,93,97]
AS due to NAFLD
. However, differences
appear to exist within classes of agents, with some
statins and RAAS inhibitors having a more favourable
[94-96,99,100]
effects on AS
.

NAFLD, statins (and other
hypolipidaemic agents) and CVD
risk
Safety of statins in patients with NAFLD

Data from the Third NHANES (1988-1994) that
included 15676 subjects from the United States
suggest that the prevalence of ALT elevation was
high in the United States, ranging from 7%-15%
[102]
according to race
. In the majority of those with
increased ALT levels this could be attributed to NAFLD,
in the absence of alcohol abuse, viral hepatitis or
[102]
hemochromatosis
. Moreover, unexplained ALT
elevation (61% of cases) was strongly associated with
[102]
adiposity and other features of MetS
. NHANES
data collected from 1988 to 2008 showed that the
prevalence of major causes of chronic liver disease
remained stable, except for NAFLD, which increased
steadily, alongside with the increase of the prevalence
[103]
of metabolic diseases (MetS, T2DM)
. Given the
increasing rates of obesity, NAFLD prevalence is
expected to contribute substantially to the increased
burden of chronic liver disease (and CVD) in the United
[103]
States .
An observational study included 342 hyperlipi
daemic patients with elevated transaminases who
were prescribed a statin, 1437 hyperlipidaemic
patients with normal transaminases who were pre
scribed a statin and 2245 patients with elevated liver
[104]
enzymes but who were not prescribed a statin
.
Patients with elevated transaminase levels were given
atorvastatin or simvastatin at a median dose of 10
[104]
and 20 mg/d . The incidence of further elevation in
[104]
transaminase levels was similar in the two groups .
Among patients treated with a statin, the incidence
of mild-moderate elevation in transaminase levels
[< 10 times the upper limit of normal (ULN) or < 10
times the baseline transaminase levels] was higher
in patients with elevated transaminases at baseline
than in those with normal transaminase levels (n =
[104]
1437)
. However, the incidence of more marked
elevation in transaminase levels (> 10 times the ULN)
[104]
did not differ between the two groups
. Another
observational study (n = 3399) in patients with
elevated transaminase levels who were treated with
[105]
lovastatin reported similar findings
. Moreover, >
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112000 person-years of 5 year-exposure in doubleblind randomized trials comparing placebo and
pravastatin (40 mg once daily) showed low risk for
[106]
hepatotoxicity .

Atorvastatin and Coronary Heart Disease Evaluation
(GREACE) survival study (n = 1600; 437 patients had
moderately abnormal liver tests at baseline probably
due to NAFLD as indicated by liver ultrasonography
[111]
and after exclusion of other liver diseases)
showed
that 227 participants who were treated with statins
(mainly atorvastatin, mean dose 24 mg/d) had a
substantial improvement in liver tests, ALT, aspartate
aminotransferase (AST), and GGT (p < 0.0001),
whereas 210 not treated with a statin had a further
[111]
increase of liver enzyme concentrations
. Statin
treatment was safe in patients with CVD and NAFLD;
[110]
only 1% discontinued treatment . Thus, atorvastatin
did not have any adverse effect on liver enzymes;
on the contrary, it reduced them substantially and
improved liver ultrasonography within the 3-year
[111]
duration of the study .
Four years ago a study with pitavastatin (2 mg/d
for 12 mo) in 20 patients with biopsy-proven NASH
[112]
with dyslipidaemia was reported
. Liver enzymes
and lipid profile were significantly improved, however
NAFLD/NASH activity score and fibrosis stage did not
change significantly in all patients (they improved in
54% and 42%, respectively) and 3 of the 13 patients
with a repeat biopsy had progression of fibrosis during
[112]
the treatment .
Three years ago a study included 42 biopsy-proven
NASH patients treated with atorvastatin 10 mg/d
for 12 mo. Atorvastatin significantly decreased liver
transaminase, GGT, LDL-C, TGs, type Ⅳ collagen, and
TNF-α levels, while it improved NAFLD activity score
[113]
and increased liver to spleen density ratio .
During the same year a prospective study in
vestigated the effect 2.5 mg/d rosuvastatin for 24
mo in 19 patients with biopsy-proven NASH with
[114]
dyslipidaemia
. Transaminase levels, relatively low
at the beginning, were not significantly changed during
the treatment, while the lipid profile was significantly
[114]
improved
. At the same time NAFLD activity score
and fibrotic stage did not change significantly in
all patients; they were improved in 33% and 33%
of patients, and remained stable in 33% and 56%
of patients, respectively, while 1 of 9 patients had
[114]
progression of fibrosis during rosuvastatin treatment .
This result was attributed to the very low dose of
[114]
rosuvastatin administered (2.5 mg/d)
. During the
same year a post hoc analysis of the survival study
Assessing the Treatment Effect in Metabolic Syndrome
[115]
Without Perceptible Diabetes (ATTEMPT)
with an
atorvastatin- (34 or 24 mg/d) based multifactorial
treatment approach in patients and MetS and NAFLD
showed that attaining multiple treatment targets is safe
and beneficial in primary prevention patients with MetS
[115]
and NAFLD
. Lipid levels and liver enzymes were
normalized and ultrasonographic evidence of NAFLD
resolved during the 42 mo duration of the study in both
intensive (mean dose 34 mg/d) and standard (mean
[115]
dose 24 mg/d) atorvastatin treatment groups .

Effect of statins on NAFLD

In clinical practice up to 10 years ago it was “forbidden”
to prescribe statins, even in high CVD risk patients, if
they had a chronic liver disease, including NAFLD, and
modestly elevated serum transaminases.
Eight years ago, given that there was no proven
effective therapy for NAFLD, atorvastatin (10-80 mg/d)
was tested in 25 NAFLD patients for the treatment
of their dyslipidaemia; 22 patients completed the
[107]
study
. After 6 mo of atorvastatin treatment, 8
patients (36.3%) had normal transaminase levels,
while the remaining patients continued treatment
[107]
for 12 more months
. During that period 20% of
patients presented with normal transaminase levels,
while the rest of the patients demonstrated a 10%
[107]
reduction in baseline levels . These results suggested
that treatment with atorvastatin in NAFLD patients
with dyslipidaemia resulted in a normalization of lipid
profile and a significant reduction in serum ALT and this
[107]
treatment was both effective and safe .
Seven years ago a study evaluated the efficacy
of atorvastatin (10 mg daily) for 24 mo in the treat
ment of 31 patients with biopsy proven NASH and
[108]
dyslipidaemia . Follow-up liver biopsy was performed
[108]
in 17 patients . After treatment, 23 patients (74.2%)
had normal transaminase levels, adiponectin levels
were noticeably increased, and the levels of TNF-α
[108]
were significantly reduced
. These results suggest
that atorvastatin may have acted via a reduction in
markers of systemic inflammation, such as TNF-α, as
[108]
well as increased adiponectin levels , while another
study suggested a beneficial effect of atorvastatin on
NASH due to the reduction in serum levels of advanced
glycosylated end products (AGEs), implicated in the
[109]
pathogenesis of NASH
. However, 4/17 patients
had progression of fibrosis in the repeat biopsy after
[108]
2-years and 3 of them progressed to stage 3
.
The authors could not explain these divergent results
and attributed them to sampling error, heterogeneity
of the population, or untreated postprandial rise in
[108]
triglyceride (TG) levels .
Six years ago a pilot study with 16 NASH patients
showed that monotherapy with simvastatin does
[110]
not seem to be an effective treatment for NASH
.
From the 16 patients with biopsy proven NASH, 14
completed the study and 10 underwent follow-up
biopsy after one year. Although there was a 26%
low-density lipoprotein cholesterol (LDL-C) reduction
in the simvastatin group as compared with placebo,
there was no significant improvement in serum
transaminases, hepatic steatosis, necroinflammatory
[110]
activity or stage of fibrosis .
Five years ago, the post hoc analysis of the Greek
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As stated in the above data there has been a
gradual and hesitant attempt during the last 8 years
to investigate the efficacy of statins in the treatment
NAFLD/NASH. The results of these studies suggest
that the effect of statins on NAFLD/NASH is intensity
[107-117]
of compound and dose dependent
. The post
hoc analyses of GREACE, ATTEMPT and IDEAL studies
are hypothesis generating and there is a need for
randomized controlled prospective studies on this
issue. However, with all statins, except rosuvastatin,
out of patent no pharmaceutical company is eager
to finance a prospective study on this issue. This has
to be done by independent researchers. We did our
part, let others continue. In any case, we all know
that several years are needed in order for guidelines
to state a new indication for a drug. However, the
information provided may help clinicians make
decisions for patients with a highly prevalent disease.
From all the above the conclusion with practical
implications was described by a Hepatologist: “Yes!
[118]
Statins can be given to liver patients” .

A

B

Effect of other hypolipidaemic drugs on NAFLD/NASH

Ezetimibe can be added to statin treatment in patients
who cannot achieve LDL-C targets despite treatment
with the maximal tolerated dose of a high intensity
[119]
statin
. The effect of ezetimibe on NAFLD was
studied in a few, mainly uncontrolled studies with
rather small number of patients. Serum ALT levels
significantly decreased within 6 mo and in 4 patients
levels reached the normal range (< 30 U/L), which
was accompanied with at least a 10% decrease in
serum total cholesterol and LDL-C. However, ezetimibe
had no effect on liver steatosis as assessed with
[120]
ultrasonography
. In another uncontrolled study
in 10 patients with NASH, treatment with ezetimibe
[121]
for 6 mo
, NASH score and steatosis grade were
also significantly improved in the repeat liver biopsy.
The fibrosis stage did not change significantly, but 6
of the 10 patients exhibited an improvement in their
[121]
fibrosis stage
. In another uncontrolled study 45
patients with liver biopsy-proven NAFLD were treated
[122]
with ezetimibe for 24 mo
. Histological features of
steatosis and necroinflammation improved, but fibrosis
[122]
stage was not significantly changed
. In a recent
randomized controlled study in NAFLD patients (16
on ezetimibe and 12 controls), ezetimibe improved
hepatic fibrosis but increased hepatic long-chain fatty
[123]
acids and HbA1c in NAFLD patients . Thus, it is not
clear yet which is the long term effect of ezetimibe on
NAFLD/NASH (Table 1).
Omega-3 fatty acid supplementation has also been
used for the treatment of NAFLD/NASH. Omega-3
fatty acid administration is safe and effective for
NAFLD patients with dyslipidaemia and can improve
their ALT, serum lipid (mainly TG) levels and normalize
[124]
the ultrasonographic image of the liver
. A recent
meta-analysis, that included 9 studies (5 randomized

Figure 2 Liver biopsy of a patients with non-alcoholic steatohepatitis at
baseline (A) and one year after 10 mg/d of rosuvastatin monotherapy (B)
[unpublished data from personal archive].

In 2013 the post hoc analysis of the Incremental
Decrease in End Points Through Aggressive Lipid
Lowering (IDEAL) trial (n = 8863) showed that
high dose atorvastatin treatment (80 mg) in 1081
(12.2%) patients, who had an ALT ≥ ULN resulted
[116]
in normalisation of ALT values
. The higher the
atorvastatin dose (80 mg/d) the greater the reduction
[116]
in liver enzyme levels .
In 2014 a pilot study (n = 6) with 10 mg/d of rosu
vastatin monotherapy in biopsy proven NASH patients
with MetS, showed within one year of treatment a
normalisation of lipid profile, all liver enzymes, and
complete resolution of NASH in the repeat biopsy
(fibrosis, necroinflammation, ballooning, and steatosis
were totally absent and histology revealed a normal
[117]
liver tissue) in 5 out of 6 patients
. In 2015 we
completed the study, for which the pilot was designed
(unpublished data), with 20 biopsy proven (repeat
biopsy after 12 mo of treatment) NASH patients
with MetS treated with rosuvastatin 10 mg/d as
monotherapy. The results remained as impressive as
in the pilot study (Figure 2) and this study confirmed
that the patients did not have MetS any longer, due
to the reduction in TGs, the increase in high density
lipoprotein cholesterol (HDL-C), and a paradoxical
(substantial by 20 mg/dl) reduction in fasting plasma
glucose. Waist circumference and body mass index
did not change, thus, the improvement could not be
attributed to reduction of (abdominal) obesity.
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Table 1 Studies evaluating the effect of hypolipidaemic drug treatment on non-alcoholic fatty liver disease or non-alcoholic
steatohepatitis
Year n of all

Ref.

n with
NAFLD/
NASH

Method of
diagnosis of
NAFLD/NASH

Drug

Dose/d

Duration of
treatment

Results-main findings

Gómez-Domínguez 2006
et al[107]
Hyogo et al[108]
2008

25

22

ALT levels

Atorvastatin

10-80 mg

12 mo

Normalization of ALT and lipid profile

31

31

Biopsy-proven
NASH

Atorvastatin

10 mg

24 mo

Kimura et al[109]

2010

45

45

Atorvastatin

10 mg

12 mo

Nelson et al[110]

2009

16

10

Biopsy-proven
NASH
Biopsy-proven
NASH

Simvastatin

20 mg

12 mo

Athyros et al[111]

2010

1600

437

ALT levels
-ultrasonography

Atorvastatin

24 mg

3 yr

Hyogo et al[112]

2011

20

13

Biopsy-proven
NASH

Pitavastatin

2 mg

12 mo

Hyogo et al[113]

2012

42

42

Biopsy-proven
NASH

Atorvastatin

10 mg

12 mo

Nakahara et al[114]

2012

19

19

Biopsy-proven
NASH

Rosuvastatin

2.5 mg

24 mo

Athyros et al[115]

2011

1123

326

ALT levels
-ultrasonography

Atorvastatin

20-30 mg

42 mo

Tikkanen et al[116]

2013

8863

1081

ALT levels

Atorvastatin
Simvastatin

80 mg
20-40 mg

5 yr

Liver steatosis and NAFLD activity score were
significantly improved;
in 4 increase in fibrosis stage.
The steatosis grade and NAFLD activity score
were significantly improved.
No statistically significant improvement
in serum ALT, hepatic steatosis,
necroinflammatory activity or stage of fibrosis
within or between groups.
Improved ALT, AST, GGT, AP, and
ultrasonography.
Reduced cardiovascular events more than
those without NAFLD (P = 0.007).
Improved NAFLD activity score and fibrosis
stage In 54% and 42%, respectively, improved
histology, however, 3/13 patients progression
of fibrosis.
Improved NAFLD activity score,
normalization of liver enzymes and TNF-a,
and increased liver to spleen density ratio.
NAFLD activity score and fibrotic stage
did not change significantly in all patients,
they were improved in 33.3% and 33.3% of
patients, and stayed stable in 33.3% and 55.6%,
respectively.
Improved ALT, AST, GGT, AP, and
ultrasonography. Eradicated cardiovascular
events in high dose group.
Normalization of liver enzyme values and
greater CVD benefit with atorvastatin in the
elevated ALT group.

Kargiotis et al[117]

2014

6

6

Biopsy-proven
NASH

Rosuvastatin
Monotherapy

10 mg

12 mo

Complete resolution of NASH in 5 patients.
Normalization of liver enzyme values in all
patients.

Park et al[122]

2011

45

45

Biopsy-proven
NASH

Ezetimibe

10 mg

24 mo

Zhu et al[124]

2008

72

72

ALT levels
-ultrasonography

n-3 PUFA

6g

6 mo

Steatosis grade, necroinflammatory grade,
ballooning, and NAFLD activity score were
significantly improved from baseline. Fibrosis
stage was not significantly changed.
ALT was reduced but other liver enzymes not.
Ultrasonography improved in 53% of patients

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AP:
Alkaline phosphatase; CVD: Cardiovascular disease; GGT: Gamma-glutamyltransferase.

controlled trials- RCTs), involving 355 NAFLD patients,
tested omega-3 vs control treatment for a period
[125]
from 8 wk to 12 mo . Results showed that omega-3
fatty acids were beneficial vs placebo in reducing
[125]
liver fat and decreasing AST, but not ALT activity
.
Sub-analyses of only the 5 RCTs showed a significant
benefit for omega-3 fatty vs control on liver fat,
[125]
but not for ALT or AST
. The pooled data suggest
that omega-3 polyunsaturated fatty acid (PUFA)
supplementation may decrease liver fat, however, the
[125]
optimal dose could not be found .
Recently, several high quality reviews on NAFLD/
[126-129]
NASH and CVD risk have been published
. These
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recent reviews focused on the relation of NAFLD/NASH
or other ectopic fat deposition with CVD risk or even
more specific with the risk of arrhythmic complications
in these patients, focusing mainly to pathophysiological
mechanisms and dedicated a rather small portion to
[126-129]
treatment
. In contrast, our review focused on
specific NASH characteristics (degree of liver fibrosis
and CVD risk) or confounding factors (NAFLD-chronic
kidney disease and CVD risk as well as NAFLD-arterial
stiffness and CVD risk) that could all be treated with a
single drug, a statin. However, given that improvement
of NAFLD/NASH with concomitant reduction in CVD risk
may not be a drug class effect, we had to analyze the
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effect of specific regiments at specific doses for specific
treatment periods on the progression, amelioration
or even reversal of NAFLD/NASH. This is the main
difference between our review and the excellent recent
analyses on this issue mentioned above.

risk factor. However, it seems that simple steatosis
is not related with higher total, CVD or liver-related
mortality compared with the general population. In
contrast, increasing values of liver fibrosis scores (in
NASH patients) is linked to a progressive increase
in total mortality by approximately 70% compared
with subjects without fibrosis. The increase in overall
mortality was mainly due to a higher CVD mortality.
Besides fibrosis, the development of CKD substantially
increases total and CVD mortality. NAFLD/NASH
is considered to be a risk factor for CKD and CKD
contributes to NAFLD pathogenesis within a vicious
cycle. Liver and kidney disease progress in parallel
substantially reducing life expectancy. NAFLD/NASH
increase AS which is independently associated with
increased CVD risk across many different patient groups
and even in the general population. Early detection of
NAFLD/NASH, advanced fibrosis, CKD and increased
AS could lead to the treatment of this cluster of CVD
risk factors with lifestyle measures and multifactorial
drug intervention, mainly based on high intensity
statins at moderate to high doses. These seem to be
safe, resolve NAFLD/NASH and could contribute to the
[118,119,130,131]
primary or secondary prevention of CVD
.

Effect of statins on CVD morbidity and mortality in
NAFLD patients

There are no prospective RCTs that investigated
the effect of statins on CVD morbidity and mortality
in NAFLD/NASH patients. Existing data come from
[111]
post hoc analyses of 3 survival trials: GREACE
,
[115]
[116]
ATTEMPT , and IDEAL .
The GREACE post hoc analysis showed that in
patients with mild to moderate elevations of serum
transaminases, most probably due to NAFLD as
indicated by liver ultrasonography, in the absence of
alcohol abuse history and the exclusion of other liver
diseases, 24 mg/d of atorvastatin induced substantial
reductions in CVD events (68% vs usual care)
during the 3-year follow-up period compared with
the participants with CHD and normal liver enzymes
[111]
(39% vs usual care); p = 0.007
. This confirmed
the pattern of the higher the CVD risk, the greater the
benefit from effective therapy. Moreover, the study
results showed that those patients with overt CVD and
NAFLD that were at very high risk for recurrent CVD
events or CVD death were those who were deprived of
statin therapy, up to 10 years ago, because the fear of
a transaminase increase with a statin.
The ATTEMPT study was a primary prevention
study in patients with MetS without overt CVD or
T2DM and its post hoc analysis investigated the effect
of atorvastatin-based multifactorial intervention on
[115]
ultrasonography verified NAFLD
. There were no
CVD events in patients with LDL-C levels < 100 mg/dl
(atorvastatin dose 34 mg/dl) for the 42 mo of the
duration of the study, while there were 5 non-fatal
events occurring in the lower atorvastatin dose (24
mg/d) group (log-rank-p = 0.024).
The IDEAL post hoc analysis showed a substantially
reduced 5-year CVD event rate with atorvastatin 80
mg/d in patients with elevated transaminases levels
(probably due to NAFLD) as compared with 20-40 mg
of simvastatin, a less effective dose of a less effective
hypolipidaemic agent (11.5% for simvastatin and 6.5%
for atorvastatin, HR = 0.556; 95%CI: 0.367-0.842;
[116]
p = 0.0056) . This totally confirmed the findings of
GREACE and ATTEMPT studies.
Thus, it seems that statin treatment is safe in
[102-105]
NAFLD/NASH patients
, may contribute to the
[107-117]
normalization of liver function and structure
, and
reduces CVD morbidity and mortality in these high
[111,115,116]
CVD risk patients
.
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TOPIC HIGHLIGHT
2015 Advances in Liver Transplantation

Predictive roles of intraoperative blood glucose for posttransplant outcomes in liver transplantation
Chul Soo Park
to intraoperative hyperglycemia. In contrast to the
strict glucose control performed in the intensive care
unit, no systematic protocol has been developed for
glucose management during LT. Intraoperative blood
glucose concentrations typically exceed 200 mg/dL
in LT, and extreme hyperglycemia (> 300 mg/dL) is
common during the neohepatic phase. Only a few
retrospective studies have examined the relationship
between intraoperative hyperglycemia and posttransplant complications, with reports of infectious
complications or mortality. However, no prospective
studies have been conducted regarding the influence of
intraoperative hyperglycemia in LT on post-transplant
outcome. In addition to absolute blood glucose values,
the temporal patterns in blood glucose levels during LT
may serve as prognostic features. Persistent neohepatic
hyperglycemia (without a decline) throughout LT is a
useful indicator of early graft dysfunction. Moreover,
intraoperative variability in glucose levels may predict
the need for reoperation for hemorrhage after LT.
Thus, there is an urgent need for guidelines for glucose
control in these patients, as well as prospective studies
on the impact of glucose control on various posttransplant complications. This report highlights some
of the recent studies related to perioperative blood
glucose management focused on LT and liver disease.
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Core tip: Despite the fact that blood glucose control
is essential in critically ill patients, glucose levels are
typically not managed effectively in patients undergoing
liver transplantation. Currently, there are insufficient
data from clinical studies on intraoperative glucose
in liver transplantation to establish guidelines for
glucose management of these patients. Intraoperative

Abstract
Diabetogenic traits in patients undergoing liver
transplantation (LT) are exacerbated intraoperatively
by exogenous causes, such as surgical stress, steroids,
blood transfusions, and catecholamines, which lead
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features of blood glucose levels may be related
to immediate and deleterious outcomes after liver
transplantation. Identification of these associations will
help to emphasize the prognostic role of intraoperative
glucose, and stimulate the establishment of a standard
protocol for intraoperative glucose management in liver
transplantation.

as hyperinsulinemia. Whereas patients with liver
cirrhosis show essentially normal hepatic production
[17,18]
of glucose
, hypoglycemia can develop in cases of
[19]
acute decompensated liver failure . Hypersecretion
of glucagon can often compensate for this decrease in
[17]
hepatic glucose production .
Insulin resistance is associated with endothelial
dysfunction in patients with cirrhosis, which increases
hepatic vascular resistance and promotes portal
[20]
hypertension . In addition, it contributes to the
development of various complications, such as
hepatic fibrosis, steatosis, hepatic carcinoma, and
[21]
resistance to anti-viral treatments . Chronic hepatitis
C virus infection, which is the leading cause for LT
in Western countries, can lead to insulin resistance
via upregulation of inflammatory cytokines, such
[22]
as tumor necrosis factor-α , phosphorylation of
[23]
insulin-receptor substrate-1 , upregulation of
gluconeogenic genes, such as glucose-6-phosphatase
[24]
and phosphoenolpyruvate carboxykinase 2 , and the
[25]
accumulation of lipid droplets . Such insulin resistance
results in hypersecretion of insulin in approximately
80% of patients with chronic liver disease, and
oral glucose tolerance tests universally reveal high
sensitivity for hyperinsulinemia in non-diabetic patients
[26]
with nonalcoholic fatty liver disease .

Park CS. Predictive roles of intraoperative blood glucose for
post-transplant outcomes in liver transplantation. World J
Gastroenterol 2015; 21(22): 6835-6841 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/6835.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.6835

INTRODUCTION
Patients with end-stage liver disease have impaired
glucose metabolism, which can manifest as glucose
[1,2]
intolerance or full diabetes mellitus . Blood glucose
status in these patients often worsens considerably
during liver transplantation (LT). Sudden increases in
intraoperative blood glucose can result from intrinsic
diabetogenic traits and from a variety of exogenous
factors, such as surgical stress, corticosteroids,
glucose-containing fluid solutions, blood transfusions,
[1,3,4]
and catecholamine vasopressors
.
Despite the strict guidelines used for blood glucose
[5-7]
control in intensive care unit (ICU) patients
,
intraoperative criteria for blood glucose control during
LT have not yet been established. Although more than
20 units of insulin are typically administered during
[3,8]
LT , it is almost impossible to maintain blood glucose
levels within a preoperatively sustained range. In fact,
extreme hyperglycemia with blood glucose > 300
mg/dL is not uncommon during the neohepatic phase
[1,9]
after reperfusion to the liver graft .
Hyperglycemia can increase morbidity and
[10-12]
mortality in critically ill patients
. Clinical studies on
the impact of perioperative blood glucose have been
conducted in major surgical fields, particularly cardiac
[13-15]
surgery
. However, severe hyperglycemia in LT
has not been rigorously investigated in terms of posttransplant sequelae. Therefore, this review examines
the associations of intraoperative blood glucose with
clinical outcomes during the immediate period after LT
in order to encourage clinicians to pay more attention
to the importance of blood glucose management in LT.

LT

During orthotopic LT, blood glucose concentrations
typically increase abruptly from 110 ± 46 mg/dL to
204 ± 60 mg/dL in the preanhepatic phase (phase Ⅰ),
followed by a further increase to 384 ± 72 mg/dL
[27]
during the neohepatic phase (phase Ⅲ) . There are
few data on blood glucose trends in living-donor LT.
Figure 1 shows the perioperative blood glucose trend
beginning from the preoperative day to post-transplant
day 30 in patients who recently underwent livingdonor LT at our center. Blood glucose concentrations
peaked during the neohepatic phase, began to decline
3 h post-reperfusion near the end of LT, and then
decreased abruptly two days post-transplantation.
Renal contributions: Although plasma insulin
concentrations increase concomitantly with blood
glucose, hyperinsulinemia does not effectively reduce
[4]
hyperglycemia during the neohepatic phase . This
may be because post-reperfusion hyperglycemia is not
mainly due to insulin hyposecretion, but to peripheral
insulin resistance in glucose metabolism, which is
exacerbated by the hepatectomy. As the kidney and
[28]
gut are also involved in gluconeogenesis , the risk for
hypoglycemia is increased with chronic renal failure,
due to the suppression of renal glucose release and
[29]
decreased glycogen storage . Thus, patients with
renal failure usually have hyperinsulinemia due to
decreased renal clearance and the effects of uremic
[30]
toxin on the liver . Additionally, the subsequent
malnutrition or muscle wasting may be more severe,

GLUCOSE DYSREGULATION
Insulin resistance in liver disease

Approximately 30%-60% of cirrhotic patients
suffer from metabolic disorders related to blood
[16]
glucose, known as “hepatogenic diabetes” . Its
pathophysiologic bases include insulin resistance
in muscle, hepatic, and adipose tissues, as well
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which decreases their hepatic glycogen stores
[31]
and gluconeogenic capacity . Moreover, acidosis
would limit the ability of the liver to compensate via
[32]
hepatorenal reciprocity to maintain normoglycemia .
As a result, blood glucose must be monitored closely
during the anhepatic phase in patients with severely
damaged renal function undergoing LT because of the
risk of hypoglycemia.

Association recommends initiating insulin infusions
in critically ill patients at a blood glucose level no
[39]
greater than 180 mg/dL . The target glucose level is
140-180 mg/dL, and levels below 110 mg/dL should
be avoided, even if a lower target may be beneficial in
some patient groups.

BLOOD GLUCOSE AND POSTTRANSPLANT OUTCOMES

Exogenous contributions: Corticosteroid administration
[33]
can exacerbate preexisting insulin resistance ,
and cause increased release of counterregulatory
hormones, such as glucagon, adrenaline, noradre
naline, growth hormone, and cortisol. Therapeutic
infusion of vasoactive drugs, such as epinephrine,
norepinephrine, and dopamine, can also contribute
to the increased blood glucose levels. Other sources
include glucose within blood transfusions, and hepatic
glucose released by the graft, which is accelerated
[34]
during rewarming and after perfusion . Indeed,
the abrupt aggravation of hyperglycemia during the
neohepatic phase is mainly caused by glucose influx
[4]
from the grafted liver .

Hyperglycemia and post-transplant infection

Target levels in critically ill patients

Until the early 2000s, strict blood glucose control
(targeting 80-110 mg/dL) was recommended
[5-7]
as standard practice in ICUs
. This protocol
decreased patient morbidity and mortality compared
to conventional management of blood glucose
(targeting 180-200 mg/dL). However, the intensive
insulin therapy was accompanied by a high risk of
[10]
hypoglycemia . Updated guidelines for regulating
blood glucose now advise treating ICU patients to
[35,36]
achieve levels ≤ 180 mg/dL
. This guideline was
formulated based largely on the results of the multicenter NICE-SUGAR trial conducted in Australia, New
Zealand, and Canada, which reported a lower incidence
of hypoglycemia and hospital mortality compared to
[37]
stricter blood glucose control .

Two retrospective studies have documented an
association between intraoperative hyperglycemia
during LT and post-transplant infectious compli
[3,9]
[3]
cations . In the study by Ammori et al in 2007
that included 184 patients undergoing LT, the overall
infection rate (including superficial skin infection,
pneumonia, blood stream infections, peritonitis, urinary
tract infection) during the first 30 d post-transplant
was significantly higher (48%) in the group with poorly
controlled hyperglycemia compared to those with wellcontrolled blood glucose (< 150 mg/dL; 30%). In the
[9]
study of 680 LT patients by Park et al in 2009, severe
hyperglycemia (≥ 200 mg/dL) increased the risk
of surgical site infection during the immediate posttransplant period by more than twofold (RR = 2.25,
[9]
95%CI: 1.26-4.03) .
Hyperglycemia influences major components of the
immune system that combat infection. For example,
early inflammatory responses to tissue injury are
suppressed as a result of elevated expression of
adhesion molecules, impaired complement activation,
interference with the kininogen-bradykinin system,
[40-42]
dysregulation of endothelial nitric oxide production
,
and increased levels of proinflammatory cytokines,
such as interleukins 1β and 18 and tumor necrosis
[43]
factor-α . Hyperglycemia weakens macrophage
[44,45]
phagocytosis, and reduces neutrophil adherence
,
[46]
chemotaxis, and reactive oxygen species production .
In addition, hyperglycemia interferes with the
[47]
glycosylation of immune proteins and collagen .

Blood glucose during LT

Glucose variability and post-surgical complications

MANAGEMENT OF BLOOD GLUCOSE

Variability in blood glucose levels has been studied in
[48,49]
association with mortality in the hospital or ICU
.
However, there are few studies examining surgical
consequences with respect to perioperative variability
in serial blood glucose measurements. A recent singlecenter, prospective cohort study of 1461 patients
undergoing cardiac surgery found that postoperative
glycemic variability increases the risk of major
adverse events, such as death, myocardial infarction,
reoperation, sternal infection, cardiac tamponade,
pneumonia, stroke, and renal failure (RR = 1.3,
[50]
95%CI: 1.1-1.5) . Another retrospective study in
2013 revealed that large variability in preoperative
blood glucose was associated with an increased rate of

Strict glucose control is not likely to be achieved
during LT due to progressive hyperglycemia induced
by exacerbated insulin resistance and exogenous
[9]
intraoperative factors. Park et al found that an
intraoperative blood glucose criterion threshold of
> 200 mg/dL was associated with post-transplant
[3]
surgical site infection, whereas Ammori et al used
a blood glucose criterion of < 150 mg/dL, which
[38]
appears to be a more reasonable goal . However,
due to the lack of any specialized standard protocol,
blood glucose control in LT is maintained in accordance
with inpatient glycemic management guidelines. The
Consensus Statement by the American Association of
Clinical Endocrinologists and the American Diabetes
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Figure 1 Perioperative trend of blood glucose during living-donor liver transplantation. Blood glucose concentrations were measured in 210 patients
undergoing living-donor liver transplantation at St. Mary’s Hospital (Seoul, South Korea) between 2009 and 2013. Ⅰ: Preanhepatic phase; Ⅱ: Anhepatic phase; Ⅲ:
Neohepatic phase; POD: Postoperative day; Preop: Preoperative.
[51]

reoperation (RR = 4.14, 95%CI: 1.30-13.33) .
Only one study evaluated intraoperative glycemic
variability in LT. In this retrospective study of 668 LT
patients in 2010, intraoperative variability in blood
glucose (SD ≥ 55.0 mg/dL) nearly doubled the risk
of reoperation for hemorrhage (RR = 1.9, 95%CI:
[52]
1.2-3.0) . However, the reason for this increased
[53]
risk remains unclear. According to Hendriks et al ,
surgical re-intervention in LT patients is related
to intraoperative blood loss. It is possible that the
turnover in body fluids due to massive blood loss
results in an instability in blood glucose concentrations.
In vitro studies indicate that rapid, wide swings in
glucose levels can adversely affect normal cellular
[54,55]
defenses and coagulation/fibrinolytic systems
.

Moreover, a recent retrospective study found that
hyperglycemia (> 200 mg/dL) maintained until the
immediate post-transplant period was associated with
[60]
liver allograft rejection within one year . The decline
in intraoperative blood glucose that we observed near
the end of the neohepatic phase during LT (Figure 1)
has not been previously described. Future study is
needed to determine whether this decline is associated
with functional recovery of the grafted liver.
Prior reports indicate that pronounced insulin
insensitivity and hyperinsulinemia in liver failure
are attributable to pancreatic hypersecretion and
reduced hepatic insulin clearance, secondary to
[61]
hyperglucagonemia . These metabolic abnormalities
[62]
disappear after successful LT . Thus, resolution of
hyperglycemia would be expected at the end and
immediately following LT upon recovery of liver graft
function.

Persistent neohepatic hyperglycemia and graft
dysfunction

As graft-related problems are the most important
[56]
determinant of initial prognosis after LT , early
detection of graft-related factors is important for
improving post-transplant outcome. Since the early
1990s, blood glucose monitoring has been used as a
[57]
sensitive indicator of early liver-graft function . In
animals receiving partial liver allografts, graft function
was predicted by intraoperative balance of glucose
production and utilization in the liver, measured as
the difference between hepatic glucose inflow (at the
portal vein and hepatic artery) and outflow (from the
[58]
hepatic vein, to the liver) . Impaired glucose uptake
and continuous glycogenolysis causes persistent
reperfusion hyperglycemia, which may be an early
[59]
sign of impaired graft function . Therefore, blood
glucose levels during the neohepatic phase can
be associated with post-transplant liver function.
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Mortality rate

The effect of intraoperative glucose management on
mortality has primarily been examined in patients
undergoing cardiac surgery. Such studies identified
a benefit in patients with myocardial infarction who
received intraoperative infusions of insulin and
[63,64]
potassium
. Additional studies have evaluated
the effects of intensive glycemic control on mortality
[65-67]
following coronary artery bypass grafting
. The
[3]
retrospective study by Ammori et al also reported
one-year mortality rates, which were higher in patients
with poorly controlled hyperglycemia compared to
those with well-controlled glucose levels (21.9% vs
8.8%). A prospective clinical study of the relationship
between intraoperative blood glucose and posttransplant mortality is thus warranted.
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CONCLUSION

11

Patients with end-stage liver disease exhibit hepa
togenic diabetes, which manifests as peripheral
insulin resistance and hyperinsulinemia. During LT,
additional exogenous factors lead to intraoperative
refractory hyperglycemia, with peak blood glucose
levels occurring after reperfusion. As there are no
specific guidelines, conventional methods from
other clinical fields are used for the intraoperative
management of hyperglycemia in these patients.
Retrospective studies demonstrate that intraoperative
hyperglycemia is associated with increased risk
for infection and one-year mortality. Furthermore,
the variability in blood glucose level during LT may
predict post-transplant outcomes. Diabetogenic traits
return after successful LT, so persistent neohepatic
hyperglycemia in association with early indicators of
graft dysfunction should be examined in future studies,
including prospective clinical studies on the influence
of intraoperative blood glucose on post-transplant
outcomes.
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REVIEW

Endoscopic treatment of gastroparesis
Thomas R McCarty, Tarun Rustagi
gastric electrical stimulation implantation. Endoscopic
management of gastroparesis most commonly involves
intrapyloric botulinum toxin injection; however, there
exists a variety of endoscopic approaches on the horizon
that have the potential to radically shift standard of care.
Endoscopic management of gastroparesis seeks to treat
delayed gastric emptying with a less invasive approach
compared to the surgical approach. This review will
serve to highlight such innovative and potentially
transformative, endoscopic interventions available to
gastroenterologists in the management of gastroparesis.
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Core tip: Although a majority of gastroparesis patients
respond to medical treatment, patients with refractory
symptoms pose a therapeutic challenge and are
often referred for surgical management. Endoscopic
management of gastroparesis seeks to treat delayed
gastric emptying with a less invasive approach compared
to the surgical approach. Endoscopic treatment of
gastroparesis most commonly involves intrapyloric
botulinum toxin injection; however, there exists a variety
of endoscopic approaches on the horizon that have
the potential to radically shift the standard of care for
refractory patients.
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Abstract
Gastroparesis has traditionally been a largely medically
managed disease with refractory symptoms typically
falling under the umbrella of the surgical domain.
Surgical options include, but are not limited to, gastro
stomy, jejunostomy, pyloromyotomy, or pyloroplasty,
and the Food and Drug Administration approved
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INTRODUCTION
Gastric emptying is a highly regulated, carefully
choreographed process that demands a harmony
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of synchronized impulses working together as an
impetus for which food can be delivered distally down
the gastrointestinal tract. These propulsive forces are
generated by proximal fundic tone, the interstitial cells
of Cajal, distal antral contractions, and relaxation of
[1]
the pyloric sphincter to create a scripted peristalsis .
Gastroparesis, or delayed gastric emptying, is
characterized by physiologic disturbances in antral
hypomotility, increased gastric outlet resistance, and
[2,3]
pyloric dysfunction without evidence of obstruction .
Patients typically present with dyspepsia-like
symptoms including early satiety, postprandial fullness,
[2,4-6]
bloating, nausea, vomiting, and abdominal pain
.
The most common etiologies of gastroparesis are
[2,7]
idiopathic, diabetic, or post-surgical .
The epidemiology of gastroparesis is not well
known though a small population-based study showed
a prevalence in men and women of 9.6 and 37.8 per
100000 persons and an age-adjusted incidence of
[8]
2.4 and 9.8 per 100000 person-years, respectively .
Gastric-emptying scintigraphy is the gold standard
for the diagnosis of gastroparesis and consensus
recommendations for the procedure involve 99-m
technetium sulfur-colloid labeled low fat, egg-white
[9]
meal with imaging at 0, 1, 2, and 4 h . The diagnosis
of delayed gastric emptying is confirmed if there is
> 90% gastric retention at 1 h, > 60% at 2 h, >
[9,10]
10% at 4 h
. Small, frequent meals along with
medical therapy including prokinetic agents, such as
dopaminergic (D2) antagonists - metoclopramide and
domperidone, or motilin-analogue - erythromycin, are
the first line of treatment.
The majority of data regarding the efficacy of
conventional prokinetic agents for the treatment of
[11-15]
gastroparesis is outdated
. It has been approxi
mately 30 years since the first randomized controlled
trials of the conventional prokinetic agents, metoclopra
mide, domperidone, and erythromycin, have been
published, and despite this, they are still first-line
[16]
agents for the treatment of gastroparesis . Meto
clopramide has been the most extensively studied and
has been associated with less improvement in gastric
[15]
emptying when compared to erythromycin . A metaanalysis assessing benefits of four different drugs in
514 patients in 36 clinical trials reported the macrolide
antibiotic erythromycin as the most potent stimulant of
gastric emptying, while erythromycin and the dopamine
receptor antagonist domperidone (not available in the
United States) are best at reducing symptoms of gastro
[17]
paresis . Currently, several novel pharmacotherapies
such as ghrelin receptor agonists (TZP-101, TZP-102,
RM-131), mitemcinal, prucalopride, velusetrag, levosul
piride are in development, though their clinical efficacy
[16,18,19]
and safety remains to be established
. While it
is generally accepted that a significant percentage of
patients require additional therapy beyond prokinetic
agents, no clear data exists to determine the percentage
of patients who fail medical management.
Patients with symptoms refractory to medical
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therapy pose a therapeutic dilemma. Patients are
often referred for surgical treatment including a variety
of potential procedures not limited to gastrostomy,
jejunostomy, pyloromyotomy, pyloroplasty, and
gastrectomy to improve gastric emptying. Poor and
sometimes unpredictable response, in addition to
the morbidity and mortality of surgical interventions,
has led to the emergence of endoscopic therapies
in management of gastroparesis (Table 1). While
frequently under-utilized, endoscopic treatment strate
gies are at the cusp of altering traditional standard of
care with exciting new developments that have the
potential to radically shift the preferred management of
refractory gastroparesis.

Botulinum toxin injection
Endoscopic intrapyloric botulinum toxin injection (IPBI)
is the most studied and perhaps the most commonly
employed endoscopic treatment for those suffering
from refractory gastroparesis, though this therapy
still remains highly controversial. Botulinum toxin
is a potent inhibitor of neuromuscular transmission
used more commonly for the treatment of spasm in
gastrointestinal sphincters. Botulinum toxin injection
into the lower esophageal sphincter (LES), with or
without endoscopic ultrasound (EUS)-guidance, is an
established safe and effective therapy for management
of achalasia in high-risk surgical patients. Low dose
injection of botulinum toxin in the pylorus muscle
decreases contractility secondary to decreased
acetylcholine release by irreversibly binding to
cholinergic receptors and directly affects muscle tone
[20]
at higher doses . The toxin also reduces substance
P immuno-reactivity and disrupts pyloric myoelectric
[21,22]
activity
.
The procedure involves endoscopic access to the
patient’s pylorus with injection typically in a radial
pattern at or within 2 cm of the pylorus, with a total
[23]
dose of 100 to 200 units . There is an alternative
hypothesis that antroduodenal or pyloroduodenal
manometry may be helpful to evaluate the baseline
pylorus muscle tone to determine the best site for
IPBI to predict response; however, this warrants
[24]
further investigation . The usual duration of benefit
from IPBI ranges from 1 to 5 mo at which time
worsening symptoms can be re-treated with repeated
[23,25]
injections
. It is important to note however, that the
effect of IPBI may not be limited simply to the pyloric
muscle as there have been rare reports of gastric and
intestinal absorption leading to peripheral neuromuscular
[26]
blockade . Despite this, the procedure is typically well
tolerated and safe. There are a multitude of open-label
studies in adults with gastroparesis (regardless of cause
- idiopathic, diabetic, and post-surgical) reporting an
improvement in symptoms and gastric emptying after
[25,27-31]
endoscopic IPBI
. The largest observational study
[25]
including 63 patients by Bromer et al
documented a
43% response rate to botulinum toxin treatment lasting
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Table 1 Summary of endoscopic therapies for refractory gastroparesis
Endoscopic therapies
Intrapyloric botulinum toxin
injection

Gastric electric stimulation

Transpyloric stenting
Endoscopic pyloromyotomy

Endoscopic decompression or
bypass

endoscopic ultrasound-guided
gastrojejunostomy

Technique/mechanism

Advantages

Disadvantages

Radial or direct injection of 100-200 U of
toxin around the pylorus
Toxin binds to cholinergic receptors
resulting in decreased acetylcholine release

Safe and well tolerated

No clear benefit in RCTs

Easy to perform

Need for repeat treatments

Observational studies report high
response rate
Proof of concept design with proven
benefit

Miniature wireless device placed through
over-tube and secured to the gastric
mucosa with endoclips
Device stimulates gastric muscle resulting
in more regular, constant amplitudes

Currently used prior to definitive
surgical placement
Less invasive compared to surgical
placement
Small case series demonstrating a
proven benefit in symptoms

Through-the-scope self-expandable metal
stents placed across the pyloric channel
Submucosal dissection and tunneling
with full separation of the pyloric ring
(myotomy)

Less invasive alternative to traditional
surgical pyloromyotomy

Percutaneous endoscopic jejunostomy
(PEJ) and direct PEJ
Direct post-pyloric enteral nutritional
support
Transluminal anastomosis using selfexpanding, lumen-apposing metal stents

Safe and effective

a mean of approximately 5 mo.
While observational data suggests that botulinum
toxin injections reduce symptoms and accelerate
gastric emptying in both idiopathic and diabetic
gastroparesis, 2 independent, double-blinded,
randomized controlled studies have shown little to no
improvement in gastric emptying and no symptomatic
[32]
improvement compared with placebo . Friedenberg
[33]
et al , using a randomized, double-blind, placebocontrolled trial, explored whether botulinum toxin
improves symptoms to a significantly greater extent
than placebo. In this study, 32 patients were rando
mized to botulinum toxin or placebo with 1-mo followup post endoscopic procedure measuring gastric
retention at 2 and 4 h and symptoms based upon 2
validated scoring systems - the Gastroparesis Cardinal
Symptom Index (GCSI) and the Gastroparesis Visual
Analog Scale (GVAS). While endoscopic botulinum
toxin injection did improve gastric emptying rates, the
benefit was not superior to placebo at 1 mo (67% vs
64% at 2 h, p = 0.56 and 29% vs 28% at 4 h, p =
0.86, for IPBI vs placebo respectively). Additionally,
there was no significant difference or improvement
of symptoms between IPBI compared to the placebo
(GCSI - 34.4 vs 36.4, p = 0.21; GVAS - 603 vs 584, p
= 0.68, respectively). Another randomized-controlled
crossover study including 23 patients, predominantly
with idiopathic gastroparesis, also reported similar
results, with no significant benefit of endoscopic
injection of botulinum toxin over placebo in improving
[34]
either symptoms or rate of gastric emptying .
This discrepancy between open-label and rando
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Lack of human studies

No comparative data to surgically
placed gastric pacers

Limited data
Potential for stent migration
Limited data
Technically challenging with
limited expertise
Potential for complications:
Limited success
Technical difficulty

Decreased morbidity and mortality
compared to surgical approach

Lack of human trials Unknown
long-term safety and patency issues

mized controlled studies may be related to dose of
toxin injected and patient population selected. In a
retrospective cohort study of 179 patients by Coleski
[23]
et al , patients treated with 200 units achieved a
greater improvement in gastroparetic symptoms
1 to 4 mo post intervention compared to those
treated with 100 units (76.7% vs 54.2%, p = 0.02).
On multivariate analysis female gender, age < 50
years, and a non-diabetic or post-surgical etiology
of gastroparesis were found to be associated with a
significant response to therapy in this study.
While the use of botulinum toxin remains highly
controversial, the American Gastroenterological
Association (AGA) currently does not recommend
the use of endoscopic IPBI for patients with gastro
[35]
paresis . However, given the small sample size
of existing studies with conflicting data, there is an
eminent need for larger randomized trials in the future
before a definitive decision or treatment guidelines can
be concluded.

Endoscopic gastric stimulator
implantation
In 2000, gastric electrical stimulation (GES) was
approved by the United States Food and Drug Admini
stration (FDA) as a humanitarian device exemption
in patients with refractory symptoms of diabetic
[36]
or idiopathic gastroparesis . Often referred to as
a gastric pacer, GES uses an implantable device
consisting of a pulse generator that allows for electrical
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stimulation at a variety of frequencies. Permanent
GES for gastroparesis, typically 6 cm x 5.5 cm x 1
cm, requires a lengthy surgical implantation under
general anesthesia. Several case series and small
randomized controlled trials, the most important being
the Worldwide Anti-Vomiting Electrical Stimulation
Study (WAVESS), have shown clinical benefit from
[37-43]
GES
. A subsequent meta-analysis by Chu et
[44]
al
in 2012 confirmed significant improvement
in symptom severity and gastric emptying times,
though many of the analyzed studies were low quality
observational studies lacking control groups. A more
[40]
recent study by McCallum et al
also demonstrated
improvement in weekly vomiting frequency amongst
all patients with idiopathic gastroparesis with a median
reduction of 61.2%. The National Institute of Health
and Care Excellence issued guidelines in 2014 that
stated current evidence is adequate to support the use
[45]
of GES .
As of 2012, surgery was the only means available
to implant the GES device. Although endoscopic
placement of temporary gastric stimulators has been
proven as a concept and is often used to determine
whether a patient will respond to GES before
undergoing a permanent implant surgery, the lack
of a permanent endoscopic solution and the reliance
on future surgery for symptomatic improvement has
[46,47]
limited further endoscopic utilization at present
.
[48]
However, Deb et al
has designed 5 innovative
endoscopic gastric implantation techniques and
developed a novel, wirelessly powered miniature
gastrostimulator. While this early model was conducted
in pig studies with no human data or patient trials,
the study provides an important prototype for other
dysmotility treatment paradigms and provides exciting
new options that may translate in the future to less
invasive endoscopic placement in gastroparetic
patients. This miniature wireless GES device for
endoscopic implantation can be easily inserted into the
stomach through an over-tube with 2 GES electrodes
endoscopically attached to the gastric mucosa
[49]
and secured with endoclips . Electro-gastrogram
recordings have demonstrated that gastric slow waves
become more regular with constant amplitudes when
stomach tissues are stimulated, in comparison with
no stimulation. The frequency-to-amplitude ratio also
[49]
changes significantly with stimulation .
The miniature gastrostimulator and its attachment
techniques have the potential to fundamentally shift
the approach to refractory gastroparesis and provide a
means for endoscopic implantation of gastric stimulator.
Although further studies are required to prove the
efficacy of such device, if shown to be effective, the
possibility of FDA approval given a similar precedent set
by GES would provide a clear indication for endoscopic
management. The endoscopic gastric implantation
device and technique may decrease the need for
surgical implantation of GES and revolutionize the
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preferred management of refractory gastroparesis.

Transpyloric stenting
[50]

A novel approach recently described by Clarke et al
at Johns Hopkins involves the use of through-thescope transpyloric stent placement as a treatment
for gastroparesis. In this small case series (n = 3),
double-layered, fully-covered Niti-S self-expandable
metallic stents (TaeWoong Medical, Seoul, South
Korea) were used to successfully improve symptoms
of gastroparesis. The procedure entails the placement
of a self-expandable stent across the pyloric channel,
deployed under endoscopic guidance without
fluoroscopy. The stent is then fully deployed in the
transpyloric position with its proximal end in the gastric
antrum. Case 1 involved a 23-year-old woman with
diabetic gastroparesis; case 2, a 15-year-old boy with
chronic nausea and vomiting with markedly abnormal
gastric emptying study; and case 3, a 45-year-old
man with idiopathic gastroparesis. In all 3 cases,
patient symptoms markedly improved or became
asymptomatic at 115 d, 122 d, and 174 d follow-up
respectively. While this includes only a case series of 3
patients, the stark improvement and lasting results at
follow-up after the procedure suggest that transpyloric
stent placement improves symptoms associated with
[50]
impaired gastric emptying .
A major concern with transpyloric stenting is
stent migration leading to recurrence of symptoms.
Several stent securing methods such as endoscopic
clips [through-the-scope clip (TTSC) and over-thescope clip (OTSC)] and endoscopic suturing (ES) have
been described to reduce stent migration. Despite
the numerous options available, the question remains
which stent securing method is superior. In a small
[51]
case series by Saxena et al , transpyloric stent
placement and fixation was performed in patients with
refractory gastropariesis. The stent was anchored to
the antral mucosa with either no device, TTSC, OTSC,
or ES. A total of 17 patients underwent 28 transpyloric
stent placements with 100% success rate regardless
of method. Stent migration occurred as expected
in 100% of those with no device; however stent
migration was significantly lower in the ES vs TTSC
group (16.7% vs 100%, p = 0.02). Stent migration
occurred more frequently in the OTSC placement
group as compared to the ES group (52.9% vs 16.7%,
p = 0.075). With this data, albeit limited due to the
number of the patients studied, there is evidence for
concern regarding stent migration with transpyloric
stent placement; however, it appears this can be
minimized with OTSC and endoscopic suturing.
Currently, future studies are required to truly
ascertain the long-term durability, utility, and preferred
method for transpyloric stenting and fixation. Until that
time, transpyloric stenting will remain a limited option
for endoscopists in the management of patients with
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refractory gastroparesis.

more severe symptoms and can be seen in up to 30%
[57,58]
of grade 3 gastroparesis
. Direct percutaneous
endoscopic jejunostomy (DPEJ) is a push enteroscopy
technique that was first described by Shike et
[59]
al , and offers another approach to provide direct
postpyloric enteral nutritional support. Percutaneous
endoscopic jejunostomy (PEJ) is a safe and effective
means to palliate malnutrition in patients with severe
[60,61]
[62]
gastroparesis
. Maple et al
demonstrated, in the
largest cohort study to date, clinical outcomes with
DPEJ and included 307 attempts at PEJ placement
with a success rate of 68%. While this study included
multiple indications for DPEJ placement, gastroparesis
was a substantial proportion (n = 61 or 21%). A
[63]
case series by Toussaint et al , showed a PEJ
technical success rate of 78.6% with no immediate
complications reported; however, this was based upon
a small sample size of 14 patients total. Based on
these data, PEJ should be considered in the algorithm
of enteral access for nutritional support before jejuno
stomy is considered.
The main limitation of DPEJ is technical difficulty
as the jejunum is narrow, making it more difficult
[64]
to advance a needle directly into the lumen . This
difficulty can be alleviated with balloon-assisted
[65]
[66]
enteroscopy (BAE) . Aktas et al
reported the first
prospective study in which single-balloon enteroscopy
(SBE)-assisted DPEJ was successful in 11 of the 12
procedures (92%). In this prospective case study,
SBE was shown to facilitate the identification of an
ideal DPEJ insertion site for the placement of a direct
percutaneous jejunal feeding tube. While again this
study is limited in size, the results were similar to
previous small case series using double-balloon
[65,67]
enteroscopy (DBE)-assisted DPEJ placement
.

Endoscopic pyloromyotomy
[52]

Rao et al demonstrated that phasic motor activity in
the antrum and duodenum can be stimulated by fundic
balloon distention. While there are no such studies to
determine the effect of pyloric channel distention on
the interstitial cells of Cajal in the stomach or gastric
emptying, endoscopic pyloromyotomy and manipulation
of the pylorus may improve gastroparesis refractory
to medical management. With this notion of distention
or disruption of the pylorus to improve gastroparetic
[53]
symptoms, Khashab et al
demonstrated the
feasibility and efficacy of this approach with a case
report of the first human gastric peroral endoscopic
myotomy (G-POEM) in a patient with severe refractory
gastroparesis. The procedure was well tolerated with
vast improvement in gastroparetic symptoms noted at
12-wk follow-up.
This technique is similar in principle to the
submucosal dissection and myotomy performed for
[54]
the treatment of achalasia . Techniques through
a submuscoal tunnel were first described in animal
[55]
models by Pasricha et al
in 2007. Endoscopy is
performed and involves myotomy of the inner circular
and oblique muscle bundles 2-5 cm proximal to the
pylorus on the anterior wall of the stomach, preserving
the longitudinal muscle layers with larger vessels in
the submucosa coagulated. This is then followed by
endoscopic pyloromyotomy by dissecting the pylorus
until deeper layers become evident with full separation
[54,56]
of the pyloric ring
.
[56]
In another study by Shlomovitz et al , endoscopic
pyloromyotomy was performed in 7 female patients
with early follow-up suggesting promising symp
tomatic improvement in 6 of the 7 and normal gastric
emptying studies at 4 h noted in 4 of the 5 patients.
One patient that did not respond subsequently
underwent laproscopic pyloroplasty. Complications
included gastrointestinal bleeding in one patient 2 wk
after the procedure and pneumonia. Despite these com
plications, this endoluminal pyloromyotomy technique
could provide an incision-less, less invasive alternative
with similar functional outcome as compared to
[56]
standard laparoscopic pyloroplasty . While the
small number of cases certainly limits the ability to
determine the true impact of this procedure in the
management of gastroparesis, with more frequent
use, increasing technical experience, and more data,
endoscopic pyloromyotomy has exciting potential to
be at the forefront in the endoscopic management of
gastroparesis.

ALTERNATIVE TO SURGICAL
GASTROJEJUNOSTOMY
While surgical gastrojejunostomy is a potential
treatment option for patients with gastroparesis, the
procedure is associated with substantial morbidity
and mortality when patients are in less than ideal
[68-71]
[72,73]
clinical condition
. Fritscher-Ravens et al
[74]
and Binmoeller et al
first described EUS-guided
gastrojejunostomy in pigs by using a compression
button and lumen-apposing metal stent, respectively.
These studies were built upon the success of previous
[75]
studies - notably Cope et al
creating the first
transluminal anastamosis using self-expanding metal
[76]
stents (SEMS) and Chopita et al
reporting the
first clinical trial using fully covered version of the
[72,73]
flared stent. While the Fritscher-Ravens et al
and
[74]
Binmoeller et al
studies were performed as possible
alternatives to surgical bypass for the palliation of
malignant gastric outlet obstruction, more benign
conditions such as gastroparesis may potentially
benefit from this transluminal therapy.

Endoscopic decompression or
bypass
Enteral nutrition and feeding is sometimes required for
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[77]

An additional study performed by Itoi et al ,
developed a new enteric tube that allowed for the
entrapment of fluid between the double balloons
without the need to use tissue-opposing devices such
as tilt tags. This maintains distention of the small
bowel between the double balloons at the initial FNA
needle puncture site. Although simply a pilot study, all
stents, with exception of one stent, were successfully
deployed without complication. All animals showed
normal eating behavior without signs of infection at
1-mo follow-up post procedure. Endoscopic gastric
imaging showed patent stents in all pigs. While this
study lacks power, the initial findings are impressive.
The development of a EUS-guided gastrojejunostomy
appears to be promising as a minimally invasive
treatment.
Although surgical gastrojejunostomy has been
shown to improve gastroparetic symptoms, EUS-guided
gastrojejunostomy warrants further investigation
owing to unknown long-term stent safety and patency
[74]
issues . Ideally, the stent can be removed after an
interval of time, leaving a permanent fistula tract.
However, studies are needed to determine the necessary
pressure gradient and initial gastrojejunostomy
tract diameter in order to maintain long-term fistula
patency after stent removal. The minute amount of
data available to date, while optimistic and potentially
transformative, requires repeat analysis and trials
with human study before implementation into the
gastroenterologist’s everyday arsenal. However, given
the technical success of studies above, the future
of endoscopic gastrojejunostomy using EUS-guided
lumen-apposing metal stents is bright with the potential
to diminish the need for invasive surgeries and improve
symptoms of gastroparesis refractory to medical
management.
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CONCLUSION
In summary, there is a wealth of potential endoscopic
approaches that may one day be at the disposal
of endoscopists. While many of these procedures
and pioneering approaches have the potential to be
ground-breaking and radically transform the standard
management algorithm of refractory gastroparesis, all
of them require more studies to validate, corroborate,
and substantiate early optimistic data. The opportu
nities for less invasive endoscopic treatment of
gastroparesis are abundant and inspiring. From further
studies to evaluate the true effectiveness of IPBI to the
potential for EUS-guided lumen-apposing metal stents
for gastrojejunostomy, the role of endoscopic therapies
in management of gastroparesis is likely to expand in
near future.
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Abstract
A pancreatic pseudocyst (PPC) is typically a compli
cation of acute and chronic pancreatitis, trauma or
pancreatic duct obstruction. The diagnosis of PPC
can be made if an acute fluid collection persists
for 4 to 6 wk and is enveloped by a distinct wall.
Most PPCs regress spontaneously and require no
treatment, whereas some may persist and progress
until complications occur. The decision whether to treat
a patient who has a PPC, as well as when and with
what treatment modalities, is a difficult one. PPCs can
be treated with a variety of methods: percutaneous
catheter drainage (PCD), endoscopic transpapillary or
transmural drainage, laparoscopic surgery, or open
pseudocystoenterostomy. The recent trend in the
management of symptomatic PPC has moved toward
less invasive approaches such as endoscopic- and
image-guided PCD. The endoscopic approach is suitable
because most PPCs lie adjacent to the stomach. The
major advantage of the endoscopic approach is that
it creates a permanent pseudocysto-gastric track with
no spillage of pancreatic enzymes. However, given
the drainage problems, the monitoring, catheter
manipulation and the analysis of cystic content are very
difficult or impossible to perform endoscopically, unlike
in the PCD approach. Several conditions must be met
to achieve the complete obliteration of the cyst cavity.
Pancreatic duct anatomy is an important factor in the
prognosis of the treatment outcome, and the recovery
of disrupted pancreatic ducts is the main prognostic
factor for successful treatment of PPC, regardless of
the treatment method used. In this article, we review
and evaluate the minimally invasive approaches in the
management of PPCs.
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review article presents and critically evaluates the
minimally invasive approaches for the treatment of
PPCs.

Core tip: Pancreatic pseudocysts (PPCs) are common
complications of acute and chronic pancreatitis,
pancreatic trauma, and pancreatic duct obstruction.
They can be treated with a variety of methods: percu
taneous catheter drainage, endoscopic transpapillary
or transmural drainage, laparoscopic surgery, or open
pseudocystoenterostomy. It is a difficult decision
whether to treat a patient with a PPC and if so, with
what treatment modalities and when. This article
presents and critically evaluates the minimally invasive
approaches for the treatment of PPCs.

DIAGNOSIS OF PPCS
The distinction between PPC and other similar entities,
such as benign and malignant cystic lesions, vascular
pathology such as pseudoaneurysms and hematomas,
seromas, abscesses, and bilomas, is crucial in the
decision to treat a patient who has a PPC, as well
as when and by which method. This requires the
correlation of often complex and overlapping clinical
presentations and laboratory findings with those of
imaging studies, such as ultrasound (US), computed
tomography (CT), and magnetic resonance imaging
[15,16]
(MRI)
.

Zerem E, Hauser G, Loga-Zec S, Kunosić S, Jovanović P, Crnkić
D. Minimally invasive treatment of pancreatic pseudocysts.
World J Gastroenterol 2015; 21(22): 6850-6860 Available from:
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Clinical presentation and laboratory findings

PPC is typically asymptomatic, and its clinical
presentation tends to occur in cases with complications
throughout their clinical course. During physical
examination, the most common presenting symptoms
that might be attributed to the development of
symptomatic PPC are persistent abdominal pain
and/or an epigastric mass with a persistently raised
[17]
serum amylase level . Clinical presentations
of PPC complications are infection, rupture and
[7,17]
haemorrhage
. Infection occurs in approximately
10% of cases and is characterized by fever and
abdominal pain. The leakage of the content from the
PPC into the peritoneum can cause the appearance of
pancreatic ascites. However, sudden rupture of the PPC
into the peritoneum produces severe peritonitis that
is often fatal. Haemorrhage is caused by the erosion
of the small vessels that line the cyst wall or the
erosion of surrounding major blood vessels. Intracystic
bleeding leads to a rapid enlargement of the PPC,
which produces pain and shock. Spontaneous rupture
of the PPC into the gastrointestinal tract can result in
the drainage of its contents into the gastrointestinal
tract and the amelioration of symptoms. However, this
is often associated with vomiting, hematemesis and
[17]
melena .
Laboratory findings have a limited value in the
diagnosis of PPC. Serum amylase and lipase levels are
persistently elevated in up to 76% of patients with
PPC. When PPC produces a biliary obstruction, the
[17]
serum bilirubin level is increased .

INTRODUCTION
A pancreatic pseudocyst (PPC) is defined as a collec
tion of fluid in the peripancreatic or intra-pancreatic
tissues, is surrounded by a well-defined wall and
[1]
contains essentially no solid material . PPCs are
usually complications of both acute and chronic pancrea
titis, pancreatic trauma, and pancreatic duct (PD)
[2-6]
obstruction .
It is a difficult decision whether to treat a patient
who has a PPC, and if so, when and with what
treatment modalities. PPCs should initially be managed
conservatively because many resolve spontaneously
within 4 to 6 wk. Although most PPCs regress spon
taneously and require no treatment, some (especially
those larger than 6 cm) require treatment to prevent
cystic infection, rupture, haemorrhage, and the
resultant obstruction of the stomach, small bowel,
[7,8]
colon or bile ducts .
Traditionally, surgical approach was the treatment
of choice for symptomatic PPCs. Although surgery
is effective, complications can occur in up to 35%
of patients, and death from surgery has also been
[9]
noted . The recent trend in the management of
symptomatic PPC has been toward less invasive
approaches such as endoscopic and image-guided
[2-13]
percutaneous catheter drainage (PCD)
.
Several conditions must be met to achieve the
complete obliteration of the cyst cavity. PD anatomy
is an important factor for the prognosis and the
treatment outcomes. When PPC-PD communication
is identified, the mean duration of drainage increases
to weeks or months, depending on the condition of
the PD. The recovery of a disrupted PD is the main
prognostic factor for successful treatment of PPC
[2,11,12,14]
regardless of the treatment method
. This
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Imaging evaluation

The diagnosis of a PPC is usually established by
imaging studies, whereby a rapid progress in the
improvement of diagnostic modalities enables
detection with high sensitivity and specificity.
Because transabdominal ultrasonography is a very
inexpensive and noninvasive technique, it should be
performed as a first step in the diagnosis of PPCs.
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mass, the lack of pre-existing pancreatic disease, and
multilocular cysts with non-calcified walls thicker than
1 cm, all indicate the likelihood of a cystic malignant
tumour. EUS or US-guided diagnostic puncture and
sampling of the fluid content and of the PPC wall helps
[27-29]
to distinguish cystic malignancies from PPCs
.
Research has recently focused on the identification of
new biomarkers for the diagnosis of malignant lesions.
Important criteria for malignancy are a markedly
elevated carcinoembryonic antigen (CEA) value in the
cyst fluid (over 192 ng/mL) and increasing viscosity of
[18,30]
the cyst content
.

US has a diagnostic sensitivity of 75% to 90% in
detecting PPCs and the technique is highly dependent
on the experience of the examiner. It has a limited
role in the assessment of small PPCs (smaller than
10 mm). However, small PPCs are asymptomatic and
without clinical significance, usually not requiring any
[2,17]
treatment
.
Endoscopic ultrasound (EUS) may typically display
a small PPC, being the best method in distinguishing
acute fluid collections from pancreatic abscesses
and PPCs, with high sensitivity (93% to 100%) and
[18,19]
specificity (92% to 98%)
. Besides, EUS can
accurately define the proximity of the PPC to the gut
lumen and surrounding large blood vessels. Limitations
of EUS are its inability to demonstrate large PPCs
which extend into peripancreatic areas in their entirety,
and display PPCs which are more than 1 cm distant
[20,21]
away from the gastric or duodenal wall
.
CT scanning is a standard and precise imaging
modality in the setting of PPCs, with 82% to
100% sensitivity and 98% specificity. CT scan is
more effective than US in detecting the secondary
complications of a PPC, such as infection; hemorrhage,
[18,22]
and involvement of adjacent structures
.
Endoscopic retrograde cholangiopancreatography
(ERCP) may be useful in patients who require
delineation of PD anatomy, helping to devise optimal
therapy. Although ERCP provides less information
regarding the pancreatic size and surrounding visceral
structures than CT and ultrasound, it renders important
information on the anatomy of the pancreatic and
[14]
biliary ductal system .
Magnetic resonance imaging (MRI) is a good
alternative to CT for detection of PPCs due to its ability
to characterize pancreatic and peripancreatic collections
as partially or fully fluid in consistency. Magnetic
resonance cholangiopancreatography (MRCP) may
replace ERCP in the diagnostic evaluation of pancreatic
duct. However, the diagnosis of PPC-PD communication
is rather difficult because a communication can only be
identified by MRCP if a high-intensity fluid tract can be
[2,21,23-26]
detected between the pseudocyst and the duct
.
A plain radiograph of the abdomen is rarely helpful
in diagnosing PPC. Occasionally, it may demonstrate
displacement of the gastric bubble or calcification in
the cyst wall. A chest radiograph may show elevations
of the diaphragm, pleural effusion, or a mediastinal
mass.

INDICATIONS FOR TREATMENT OF PPCS
The most important question in clinical practice
related to acute or chronic PPCs is whether and when
they should be treated. A careful preliminary clinical
and imaging evaluation of benign pancreatic fluid
collections can avoid unnecessary interventions. The
majority of the simple PPCs are asymptomatic and
do not require interventional treatment. Treatment is
indicated if the complications are present or whether
intervention is necessary to prevent complications.
The indications for interventional procedures in the
treatment of PPCs are summarized in Table 1.
Symptoms result from biliary obstruction, the
effects of painful or obstructive masses, infection or
haemorrhage into the cyst, pancreaticopleural fistula
or compression of the surrounding major vessels, and
in such cases, interventional treatment is typically
indicated. Treatment is also indicated for symptomatic
PPCs that cause abdominal distension, nausea and
vomiting, pain, or gastrointestinal bleeding (Table 1).
PPCs larger than 4 cm that develop outside the
pancreas can be considered independent predictive
factors of persistent symptoms because they rarely
[31]
regress spontaneously and can cause complications .
Therefore, if they demonstrate either unchanged size
and morphology or progression over a period of more
than 6 wk of observation, these are relative indications
[15,31]
for treatment
. A relative indication for treatment
includes PPCs whose wall thickness is between 5 and
10 mm and PPCs caused by the presence of chronic
pancreatitis with duct abnormalities or stones in the
PD. In these patients, constant irritation promotes
inflammation and reduces the rate of spontaneous
[18,31,32]
regression
. Whenever a malignant tumour is
suspected, surgical treatment is urgently indicated
[33,34]
(Table 1)
. When an intervention is required, the
best option should be the application of a multidis
ciplinary approach based on the initial imaging and
clinical findings.

Differential diagnosis between pseudocysts and cystic
neoplasms

The differential diagnosis between PPCs and cystic
neoplasms may be difficult in patients with a
pancreatic fluid collection. Clinical criteria such as prior
episodes of acute pancreatitis, and data regarding
chronic pancreatitis or a calcified cystic wall less than
1 cm thick, make the diagnosis of PPC more likely.
On the contrary, weight loss, a palpable abdominal
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spontaneous resolution. The majority of pseudocysts
that are over 6 cm in size that persist for over
6 wk have been regarded as unlikely to resolve
[17,18,31,36]
spontaneously
. However, some large PPCs (>
6 cm) may undergo spontaneous resolution, which
suggests that the size of the PPC alone is not an
[36,37]
indication for drainage
.
Chronicity adversely affects the healing of PPCs
whereby PPCs that persist for 8 to 10 wk are unlikely
to resolve spontaneously. Most PPCs that are likely to
heal do so within 6 wk, but the resolution may occur
[17]
after 24 wk or even 28 mo . Chronic pancreatitis
and pancreatic calcifications are also poor prognostic
[18,38]
indicators
.
Other factors that indicate that spontaneous
regression is less likely include the presence of multiple
[18,39]
[37]
cysts
, location in the tail of the pancreas , and
[40]
a wall thickness greater than 1 cm . The aetiology
may also have some bearing on the outcome. PPCs
related to alcohol abuse have a more favourable
outcome compared with those of biliary aetiology.
However, traumatic PPCs may have a high percentage
[39]
of spontaneous resolution .
The setting of non-interventional conservative
management of PPCs is still poorly evaluated. Earlier
studies showed that conservative treatment in the
hope of spontaneous resolution was not without risks.
Several studies have warned against serious, lifethreatening complications related to the conservative
[41-44]
treatment of PPCs
. However, with improved
medical care, the incidence of complications as well as
the mortality rate has decreased considerably. Several
[36,41,45,46]
studies
have reported that some patients with
PPCs can be managed conservatively if the presenting
symptoms can be controlled. According to their results,
the complication rates with conservative management
are low (< 1%).
These results suggest that some patients with
PPCs can be managed conservatively and that some
pseudocysts can resolve with supportive medical care.
Medical care includes the use of intravenous fluids,
analgesics and antiemetics to control the presenting
symptoms caused by PPC. For patients who can
tolerate oral intake, a low fat diet is recommended,
whereas for those who cannot tolerate oral nutrition,
support can be provided via nasoenteral feeding or
[47]
total parenteral nutrition .
Somatostatin (octreotide) has an inhibitory effect
on pancreatic exocrine secretion, and it can be used
to decrease the pancreatic secretion, which leads to
the resolution of PPC. Octreotide has also been used
in conjunction with PCD of PPCs, which results in a
shorter drainage time. The role of somatostatin in
the management of PPCs is not clear because this
treatment has not been adequately tested and only
[47-49]
a handful of case series have been published
.
Prospective controlled trails are necessary to
demonstrate its efficacy.

Table 1 Indications for therapeutic intervention for pancreatic
pseudocysts
Clinical presentations and complications
Local complications
Infection of pancreatic pseudocyst
Hemorrhage into pancreatic pseudocyst
Rupture (can cause pancreatic ascites, shock and peritonitis)
Involving adjacent organs
Gastrointestinal tract:
Esophagus (secondary achalasia, mechanical dysphagia)
Stomach (clinically relevant gastric outlet stenosis, fistula, intramural
gastric mass)
Duodenum (clinically relevant duodenal stenosis, fistula)
Colon (clinically relevant colonic stenosis and/or rectal bleeding)
Liver (stenosis of the common bile duct with jaundice due to
compression)
Vascular:
Arterial (erosion of gastroduodenal and/or splenic artery)
Venous (thrombosis of portal and/or splenic vein)
Spleen (splenic rupture)
Genitourinary tract (stricture, fistula, ureter obstruction)
Chest (pancreaticopleural fistula, pleural effusion, mediastinal
extension)
Skin (subcutaneous fat necrosis)
Symptomatic pancreatic pseudocyst
Abdominal distension
Nausea and vomiting
Pain
Upper gastrointestinal bleeding
Relative indications for intervention in asymptomatic pancreatic pseudocyst
Pseudocyst > 5 cm, unchanged in size and morphology for more than
6 wk[15]
Pseudocyst > 4 cm and extrapancreatic complications in patients with
chronic alcoholic pancreatitis[31]
Cyst wall > 5 mm (mature cyst)[32]
Chronic pancreatitis with advanced pancreatic duct changes[31]
Suspected cystic pancreatic tumor (requiring surgery)[33,34]

mimic cystic neoplasms. Therefore, pretreatment
evaluations of pancreatic fluid collections for
appropriate therapeutic intervention should be focused
on the exclusion of cystic neoplasms that masquerade
[35]
as pseudocysts . The topic of cystic neoplasms of
the pancreas is broad, and thus this article focuses
primarily on the minimally invasive treatments of
benign PPCs. Once a PPC has been diagnosed, it must
be determined whether it can be treated conservatively
in hopes of a spontaneous resolution, or whether an
intervention is necessary to prevent complications. If
an intervention is necessary, it must be determined
whether surgical, PCD, or endoscopic drainage (ED) is
the best approach.

Conservative management

Based on earlier studies on the clinical course of PPCs,
the rate of spontaneous resolution of PPCs has been
[15,17,18]
reported to be from 8% to 70%
. This wide range
can be attributed to many factors that influence PPCs,
including size, chronicity, wall thickness, multiplicity,
and aetiology.
The size of the PPC is an important determinant of
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A

B

C

D
Pancreatic duct

Residue

Figure 1 Appearance on ultrasound of a pancreatic pseudocyst before, during and after treatment. A: Appearance on ultrasound of a PPC in the tail of
pancreas before treatment; B: Insertion of a catheter into the PPC; C: Residue of PPC with suspected PPC-PD communication (marked by arrows) immediately after
the procedure; D: The appearance of the pancreas several months after the procedure. PPC: Pancreatic pseudocyst; PD: Pancreatic duct.

Image-guided percutaneous treatment of PPCs

require a longer duration of drainage, as shortterm drainage results in very high recurrence rates.
However, some authors consider that the risk of septic
complications is potentially increased with prolonged
[2,8,14,53-55]
drainage periods
.
Percutaneous techniques are usually performed
under local anaesthesia and seem technically feasible in
the vast majority of patients with PPCs. Transperitoneal,
retroperitoneal, transhepatic, transgastric, and trans
duodenal approaches are typically used. The access
route for drainage depends on the size, location, and
the disposition of the surrounding viscera and blood
[2,4,8,23,51]
vessels
. Depending on the operator’s experience,
the tandem trocar technique or the Seldinger technique
may be used. If the Seldinger technique is used, the
catheter tract should be sequentially dilated over a
guidewire. The use of three-dimensional ultrasound
and colour Doppler may help to guide the catheters
into the cyst cavities and aid in the circumvention of
major vascular structures, which increases the safety of
[2,4,17,21,47,52]
the procedure
.
After complete evacuation of the cystic content, the
catheter should be secured to the skin and connected
to a pressure bag for continuous external drainage.
Catheter exchange may be performed as indicated.
When the PPC has resolved and the drainage output
becomes minimal (less than 10 ml/d), the catheter
[8]
should be removed . Percutaneous drainage is a
safe and effective method for treatment of PPCs.

Image-guided percutaneous drainage of PPCs is a wellestablished and relatively inexpensive drainage method
that involves either simple percutaneous aspiration or
PCD. It is most commonly performed under ultrasound
or CT control, and in some cases, under MRI or
[2,4,8,10,17,21,35,47,50-52]
fluoroscopic guidance (Figure 1)
.
Single-step needle aspiration of PPCs is associated
with a high recurrence rate (70% or more) and
[4,8]
cannot be considered the optimal treatment . The
continuous vacuum drainage system is more effective
because it continuously evacuates the cyst content
and thereby avoids the lytic action of pancreatic
enzymes that may lead to obliteration of the cyst
cavity. This approach has achieved high initial drainage
success rates (70%-100%) and reduced recurrence
[4,8,23,53]
rates
.
Several conditions must be met to achieve the
complete obliteration of the cyst cavity. PD disruption
is the initial pathologic event that triggers PPC
formation, and its anatomy is an important factor
in the prognosis of the complete obliteration of the
cyst cavity. Therefore, the complete removal of liquid
and air, which is necessary to keep the cyst walls in
close contact, constitutes the mechanical aspect of
obliteration. The recovery of a disrupted PD has been
recognized as the main prognostic factor for successful
treatment of PPC regardless of the treatment method
[8,10,14]
used
. Patients with PPC-PD communication
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Complications include catheter-related secondary
infections (9%), bleeding (1%-2%), inadvertent
traversing of the pleural space or other viscera
(1%-2%), catheter occlusion, cellulitis at the site of
[4,55]
entry, and sepsis
. Another limitation of PCD is
the development of pancreaticocutaneous fistulae.
However, the resulting pancreatic-cutaneous fistula
spontaneously resolves with time in 60% to 70%
[4,56]
of patients
. Moreover, in some cases, the fistula
[57]
can be successfully treated by image-guided PCD .
In the case of superinfection or drainage problems,
monitoring, catheter manipulation and analysis of the
cystic content can be performed much more easily by
[8,21,58,59]
PCD than by an endoscopic approach
.

Transmural endoscopic drainage (cystogastrostomy
or cystoduodenostomy) is indicated for pseudocysts
that do not communicate with the main PD and that
are compressed against the digestive tract. Drainage
of the cyst fluid by the trans-mural approach is
achieved via the insertion of a stent between the
pseudocyst and the gastric lumen (cystogastrostomy)
or between the pseudocyst and the duodenal lumen
(cystoduodenostomy). The drainage procedure
may be performed either by direct endoscopy as a
“semi-blind” procedure if an impression caused by
the cyst is present, or by EUS guidance. Technically,
cystoduodenostomy should be given preference over
cystogastrostomy if both routes are deemed equally
feasible. Direct endoscopic drainage can be performed
only if the PPC is located next to the gastric or the
duodenal lumen. The site of transmural puncture for a
direct endoscopic intervention should be determined
visually and fluoroscopically by an observed bulge that
represents the extrinsic compression of the collection
[2,68-71]
into the gut lumen
. Once the bulge is located, its
apex can be identified as the optimal needle insertion
site. After needle puncture and aspiration of the
pseudocyst content (for biochemical and cytological
analyses), a guidewire should be inserted along which
an incision can be made with either a diathermic
coagulation probe or a needle-knife papillotome. Once
access has been achieved, a double pigtail catheter
can be introduced into the cyst over the wire. The
European Society of Gastrointestinal Endoscopy (ESGE)
recommends the insertion of at least two doublepigtail plastic stents. Transmural stents should not be
retrieved before complete resolution of the PPC as
determined by cross-sectional imaging, and not before
[23,65-67,72-74]
2 mo of stenting
.
However, a bulge is often absent with smaller
collections, collections with low serum albumin, and
collections in or near the pancreatic tail. Therefore, to
minimize the risk of complications such as the puncture
of adjacent structures, bleeding, and perforation, EUS
[2,75]
is increasingly used to perform ED
. Randomized
clinical trials of endoscopic transmural drainage
with and without EUS guidance showed that EUSvisualization had an advantage over conventional
[68,69]
ED
. Even in large bulging pseudocysts, the EUSguided drainage is superior to the purely endoscopic
approach because the puncture of vascular structures
and bleeding into the collection can be avoided during
and immediately after the procedure by Doppler
[2,20,76]
sonographic visualization
. The use of EUS-guided
drainage has been reported, especially for PPCs that
do not bulge onto the gut wall or PPCs with parietal
[4,32,64,77]
vessels due to portal hypertension
. The stent
type used for endoscopic drainage is currently a major
area of interest. Conventional drainage with plastic
stents has its limitations. A covered self-expandable
metallic stent is an alternative to conventional drainage
with plastic stents because it offers the option of access

Endoscopic drainage of PPCs

ED provides minimally invasive access to the PPC,
which may be performed by a trans-papillary or a
trans-mural approach. Sometimes a combination of
both methods may be necessary to drain a pseudocyst.
ED is suitable because most PPCs lie adjacent to the
stomach; however, both endoscopic and radiologic
skills are required here. The aim of endoscopic
treatment is to create a connection between the
[60]
pseudocyst cavity and the gastrointestinal lumen .
Transpapillary/transductal endoscopic drainage is
recommended for PPCs that communicate with the
main PD or one of its side branches located in the head
or the body of the pancreas. A limited number of PPCs
may be drained via a transpapillary insertion of a stent
that bridges the main pancreatic duct or a disrupted
side branch. A favourable predictor of successful
therapy is a dilated Wirsung duct above a stenotic area
[4,7,61,62]
underneath the stent
.
This technique involves pancreatic endoscopic
sphincterotomy, balloon dilatation of the commonly
detected PD strictures, and insertion of a guidewire
through the duct directly into the pseudocyst cavity.
Thereafter, a plastic stent of 5 F to 7 F (up to 10 F)
[4,23,63-65]
in diameter is inserted over the wire
. The
duration of stenting depends on the clinical course of
[23,61]
PPC regression
. Stents should be left in place for
a longer duration because their removal within 2 mo
is associated with a higher incidence of pseudocyst
[66]
recurrence . Some authors have reported on the
routine exchange of stents every 6 to 8 wk for as long
[64]
as the PPCs remained unresolved .
Transpapillary drainage appears to be a safe and
effective procedure (the immediate success rate is
approximately 85%) with low morbidity (6%) and no
reported mortality. The best results are obtained when
the pseudocyst is older than 6 mo or smaller than
[64,67]
60 mm
. Haemorrhagic complications occurred in
less than 1% of patients and pancreatitis occurred in
5%. Stent clogging, which can lead to infection, can
be treated with stent changes alone. Broad-spectrum
antibiotics are administered in cases of infected
[4,23,61,64,65]
PPCs
.
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to the fistula via a larger diameter for drainage, which
may increase the final success rate. One problem with
covered self expandable metallic stent is dislodgement,
so a metallic stent with flared or looped ends at both
[78-80]
extremities may be the best option
.
The advantages of the endoscopic approach
compared with PCD include internal drainage and
avoidance of external fistulae, but limitations include
the need for multiple repeated procedures under
sedation or anaesthesia; it is also necessary that
the location of the PPC be further than 1-1.5 cm
[20,65,67,81]
from the gut wall
. Moreover, in the case of
superinfection or drainage problems, the monitoring,
catheter manipulation and the analysis of cystic
[8,11,21,82]
content are very difficult by ED
. A combination
of a percutaneous approach with endoscopic tran
smural drainage can prevent external fistulae and
[83]
avoid repetitive endoscopic interventions .
Some authors advocate the use of a combination
of transmural and transpapillary techniques to drain
pseudocysts. They have used ERCP in the same endo
scopic session to assess and treat any PD leakage;
when PD leaks are evident, ERCP is also used for
the placement of PD stents to bridge the leak site
or stricture. Thus, when the treatment of the cause
of the pseudocyst (i.e., the duct leak) is possible by
placement of concomitant PD stents, this has been
[13,61,81,84]
shown to yield better outcomes
. Additionally,
in patients with disconnected duct syndrome,
transgastric stent removal results in a lack of a conduit
for drainage of pancreatic secretions, which leads to
[13,85]
pseudocyst recurrence
.

the endogastric, transgastric, or exogastric routes. In
cases where pseudocysts contain significant debris
because of the larger size of the stoma that is created,
laparoscopy seems to have a distinct advantage over
[4,7,23]
endoscopic drainage
.
Several authors reported that laparoscopic
drainage was associated with low morbidity (early
postprocedure bleeding and infection), rapid recovery,
and recurrence rates comparable to those reported
for open surgery. The disadvantage of laparoscopic
surgery is that it may not be suitable for patients who
are unfit to undergo general anaesthesia or for patients
who had undergone extensive previous abdominal
surgery. Although laparoscopic management has been
reported with encouraging results, long-term follow-up
results have yet to show equivalence to those of open
surgery. Additionally, randomized controlled trials that
compare PCD, laparoscopic and ED techniques for the
[7,8,23,89]
management of PPCs are required
.

CONCLUSION
PPC usually runs asymptomatically and its clinical
presentation mainly occurs in case of complications
during its clinical course. Once a PPC is diagnosed, it
must be determined whether it can be treated conser
vatively with the hope of spontaneous resolution, or if
an intervention is necessary to prevent complications.
The setting of conservative management of PPCs is
still poorly evaluated. Several studies have reported
that some patients with PPCs can be managed
conservatively with supportive medical care if the
presenting symptoms can be controlled.
If intervention is necessary, it must be determined
whether surgical treatment, PCD, or ED is the best
approach. Much overlap exists in the various treatment
options offered by interventional radiologists, gastro
enterologists, and surgeons, and often a combined
approach is needed. Several conditions must be met
to achieve the complete obliteration of the cyst cavity.
PD anatomy is an important factor in the results of the
treatment. When PPC-PD communication is identified,
the mean duration of drainage increases to weeks or
months, depending on the condition of the PD. The
recovery of disrupted PD is the main prognostic factor
for successful treatment of PPC regardless of the
treatment method used.
Traditionally, symptomatic PPC has been treated
by surgical internal drainage. However, this treatment
involves considerable surgical trauma and general
anaesthesia.
The recent trend in the management of sympto
matic PPC has moved toward less invasive approaches
such as ED, image-guided PCD and minimal invasive
surgery.
ED of PPCs may be performed by a trans-papillary
or a trans-mural approach and is suitable because
most PPCs lie adjacent to the stomach. The major

Laparoscopic surgery

The classic open surgical approach for the treatment
of PPC requires a laparotomy with attendant risks of
morbidity and mortality. The development of advanced
laparoscopic techniques and technologies offer new
modalities for the treatment of PPCs. Laparoscopic
surgery is a method in which the lumen of the PPC
is anastomosed either to the posterior stomach wall
or to the jejunum with a linear endoscopic stapler or
with laparoscopic suturing techniques; this provides
ongoing internal drainage and decompression of the
[4,7,23,86,87]
PPC
.
Laparoscopic drainage of mature PPCs is usually
the definitive treatment because it is associated with
a low complication rate and a good outcome in the
postoperative follow-up period. Currently, most PPCs
can be approached and managed by a laparoscopic
approach, which is due to the availability of advanced
imaging systems and cameras, better haemostatic
[23,88]
equipment and excellent suturing skills
. Laparo
scopic procedures for PPC include pancreatic pseudocy
stogastrostomy, pseudocystoduodenostomy, and
pseudocystojejunostomy.
Cystogastrostomy is the most commonly used
laparoscopic procedure, and it can be performed via
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advantage of the endoscopic approach is that it creates
a permanent pseudocysto-gastric track with no spillage
of pancreatic enzymes, which reduces the risks of
formation of pancreatico-cutaneous fistulas; this is in
contrast to PCD. Moreover, PCD that persists too long
is not practical, especially for young and professionally
active patients. Therefore, some authors suggest that
ED should be the preferred modality for PPCs that
are located immediately adjacent to the gastric or
duodenal wall.
However, with these potential drainage problems
(which could appear with both techniques), the
monitoring, manipulation or change of stent, and
the analysis of cystic content are very difficult or
impossible to perform endoscopically, unlike the PCD
approach. Moreover, PCD is less aggressive compared
with surgical and endoscopic (especially with ERCP)
methods, is suitable for the treatment of all PPCs
regardless of their location and can be performed
without general anaesthesia. Therefore, this treatment
option is especially recommended for patients who are
unsuitable for more aggressive methods and for those
at a high risk for complications of general anaesthesia.
Some authors advocate the use of a combination
of transmural and transpapillary techniques to drain
pseudocysts. Some have used ERCP in the same
endoscopic session to assess and treat any PD leakage,
and when PD leaks were evident, ERCP was used for
the placement of PD stents to bridge the leak site or
stricture. However, because it has not been clearly
confirmed that the introduction of stents leads to
permanent recovery of PD and permanent cessation of
the leakage of pancreatic juice after the stent removal,
the use of this intervention is questionable. The reason
for this is that it may represent overtreatment in
these patients, given the mechanical trauma of the
placement and the removal of the PD stent, that the
two demanding interventions (ERCP) are performed
under conscious sedation, and the cost-benefit effect.
Laparoscopic management has been reported with
encouraging results, but long-term follow-up results
have yet to show equivalence to open surgery and
other minimally invasive methods. The disadvantage of
laparoscopic surgery is that it may not be suitable for
patients who are unfit to undergo general anaesthesia
or for patients with a history of extensive previous
abdominal surgery.
Currently, few randomized controlled studies
have been performed that compare the various
minimally invasive approaches in the management
of PPCs. Several groups worldwide have developed
new minimally invasive approaches for the treatment
of PPC. Applicability of these techniques is highly
dependent on the availability of specialized expertise
and multidisciplinary teams that are dedicated to the
management of pancreatic diseases. This review article
is intended to help physicians base their therapeutic
decisions about minimally invasive management of
PPCs on the current state of therapeutic technology
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REVIEW

Advances in the study of Lynch syndrome in China
Jun-Yu Lu, Jian-Qiu Sheng
have been great advances in research on Chinese Lynch
syndrome. This review mainly focuses on the genetic
basis, clinicopathologic features, diagnosis, intervention,
chemoprevention, and surveillance of Lynch syndrome
in China. In addition to frequently altered MMR
genes, such as MLH1 , MSH2 , MSH6 , and MLH3 ,
other MMR-associated genes, such as those encoding
human exonuclease 1, transforming growth factor β
receptor 2, and alanine aminopeptidase, metastasisassociated protein 2, adenomatosis polyposis coli
down-regulated 1, and hepatic and glial cell adhesion
molecule have also been implicated in Chinese Lynch
syndrome. Most Chinese researchers focused on the
clinicopathologic features of Lynch syndrome, and it is
noticeable that the most frequent extracolonic tumor
in northeast China is lung cancer, which is different
from other areas in China. The Chinese diagnostic
criteria for Lynch syndrome have been established to
identify gene mutation or methylation. With regard to
chemoprevention, celecoxib may be effective to prevent
polyps relapse in Lynch syndrome carriers. Additionally,
a colonoscopy-based surveillance strategy for the
prevention and early detection of neoplasms in Lynchsyndrome carriers has been proposed.
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Core tip: Lynch syndrome is an autosomal dominant
inherited disorder. The estimated number of Lynch
syndrome carriers in China is larger than that in any
other country worldwide. This review summarized
recent advances in studies of Chinese Lynch syndrome.

Abstract
Lynch syndrome, also known as hereditary nonpolyposis
colorectal cancer, is an autosomal dominant genetic
condition that has a high risk of colon cancer as well as
other cancers due to inherited mutations in mismatch
repair (MMR) genes. During the last decades, there
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INTRODUCTION

Table 1 Identification of mutations in mismatch repair genes
in China

Lynch syndrome is an autosomal dominant inherited
disease that is typically characterized by hereditary
nonpolyposis colorectal cancer (HNPCC) and has
a high risk of other tumors, such as endometrial
cancer, ovarian cancer, gastric cancer, intrahepatic
cholangiocarcinoma, urological cancer, and skin cancer,
which is caused by germline mutation in mismatch
repair (MMR) genes. Individuals with unique colon
cancer, are categorized as LynchⅠ. The others, suffering
from Lynch syndrome-related tumors, in addition to
colorectal cancer (CRC), are considered as Lynch Ⅱ.
HNPCC is the main clinical pattern of Lynch syndrome,
and also the most common autosomal dominant
hereditary CRC. The two terms, Lynch syndrome and
HNPCC, have been used interchangeably, until recent
advances in the understanding of the disease led to
the term HNPCC falling out of favor. In the population
of CRC patients in China, the prevalence of Lynch
syndrome meeting the Amsterdam Criteria (AC) Ⅰand
Ⅱ, and Japanese Criteria were 0.5%-1.2%, 2.1%-2.9%
[1,2]
and 2.4%-2.9%, respectively
. Lynch syndrome
[3,4]
accounts for 5.6%-6.4% of all Chinese CRC patients .
Lynch syndrome is distinctive from sporadic CRC
in many aspects, including genetics, clinical features,
intervention, and treatment. This article is aimed to
review the current knowledge and status of the above
aspects in China, by searching on PubMed, CNKI, and
VIP databases for relevant studies published between
2004 and 2014.

Gene

Base variation

Amino acid change

Ref.

MLH1

g.677G>A
c.107T>A
IVS2-1G>A
c.488delG
c.497T>A
c.498A>C
c.572G>T
c.910T>A
c.949C>A
c.1246A>G
c.1731G>C
c.1823C>A
c.1988A>C
c.2038T>C
c.2101C>A
c.2251_2insAA
c.1625A>T
c.194G>A
c.199G>A
c.649C>T
c.1646T>C
c.1721T>C
c.1742C>T
c.1344insG
c.157delGAGG
c.-64G>T
c.2157dupT
c.1731+15delT
c.503_4insA

Arg226Gln
Ile36Asn
(intron)
(intron)
Leu166Och
Leu166Phe
Ser191Ile
Val307Glu
Leu317Met
Lys416Glu
Ala608Asp
Glu663Ala
Cys680Arg
Gln701Lys
-

Glu448Glyfs*30
Glu54Alafs*2
(promoter)
Val720Cysfs*3
(frame shift)

[7]
[14]
[14]
[14]
[14]
[14]
[14]
[14]
[14]
[14]
[14]
[14]
[14]
[14]
[14,16-18]
[14]
[18,90]
[18,19]
[18,20,21]
[18,20,21]
[18]
[18]
[18]
[27]
[22]
[22]
[22]
[23]
[49]

g.610G>T
c.1452-1455delAATG
c.2108C>A
c.2583A>G
c.899_890insAT
IVS7-1G>A
c.−78_−79delGT
c.1216_1219dupCGAC
c.23C>T
c.1571G>T
c.1917T>A
c.1955C>A
c.2047G>A
c.206-?_792+?del
c.1077-?_1276+?del
c.1387-?_1510+?del
c.2211-?_818+?del
c.2635+?_(*3084)del
c.2196T>C
c.2963C>G
c.2297delA
c.3488A>T
c.1532C>T
c.2152C>T
c.2615C>G
c.3488G>A
c.666G>A
c.4335C>A

Gly204X
Ser703Tyr
Q861Q
(frame shift)
(splice junction)
(promoter)
L407fsX417
Thr8Met
Arg524Leu
His639Gln
Pro652His
Gly683Arg
His766Leufs*8
Glu>Val
Thr>Met
Pro718Scr
Scr872Stop
Gly1163Asp
Lys222Lys
Gln1445Gln

[7]
[31]
[24]
[10,49]
[49]
[49]
[28]
[29]
[14,66]
[14]
[14]
[14]
[14]
[5]
[5,83]
[5]
[5]
[5]
[24]
[24]
[27]
[30]
[37]
[25]
[25]
[25]
[25]
[25]

MSH2

GENETICS
It has been demonstrated that germline mutations in
MMR genes are the genetic basis of Lynch syndrome,
including MLH1, MSH2, MSH6, MSH3, PMS1, PMS2, and
MLH3. Mutant MLH1 and MSH2 were reported to be
the most common pathogenic genes in Chinese Lynch
syndrome, with the frequency of mutation and loss of
[5-7]
expression of MLH1 higher than that of MSH2 . In
parts of China, the rates of loss of expression of MLH1
and MSH2 in Lynch syndrome patients are 15%-48%
[8-10]
and 34%-40%, respectively
. In foreign patients,
the mutation rates of those genes varied from 41%
[11-13]
to 90%
, whereas the mutation rates of MLH1
and MSH2 in Chinese Lynch syndrome patients that
met the ACI or ACII criteria were 35% and 14%,
[6]
respectively . A study of 76 Chinese families, who
met Bethesda 1, 3, or 4, showed that the mutation
rates of these two genes were only 25% and 9%,
[14]
respectively . Endometrial carcinoma (EC) is one of
the main Lynch Syndrome-associated extracolonic
tumor. An investigation of female EC patients below
age 50 in South China showed that the rate of loss
expression of MMR proteins was 30%, most of whom
[15]
had an abnormal expression of MLH1 . For more
[16-24]
details, please see table 1
.
Reports on MLH3 are scarce, it was reported that
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MSH6
PSM2
MLH3

mutation of MLH3 in northern Chinese was similar
to that in the Western population, but the mutation
[25]
frequency seemed higher in northern China . There
is little evidence that MLH3 mutation prompts the
development of Lynch syndrome in northern China
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or is an indicator for people at a high risk. Some
novel mutation sites in MLH1, MSH2, and MSH6 have
been found by Chinese researchers during studies
[26-30]
of MMR genes
. For example, researchers from
the University of Hong Kong found a mutation site
(c.1452-1455delAATG) that accounted for 36% of all
[31]
the germline mutations in MSH2 . Further analysis
suggested that this founder mutation may date back
between 22 and 103 generations. The identification of
this MSH2 founder mutation has important implications
for the design of mutation-detection strategies for the
southern Chinese population.
Additionally, epimutation of MMR genes has
become to be a hot spot. MLH1 promoter methylation
was mainly found in sporadic colon cancer, so it
can be used as a screening biomarker to exclude
Lynch syndrome. However the detection rate of
this methylation was 13%-22% in Lynch syndrome
patients without confirmed germline mutations in
[32-34]
MLH1, MSH2, or MSH6
. Carriers of the MLH1
mutation may show loss of expression of due to the
[35,36]
methylation of the functional allele
. Therefore, the
diagnosis of Lynch syndrome should not be excluded
with only the evidence of MLH1 promoter methylation,
especially for those who were diagnosed with CRC at a
young age, and for those with evident family history or
other risk factors.
Actually, MMR gene mutation cannot be identified
in all patients who meet the diagnostic criteria.
Therefore, scientists have begun to explore other
genes associated with MMR to identify some novel
pathogenic genes of Lynch syndrome. Using gene chips
combined with immunohistochemical method, Chinese
researchers found and upregulation of genes encoding
alanine aminopeptidase and metastasis-associated
protein 2, and downregulation of adenomatosis
polyposis coli down-regulated 1 and hepatic and glial
cell adhesion molecule genes in CRC patients with
abnormal expression of MMR genes, compared to
[37]
those who express MMR genes normally . Although
germline deletions in EPCAM is considered to inactive
MSH2 and therefore result in about 1% Lynch
syndrome, there is little literature reporting its effect in
Chinese Lynch syndrome.
[38]
Schmutte et al
first discovered that the human
exonuclease 1 gene (EXO1) can interact with products
of MSH2 and participate in recognition and combination
with mismatch sites. After that, some researchers
agreed that EXO1 germline mutation can result in
[39-41]
MMR dysfunction and prompt tumor development
.
However, others consider that there is no direct
relationship between EXO1 mutation and Lynch
syndrome, and that the mutation exists extensively
in the normal population. Despite EXO1 mutation,
MMR function can still be available through other
[42,43]
mechanisms
.
Transforming growth factor β receptor 2 (TGFβR2)
is an important conversion factor in the signal
transduction system. It has been found that, TGFBR2
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poly A and G repetitive sequences in microsatellite
instability (MSI)-H CRC cells are likely mutated, which
accounts for more than 70% in Lynch syndrome
[44]
patients . It is reported that TGFBR2 expression in
[45,46]
most MSI-H colon adenoma and carcinoma is low
.
However, mutations within the TGFβ system can be
easily found in many kinds of tumors, and its action in
the development of Lynch syndrome and its specific
value for diagnosis remain unclear.
In Lynch syndrome, the mutation of an allele of
heterozygous MMR genes will lead to MMR dysfunction
and then increase mistakes during DNA replication,
which result in MSI. MSI is a significant feature of
Lynch syndrome. It is found that the positive rate
of MSI was 85% in patients with Lynch syndrome,
40% in those with ordinary hereditary CRC, and 10%
[47]
in sporadic CRC cancer patients . Additionally, the
positive rates of MSI-H in Lynch syndrome-related
adenoma and cancer are significantly higher than in
sporadic colorectal adenoma and cancer (64.3% vs
[48,49]
3.1%, 71.4% vs 12.5%, respectively)
.

CLINICOPATHOLOGIC FEATURES
Lynch syndrome is a form of MSI colon cancer
with clinical manifestations that differ from familial
adenomatous polyposis and sporadic colon cancer,
which are chromosome instability colon cancers.
Chinese Lynch syndrome patients possess the following
characteristics: (1) the episode age of Lynch syndrome
is 10-20 years earlier than that of sporadic colon cancer.
The median episode age is 42.5-46.0 years, with a
peak age of 40-49 years old, and 75% of patients
[50]
are diagnosed before age 50
and 87% before age
[51-54]
60
; (2) men have a higher risk than women with
a male to female ratio of 1.3-1.7:1, and the onset age
[52-55]
of males is lower than that of females
; (3) vertical
transmission: as an autosomal dominant inherited
disease, if one of the parents carries pathogenic
genes for HNPCC, the chance of transmission to an
offspring is 50%, regardless of sex. An investigation of
69 families indicated that 94% of families had more
[53]
than two generations of vertical transmission ; (4)
proximal colon cancer is more common: international
reports showed that 70% of CRC is located at the
[51,56]
proximal colon of splenic flexure
, with most studies
[52,53,57-65]
reporting similar results
. In addition, 66%
of 116 patients with CRC from 34 families had right[52]
sided colon cancer , whereas an investigation of 31
Chinese families showed that CRCs were found mainly
in left-sided colon and rectum rather than in right-sided
[66]
colon ; (5) synchronous and heterochronous multiple
primary carcinomas: several investigations showed that
the incidence rate of synchronous and heterochronous
multiple primary carcinomas in Chinese patients was
[53,63,67,68]
10.0%-20.4%
; and (6) high morbidity of
associated extracolonic cancer: some Lynch Ⅱ patients
can develop extracolonic cancer, and gastric cancer was
[61,62,69-72]
reported as the most common type in China
.
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Table 2 Frequency of extra colonic cancer related with hereditary nonpolyposis colorectal cancer in China n (%)
Ref.
[73]
[52]
[53]
[63]
[69]
[55]
[54]
[70]
[72]

n

Extra colonic cancer
Lung
56 (20.07)
Gastric
13 (41.90)
Gastric
18 (28.13)
Endometrial
9 (19.57)
Gastric
5 (31.25)
Gastric
16 (18.60)
Gastric
8 (25.00)
Gastric
25 (39.68)
Gastric
9 (37.50)

Gastric
Endometrial
48 (17.20)
32 (11.47)
Glioma
Cardiac/retinoblastoma/ovarian
3 (9.68)
2/2/2 (6.45)
Endometrial
Esophagus
11 (17.19)
7 (10.94)
Brest
Lung/Gastric
7 (15.22)
6/6 (13.04)
Endometrial/Lung/Brest/Bladder
2/2/2/2 (1.63)
Liver
Endometrial
10 (11.63)
8 (9.30)
Endometrial
Liver
8 (25.00)
5 (15.63)
Endometrial
Liver
11 (17.46)
6 (9.52)
Esophagus
Mouth
3 (12.50)
2 (8.33)

Diagnostic criteria

Hospital location

ACII

Liaoning

ACII, JC

Beijing

ACII, JC, BG

Beijing

ACI, ACII, JC

Tianjin

ACI, ACII

Guangdong

ACI, ACII, JC, BG

Shanghai

ACI, ACII

Shanghai

ACI

Shanghai

Chinese C

Zhejiang

279
31
64
46
16
86
32
63
24

ACI: Amsterdam criteria I; ACII: Amsterdam criteria Ⅱ; JC: Japanese criteria; CC: Chinese criteria; BG: Bethesda guideline.

[52,53]

with a confirmed diagnosis of HNPCC to determine
the Lynch syndrome families. Over the past several
decades, the family scale has diminished due to family
planning, which makes pedigree analysis, the main
method for diagnosis of inherited cancer, increasingly
[75]
impractical . Besides, most of the mutation carriers
of MMR genes cannot be identified by these criteria.
Therefore, it may be wise to take the advantage of
molecular genetic characteristics to screen families
with Lynch syndrome.

Our group
reported that 20%-23% of all patients
with Lynch syndrome experienced extracolonic cancer,
of which, 42% had gastric cancer and 18% had
endometrial cancer. Others reported that lung cancer
[68,73]
was the most common in northeast China
and
[63,74]
endometrial cancer was predominant in Tianjin
(Table 2).

DIAGNOSTIC CRITERIA AND METHODS
The International Collaborate Group on HNPCC
established the first unified clinical criteria on Lynch
syndrome in Amsterdam, Netherlands in 1990, known
as the ACI. However, this criterion only took Lynch
I into account, excluding Lynch syndrome-related
cancers, and is useless for screening in small families.
The ACI was later modified in 1999 as the ACII. During
that time, the Japanese Criteria and the Bethesda
Guideline and the modified version were issued by
the Japanese Society for Cancer of the Colon and
Rectum and the National Cancer Institute, respectively.
Researchers from Fudan University and Shanghai
Cancer Center established the Recommended Fudan
Criteria, based on investigations upon the features of
Chinese patients: (1) three or more family members,
one of whom is a first-degree relative of the other two,
with a confirmed diagnosis of HNPCC-related cancers
(including CRC, endometrial cancer, gastric cancer,
liver cancer, ureter and renal pelvis cancer); (2) two
successive affected generations; (3) one or more of
the HNPCC-related cancers diagnosed before age
50 years; and (4) exclusion of familial adenomatous
polyposis. The difference between these criteria
and the ACII lies in the addition of gastric cancer
and liver cancer into the category of HNPCC-related
cancers. Nevertheless, these criteria are all based
on retrospective data, and require several members
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MMR gene testing

The test of germline mutation in MMR genes is
supposedly the most accurate way to identify families
with HNPCC. Once a germline mutation in an MMR
gene is identified, regardless of the clinical diagnostic
criteria, families with HNPCC can be determined.
Methods for detection of MMR gene mutation currently
consist of single-strand confirmation polymorphism
(SSCP), denaturing high-performance liquid chro
matography (DHPLC), multiplex ligation-dependent
probe amplification (MLPA), and direct sequencing.
SSCP is appropriate for detection of PCR products
≤ 500 bp. The sensitivity of SSCP is comparable to
that of DNA sequencing, according to an internal
[76]
report .
DHPLC is also known as temperature-modulated
heteroduplex analysis, which is used to detect
200-500 bp PCR products. DHPLC is currently the
most sensitive method for the qualitative detection
of gene mutations, but its application is still limited to
[77]
[78]
experimental studies . Zhang et al
used DHPLC to
detect germline mutations of MLH1 and MSH2, which
had been determined by DNA sequencing, and the
result indicated that all the known mutations can be
identified by DHPLC, and the sensitivity and specificity
all reach 100%.
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Mutation detection for large fragments of MMR
genes in Chinese patients with Lynch syndrome
[79]
[5]
is common . We investigated Chinese families
with Lynch syndrome by MLPA and found that large
deletions in MLH1 and MSH2 were responsible for
approximately 19% of all mutations, and the deletions
[80]
of MSH2 were more frequent . On the contrary, large
deletions of MMR genes have not been identified in
[81]
sporadic CRC .
Theoretically, the sensitivity and specificity of DNA
sequencing are all 100%, through which we can figure
out the location and types of MMR gene mutations.
Although gene test is the most accurate method for
diagnosis of Lynch syndrome, its wide application
in the clinic is limited by some defects such as long
testing time, high cost, and low efficiency.
Mutation tests for BRAF in the diagnosis of Lynch
syndrome have become increasingly accepted. It has
been demonstrated that BRAF mutations exist in 15%
of CRC cases (most are sporadic). Therefore, if BRAF
mutations are detected in patients with CRC, then the
[35,82,83]
diagnosis is more likely to be sporadic CRC
. It
should be noted that BRAF mutation is not common
in sporadic endometrial cancer, thus, BRAF testing
is not useful for distinguishing Lynch syndromerelated endometrial cancer from sporadic endometrial
[84]
cancer .

among which, the frequency of BAT26 mutation
is 95%. CAT25 and BAT26 seemed to be equally
effective for screening Lynch syndrome in Chinese
population. And the length distribution of CAT25
alleles was more intensive than BAT26, suggesting
that CAT25 testing may be more sensitive in large[87]
[88]
scale studies . We
found that the positive rates of
MSI-H in Lynch syndrome patients who met ACII and
Bethesda Guideline 3 criteria in northern China were
[89]
85% and 81%, respectively. Xu et al
reported that
the positive rates of MSI-H in patients who met ACI
criteria and individuals with highly suspected diagnosis
of Lynch syndrome were 94% and 93%, respectively.
The sensitivity of MSI testing for the diagnosis of Lynch
[90]
syndrome was reported as 91% . A study from
Southern Medical University showed that, MSI (-H and
-L) carriers accounted for 85% of CRC patients aged
[91]
below 40 years in southern China . MSI testing can
be used in preliminary screening for Lynch syndrome,
and can be used in combination with ACII to reduce
[92]
diagnostic errors . However, it is hard to implement
MSI testing in every clinical laboratory due to high cost
and conditions. MSI cannot be detected in mucinous
tumors because of technical challenges such as lack of
DNA. Some Lynch syndrome-related cancers resulting
from germline mutations in MSH6 tended to have
MSI-L, which may lead to a false-negative result.
Additionally, approximately 15% of sporadic CRC
[93]
patients exhibit MSI .
A combination of the above methods could
enhance the sensitivity and specificity of diagnosis. It
is reported that the sensitivity and specificity of IHC
testing for the loss of MLH-1 and MSH-2 expression in
Lynch syndrome are 91% and 87%, respectively, and
those of MSI assessment of five markers are 100%
and 75%, respectively; the sensitivity and specificity
are 91% and 93%, respectively, when those two
[94]
methods are used in combination .

Immunohistochemistry testing

MMR proteins work in dimers; MSH-2 complexes
with MSH-6 or MSH-3, and MLH-1 may complex
with PMS-2 or PMS-1. Monomeric MSH-6 and PMS-2
proteins are unstable, thus a germline mutation in
MSH2 typically leads to loss of expression of the
proteins MSH-2/MSH-6, and a germline mutation in
MLH1 results in loss of expression of MLH-1/PMS-2. On
the contrary, germline mutations in MSH6 or PMS2 do
[35]
not cause loss of expression of MSH-2 or MLH-1 .
Internal studies indicated that the sensitivity of
immunohistochemistry (IHC) testing for MLH-1 and
[85]
MSH-2 mutations was 79%-95% , which was 92%
[86]
in an international report . For most of the clinical
testing laboratories, IHC testing is technically easy
and convenient. Most loss of gene expression can be
detected by IHC, which is cheap and consequently
reduces the cost of detection. However, IHC can only
determine the loss of expression of MMR proteins,
but cannot detect germline mutations. And many
other reasons, such as somatic mutation, promoter
methylation and oxidative stress, can also lead to loss
of expression of MMR proteins.

Proteomic analysis

Chinese researchers have used surface enhanced
laser desorption/ionization-time of flight-mass
spectrometry combined with protein chip to analyze
protein components of preoperative serum derived
from 20 patients with Lynch syndrome and 25 patients
[95]
with sporadic CRC . Protein profiles were analyzed
with Biomarker Wizard and Biomarker Pattern
programs (Ciphergen Biosystems, Inc., Fremont, CA,
United States). The authors concluded that, under a
blind authentication mode, the diagnostic accuracy,
sensitivity, total specificity, and positive predictive value
were 75.6%, 69.8%, 99.2%, and 100% respectively.

MSI assessment

The stability of microsatellites can be evaluated by
assessing the stability of microsatellite markers in
tumor tissues. In 1997, the National Cancer Institute
recommended five microsatellite markers, including
BAT25, BAT26, D2S123, D5S346 and D17S250,
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INTERVENTION OF LYNCH SYNDROME
Nowadays in China, partial colectomy or local resection
is usually performed prior to the confirmation of Lynch
syndrome, as there are no prospective or retrospective
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[106]

trials supporting that extended resection provides a
survival advantage compared to partial colectomy.
[96]
[97]
Zhou et al and Li et al reported that after conven
tional surgical treatment for the first CRC, the five- and
ten-year accumulated risks for metachronous primary
CRC were estimated at 50% and 52%, respectively.
Extended resection could reduce the times of
operation for metachronous CRC, but also reduced
colonic function and increased the risk for old-age
patients at the same time. Therefore, Lynch syndrome
patients should be preoperatively identified and
carefully considered for correct staging, receive more
individualized colonic resection, specific follow-up, and
[97-99]
familial screening
. For female Lynch syndrome
carriers, resection of the uterus and ovaries could be
considered in order to prevent Lynch syndrome-related
cancers following a careful discussion of the risks,
[100]
benefits, and limitations of this procedure .
Prophylactic colectomy did not show any survival
benefit compared with surveillance for MMR gene
mutation carriers without CRC, who should receive
genetic counseling and should actively participate in
[101]
decisions concerning the prophylactic strategies .

of CRC and improved the survival of patients
.
For young patients, suspected patients, and gene
mutation carriers, routine colonoscopy and intervention
reduced the incidence of colon cancer and advanced
[106,107]
adenoma
.
A prospective study suggested that annual colo
noscopy can lower the morbidity and mortality of
patients with Lynch syndrome to the same levels as
[108]
mutation-negative relatives
. For that reason, in
2011, Chinese experts in gastroenterology established
a consensus statement upon surveillance and
prevention of colon cancers.

CRC

Colonoscopy repeated at one-to two-year intervals,
beginning at age 20-25 years (for MSH6 and PMS2
heterozygotes carriers, the risk for colon cancer is
lower, colonoscopy screening may be delayed until age
[109,110]
30-35 years
) or at the age ten years lower than
the onset age of the youngest colon cancer patient
[108,111]
within a family
. Additionally, CT colonography
has undergone major advances recent years, and it
may exert a significant effect on CRC screening, when
[112,113]
colonoscopy is not available
. But this procedure
is not sufficiently widespread to become a screening
method in China.

CHEMOPREVENTION
It was demonstrated in a clinical study on 1071
patients with Lynch syndrome that four-year admini
stration of aspirin and/or resistant starch has no effect
[102,103]
on the incidence of CRC
. However, the extended
[104]
study also conducted by Burn et al
showed a
trend towards protection with aspirin, but not starch.
Researchers found that those who took aspirin for ≥
2 years had an incidence rate of 0.06 per 100 personyears compared with 0.13 per 100 person-years
among those who took aspirin < 2 years. Analysis
within the placebo group found no significant difference
in CRC incidence between those who took aspirin for
≥ 2 years (0.14 per 100 person-years) compared
with those took aspirin for < 2 years (0.10 per 100
person-years). The authors implied that compliance
[105]
might play a role on outcomes. Our group
reported
that in 5/6 patients with Lynch syndrome, the polyps
completely vanished after nine-month treatment
with celecoxib at 400 mg/d, but side effects, such
as arrhythmia, stenocardia, and nervous headache,
were also observed. When the dose was adjusted to
200 mg/d, polyp recurrence was only observed in two
patients two years later, suggesting that celecoxib is a
promising drug for the prevention of polyp relapse in
Lynch syndrome patients.

Gastric and duodenal cancers

(1) National Comprehensive Cancer Network guide
lines in 2011 suggest that upper gastrointestinal
endoscopy should be repeated at two- to three-year
intervals, beginning at age 30-35 years, depending
on the patient’s condition. For individuals with chronic
gastritis, atrophic gastritis, and/or intestinal metaplasia,
shorter screening intervals are recommended. Of note,
it is necessary to evaluate Helicobacter pylori infection
in the biopsies, and to give appropriate treatments;
(2) given that 87% of gastric and duodenal cancers
occur after age 45 years, endoscopy beginning at this
[114]
age may be necessary
; and (3) a cohort study
found that more than 50% of small intestinal tumors
of patients with Lynch syndrome were located in
duodenum, so screening with upper gastrointestinal
[115]
endoscopy may be beneficial
, however, there is
currently no evidence to support this.

Ileal tumors

For ileal tumors, patients should consider undergoing
capsule endoscopy once every two to three years,
beginning at age 30-35 years. In 2008, a case
control study showed that there was no difference
in the number of polyps detected between staining
[116]
endoscopy and carefully repeated colonoscopy .

COLONOSCOPY SURVEILLANCE
A study of 140 patients with Lynch syndrome and
2350 patients from suspected Lynch syndrome families
and their first-degree relatives indicated that routine
colonoscopy and intervention reduced the incidence
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CONCLUSION
CRC is the third most common malignancy in men and
the second in women, with over 1.2 million new cases
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[117]

and 608700 deaths estimated in 2008 . Ten to thirty
percent of patients with CRC have an obvious genetic
predisposition. HNPCC is the main clinical type of Lynch
syndrome. China has nearly 20% of the world’s total
population and is comprised of 56 populations, which
is a great advantage for studies of genetic diseases.
However, a unified cooperative research organization
for Lynch syndrome has not yet been formed. For that
reason, nationwide multi-center collaborations are rare
and precious. Chinese researchers have been using
advanced technologies in the detection, diagnosis,
and treatment of Lynch syndrome, and carrying out
long-term, large-scale follow-up studies. Our group
has been engaged in clinical follow-up for years, and
found that estrogen may take part in the regulation
[118-124]
of MMR genes
, providing a novel molecular
mechanism for Lynch syndrome. However, except for
a few in-depth studies, most Chinese researchers are
still focusing on the clinicopathologic features and MMR
gene mutations. We expect that a unified cooperative
research organization for Lynch syndrome will soon
be established in order to promote the continuous
development of technologies and methods to deepen
our understanding of the pathogenesis of Lynch
syndrome, to figure out more accurate and convenient
diagnostic criteria, to design the best therapy and
surveillance protocol, and finally, to reduce the
morbidity of Lynch syndrome and increase the life
quality of patients.
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AIM: To investigate the mechanism of endoplasmic
reticulum (ER) stress induction by an occult infection
related hepatitis B virus S surface antigen (HBsAg)
variant.
METHODS: We used an HBsAg variant with lower
secretion capacity, which was a KD variant from a
Korean subject who was occultly infected with the
genotype C. We compared the expression profiles
of ER stress-related proteins between HuH-7 cells
transfected with HBsAg plasmids of a wild-type and a
KD variant using Western blot.
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RESULTS: Confocal microscopy indicated that the
KD variant had higher levels of co-localization with
ER than the wild-type HBsAg. The KD variant upregulated ER stress-related proteins and induced
reactive oxygen species (ROS) compared to the wildtype via an increase in calcium. The KD variant also
down-regulated anti-oxidant proteins (HO-1, catalase
and SOD) compared to the wild-type, which indicates
positive amplification loops of the ER-ROS axis. The KD
variant also induced apoptotic cell death via the upregulation of caspase proteins (caspase 6, 9 and 12).
Furthermore, the KD variant induced a higher level of
nitric oxide than wild-type HBsAg via the up-regulation
of the iNOS protein.
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CONCLUSION: Our data indicate that occult infection
related HBsAg variants can lead to ER-derived oxidative
stress and liver cell death in HuH-7 cells.
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[18,19]

oxidative species; Apoptotic cell death

circulating HBsAg
. Occult HBV infection is highly
prevalent, particularly in HBV endemic areas, and it is
significantly related to severe forms of liver diseases,
[20]
such as cirrhosis or hepatocellular carcinoma (HCC) .
However, the exact molecular mechanisms underlying
the relationship between occult infection and severe
liver diseases are not known.
The endoplasmic reticulum (ER) performs multiple
important functions that are essential to cell survival
2+
and normal cellular function, including Ca storage,
post-translational modification, and the folding and
assembly of newly synthesized secretory proteins.
Various disturbances can cause an accumulation of
unfolded/misfolded proteins in the ER, which triggers
an evolutionarily conserved response termed the
[21,22]
unfolded/misfolded protein response (UPR)
.
Viral infection may also trigger the UPR because of
an overloading of the ER, and viral infection is one
of the ancient evolutionary pressures that links ER
stress to cell suicide to avoid viral replication and
[23,24]
spreading
. Several mutations in S ORFs lead to ER
stress in hepatocytes through the accumulation of HBV
virions because of failure of the appropriate production
of 3 proteins in the S ORF, which may contribute to
hepatocarcinogenesis and liver damage. However,
most studies of HBV-induced ER stress focused on
a specific deletion type of large surface proteins
[25,26]
(LHBs)
. HBsAg has the most potent secretory
capacity of the HBV encoding proteins. Therefore, it
is reasonable that unfolded proteins as a result of an
LHB mutation may increase the ER stress response.
Nevertheless, to the best of our knowledge, ER stress
mechanisms that focus on HBsAg variants of occult
[27]
infection (occult HBsAgs) are rarely introduced .
Recently, we reported that a variety of novel HBsAg
variants that are absent or rarely encountered in
other areas were observed in Korean subjects with
[13]
occult genotype C infections . Notably, we found
that some occult HBsAgs exhibited deficiencies in
[15]
HBsAg secretion . We hypothesized that these
HBsAgs could induce strong ER stress in hepatocytes
via UPR activation. Therefore, the current study
elucidated the molecular mechanisms to provide a
positive link between occult infection and liver disease
progression. The current study focused on ER stresslinked pathways that are induced by occult HBsAg.
The present study used a HBsAg KD variant from
Korean subjects with occult infections of HBV genotype
C, which was previously reported to exhibit very
low levels of HBsAg secretion but a higher level of
accumulated intracellular HBsAg compared to the wild[15]
type HBsAg .

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

Core tip: The molecular mechanisms underlying the
relationships between occult hepatitis B virus infection
and liver disease progression remain a mystery. The
present study demonstrated that the HBsAg variant
KD, which exhibits a secretion defective phenotype,
universally induced endoplasmic reticulum (ER) stress
pathways in hepatocytes. This induction of ER stress
may evoke ER stress-mediated biological actions
that induce liver damaging processes, including ROS
production, nitric oxide production, and apoptosis
induction. In conclusion, occult infection related to
hepatitis B virus S surface antigen variants may play a
very pivotal role in the progression of liver diseases
primarily via ER-derived oxidative stress and apoptosis
in hepatocytes.
Lee IK, Lee SA, Kim H, Won YS, Kim BJ. Induction of
endoplasmic reticulum-derived oxidative stress by an occult
infection related S surface antigen variant. World J Gastroenterol
2015; 21(22): 6872-6883 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i22/6872.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.6872

INTRODUCTION
Hepatitis B virus (HBV) infection is a global health
problem, and more than 350 million people are chronic
[1]
carriers of the virus . South Korea is an endemic
area of HBV infection, and the Korean National Health
and Nutrition Survey of 2007 listed the prevalence
of hepatitis B virus S surface antigen (HBsAg) as
[2]
4.2% in men and 3.1% in women . Moreover, an
extraordinary prevalence of genotype C2 was reported
[3]
in this area . This genotype is more virulent than
[4]
genotype B , and it may contribute to the distribution
of characteristic HBV mutation patterns that are
[5-15]
related to the progression of liver diseases
.
HBV surface open reading frames (ORFs) encode
3 types of proteins that share C terminals, large (L),
middle (M), and small (S) surface antigen. The HBsAg
is expressed at high levels, and it can be secreted
independently of L and M envelope proteins. The L and
S envelope proteins are needed for virion secretion,
[16]
but the M protein is dispensable . Overexpression
[17]
of the L protein blocks HBsAg secretion . Proper
stoichiometry between L and S envelope proteins is
important for the secretion of HBsAg and virions.
Occult HBV infection is defined as an infection
state that is negative for HBsAg serology, but the
presence of HBsAg DNA is demonstrated using
polymerase chain reaction (PCR). Generally, HBV
infection is diagnosed using serological detection of the

WJG|www.wjgnet.com

MATERIALS AND METHODS
Samples and drugs used in this study

The serum for the HBsAg variant (KD) related to
occult infection and the control HBsAg (wild-type or
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NOR) were acquired from a 54-year-old Korean occult
subject showing HBsAg seronegativity and a Korean
[15]
chronic patient, respectively . The institutional
review board of the Seoul National University Hospital
approved this study (1202-051-398). Salubrinal (Santa
cruz Biotech, CA, United States), thapsigargin (SigmaAldrich, MO, United States), and N-acetyl-cysteine
(NAC; Sigma-Aldrich, MO, United States) were used
as an ER stress inhibitor, an ER stress inducer, and an
inhibitor of ROS, respectively.

KD] using opti-MEM (Gibco BRL) for starvation and
incubation.

Western blot

Proteins were quantified using a Qubit fluorometer
(Invitrogen), and Western blotting was performed.
Isolated proteins (50 μg) were loaded and separated
using 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). Lysate proteins
were transferred to nitrocellulose membranes. Each
membrane was incubated for 1 h at room temperature
in phosphate-buffered saline (PBS) containing
5% skim milk powder (blocking solution) prior to
incubation with a primary antibody (1:1000 dilution,
1 h) and a secondary antibody (1:2000 dilution,
30 min). A commercial kit was used to obtain the
nuclear fraction (Thermo, IL, United States). Protein
analyses involved the following antibodies: activating
transcription factor 6 (ATF6), phosphorylated pan
creatic ER eIF2α kinase (pPERK), phosphorylated
insulin-response element 1, X-box binding protein 1
(XBP1), phosphorylated eukaryotic initiation factor-α,
heme oxygenase 1 (HO-1), CHOP, glucose-regulated
protein, 78-kDa (GRP78), JNK, phosphorylated JNK,
Bcl-2, Bax, caspase 12, caspase 9, caspase 6 (all
from Cell Signaling, MA, United States), inducible
nitric oxide synthase (iNOS; BD, NJ, United States),
catalase (RD Systems, MN, United States), Cu/ZnSOD
(BioDesign, NY, United States), and manganese
superoxide dismutase (MnSOD) (Stressgen, Victoria,
BC, Canada). Immunoreactive signals were detected
TM
using a WEST-one Western Blot Detection System
(iNtRON, Kyungkido, Republic of Korea) and LAS-3000
(Fujifilm, Tokyo, Japan).

Plasmid construction of sub-genomic HBV DNA from
subjects
[15]

Previously reported
plasmids encoding two types of
HBsAg (NOR and KD variant) were used in this study.
Briefly, the nested PCR method was used for HBsAg
DNA amplification. First-round PCR was performed
using the PreS2-Del-F2 and HB2R primers (PreS2Del-F2: 5’-GGG TCA CCA TAT TCT TGG G-3’; HB2R:
5’-CAT ACT TTC CAA TCA ATA GG-3’), which target
the large surface region of HBsAg. Second-round
amplification was performed using the Cystein-S-F1
and Cystein-S-R1 primers (Cystein-S-F1: 5’-ATG GAG
ARC ACM ACA TCA GGA TTC C-3’; Cystein-S-R1:
5’-TYA AAT GTA TAC CCA AAG ACA MAA G-3’), which
amplify the small surface region. The amplified 681-bp
products of the NOR and KD variant were cloned into
the Topo TA cloning vector (Invitrogen, Massachusetts,
United States) according to the manufacturer’s
protocol. The inserted target region in the TA vector
was digested using EcoRI (Takara, Shiga, Japan),
and the target regions were finally re-cloned into the
pIRES2-EGFP vector (Clontech, CA, United States).

HBsAg ELISA

The secretion capacity of the occult infection-related
KD variant and NOR were compared using ELISA
for HBsAg in the supernatant and lysed pellet using
the commercial Bioelisa HBsAg Colour ELISA Kit
(BIOKIT, Barcelona, Spain) according to the manufac
turer’s protocol. Additionally, the pCMV-β-gal vector
containing β-galactosidase was co-transfected and
analyzed according to the recommendation of the
β-Galactosidase Enzyme Assay System kit (Promega,
WI, United States) to normalize the HBsAg ELISA in
cloned HBsAg.

Calcium measurements

Cell culture and transfection

Measurement of intracellular ROS

Rhod-2 AM (Invitrogen, Carlsbad, United States) was
used as an indicator of intracellular calcium concen
4
tration. Cells (5 × 10 ) were seeded in six-well plates,
incubated overnight, and transiently transfected. Cells
were incubated for 24 h, and Rhod-2 AM was applied
at a final concentration of 4 μmol/L in PBS containing
0.1 g/L CaCl2 for 30 min. Intracellular calcium levels
were analyzed using fluorescence-activated cell sorting
(FACS) in a FACSCan Ⅱ apparatus (BD, NJ, United
States).

Dichlorodihydrofluoresein diacetate (DCF-DA;
Molecular Probes, OR, United States) and dihydrogen
rhodamine123 (DHR123; Calbiochem, CA, United
States) were used to detect intracellular ROS levels.
5
Cells (4 × 10 ) were seeded in six-well plates, and
incubated for 24 h. Cells were transiently transfected
with occult HBsAg DNA using Lipofectamine 2000
(Invitrogen, Carlsbad, United States) and incubated at
37 ℃ in 5% CO2 overnight. The day after transfection,
cells were treated with ROS lysis buffer. Supernatants

The human hepatoma cell line HuH-7 was used for
in vitro cell culture studies. Cells were maintained
at 37 ℃ in an atmosphere of 5% CO2 in RPMI-1640
(GibcoBRL, NY, United States) supplemented with
10% fetal bovine serum, 2 mmol/L L-glutamine, and
100 U/mL penicillin/streptomycin (Gibco BRL). Cells
5
were plated at 4 × 10 cells in six-well plates one day
before transfection. Lipofectamine 2000 (Invitrogen,
CA, United States) was used to transfect the three
plasmid DNAs [void pIRES2 vector (MOCK), NOR, and
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(100 μL) were transferred to 96-well plates and treated
with DCF-DA or DHR123 at a final concentration of 10
μmol/L for 30 min. Supernatants were analyzed using
an LS 55 luminescence spectrometer (Perkin-Elmer,
MA, United States) and a FACSCalibur apparatus (BD,
NJ, United States).

(Nikon, Japan) confocal microscope. Comparisons of
colocalization between HBsAg and ER in the cytoplasm
were estimated using colocalization coefficients
according to the lasso ROI selection. Statistical
comparisons were performed using one-way ANOVA,
and the average coefficients of ten images examined
in a double-blind manner are shown.

Nitric oxide ELISA

Ethics statement

Samples were prepared after transient transfection
and analyzed in triplicate to determine nitric oxide
(NO) levels (Assay Designs, MI, United States). The
quantitative determination of NO production was
determined using the Griess reaction. NO levels were
assessed spectrophotometrically at 540 nm.

This retrospective study was reviewed and approved
by the Institutional Review Board of Seoul National
University Hospital (IRB Grant No. C-0803-013-237),
and the patients’ medical records were anonymized
and de-identified prior to analyses.

DNA fragmentation assay

RESULTS

4

Cells (5 × 10 ) were plated in 96-well plates for 24
h. Cells were transfected with plasmid DNA (MOCK,
NOR, or KD) using opti-MEM medium for 24 h.
Supernatants were recovered, and DNA fragmentation
PLUS
was quantified using the Cell Death Detection ELISA
kit (Roche, Mannheim, Germany). For each assay, 20
μL of supernatant was added to each well containing
80 μL of immunoreagent. Mixtures were gently shaken
for 2 h, and each well was rinsed three times with
incubation buffer. The buffer after the final rinse was
carefully removed, and the substrate solution was
pipetted into each well. Each plate was incubated until
the color development was sufficient for analysis.
Color development was terminated by the addition of
a stop solution to each well, and the absorbance was
measured at an optical density of 405 nm.

Comparison of ER colocalization coefficients
between the KD variant and wild-type HBsAg in HuH-7
transfected cells

Sequencing analyses of cloned plasmids revealed
no mutations in wild-type HBsAg from a chronic
carrier (NOR). However, a total of five mutations
(W36L, T47K, N52D, V184A, and F220L) were mainly
concentrated in the N-terminal region in the KD
variant, but no mutations were found in the major
[15]
hydrophilic region (MHR), as previously reported
(Figure 1A). Comparisons of the 2 cloned HBsAg
plasmids (wild-type (NOR) and KD variant) in the
pellets and supernatants of HuH-7 cells using ELISA
revealed that the KD variant had deficiencies in
secretion capacity similar to the negative control
compared to the wild-type (Figure 1B). These results
suggest a higher level of ER accumulation of the KD
variant compared to the wild-type. Colocalization
coefficients of the ER and HBsAg between wild-type
and KD variant were compared 2 d after transfection of
HBsAg plasmids into HuH-7 cells to address this issue.
HBsAg of the KD variant showed significantly higher
colocalization coefficients with the ER marker calnexin
compared to the wild-type (Figure 2A and B).

Immunofluorescence assay for colocalization of HBsAg
and ER using confocal microscopy

Immunofluorescence double-staining assays were
performed using confocal microscopy to co-localize
HBsAg in ER in KD variants and NOR in the HuH-7
cell line. HuH-7 cell lines were transiently transfected
with one empty vector (pIRES2-EGFP-MOCK) or two
different small surface protein expression vectors
(pIRES2-EGFP-NOR and KD). Cells were harvested 2
d post-transfection, fixed with 4% paraformaldehyde,
permeabilized using 10% fetal bovine serum-0.1%
Triton X-100 in PBS for 1 h at room temperature,
and stained for HBsAg (green) and the ER marker
calnexin (red). DAPI stained the nucleus a blue color.
Cells were incubated with a polyclonal Ab against
HBsAg (Abcam, Cambridge, MA, United States) and a
monoclonal Ab against the ER marker calnexin (Santa
Cruz, CA, United States) to analyze the colocalization
of HBsAg and the ER. Goat anti-rabbit-Alexa Fluor 488
(Invitrogen, Carlsbad, United States) and goat antimouse-Alexa Fluor 594 (Invitrogen, Carlsbad, United
States) were used as secondary antibodies for the
experiments. Cell nuclei were counterstained with 10
μg/mL of DAPI (Sigma-Aldrich, MO, United States).
The results were visualized under a Confocal A1

WJG|www.wjgnet.com

KD variant leads to ER stress and increases the
intracellular Ca2+ concentration

We compared the expression of ER stress-related
proteins between the KD variant and wild-type to
address issue of whether the compromising of normal
HBsAg secretion function in the KD variant leads to
ER stress response. The KD variant up-regulated
the expression of the seven main ER stress-related
proteins, namely, IRE1, ATF6, PERK, elF2, XBP1, CHOP,
and GRP 78, in the absence (Figure 3A) or presence
(Figure 3B) of the ER stress inducer TG compared
to MOCK and NOR. These results indicate that the
reduced secretion of HBsAg spontaneously induced
ER stress in the absence of ER stress inducers. The ER
stress inhibitor salubrinal was used after the transient
transfection of HuH-7 cell lines to further investigate
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Figure 1 Mutation patterns of hepatitis B virus S surface antigen variant (KD) related to occult infection and a wild-type hepatitis B virus S surface antigen
(NOR) and comparisons of secretory and intracellular S surface antigen levels using hepatitis B virus S surface antigen ELISAs. Sequence variations were
compared between wild-type (NOR) and KD variant (W36L, T47K, N52D, V184A, and F220L) HBsAg using the MegAlign software program (DNASTAR, Wisconsin,
United States) (A). Secretory and intracellular HBsAg levels after transient transfection of plasmids (MOCK, NOR, and KD) into HuH-7 cells were measured using the
HBsAg ELISA assay (B). All data are expressed as the mean ± SD within a group. bP < 0.01 vs NOR supernatant; fP < 0.01 vs supernatant and pellet.
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Figure 2 Comparisons of co-localization signals of endoplasmic reticulum and a hepatitis B virus S surface antigen variant (KD) and wild-type hepatitis
B virus S surface antigen (NOR) using confocal microscopy. A: Colocalization of the KD HBsAg variant (KD) and wild-type HBsAg (Nor) in the ER was visualized
using confocal microscopy (Confocal A1, Nikon, Japan) after immunofluorescence double-staining assays. HuH-7 cells were transiently transfected with an empty
vector (pIRES2-EGFP-Mock) or two different small hepatitis B virus S surface antigen (HBsAg) protein expression vectors (pIRES2-EGFP-Wild-type, pIRES2-EGFPKD). Cells were harvested 2 d post-transfection, fixed with 4% paraformaldehyde, and stained for HBsAg (green) and the ER marker calnexin (red). The blue color of
the nucleus is DAPI staining. Scale bars represent 10, 20, and 50 μm; B: Colocalizations of the HBsAgs and ER in the cytoplasm were compared to each other using
co-localization coefficients according to the lasso ROI selection. Statistical comparisons were performed using one-way ANOVA. The average of the coefficients of ten
images examined in a double-blinded manner is shown. (bP < 0.01 vs control).
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Figure 3 Induction of endoplasmic reticulum stress and intracellular calcium levels by an occult infection related hepatitis B virus S surface antigen
variant (KD). After transient transfection of plasmids (MOCK, NOR, and KD) into HuH-7 cells, up-regulation of the seven main endoplasmic reticulum (ER) stressrelated proteins, namely, IRE1, ATF6, PERK, elF2, XBP1, CHOP, and GRP 78, was confirmed using Western blot in the absence (A) and presence (B) of 1 μmol/L
thapsigargin (TG); C: Effect of the ER stress inhibitor salubrinal (70 μmol/L) on HBsAg variant-induced activation of ER stress-related proteins (IRE1, ATF6, and
PERK). D: After transient transfection, Ca2+ was measured using Rhod-2-AM. The mean values are presented in the graphic (all data were confirmed using green
fluorescent protein and Western blot to determine transfection efficiency). The relative intensity was determined, and all data are expressed as the mean ± SD within
a group. Data from the three experiments were compared using Tukey’s multiple post-hoc test (aP < 0.05, bP < 0.01 vs control).

an ROS assay was performed in transiently transfected
HuH-7 cells with or without salubrinal treatment to
investigate whether the KD variant induces ROS
generation through ER stress pathways. Cells were
loaded with DHR123 and DCF-DA to assess the levels
of mitochondrial and intracellular ROS, respectively. Two
different methods for ROS measurement, ELISA (Figure
4A) and FACS analysis (Figure 4B), were used in this
study. The data show that the KD variant induced a
higher level of ROS generation in mitochondria and
cytoplasm compared to MOCK and NOR cells (Figure
4A and B). Salubrinal treatment reduced these
inducing effects (Figure 4C and D), which suggests
that the KD variant induces ROS generation in an
[28]
ER stress-dependent manner . The HBsAg variant
may also play a key role in increased ROS generation
within hepatocytes. Figure 4C and D shows that the

the effects of the KD variant on ER stress. The data
show that ER stress transducers, which induce effects
of IRE1, ATF6, and PERK, were greatly reduced in
salubrinal-treated cells compared to cells without
salubrinal treatment (Figure 3C). The up-regulation
2+
of ER stress pathways induces the release of Ca
[26]
from the ER lumen to the cytoplasm . We monitored
2+
Ca mobilization using the fluorescent membrane
permeable fluorochrome Rhod2-AM to investigate this
issue. The FACS data show that the KD variant induced
2+
an increase in intracellular Ca concentrations, which
contrasts MOCK and NOR cells (Figure 3D).

KD variant leads to ROS generation via ER stress
pathways
2+

Released Ca may induces ROS generation via
[27]
mitochondrial membrane perturbation . Therefore,
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Figure 4 Reactive oxygen species generation by an occult infection related hepatitis B virus S surface antigen variant, KD. Final concentrations (25 μmol/L)
of DCF-DA and DHR123 were incubated for 20 min after transient transfection of plasmids (MOCK, NOR, and KD) into HuH-7 cells to assess mitochondrial and
intracellular ROS levels. Results were determined using luminescence spectrometry (A) or FACS (B). The mean values of the experiments are presented in the
graphic. The effects of the ROS inhibitor NAC (40 mmol/L) and the ER stress inhibitor salubrinal (70 μmol/L) on ROS generation were evaluated using DCF-DA and
luminescence spectrometry (C) or FACS (D). All experiments were performed in triplicate. The relative intensity was determined, and all data are expressed as the
means ± SD within a group. Data from the three experiments were compared using Tukey’s multiple post-hoc test (aP < 0.05, bP < 0.01 vs control).

ROS inhibitor N-acetyl-cysteine (NAC) reduced ROS
induction by the KD variant to a level similar to MOCK
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and NOR, which verifies the validity of the above
experiment.
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commercially available nitrite assay were performed to
investigate the effects of the KD variant on NO levels.
The KD variant significantly up-regulated iNOS (Figure
6A) and increased nitrite production compared to MOCK
and NOR (Figure 6B); these findings suggest that the
KD variant may play a pivotal role in NO production in
hepatocytes via up-regulation of the iNOS protein.
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Apoptosis induction in hepatocytes by stress signals,
such as ER stress, is closely related to the progression
[30]
of liver diseases . We investigated the effects of the
KD variant on the expression of apoptosis-related
genes to examine whether the KD variant induces
apoptosis in hepatocytes. First, the data showed that
phosphorylation of the JNK protein, which plays a
key role in apoptosis induction because of ER stress,
was up-regulated in the KD variant, but not MOCK or
NOR. The up-regulation of the pro-apoptotic protein,
Bax, and the down-regulation of the anti-apoptotic
protein, Bcl-2, which followed JNK activation, were also
observed in the KD variant (Figure 7A). Caspases 3,
9, and 12, which directly mediate apoptotic cell death,
were also up-regulated in the KD variant but not
MOCK or NOR (Figure 7B). Additionally, we conducted
cell death ELISAs to investigate the effect of the KD
variant on apoptosis by in vitro determination of
cytoplasmic histone-associated DNA fragments. Highly
elevated apoptosis levels were found in the KD variant
compared to MOCK and NOR (Figure 7C). Additionally,
PI staining using FACS was performed for apoptosis
detection, and increased levels were observed in the
KD variant (Figure 7D). Finally, DNA fragmentation
associated with apoptosis was assessed for morphological
identification. We found enhanced DNA fragmentation
as a hallmark of apoptosis in the KD variant (Figure
7E). These results collectively indicate that occult
infection related HBsAg variant (KD) induces apoptosis
in hepatocytes via the ER stress-JNK activation axis.

Figure 5 Down-regulation of anti-oxidant proteins by an occult infection
related to an S surface antigen variant (KD). After transient transfection of
plasmids (MOCK, NOR, and KD) into HuH-7 cells, the down-regulation of four
anti-oxidant proteins, MnSOD, CuZnSOD, HO-1, and catalase in the KD variant
was confirmed using Western blot. The results of the KD variant contrasted
MOCK and NOR. The relative intensity values were determined, and all data
are expressed as the mean ± SD within a group. The three experiments were
compared using Tukey’s multiple post-hoc test (aP < 0.05, bP < 0.01 vs three
experiments).
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Figure 6 Nitric oxide increase via up-regulation of iNOS expression
by a hepatitis B virus S surface antigen variants (KD). A: After transient
transfection of plasmids (MOCK, NOR, and KD) into HuH-7 cells, up-regulation
of iNOS expression was observed in the KD variant compared to the MOCK
and NOR. The relative intensity was determined, and all data are expressed
as the mean ± SD within a group. The three experiments were compared
using Tukey’s multiple post-hoc test (bP < 0.01 vs three experiments); B: After
transient transfection, NO levels were assessed using a nitric oxide (NO)
ELISA (Assay Designs, MI, United States). NO levels in the KD HBsAg variant
increased significantly compared to the MOCK and NOR. The relative intensity
was determined, and all data are expressed as the mean ± SD within a group.
The three experiments were compared using Tukey’s multiple post-hoc test (bP
< 0.01 vs three experiments).

DISCUSSION
HBsAg is the strongest secretory HBV protein.
Therefore, it is reasonably expected that HBsAg
variants with deficient secretory capacity could induce
ER stress in liver cells via the UPR, which could
[22,31]
lead to liver cell damage
. This process provides
a plausible link between occult infection and the
progression of liver diseases. Therefore, the present
study investigated the above hypothesis by examining
whether our KD variant showing a secretion defect
could induce ER stress pathways and evoke ER stressmediated biological actions that are associated with the
progression of liver cell diseases. Our data indicated
that the KD variant activated ER-related genes and
induced ER stress, which mediated the induction of
ROS, NO, and apoptosis in similar manners. These
results suggest that the KD variant may affect an

KD variant down-regulates anti-oxidant proteins
and lead to NO increase via up-regulation of iNOS
expression

The balance between oxidants and anti-oxidants
[29]
is a major concern in hepatocyte damage . The
expression of antioxidant-related enzymes after plasmid
transfection was measured to analyze the effect of the
KD variant on the expression of antioxidant proteins
(Figure 5). Generally, the expression levels of antioxidant ROS scavenger proteins, such as SOD (MnSOD
and CuZn SOD), HO-1, and catalase, were significantly
down-regulated by the KD variant, which leads to a
positive amplification loop of the ER stress-ROS axis.
Experiments using iNOS protein expression and a
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Figure 7 Apoptosis induction by an occult infection related hepatitis B virus S surface antigen variant (KD). A: After transient transfection of plasmids (MOCK,
NOR, and KD) into HuH-7 cells, up-regulation of p-JNK and the pro-apoptotic proteins Bax and down-regulation of the anti-apoptotic protein Bcl-2 were observed in
the KD HBsAg variant compared to the MOCK and NOR. These results were confirmed using Western blot; B: After transfection, up-regulation of apoptosis-related
caspase proteins (caspases 6, 9, and 12) was observed in the KD HBsAg variant compared to the MOCK and NOR. Apoptosis induction in the KD variant was
demonstrated using a DNA Fragmentation Assay and the Cell Death Detection ELISAPLUS kit (Roche, Mannheim, Germany); C: PI staining using FACS. Morphological
identification (D) of DNA fragmentation (E). The relative intensity values were determined, and all data are expressed as the mean ± SD within a group. The three
experiments were compared using Tukey’s multiple post-hoc test (bP < 0.01 vs three experiments).

upstream signal of the ER stress pathway.
This study investigated possible links between a
KD variant and the progression of liver disease and
focused on three biological actions that could lead to
liver damage, including ER stress and ROS production,
NO production, and apoptosis induction. First, our data
showed that the KD variant induced ER stress and
ROS production via intracellular calcium increases in
hepatocytes (Figures 3 and 4). Generally, a relatively
mild level of ROS induction is advantageous in cell
signaling, and it induced anti-oxidant genes that
enabled elevated ROS levels to remain at normal levels
[32]
in this case . Increased ROS levels in hepatocytes
due to the hepatitis C virus (HCV) core proteins
induce the expression of anti-oxidant genes, which
may maintain ROS homeostasis. This process may
[33]
otherwise induce hepatocyte apoptosis or HCC . In
contrast to the HCV core protein, our KD variant downregulated the anti-oxidant proteins HO-1, MnSOD,
Cu/Zn SOD, and catalase (Figure 5), which suggests a
positive amplification of the ER stress-ROS production
axis. The differences between these two cases may
be due to differences in the intensity of inducing ER
stress or ROS production. Perhaps the excessive ER
stress and ROS level induced by the KD variant were
beyond the threshold necessary to maintain normal

WJG|www.wjgnet.com

cell function, which facilitated cell death by increasing
cytosolic ROS levels via the abrogation of anti-oxidant
gene function. The excessive ER stress and ROS level
also provide possible links between occult HBsAg
variants and apoptosis.
Second, the KD variant increased NO production in
hepatocytes in an iNOS expression-dependent manner.
Recently, the role of NO-mediated oxidative stress
was well established in chronic viral hepatitis induced
[34,35]
by HBV and HCV
. Therefore, the iNOS-mediated
NO synthesis that was observed by the KD variant in
the present study (Figure 6) was likely induced by ER
stress-ROS mediated inflammation. The elevated NO
production by the HBsAg variant may be responsible
for the generation of chronic hepatitis and the
progression of liver diseases via peroxynitrite, which is
a potential oxidant that is produced by the reduction of
[36]
superoxide anion, a species of ROS, with NO .
[37]
Third, apoptosis plays a central role in liver diseases .
The apoptosis of hepatocytes, which are the major
component of liver cells, is directly related to the failure
of liver functions. Additionally, the regeneration of liver
cells after chronic apoptosis in combination with the
accumulation of mutated DNA because of ER stressROS production may induce hepatocarcinogenesis.
Figure 7 shows that the KD variant induced apoptosis
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in hepatocytes via at least three potential pathways,
which are more inter-connected than distinct. First,
apoptosis may be mediated by CHOP activation via
the major ER stress transducer PERK-ElF2α axis (Figure
3A). Second, apoptosis may be mediated by intracellular
calcium increases via ER stress (Figure 3D). Finally,
apoptosis may also be mediated by ER stress-mediated
JNK activation, which induces anti-apoptotic BCL-2
down-regulation and pro-apoptotic Bax-2 activation
(Figure 7A). The synergistic combination of these three
pathways may lead to apoptosis in hepatocytes in a
caspase-dependent manner (Figure 7B).
In conclusion, the KD variant that is related
to occult infections may play a pivotal role in the
progression of liver diseases, such as chronic hepatitis,
liver fibrosis, cirrhosis, and HCC, during the natural
course of HBV infections primarily via ER stress and
ROS production. The possible down-regulation of HBV
replication because of ROS and NO production by
HBsAg variants may also provide a likely explanation
for the relationship between occult HBV infection and
ER stress-mediated liver diseases. The present study
provides two primary observations. First, the results of
this study emphasized the role of HBsAg among other
HBV products in the pathogenesis of liver diseases.
Second, the data obtained in this study strongly
support a hypothesis that one resource of occult HBV
infections, at least in the Korean population, may
be chronic patients with advanced liver diseases.
Therefore, horizontal transfer of occult HBV variants
may occur between occult HBV patients, chronic HBV
patients, and otherwise healthy people.

The authors examined the underlying mechanisms of the relationship between
occult HBV infection and liver disease progression and focused on the
induction of ER stress because of occult infection related to an HBsAg variant.
The results revealed that an occult infection related to the HBsAg variant KD
with lower secretion capacity enhanced ER-derived oxidative stress and liver
cell death in HuH-7 cells compared to wild-type HBsAg. These results provide
novel insight into the relationships between occult infection and liver disease
progression.
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Abstract
AIM: To study the potential prognostic role of
microRNA-382 (miR-382) in esophageal squamous cell
carcinoma (ESCC).

Supported by Xinxiang Medical University Key Areas grant,
No. ZD2011-8 (to BS Zhao).

METHODS: Forty six patients were divided into 2
groups according to postoperative survival time:
the poor outcome group (28 patients), who showed
early metastasis but no recurrence, and died within 1
year after surgery, 12 patients of the group received
postoperative chemotherapy treatment that was given
after early metastasis happening; the good outcome
group (18 patients), who had no clinical metastasis
and recurrence, and survived 5 years or more after
surgery, all patients did not receive any postoperative
treatment. Total RNA was extracted from the patients’
formalin-fixed and paraffin-embedded esophageal
cancer tissues. miR-382 level was evaluated using highthroughput real-time quantitative polymerase chain
reaction analysis. The correlation between miR-382
level and clinicopathologic features was analyzed
through COX regression model, and Kaplan-Meier
analysis was used to analyze the relationship between
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miR-382 level and patient survival time.

This is mainly based on EC’s highly invasive charac
teristic, which often leads to early metastasis and
[4,5]
reduces treatment efficacy . Although Tumor Node
Metastasis (TNM) staging system is still a major
criteria for EC prognosis, our clinical observations show
that ESCC patients receiving similar therapy (e.g.,
surgical therapy by the same surgeon) at the same
pathological stage had significantly different outcomes.
Moreover, metastasis in the early postoperative
stage also occurred in early-stage ESCC patients.
These observations suggested the hypothesis that
metastasis-related molecules may be heterogeneously
present in ESCC individuals. Therefore, exploring novel
biomarkers related to ESCC metastasis is required
for monitoring the progression of the disease, and
predicting the prognosis of the patient after clinical
intervention.
MicroRNA (miRNA) is a small non-coding RNA
with 22-25 nucleotides in length, and controls gene
expression via the regulation of translation efficiency
and mRNA stability by binding to the complementary
[6,7]
site in 3’-untranslated region (UTR) of the mRNA .
miRNAs are abundantly expressed and play an essen
tial role in the regulation of a large number of biological
[8,9]
processes, including cancer
. The expression
patterns and biological functions of miRNAs in ESCC
[10-12]
have been investigated in recent years
.
Human miR-382 (has-mir-382, MIMAT0000737,
5’-GAAGUUGUUCGUGGUGGAUUCG-3’) resides in a
miRNA cluster in the imprinted DLK1-DIO3 region on
the 14q32 locus which hosts one of the largest miRNA
clusters in the genome. Many of these miRNAs are
differentially expressed in several pathologic processes
and various cancers. Recent studies reported that
miR-382 was decreased or increased in several types
[13,14]
of human malignancy
, suggesting that the role
of miR-382 contributing to tumor development and
metastasis is tissue specific.
Using high-throughput real-time quantitative
polymerase chain reaction, we initially evaluated
the expression profiles of 754 miRNAs in paraffinembedded tumor specimens from two ESCC patients
with TNM IIa stage. These patients had different
outcomes although they both received same
[15]
postoperative treatment (chemotherapy twice) . Our
results showed that the levels of multiple miRNAs were
significantly different between the two patients. One of
the findings was that the ESCC patient who had neck
lymph node metastasis which occurred four months
after surgery and died 1 year after surgery had
significantly lower miR-382 level compared to another
patient who did not have metastasis and survived five
years after surgery.
The present study was to further validate a
potential role for miR-382 as an ESCC prognostic
biomarker. For this purpose, miR-382 levels were
examined from 46 ESCC patients with different
outcomes; afterwards the relationship between
miR-382 level and clinicopathological characteristics of

RESULTS: miR-382 was differentially expressed in
the two groups. Overall the average miR-382 level in
the ESCC patients with good outcome was 9.8 ± 3.8,
while miR-382 level in the ESCC patients with poor
outcome was 3.0 ± 0.8. The differences of miR-382
levels between two groups were significant (P < 0.05).
Kaplan-Meier analysis results showed that miR-382
expression level generally had a significant reversecorrelation with ESCC patient survival time (P <
0.001), in which the patients with higher expressions
of miR-382 had a longer survival time either among
individuals with the same tumor stage or among the
overall patients.
CONCLUSION: miR-382 levels are reverse-correlated
with ESCC poor outcomes, suggesting that miR-382
could be a potential predictive biomarker for both
prognosis and treatment of ESCC.
Key words: Esophageal squamous cell carcinoma;
miR-382; Metastasis; Outcome; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophageal squamous cell carcinoma (ESCC)
patients often have significantly different outcomes
due to early metastasis happening or not, although the
patients are at the same pathological stage and receive
the similar surgical therapy. Exploring novel biomarkers
related with ESCC metastasis is required for monitoring
the progression of the disease, and predicting the
outcome of the patient after clinical intervention.
Current research addressed a potential prognostic role
of microRNA-382 in ESCC.
Qi B, Lu JG, Yao WJ, Chang TM, Qin XG, Ji YH, Wang TY, Liu
SG, Li HC, Liu YZ, Zhao BS. Downregulation of microRNA-382
is associated with poor outcome of esophageal squamous cell
carcinoma. World J Gastroenterol 2015; 21(22): 6884-6891
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i22/6884.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i22.6884

INTRODUCTION
Esophageal cancer (EC) is one of the most common
gastrointestinal cancers. Up to 300 thousand people
[1]
worldwide die from this disease each year . More
[2]
than 50% of the global incidence of EC is in China .
Histologically, EC is divided into two main types:
squamous cell carcinoma and adenocarcinoma.
Esophageal squamous cell carcinoma (ESCC) is the
major histological type of EC in China. The global
5-year survival rate of EC is only about 15% with
[3]
most patients dying withing one year of diagnosis .
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the patients was assessed. We found that expression
of miR-382 was weaker in the specimens from the
patients with poor outcome compared to those with
good outcome (P < 0.05) and miR-382 level was
inversely correlated with ESCC patient survival time (P
< 0.001).

mL microcentrifuge tubes. Paracancerous normal
esophageal mucous membranes (8 cm distant to the
verge of the tumor tissue) from 4 ESCC patients were
taken as controls. Total RNA (including miRNAs) was
extracted using TRI Reagent (Applied Biosystems,
Foster City, United States) according to manufacturer’s
instructions. The RNA yield was determined using a UV
spectrophotometer, and then stored at -80  ℃ for further
processing.

MATERIALS AND METHODS
Patients and esophageal cancer tissue collection

Reverse transcription reaction

Our aim was to examine miR-382 levels in cancer
tissues from ESCC patients who were at the same TNM
stage but had different outcomes. Forty-six patients
with ESCC diagnosed by histopathological examination
between 2006 and 2009 were enrolled in this study.
All patients’ clinicopathological information had been
recorded and the specimens had been collected before
this work started. Additionally, all patients had not
received any radiotherapy or chemotherapy prior to
the surgical procedure performed in the Department
of Thoracic Surgery, the First Affiliated Hospital of
Xinxiang Medical University. TNM classifications after
surgery were made according to International Union
Against Cancer (UICC) staging criteria for esophageal
cancer, sixth edition (2002). The 46 patients were
divided into 2 groups according to postoperative
survival time: the poor outcome group, who showed
early metastasis but no recurrence, and died within 1
year after surgery; the good outcome group, who had
no clinical metastasis and recurrence, and survived
5 years or more after surgery. This study did not
include the patients surviving between 1-5 years after
surgery. In addition, postoperative survival time of all
stage Ⅳ patients undergoing surgical procedure in our
department was less than 5 years when we started
this work. Thus, patients with stage Ⅳ disease were
excluded from this study. The postoperative followup was a standardized process that included routine
computed tomography scan and upper gastrointestinal
endoscopy. All patients (n = 18) with good outcome
did not receive any postoperative treatment, and
12 out of 28 patients with poor outcome received
postoperative chemotherapy treatment that was given
after early metastasis happening.

Total RNA samples were reverse-transcribed using
Taqman MicroRNA reverse transcription kit in
combination with Megaplex reverse transcription (RT)
primer Human pool set v3.0 (Applied Biosystems,
Foster City, United States). Briefly, 3 µL of total RNA
was supplemented with Megaplex RT primer mix (×
10), RT buffer (× 10), Multiscribe reverse transcriptase
(50 U/µL), dNTPs with dTTP (100 mmol/L), MgCl2
(25 mmol/L), and RNase inhibitor (20 U/µL) in a total
reaction volume of 8 µL. RT reaction was performed
for 40 cycles of 16  ℃ for 2 min, 42  ℃ for 1 min and
50  ℃ for 1 s, followed by a final reverse transcriptase
inactivation at 85  ℃ for 5 min. cDNA samples were
kept at -80  ℃ until PCR analysis.

Pre-amplification of cDNA

2.5 µL of cDNA samples was pre-amplified using
Applied Biosystems’Taqman preamp master mix (× 2)
and Megaplex preamp primers (× 5) in a 25 µL PCR.
Megaplex™ PreAmp Primers (Applied Biosystems,
Foster City, United States) that contained forward
primers specific to miR-382 were used. The preamplification cycling conditions were as follows: 95  ℃
for 10 min, 55  ℃ for 2 min and 75  ℃ for 2 min, followed
by 12 cycles of 95  ℃ for 15 s and 60  ℃ for 4 min.

Real-time quantitative polymerase chain reaction
analysis

qPCR was performed through 7500 Fast Real-Time
PCR System (Applied Biosystems, Foster City, United
States). Pre-amplified cDNA samples were diluted with
low-EDTA (0.1 mmol/L) TE buffer (1:50) and qPCR
®
reaction included TaqMan 2X Universal PCR Master
®
®
Mix (No AmpErase UNG) 10 µL, TaqMan MicroRNA
®
Assays, 20X TaqMan Assay 1 µL, PreAmp Product 1 µL
and nuclease free water 8 µL. qPCR cycling conditions
were as follows: 95  ℃ for 10 min, followed by 40 cycles
of 97  ℃ for 30 s and 59.7  ℃ for 1 min. The small nRNA
U6 (Assay ID: 001093) was used as an endogenous
control in RT-qPCR. We run PCR in triplicate for each
sample and all samples’ Ct values are less 30, which
is in a reasonable range. The relative quantitative
method was used. Gene expression was quantitated
-∆∆Ct
based on the following formula: F = 2
where ∆∆Ct
= (mean CT of has-mir-382 in the test sample - mean
Ct of the housekeeping gene in the test sample) (mean Ct of has-mir-382 in the control sample - mean

Ethics

The present study was conducted in accordance
with the declaration of Helsinki, and approved by the
Institutional Review Board for Human Research of the
First Affiliated Hospital of Xinxiang Medical University.
Written informed consent form was obtained from all
patients.

Tissue sample collection and RNA extraction

Formalin-fixed and paraffin-embedded esophageal
cancer tissues from the patients were used for RNA
extraction. Using a microtome, 10-μm slices of tissue
from each patient were captured and placed into 1.5
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included 18 (39.1%) patients who showed neither
clinical metastasis nor recurrence, and survived 5
years or more after surgery; the group with poor
outcome included 28 (60.9%) patients who showed
early metastasis but no recurrence, and died within 1
year after surgery.
Demographic variables of the patients are listed
in Table 1. In this study, there were 23 (50%) males
and 23 (50%) females with ages ranging from 45
to 71 years (median, 59 years). The tumor size in
19 (41.3%) cases was more than 5 cm and in 27
(58.7%) cases was less than 5 cm. Regarding the
histological differentiation, 11 (23.9%) patients had
well differentiated ESCC, 19 (41.3%) patients had
moderately differentiated ESCC, and 16 (34.8%) had
poorly differentiated ESCC. Lymph node metastasis
occurred in 19 (41.3%) patients, and did not occur in
27 (58.7%) cases. 7 (15.2%) cases were at stage 0
and Ⅰ (1 case at stage 0 and 6 cases at stage Ⅰ), 21
(45.7%) cases were at stage Ⅱ (Ⅱa and Ⅱb), and
18 (39.1%) cases were at stage Ⅲ. This study did not
include the patients at stage Ⅳ and the patients living
between 1-5 years.

Table 1 Characteristics of patients with esophageal squamous
cell carcinoma
Characteristic

n (%)

All patients
Sex
Male
Female
Age
< 60
≥ 60
Size of tumor
≤ 5 cm
> 5 cm
Site of tumor
Upper thoracic
Middle thoracic
Lower thoracic
Differentiation
Good
Moderate
Poor
Depth of invasion
Tis, T1
T2
T3
Stage (TNM)
0-Ⅰ
Ⅱa-Ⅱb
Ⅲ
Lymph node metastasis
Negative
Positive
Metastasis
Early metastasis
Non metastasis

46 (100)
23 (50.0)
23 (50.0)
25 (54.3)
21 (45.7)
27 (58.7)
19 (41.3)
4 (8.7)
35 (76.1)
7 (15.2)
11 (23.9)
19 (41.3)
16 (34.8)
8 (17.4)
6 (13.0)
32 (69.6)
7 (15.2)
21 (45.7)
18 (39.1)

Differential expression of miR-382 in ESCC patients and
their significance in prognosis

RT-qPCR was performed to examine the expression
level of miR-382. qPCR amplification plot with ∆Ct
values of miR-382 is shown as Figure 1. All Ct values
from each sample were less than 30 (data not shown).
miR-382 levels shown in Figure 2 were differentially
expressed in ESCC patients. Overall the miR-382 level
(Figure 2A) in the patients with good outcome was
9.8 ± 3.8 (mean ± SE), while miR-382 level in the
patients with poor outcome was 3.0 ± 0.8 (mean ±
SE). Therefore, miR-382 average level from all ESCC
patients with poor outcome was lower than that from
all ESCC patients with good outcome. The differences
of miR-382 levels between two groups were significant
(P < 0.05). Furthermore, in each TNM stage shown
in Figure 2B-D, miR-382 levels were decreased in the
patients with poor outcome when compared with the
patients with good outcome.

27 (58.7)
19 (41.3)
28 (60.9)
18 (39.1)

Ct of the housekeeping gene in the control sample). A
high F-value indicates a relatively high expression of
miR-382.

Statistical analysis

Two-tailed student t test was used to determine
the expression levels of miR-382, and results were
expressed as mean ± SE. P < 0.05 was considered
2
statistically significant. The χ test was used to
determine the relationship between miR-382 expression
level and clinicopathological features, and Kaplan-Meier
was used to analyze the relationship between miRNA
expression and survival time. COX regression model
was used to analyze the influence of the related factor
on the survival time of patients with ESCC. SPSS 17.0
software (SPSS Inc., Chicago, United States) was used
for data analysis.

miR-382 expression was associated with ESCC patient
survival time

Kaplan-Meier analysis results showed that miR-382
expression level generally had a significant reversecorrelation with ESCC patient survival time (Figure 3A,
P < 0.001). Similarly, at individual stage as showed
in Figure 3B-D, expression levels of miR-382 were
reversely correlated with patient postoperative survival
time. Cox single factor related risk analysis results
showed that patient TNM stage (P = 0.023), tumor
size (P = 0.006), postoperative time (P = 0.010),
miR-382 level (P = 0.007), and patient survival time
had a significant correlation.

RESULTS
Demographic and clinicopathological characteristics

The study included 46 patients with ESCC. The
patients were followed up for 3 to 84 mo, and were
subsequently divided into two groups - good outcome
and poor outcome. The group with good outcome
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Figure 1 Amplification plot with ΔCt values of miR-382 in all patients.

A

B

14
12

14
12
miR-382 level

miR-382 level

10
8
6
4

a

10
8
6
4

2

a

2
0

0
Overall with
good prognosis

C

16

Stage Ⅰ with
good prognosis

Overall with poor
prognosis

D

14

Stage Ⅰ with
poor prognosis

10

12
8

8
6

a

miR-382 level

miR-382 level

10

6

4

4
2

2

a

0

0
Stage Ⅱ with
good prognosis

Stage Ⅱ with
poor prognosis

Stage Ⅲ with
good prognosis

Stage Ⅲ with
poor prognosis

Figure 2 miR-382 expression levels were associated with outcomes of esophageal squamous cell carcinoma patients. A: The esophageal squamous cell
carcinoma (ESCC) patients with good outcome generally exhibited higher miR-382 expression than those with poor outcome (aP < 0.05, good outcome vs poor
outcome); B: Stage Ⅰ ESCC patients with good outcome exhibited higher levels of miR-382 than those with poor prognosis (aP < 0.05, good outcome vs poor
outcome); C: Stage Ⅱ ESCC with good outcome exhibited higher levels of miR-382 than those with poor outcome (aP < 0.05, good outcome vs poor outcome); D:
Stage Ⅲ ESCC with good outcome exhibited higher levels of miR-382 than those with poor outcome (aP < 0.05, good outcome vs poor outcome).
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TNM staging is traditionally considered the single
most important factor to guide treatment decisions
and prognosis for ESCC, clinical observations showed
that same TNM stage ESCC patients who received the
same surgical treatment by the same surgeon had
different outcomes, indicating that ESCC metastasis
susceptibility is somehow individually specific.
Other traditional examinations based on medical
equipment such as CT, X-ray barium meal fluoroscopy,
gastroscopy, and B-ultrasonography, can be utilized to
discover cancer metastases, whereas all these medical
examinations are unable to predict distinct metastasis
susceptibility. New research methods in molecular
techniques have facilitated the biomarker discoveries
[16]
of cancer metastasis susceptibility . The current
clinical biomarkers for ESCC prognosis are not ideal,
as there remains a lack of reliable biomarkers that can
specifically distinguish between ESCC patients who are
susceptible to metastasis and those who are not.
Numerous studies have established miRNAs as
broad and powerful regulators of protein expression
[17]
in physiology and diseases . Correlation analyses

DISCUSSION
In the current study, we investigated the prognostic
impact of miR-382 level in 46 patients with ESCC. We
discovered that miR-382 was differentially expressed
in cancer specimens from ESCC patients with different
outcomes, although the patients were at the same
pathological stage and received similar surgical
treatment. We showed that miR-382 expression
was significantly decreased in specimens from ESCC
patients with poor outcomes compared to the patients
with good outcomes. Moreover, our clinical results
revealed that miR-382 level was inversely correlated
with ESCC patient survival time, and significantly
linked to the patients’ outcomes. These data suggest
a potential role for miR-382 as a biomarker for
identifying patients who will experience an unfavorable
clinical outcome.
[2]
ESCC is a common malignancy . Accurate
judgments of the clinical stage and prognosis of ESCC
are important bases for clinicians to take a rational
approach to the treatment of this disease. Although
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between miRNAs and cancers have shown miRNA as
[18-20]
potential prognostic biomarkers in variant cancers
.
miRNAs that are upregulated in cancers are proposed
to be oncogenes, whereas those that are downre
[21]
gulated are considered tumor suppressors . Some
miRNAs, such as has-miR-335, has-miR-181d, hasmiR-25, has-miR-7, and has-miR-495, have been
reported to directly participate in the initiation and
[22-24]
development of ESCC
.
The relationship between miR-382 levels and
prognoses has been examined in several types
of human malignancy. Decreased miR-382 levels
were associated with poor survival in osteosarcoma
[14]
patients , indicating that the role of miR-382 in
osteosarcoma as a tumor suppressor. Conversely
increased miR-382 levels were found in acute myeloid
[15]
leukemia tumor tissue , indicating that miR-382 plays
the role of an oncogene in this disease. Consequently
the role of miR-382 in tumor development and
metastasis is a heterogeneous one for which the
physical, cellular and molecular determinants adapt
and react throughout the progression of the disease in
a cell-driven and tissue-driven manner.
Our study revealed that the average level of
miR-382 was significantly lower in specimens from
ESCC patients who showed a poor outcome than
those in the patients who showed a good outcome,
and miR-382 level was reverse-correlated with
patient’s survival time and linked to a poor outcome.
Metastasis had occurred in all ESCC patients with
poor outcome but not in the patients with good
outcome in our study. Thus, our results indicate that
miR-382 is involved in the ESCC metastasis process
and is a potential biomarker for ESCC patients who
are individual susceptible to metastasis. This could at
least partially explain why the ESCC patients at similar
clinicopathological stages and receiving similar surgical
treatment had completely different outcomes.
The mechanism by which miR-382 affects ESCC
behavior is not yet clear. One study reported that
miR-382 as a tumor suppresser in osteosarcoma
negatively regulated the expression of KLF12 and
HIPK3 by directly targeting their 3’ UTR sequences to
[25]
inhibit tumor cell growth in vivo and in vitro . The
downstream signals of miRNA contributing to tumor
development and metastasis are tissue heterogeneous.
Thus our future work will be aimed at determining
the specific downstream molecules by which miR-382
[26]
affects ESCC behavior .
The specimens we used in this study were formalinfixed and paraffin-embedded esophageal cancer
tissues. The expression level of miR-382 in the cancer
tissue is dependent on the individual ESCC patient
situation rather than the specimen type used for
examination. Hence, our results should be applicable
to other specimen types such as fresh surgical
specimen and forceps biopsies obtained during upper
gastrointestinal endoscopy.
In this study, the level of miR-382 we mentioned

WJG|www.wjgnet.com

just means the relative quantification when comparing
the results from two groups. The total number of
patients assessed in our study was relatively small,
especially for the number of individual pathological
stage patients. Accordingly, it is difficult to determine
the cutoff level of miR-382 as a biomarker for clinical
utility from our current results. A large size cohort
study must therefore be an objective of future projects
to determine the miR-382 cutoff level, which can be
used not only for predicting ESCC outcomes but also
for being a supplemental criterion to TNM staging or
postoperative treatment decision.
In conclusion, it is the first study to show that
miR-382 was downregulated in ESCC patients with
early metastasis, and that miR-382 levels were
significantly reverse-correlated with ESCC patient
outcomes. Therefore, miR-382 could be a potential
predictive biomarker for both outcome prognosis and
treatment of ESCC. Further studies are needed to
define the detailed mechanisms and determine the
cutoff level of miR-382.
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It was reported that miR-382 was reduced and associated with poor survival
in osteosarcoma patients. Conversely increased miR-382 levels were found
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which indicate that it is associated with prognosis and may develop a novel
biomarker for both diagnosis and treatment of ESCC.
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ORIGINAL ARTICLE
Case Control Study

Nonalcoholic fatty liver disease, spleen and psoriasis: New
aspects of low-grade chronic inflammation
Nicola Balato, Maddalena Napolitano, Fabio Ayala, Cataldo Patruno, Matteo Megna, Giovanni Tarantino
relationship with hepatic steatosis, Psoriasis Area and
Severity Index, and insulin resistance.
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METHODS: Seventy-nine psoriatic patients who were
not suffering from any chronic inflammatory disease
were retrospectively selected for inclusion in this study,
and their complete medical records were accessed.
An age- and sex-matched group of 80 non-psoriatic,
obese patients was included as a control. The following
relevant data were collected: age, sex, weight, height,
body mass index, waist circumference, blood pressure,
insulin resistance status, age at psoriasis onset, and
severity of psoriasis. Abdominal ultrasonography was
performed to determine spleen longitudinal diameter
(SLD), and hepatic steatosis grade.
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RESULTS: The SLD of control obese patients was
greater than that of psoriatic subjects (P = 0.013),
but body mass index predicted the size of the spleen
in psoriatic patients (P < 0.001). The SLD of psoriatic
patients with normal weight was significantly reduced
with respect to the overweight/obese psoriatic patients
(P = 0.002). A multiple regression analysis revealed
that body mass index was a unique predictor of the
spleen size (P < 0.001). Finally, the disease duration
predicted the spleen size in psoriatic subjects (P =
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Core tip: The specific role of the spleen in psoriatics
could help in more comprehensively understanding
the inflammatory mechanism underlying this illness;
psoriasis would be the most superficial manifestation of

Abstract
AIM: To investigate spleen status in psoriasis and its
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a chronic inflammatory process involving various organs
and systems. The increased diameter of the spleen
found in psoriatic patients with long-term illness may
be the expression of the immune system’s response to
the state of chronic inflammation.

histology as a gold standard to diagnose NAFLD,
revealed that the NASH subjects had a higher spleen
longitudinal diameter (SLD) and significantly higher IL-6
and vascular endothelial growth factor concentrations
[12]
than healthy controls and patients with fatty liver .
The aim of this retrospective study was to establish if
psoriatic patients presented a larger spleen volume,
as an index of low-grade chronic inflammation, and to
what extent HS was present. Further the relationships
between Psoriasis Area and Severity Index (PASI),
the most used score to evaluate the clinical severity,
and anthropometric data, IR, grade of HS, and spleen
volume were analyzed.

Balato N, Napolitano M, Ayala F, Patruno C, Megna M,
Tarantino G. Nonalcoholic fatty liver disease, spleen and
psoriasis: New aspects of low-grade chronic inflammation. World
J Gastroenterol 2015; 21(22): 6892-6897 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/6892.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.6892

MATERIALS AND METHODS

INTRODUCTION

Seventy-nine consecutive psoriatic patients who
attended the Dermatology Clinic of the University of
Naples Federico II between July 2012 and October
2013, and who were not suffering from any chronic
inflammatory diseases, viral or bacterial infections,
or cancer were retrospectively included in this study,
and their complete medical records were accessed.
A similar group of 80 obese patients with body mass
index (BMI) > 30 attending the outpatient obesity
clinic, without psoriasis, and were well matched for
age (max tolerance: three years of difference) and sex
was compared as a control. The source population for
cases and controls was the same.
Patients aged ≥ 18 years with moderate or severe
plaque psoriasis were included in the study. Psoriasis
was diagnosed according to clinical criteria. Severity
was assessed according to PASI, body surface area
(BSA) measurement, and static Physician’s Global
Assessment. Disease severity was classified as ≥ 10
according to the PASI. Disease severity was scored
as moderate when PASI was 10-20 and severe when
PASI score was > 20. Chronic plaque psoriasis was
considered localized or disseminated when it covered
less or more than 10% of the BSA, respectively. No
patient suffering from psoriasis was on beta-blockers,
lithium, or anti-malarials.
Patients receiving any systemic treatment for
psoriasis including acitretin, ciclosporin, methotrexate,
phototherapy, or biologics for ≥ 6 mo before
enrollment were not included in the study. After signed
informed consent was obtained, all subjects were
visited by a dermatologist who registered demographic,
biometric, and other relevant data on a case-report
form. Relevant data collected included age, sex, weight,
height, BMI, waist circumference, blood pressure,
smoking habit, age at psoriasis onset, type and severity
of psoriasis, concomitant medications, and abdominal
US. Obesity was determined by measuring BMI and
was corrected for abdominal adiposity. Measurements
of height and body weight were taken by a trained
research staff for each patient. Height was measured
to the nearest 1 mm and weight was measured to the
nearest 0.1 kg. The BMI was calculated as weight in

Psoriasis is a chronic, relapsing, inflammatory skin
disease that affects about 2% of the Caucasian
population, causing a significant impairment of quality
of life, particularly if it is diffuse and recalcitrant to
[1-3]
treatments . Much attention has been drawn towards
upgrading psoriasis from a skin condition to a systemic
disease, as serum biomarkers for inflammation
[interleukin (IL)-1β, IL-6, IL-10, C-reactive protein,
intracellular adhesion molecule-1, E-selectin, and
tumour necrosis factor-α] are raised. Psoriatic patients
could therefore have a higher risk of developing
systemic comorbidities, including psoriatic arthritis,
inflammatory bowel diseases (Crohn’s disease and
ulcerative colitis), or cardio-metabolic disorders (such
as myocardial infarction hypertension, obesity, diabetes,
[4-7]
dyslipidemia, fatty liver disease, and hyperuricemia) .
Recently, hospital-based observational studies
suggested that patients with psoriasis are 1.5- to
3-fold more likely to have nonalcoholic fatty liver
disease (NAFLD). This increased risk of NAFLD and
subsequent risk of liver damage was explained by an
increased prevalence of NAFLD risk factors such as
obesity, diabetes mellitus, and alcohol consumption
[8]
among patients with psoriasis . Moreover, among the
various pathways that contribute to the development
of hepatic steatosis (HS), circulating concentrations of
inflammatory cytokines are considered to be the most
important factor in causing and maintaining insulin
resistance (IR). Low-grade chronic inflammation, of
which IL-6 is the main involved cytokine, is fundamental
in the progression of NAFLD toward higher-risk cirrhotic
[9]
states, via nonalcoholic steatohepatitis (NASH) . NASH
is a progressive liver disease characterized by Kupffer
cell dysfunction, which contributes to its pathogenesis.
Noteworthy, the reticular-endothelial system also plays
[10]
a key role in the spleen. Indeed, Tsushima et al found
an association between NAFLD and enlarged spleen
volume measured by computed tomography. Moreover,
as it is now known, obesity and IR are strongly
[11]
associated with systemic markers of inflammation .
Studies attempting to find a noninvasive method that
could likely assess the presence of NASH and using

WJG|www.wjgnet.com

6893

June 14, 2015|Volume 21|Issue 22|

Balato N et al . Psoriasis and spleen size
2

[14]

kg divided by height in m and was categorized into
three groups: normal weight was defined as BMI <
2
2
25 kg⁄m ; overweight was defined as 25 kg⁄m < BMI
2
> 29.99 kg⁄m ; obesity was defined as BMI > 30 kg
2
⁄m . Visceral obesity was identified by measuring
waist circumference at the midpoint between the
lower border of the rib cage and the iliac crest. Hip
circumference was measured around the widest part
of the buttocks, with the tape parallel to the floor, and
the waist to hip ratio was calculated. IR status was
determined by the homeostatic metabolic assessment
(HOMA), which was assessed by the formula: fasting
insulin (µU/mL) × fasting glucose (mg/dL)/405.
Moreover, as the repeated HOMA measurements
presented high within-person variability in obese
patients, HOMA values were averaged on the basis of
at least five determinations to avoid misclassification.
Patients with psoriatic arthritis, inflammatory bowel
diseases, rheumatoid arthritis, or other autoimmune
disease such as lupus erythematosus and primary
biliary cirrhosis were excluded.

dependent nature of the case and control subjects .
When dealing with subgroup analyses, i.e., psoriatic
patient with normal weight or overweight/obese,
the Man-Whitney U test was used. For univariate
analysis, to assess the independent effect of a
quantitative variable on the prediction of another
one, the linear regression analysis (least squares)
was used, evaluating the coefficient with its standard
error and the t (t-stat). A t > 1.96 with a significance
< 0.05 indicates that the independent variable is a
significant predictor of the dependent variable within
and beyond the sample. To evaluate the association
between spleen size and the grade of HS in psoriatics,
the Spearman’s coefficient of rank correlation (ρ) was
calculated. To establish what the best combination
of independent variables would be to predict the
dependent variable, a multiple regression (enter
method) was adopted. BMI was used as dependent
variable, while the independent ones were BMI, HOMA,
and PASI. To avoid multi-collinearity, i.e., situations
in which the predictors are correlated with each other
to some degree, the variance inflation factor and
tolerance were set at > 10 and < 0.1, respectively.
Similarly, to get the sense of which variables contribute
more or less to the regression equation, the magnitude
of standardized coefficient beta (b) was calculated.

Ultrasound evaluation

Ultrasonographic measurements were performed using
an Esaote system (Genoa, Italy). SLD as an index of
low-grade chronic inflammation was chosen to evaluate
spleen volume and was carried out by postero-lateral
[12]
scanning . Maximum length (the optically greatest
overall longitudinal dimension obtained from one of
the two poles) and cranio-caudal length (the optically
maximal transversal dimension intercepting one of
the two poles) were measured; the resulting values
were then averaged, as the two measurements do not
always coincide. The classification of HS (commonly
defined as “bright liver”) was based on the following
scale of hyper-echogenicity at ultrasound (US): grade
0 = absent, grade 1 = light, grade 2 = moderate,
grade 3 = severe, pointing out the difference between
[13]
the densities of the liver and the right kidney .
Technically, echo intensity can be influenced by
many factors, particularly by gain intensity. To avoid
confounding factors that could modify echo intensity
and thus bias comparisons, mean brightness levels of
both liver and right kidney cortex were obtained on the
same longitudinal sonographic plane.

RESULTS
Seventy-nine patients with psoriasis (51 male and
28 female; age: 46.55 ± 15.56 years, range: 18-76
years), and 80 age- and sex-matched controls (52
male and 28 female; age: 44.3 ± 12.87 years, range:
19-73 years) participated in the study. No statistically
significant difference was noted in age between the
groups. The mean duration of psoriasis was 17.9 years
(range: 1-63 years). PASI score ranged from 6.4
to 59.0 (14.75 ± 12.78), and 55/79 (69.62%) had
moderate to severe psoriasis (PASI > 10). BSA ranged
from 2% to 85%, (15.23% ± 11.09%), while 43/79
(54.43%) patients had involved BSA > 10%. SLD of
obese patients was greater than that of psoriasis group
[11.1 (10.2-12.4) vs 10.4 (9.4-11.9), P = 0.013] (Figure
1A). BMI predicted the size of the spleen, evaluated as
SLD in psoriatic patients (coefficient: 2.56, t = 5.57;
P < 0.001) (Figure 1B). The SLD of psoriatic patients
with normal weight was significantly reduced when
compared to the SLD of the overweight/obese psoriatic
patients [9.6 (9.2-10.4) vs 11 (9.9-12.3), P < 0.01]
(Figure 1C). There was no difference in frequency of HS
presence in the two groups; 65/79 psoriatic patients
and 73/80 obese subjects showed HS (McNemar test;
P = 0.070). The median grade of HS was significantly
different between patients and obese controls [2.0
(1.0-3.0) vs 2.0 (2.0-3.0), P = 0.006] (Figure 1D).
Homa IR predicted the severity of psoriasis evaluated
by the means of PASI (coefficient: 0.051, t = 2.35; P
= 0.020) (Figure 2A). The grade of HS was predicted
by PASI (coefficient 0.05, t = 2.9; P = 0.005) (Figure

Statistical analysis

Alanine and aspartate aminotransferase level ratio,
SLD, and HOMA were not normally distributed when
analyzed by the Shapiro-Wilk (S-W) test (p < 0.05),
and were expressed as median (interquartile range).
Age and PASI were derived from a normally distributed
population, and were articulated as mean ± SD.
Grade of HS was an ordinal variable and analyzed
by a nonparametric method. Appropriate tests for
matched case-control studies included the paired t test
or the nonparametric Wilcoxon test. McNemar’s test
for frequencies was used instead of the independent t
2
and χ tests because the former take into account the
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Figure 1 Spleen size, body mass index, and hepatic steatosis. A: Spleen longitudinal diameter (SLD) in the psoriatic patients and obese controls; B: Prediction
of body mass index (BMI) on SLD of patients with psoriasis (dotted lines near the regression line are the 95% confidence curves, the far ones are the 95% prediction
curves); C: SLD in overweight/obese psoriatic patients (O/O) and normal weight (NW) psoriatic patients; D: Hepatic steatosis (HS) grade in patients (cases) and
controls: grade 0 = absent; 1 = mild; 2 = moderate; 3 = severe. Boxes in A, C and D indicate the interquartile ranges and the transverse lines represent the median.

worldwide have shown that people with psoriasis have
comorbidities such as diabetes, hypertension, and lipid
[15-17]
abnormalities
.
With regard to possible mechanisms to explain these
findings, we hypothesize that this association to the
psoriatic march, the process by which inflammatory
mediators released in the course of the psoriatic
autoimmune reaction, causes IR, which is correlated to an
[18]
increased prevalence of metabolic syndrome . Earlier
studies have shown that IR is common in patients with
psoriasis and that the PASI is the major determinant of
[19]
IR . The data presented here confirm this association.
These observations support the concept of synergistic
effects from the chronic state of inflammation caused
by obesity and the chronic systemic Th1 lymphocytemediated inflammation characteristic of psoriasis, which
[20]
has recently been put forward by Hamminga et al . In
the literature, there is no data about the importance of
the spleen as an indicator of systemic inflammation in
patients with psoriasis. Although the data reported here
do not reveal a correlation between PASI and SLD, there
is a correlation between the duration of the disease and
the SLD.
The spleen is the largest lymphoid organ in the body
and plays an important role in host immune function
and blood filtration via the removal and destruction
of aged or damaged erythrocytes and other blood

2B). The spleen size strongly predicted the grade of
HS (coefficient: 0.47, t = 3.6; P < 0.001) (Figure 2C).
However, SLD did not predict PASI (coefficient: 0.03,
t = 54). A multiple regression analysis including the
anthropometric and disease severity measures showed
that BMI was the unique predictor of spleen size (β =
0.39; P < 0.001). Finally, when evaluating the impact
of disease age in psoriatic patients, the duration of
psoriasis (counted as years of disease) predicted the
SLD (coefficient: 1.8, t = 2.11; P = 0.038) (Figure
2D). Interestingly, the values of transaminases of this
population fell in the upper normal range: alanine
transaminase, 40 (34-46) U/L; aspartate transaminase,
34 (30-43) U/L. Finally, the association between spleen
size and the severity of HS was significant (ρ = 0.415; P
< 0.001).

DISCUSSION
The key findings of this research can be summarized
as follows. Firstly, robust links were found among HS,
further expression of the metabolic syndrome, and
PASI, as well as between IR and PASI. Secondly, a
strict relationship between disease duration and spleen
size was observed. However, few studies published
during the last decade investigated the link between
spleen and psoriasis. On the other hand, many studies
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[21]

cells . Splenic gene expression of proinflammatory
cytokines, such as tumor necrosis factor-α and IL-6,
[22]
is decreased in the setting of obesity . In contrast,
IL-10, which is synthesized within multiple organs,
including the spleen, is a potent anti-inflammatory
cytokine that inhibits the synthesis of proinflammatory
cytokines. Large amounts of IL-10 are produced from
activated B-cells that mature in the marginal zone of
the spleen. Recent studies suggest that IL-10-producing
B-cells play a regulatory role in suppressing harmful
[23]
[24]
immune responses . Gotoh et al
have supported
the hypothesis that obesity suppresses the splenic
synthesis of the anti-inflammatory cytokine, IL-10,
thereby resulting in chronic inflammation. IL-10 may
contribute to disease susceptibility in psoriasis, and it
has been reported that IL-10 deficiency is a feature of
[25]
psoriasis . The increased diameter of the spleen found
in our psoriatic patients with long-term illness may be
the expression of the immune system’s response to the
state of chronic inflammation. It should be emphasized
that the increased spleen volume represents a clinical
finding, not a comorbidity, such as obesity, linked to the
low-grade chronic inflammatory status.
The results of this study show a clear link between
psoriasis and HS as well as the spleen. The specific
role of the spleen in psoriatics could help us to more
comprehensively understand the inflammatory
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mechanism underlying this illness: psoriasis would be the
most superficial manifestation of a chronic inflammatory
process involving various organs and systems. Evaluation
of the SLD could help to ameliorate the approach of
psoriasis, helping clinicians to identify psoriatic patients
who need early attention via modification of their lifestyle
and alimentary habits. However, further studies are
needed to better understand the potential involvement of
the spleen in psoriasis inflammatory context.

Limitations

A limitation of the present study is the lack of liver
biopsies to better define the HS, even though the US
determination of moderate- to high-grade HS is quite
[26]
reliable . Furthermore, detection of the levels of
serum inflammatory markers, clues of both psoriasis
and NAFLD, would have strengthened the impact
of these results. However, there is a large body of
evidence that confirms the main role of C-reactive
protein and IL-6 as main mechanisms of psoriasis and
NAFLD, evidenced by high serum levels of this acute[11,12]
phase reactant and cytokine, respectively
.
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significant impairment of quality of life, particularly if it is diffuse and recalcitrant
to treatments.
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Much attention has been drawn towards upgrading psoriasis from a skin
condition to a systemic disease, as serum biomarkers for inflammation
[interleukin (IL)-1β, IL-6, IL-10, C-reactive protein, intracellular adhesion
molecule-1, E-selectin, and tumor necrosis factor-α] are raised.
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between psoriasis and the spleen, showing a correlation between the duration
of the disease and spleen size.
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of psoriasis mechanisms, especially those related to hepatic steatosis, strictly
linked to spleen involvement.
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patients with psoriasis. In this paper, the authors wish to say that spleen
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Abstract

Supported by National 863 High-Technology Research and
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AIM: To investigate the association between colorectal
cancer (CRC) genetic susceptibility variants and
esophageal cancer in a Chinese Han population.

Ethics approval: The study was reviewed and approved by the
Human Research Committee for Approval of Research Involving
Human Subjects, The First Affiliated Hospital of the Medical
College of Xi’an Jiaotong University.
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: The authors have no conflicts of interest
related to this work.
Data sharing: No additional data are available.

METHODS: A case-control study was conducted
including 360 esophageal cancer patients and
310 healthy controls. Thirty-one single-nucleotide
polymorphisms (SNPs) associated with CRC risk
from previous genome-wide association studies were
analyzed. SNPs were genotyped using Sequenom
Mass-ARRAY technology, and genotypic frequencies
in controls were tested for departure from HardyWeinberg equilibrium using a Fisher’s exact test. The
allelic frequencies were compared between cases and
2
controls using a χ test. Associations between the
SNPs and the risk of esophageal cancer were tested
using various genetic models (codominant, dominant,
recessive, overdominant, and additive). ORs and
95%CIs were calculated by unconditional logistic
regression with adjustments for age and sex.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: The minor alleles of rs1321311 and
rs4444235 were associated with a 1.53-fold (95%CI:
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1.15-2.06; P = 0.004) and 1.28-fold (95%CI: 1.03-1.60;
P = 0.028) increased risk of esophageal cancer in

of esophageal cancer, squamous cell carcinoma is the
most common, and prognosis highly correlates with
disease stage and advancement.
Epidemiologic studies indicate that tobacco
smoking, alcohol intake, nutritional deficiencies, and
dietary carcinogen exposure contribute to the etiology
[4,5]
of esophageal cancer
. However, only a small
proportion of individuals exposed to these factors
actually develop esophageal cancer, suggesting that
genetic factors also play a vital role in susceptibility.
It has been reported that susceptibility to esophageal
cancer is not dependent on a single gene and is
[6,7]
affected by population differences .
Colorectal cancer (CRC) is the most common
malignant tumor of the digestive tract, and the second
[8]
most common of all gastrointestinal tumors . Recent
studies have identified haplotype-tagging singlenucleotide polymorphisms (SNPs) that are associated
with an increased colorectal cancer risk in the general
[9-12]
population
.
Previous genetic polymorphism studies in the
Chinese population were focused solely on SNPs asso
ciated with esophageal cancer risk in genome-wide
[13-15]
association studies (GWAS)
. The purpose of the
present study was to identify digestive system tumor
common susceptibility loci. To achieve this, 31 high-fre
quency SNPs associated with CRC risk in the Chinese
population were evaluated with respect to esophageal
cancer risk.

the allelic model analysis, respectively. In the genetic
model analysis, the C/C genotype of rs3802842
was associated with a reduced risk of esophageal
cancer in the codominant model (OR = 0.52, 95%CI:
0.31-0.88; P = 0.033) and recessive model (OR =
0.55, 95%CI: 0.34-0.87; P = 0.010). The rs4939827
C/T-T/T genotype was associated with a 0.67-fold
(95%CI: 0.46-0.98; P = 0.038) decreased esophageal
cancer risk under the dominant model. In addition,
rs6687758, rs1321311, and rs4444235 were associated
with an increased risk. In particular, the T/T genotype
of rs1321311 was associated with an 8.06-fold
(95%CI: 1.96-33.07; P = 0.004) increased risk in the
codominant model.
CONCLUSION: These results provide evidence that
known genetic variants associated with CRC risk confer
risk for esophageal cancer, and may bring risk for other
digestive system tumors.
Key words: Colorectal cancer; Esophageal cancer;
Single-nucleotide polymorphism; Susceptibility
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This case-control study investigates the
association between colorectal cancer susceptibility
variants (single-nucleotide polymorphisms) and
esophageal cancer in a Chinese Han population.
The minor alleles of rs1321311 and rs4444235 were
associated with a 1.53-fold and 1.28-fold increased
risk of esophageal cancer in allelic model analysis,
respectively. In the genetic model analysis, rs3802842
and rs4939827 were associated with a decreased
esophageal cancer risk, whereas rs6687758 was
associated with an increased risk. These results provide
evidence that known genetic variants associated
with colorectal cancer risk may also confer risk for
esophageal cancer.

MATERIALS AND METHODS
Study participants

All participants were Chinese Han that were seen be
tween January 2011 and February 2014 at the First
Affiliated Hospital of the Medical College of Xi’an
Jiaotong University. None of the study participants
received neoadjuvant therapy or had previous histories
of other cancers, chemotherapy, or radiotherapy.
Participants were chosen without restrictions of age, sex,
or disease stage. None of the healthy control subjects
had any chronic or severe endocrine, metabolic or
nutritional diseases. A total of 360 esophageal cancer
cases and 310 controls were included in the study.
Esophageal cancer was newly diagnosed according
to the criteria established by the International Union
Against Cancer tumor-node-metastasis classification
th
[16]
system (7 ed) .

Geng TT, Xun XJ, Li S, Feng T, Wang LP, Jin TB, Hou P.
Association of colorectal cancer susceptibility variants with
esophageal cancer in a Chinese population. World J Gastroenterol
2015; 21(22): 6898-6904 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i22/6898.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.6898

Clinical data and demographic information

We used a standard epidemiologic questionnaire and
in-person interviews to collect personal data, including
residential region, age, sex, education status, and
family history of cancer. The case information was
collected through consultation with treating physicians
or from medical chart review. All of the participants
signed an informed consent agreement. The Human
Research Committee for Approval of Research Involving

INTRODUCTION
Esophageal cancer, classified as adenocarcinoma or
squamous cell carcinoma, is one of the top ten most
malignant and deadly cancers worldwide, for which
China has among the highest rates of incidence and
[1]
mortality . Highly advanced cancers of the esophagus
[2,3]
have poor prognostic outcomes . Of the two forms
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and Bayesian Information Criterion were applied to
estimate the best-fit model for each SNP.
The statistical methods of this study were reviewed
by Tianfeng from the National Engineering Research
Center for Miniaturized Detection Systems.

Table 1 Characteristics of cases and controls in this study
n (%)
Variable
Sex
Male
Female
Age, yr (mean ± SD)

Cases

Controls

(n = 360)

(n = 310)

288 (62.0)
72 (20.0)
60.7 ± 8.9

197 (36.5)
113 (36.5)
49.4 ± 7.9

P value
< 0.001

RESULTS
< 0.001

There were significant differences in age and sex
distribution between the case and control groups (P <
0.01) (Table 1).
Table 2 summarizes the major allelic frequencies
of the SNPs among the individuals in the case and
control groups. Three SNPs (rs10774214, rs2423279,
and rs4925386) were excluded for significant deviation
from Hardy-Weinberg equilibrium (P < 0.05); the
other SNPs in the control group were similar to those
of the HapMap Asian population (http://hapmap.ncbi.
2
nlm.nih.gov/). A χ analysis revealed that rs1321311
and rs4444235 were significantly associated with a
1.53-fold and 1.28-fold increased esophageal cancer
risk, respectively (P < 0.05 for both).
In the genetic model analyses, the minor T allele
of rs1321311 was associated with an increased risk
of esophageal cancer based on analysis using the
codominant and recessive models (P < 0.01 for both;
Table 3). The minor C allele of rs4444235 was also
significantly associated with an increased cancer risk in
codominant and dominant models (P < 0.05 for both).
The G/G genotype of rs6687758 was associated with
a 2.54-fold increased risk in the recessive model (P <
0.05). In contrast, the minor C allele of rs3802842 was
associated with a 0.52-fold and 0.55-fold reduced risk
of esophageal cancer as revealed by the codominant
and recessive models, respectively (P < 0.05 for both).
Additionally, the dominant model showed that the
rs4939827 SNP was significantly associated with an
0.67-fold decreased esophageal cancer risk (P < 0.05).

Human Subjects, The First Affiliated Hospital of the
Medical College of Xi’an Jiaotong University approved
the use of human tissue in this study.

Selection of SNPs and methods of genotyping

Thirty-one SNPs from 17 genes were chosen for
analysis in this study. These SNPs were chosen from
[9-12]
CRC GWAS
. Minor allele frequencies of all SNPs
were > 5% in the HapMap of the Chinese Han Beijing
population.
DNA was extracted from whole-blood samples using
GoldMag-Mini Whole Blood Genomic DNA Purification
Kits (GoldMag Co., Ltd., Hainan City, China), and
quantified with a spectrophotometer (NanoDrop
2000; Thermo Fisher Scientific, Waltham, MA, United
States). The multiplexed SNP MassEXTENDED assay
was designed using Sequenom MassARRAY Assay
[17]
Design 3.0 Software
(Sequenom Inc., San Diego,
CA, United States). Genotyping was performed with
the MassARRAY RS1000 system (Sequenom) using the
standard protocol recommended by the manufacturer.
Data management and analysis were performed using
[17,18]
Sequenom Typer 4.0 Software
.

Statistical analysis

Data were analyzed using SPSS version 18.0 statistical
software (SPSS Inc., Chicago, IL, United States)
and Excel (Microsoft Corp., Redmond, WA, United
States). The lower frequency alleles were coded as
the minor allele. A Fisher’s exact test was used to
assess the variation in each SNP frequency from the
Hardy-Weinberg equilibrium in the control subjects.
Differences in SNP genotype distribution between cases
2
[19]
and controls were compared by the χ test. ORs and
95%CIs were determined using unconditional logistic
regression analysis with adjustments for age and
sex. All two-sided P values < 0.05 were considered
statistically significant.
Associations between SNPs and risk of esophageal
cancer were tested in genetic models using SNP Stats
software (http://bioinfo.iconcologia.net). For the
additive model, individuals were assigned a 0, 1, or 2,
representing the number of risk alleles they possessed
for that SNP. For the dominant model, individuals
were coded as 1 if they carried at least one risk allele
and 0 otherwise; for the recessive model, individuals
were coded as 1 if they were homozygous for the risk
allele, and 0 otherwise. Akaike’s Information Criterion
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DISCUSSION
This study identifies three SNPs (rs1321311, rs4444235,
and rs6687758) associated with an increased risk of
esophageal cancer. The SNP rs1321311, located near
CDKN1A at 6p21, has previously been associated
[20,21]
with an increased risk of CRC
. This association
was not strongly modified by sex, body mass index,
[20]
alcohol, smoking, aspirin or various dietary factors .
The SNP rs4444235, which is located 9.4 kb upstream
of the gene encoding bone morphogenetic protein
4 (BMP4), was previously associated with CRC and
[22,23]
gastric cancer risk
. Although the CT genotype
[23]
showed a protective effect against gastric cancer ,
[24]
it was also associated with an increased CRC risk .
This SNP has been proposed to act as a cis-regulator
[25,26]
of BMP4 and thus confer a risk for CRC
. Based on
the results of the present study, the CT genotype is
also associated with an increased risk of esophageal
cancer. The rs6687758 SNP, which has been shown
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Table 2 Allele frequencies in cases and controls and odds ratio estimates for esophageal cancer
SNP
rs1912453
rs10911251
rs6687758
rs11903757
rs10936599
rs13130787
rs367615
rs647161
rs1321311
rs2057314
rs9365723
rs7758229
rs39453
rs10505477
rs6983267
rs7014346
rs10114408
rs1665650
rs3824999
rs3802842
rs10774214
rs3217901
rs59336
rs7315438
rs4444235
rs4779584
rs9929218
rs4939827
rs961253
rs2423279
rs4925386

Gene(s)
C1orf110
LAMC1

Locus

POU5F1B

1q23.3
1q25.3
1q41
2q32.3
3q26.2
4q22.2
5q21.3
5q31.1
6p21.2
6q22.1
6q25.3
6q25.3
7p15.3
8q24.21

HSPA12A
POLD3
C11orf93
CCND2

9q22.32
10q25.3
11q13.4
11q23.1
12p13.32

TBX3

12q24.21

BMP4
SCG5
CDH1
SMAD7

14q22.2
15q13.3
16q22.1
18q21.1
20p12.3

LAMA5

20q13.33

ARPM1

DCBLD1
SYNJ2
SLC22A3

1

Alleles (A /B)
C/T
C/A
G/A
C/T
C/T
C/T
T/C
A/C
T/G
C/T
G/A
T/G
C/T
T/C
G/T
A/G
T/A
A/G
C/A
C/A
T/C
G/A
T/A
T/C
C/T
C/T
A/G
T/C
A/C
C/T
T/C

Major allelic frequency
Case

Control

0.404
0.487
0.243
0.039
0.480
0.307
0.447
0.296
0.200
0.483
0.411
0.229
0.304
0.431
0.425
0.288
0.160
0.304
0.370
0.421
0.320
0.482
0.417
0.361
0.497
0.216
0.163
0.204
0.107
0.359
0.251

0.392
0.494
0.222
0.044
0.453
0.315
0.431
0.274
0.140
0.455
0.373
0.268
0.339
0.435
0.437
0.323
0.177
0.306
0.379
0.451
0.318
0.498
0.379
0.342
0.435
0.190
0.163
0.248
0.102
0.344
0.253

HWE P value

OR

95%CI

P value

0.812
0.256
0.191
1.000
0.909
0.239
0.908
0.198
0.234
0.302
0.224
1.000
0.528
0.205
0.490
0.438
0.175
0.595
0.542
0.065
0.0262
0.113
1.000
0.528
0.730
0.716
1.000
0.227
0.537
0.0332
0.0102

1.054
0.976
1.127
0.889
1.116
0.965
1.070
1.113
1.534
1.120
1.169
0.811
0.851
0.983
0.950
0.848
0.881
0.991
0.961
0.885
1.011
0.936
1.171
1.085
1.281
1.175
0.997
0.776
1.062
1.069
0.987

0.846-1.314
0.787-1.211
0.873-1.455
0.518-1.525
0.899-1.384
0.765-1.217
0.861-1.328
0.877-1.413
1.145-2.055
0.901-1.391
0.935-1.462
0.632-1.042
0.676-1.073
0.791-1.221
0.765-1.181
0.672-1.071
0.662-1.174
0.784-1.251
0.768-1.202
0.712-1.100
0.803-1.274
0.755-1.161
0.939-1.461
0.866-1.360
1.027-1.599
0.899-1.537
0.745-1.334
0.600-1.004
0.747-1.510
0.853-1.340
0.770-1.265

0.639
0.826
0.358
0.668
0.320
0.765
0.542
0.377
0.004
0.308
0.171
0.101
0.172
0.874
0.645
0.167
0.388
0.937
0.726
0.272
0.923
0.548
0.160
0.478
0.028
0.237
0.984
0.053
0.737
0.563
0.916

1

Minor allele; 2Site with HWE P ≤ 0.05 excluded. HWE: Hardy-Weinberg equilibrium; SNP: Single-nucleotide polymorphism.

Table 3 Logistic regression analysis of the association between the single-nucleotide polymorphisms and esophageal cancer risk n (%)
SNP
rs1321311

Genotype

Cases

Controls

OR (95%CI)

P value

AIC

BIC

Codominant

G/G
G/T
T/T
G/G
G/T-T/T
G/G-G/T
T/T
T/T
C/T
C/C
T/T
C/T-C/C
T/T-C/T
C/C
A/A
G/A
G/G
A/A
G/A-G/G
A/A-G/A
G/G

226 (64.2)
111 (31.5)
15 (4.3)
226 (64.2)
126 (35.8)
337 (95.7)
15 (4.3)
76 (23.5)
174 (53.7)
74 (22.8)
76 (23.5)
248 (76.5)
250 (77.2)
74 (22.8)
212 (59.2)
118 (33.0)
28 (7.8)
212 (59.2)
146 (40.8)
330 (92.2)
28 (7.8)

226 (72.9)
81 (26.1)
3 (1.0)
226 (72.9)
84 (27.1)
307 (99.0)
3 (1.0)
100 (32.4)
149 (48.2)
60 (19.4)
100 (32.4)
209 (67.6)
249 (80.6)
60 (19.4)
183 (59.2)
115 (37.2)
11 (3.6)
183 (59.2)
126 (40.8)
298 (96.4)
11 (3.6)

1
1.27 (0.84-1.93)
8.06 (1.96-33.07)
1
1.46 (0.97-2.19)
1
7.51 (1.84-30.66)
1
1.69 (1.08-2.65)
1.75 (1.01-3.02)
1
1.71 (1.12-2.62)
1
1.25 (0.79-1.98)
1
0.86 (0.58-1.28)
2.40 (1.01-5.74)
1
0.99 (0.68-1.44)
1
2.54 (1.08-6.00)

0.004

670.6

693.0

0.066

676.1

694.1

0.002

669.9

687.8

0.046

651.8

674.0

0.013

649.8

667.6

0.350

655.0

672.8

0.066

679.0

701.5

0.950

682.4

700.4

0.027

677.5

695.5

Dominant
Recessive
rs4444235

Codominant

Dominant
Recessive
rs6687758

1

Model

Codominant

Dominant
Recessive
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rs3802842

Codominant

Dominant
Recessive
rs4939827

Codominant

Dominant
Recessive

A/A
C/A
C/C
A/A
C/A-C/C
A/A-C/A
C/C
C/C
C/T
T/T
C/C
C/T-T/T
C/C-C/T
T/T

119 (33.4)
174 (48.9)
63 (17.7)
119 (33.4)
237 (66.6)
293 (82.3)
63 (17.7)
228 (63.3)
117 (32.5)
15 (4.2)
228 (63.3)
132 (36.7)
345 (95.8)
15 (4.2)

101 (32.8)
136 (44.2)
71 (23.1)
101 (32.8)
207 (67.2)
237 (77.0)
71 (23.1)
179 (57.7)
108 (34.8)
23 (7.4)
179 (57.7)
131 (42.3)
287 (92.6)
23 (7.4)

1
0.91 (0.60-1.40)
0.52 (0.31-0.88)
1
0.77 (0.52-1.14)
1
0.55 (0.34-0.87)
1
0.68 (0.46-1.02)
0.58 (0.26-1.33)
1
0.67 (0.46-0.98)
1
0.67 (0.30-1.50)

0.033

681.0

703.5

0.190

684.1

702.1

0.010

679.2

697.1

0.110

687.0

709.5

0.038

685.1

703.2

0.330

688.5

706.5

1

Adjusted by sex and age. AIC: Akaike’s information criterion; BIC: Bayesian information criterion; SNP: Single-nucleotide polymorphism.

[20]

to be associated with an increased CRC risk , also
increased the risk for esophageal cancer. However, the
functional consequence of this polymorphism remains
unknown.
This study also indentifies two SNPs, rs3802842
and rs4939827, associated with a decreased risk
for esophageal cancer. Although these SNPs have
been associated with CRC risk, the results are
[27,28]
inconsistent
. It is possible that these results reflect
different variant alleles in the populations studied,
given that the minor allele frequency was different. The
rs4939827 SNP likely influences cancer via inhibition of
[28,29]
SMAD7
, a component of the transforming growth
factor-β signalling pathway that regulates growth
and apoptosis and plays an important role in cancer
[30-33]
initiation and progression
.
Despite the adequate statistical power of the current
study, some limitations should be considered. First, the
sample size of our study was relatively small. Second,
the association between genetic polymorphism and
clinicopathologic type (adenocarcinoma or squamous
cell carcinoma) was not evaluated. This could be an
important factor, as rs4444235 and rs4939827 were
shown to be over-represented in CRC-free patients with
[32,33]
adenomas
.
In conclusion, this association study investigated
31 SNPs identified from CRC GWAS as genetic
susceptibility factors for esophageal cancer in a
Chinese population. The replication of genetic
associations from CRC to esophageal cancer highlights
the utility of case-control studies to confirm novel
associations characterized in large GWAS of digestive
system diseases. Our study provides the first reported
data of a possible association between the SNPs
rs1321311, rs4444235, rs6687758, rs3802842, and
rs4939827 and esophageal cancer risk. However,
further investigations are needed to confirm these
associations in other populations.

sample and data collection for this study.
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AIM: To compare characteristics and prognosis of
gastric cancer based on age.
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selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

METHODS: A retrospective study was conducted
on clinical and molecular data from patients (n =
1658) with confirmed cases of gastric cancer in Seoul
National University Bundang Hospital (Seoul, South
Korea) from 2003 to 2010 after exclusion of patients
diagnosed with lymphoma, gastrointestinal stromal
tumor, and metastatic cancer in the stomach. DNA
was isolated from tumor and adjacent normal tissue,
and a set of five markers was amplified by polymerase
chain reaction to assess microsatellite instability
(MSI). MSI was categorized as high, low, or stable
if ≥ 2, 1, or 0 markers, respectively, had changed.
Immunohistochemistry was performed on tissue
sections to detect levels of expression of p53, human
epidermal growth factor receptor (HER)-2, and epidermal
growth factor receptor. Statistical analysis of clinical
and molecular data was performed to assess prognosis
based on the stratification of patients by age (≤ 45 and
> 45 years).
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RESULTS: Among the 1658 gastric cancer patients, the
number of patients with an age ≤ 45 years was 202
(12.2%; 38.9 ± 0.4 years) and the number of patients
> 45 years was 1456 (87.8%; 64.1 ± 0.3 years).
Analyses revealed that females were predominant in
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the younger group (P < 0.001). Gastric cancers in the
younger patients exhibited more aggressive features
and were at a more advanced stage than those in
older patients. Precancerous lesions, such as atrophic
gastritis and intestinal metaplasia, were observed
less frequently in the older than in the younger group
(P < 0.001). Molecular characteristics, including
overexpression of p53 (P < 0.001), overexpression of
HER-2 (P = 0.006), and MSI (P = 0.006), were less
frequent in gastric cancer of younger patients. Cancer
related mortality was higher in younger patients (P
= 0.048), but this difference was not significant after
adjusting for the stage of cancer.

[4]

tients younger than 40 years . Some case series
have focused specifically on younger patients and
have reported the cases to be highly advanced gastric
[5]
cancers (AGC) with poor prognoses . Intriguingly,
these gastric cancers were found to be more common
in women, frequently diffusely spread in the stomach,
more poorly differentiated, and more advanced in
[6,7]
stage than gastric cancers from older patients .
[6,8]
These findings remain controversial , particularly
with regard to patient survival, but have raised the
possibility of a disease course that is potentially distinct
from that in older patients. Some studies report a
[9,10]
better prognosis in younger patients
, while others
have found poorer prognoses in young gastric cancer
[4,11]
patients relative to older patients
. Still others
have demonstrated no significant differences at all in
[6-8]
survival between the two age groups .
While the majority of reports have focused only
on the clinical or pathologic features of gastric cancer
[4,6-11]
in younger patients
, molecular characteristics
that may distinguish tumors between the two age
groups have not been well described. Therefore, this
study aimed to determine whether differences in
clinicopathologic and molecular characteristics exist in
gastric cancer based on age.

CONCLUSION: Gastric cancer is distinguishable
between younger and older patients based on both
clinicopathologic and molecular features, but stage is
the most important predictor of prognosis.
Key words: Age; Gastric cancer; Microsatellite instability;
Molecular pathology; Prognosis; Stage
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Whether gastric cancer exhibits distinguishable
characteristics based on age remains controversial. In
this original article, results are presented that highlight
differences in clinical characteristics, pathology, and
molecular features of younger and older gastric
cancer patients. In particular, the pathologic degree
of precancerous lesions associated with each group
illuminated potential differences in the pathogenesis
of the disease. Although gastric cancer in younger
patients presented with more aggressive features, the
primary factor in predicting the prognosis of patients
with the disease was the stage of the cancer, and not
the age of the patient.

MATERIALS AND METHODS
Ethics statement

This study protocol was approved by the Ethical
Committee at the Seoul National University Bundang
Hospital (SNUBH; IRB number: B-1403/244-116),
and conformed to the provisions of the Declaration
of Helsinki. Informed consent was exempted by the
committee.

Study population

A retrospective cohort study was conducted to identify
differences between young (age ≤ 45 years) and
older (age > 45 years) patients with gastric cancer.
The study was performed on patients who had been
diagnosed with gastric cancer in SNUBH from June
2003 to December 2010. Exclusion criteria were the
following: (1) patients < 20 years of age; (2) patients
diagnosed with gastric mucosa-associated lymphoid
tissue lymphoma, gastrointestinal stromal tumor,
or other metastatic cancer located in the stomach;
(3) patients for whom a pathologic diagnosis of
gastric cancer was not confirmed; (4) patients who
did not undergo a stage workup of gastric cancer;
(5) patients who were lost in follow-up from SNUBH
after diagnosis; or (6) patients who were not initially
diagnosed with gastric cancer during the search period.

Seo JY, Jin EH, Jo HJ, Yoon H, Shin CM, Park YS, Kim N, Jung
HC, Lee DH. Clinicopathologic and molecular features associated
with patient age in gastric cancer. World J Gastroenterol 2015;
21(22): 6905-6913 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i22/6905.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.6905

INTRODUCTION
Gastric cancer is the fourth most commonly diagnosed
cancer and the second most common cause of
[1,2]
cancer related death worldwide . Due to successful
screening, the detection of early gastric cancer and the
[1,2]
cure rate of gastric cancer have increased annually .
Regardless of this effort however, mortality of gastric
cancer remains high, particularly in East Asian
countries.
In general, the peak incidence for gastric cancer is
[3]
in patients aged 65-74 years , with only approximately
3%-10% of gastric cancers overall occurring in pa

WJG|www.wjgnet.com

Data collection and pathologic examination

Demographic factors of patients, characteristics of
gastric cancer, pathology, stage, molecular features,
Helicobacter pylori (H. pylori) status, treatment,
recurrence, and mortality were reviewed from electro
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nic medical records. Location of the primary tumor
was assigned to the proximal, middle, or distal third of
the stomach. Gastric cancer that extended into more
than two of the three sections was defined as diffusely
[8]
located . The type of early gastric cancer followed
[12]
Paris classification (Ⅰ to Ⅲ) , and the type of AGC
[13]
followed Borrmann classification (Ⅰ to Ⅳ) . Gastric
th
cancer was staged according to the 7 edition of the
American Joint Committee on Cancer TNM staging
[14]
system .
The pathology of gastric cancers was categorized as
[15]
intestinal, diffuse, or mixed by Lauren’s classification .
The degree of H. pylori infection, neutrophil infiltration,
mononuclear cell infiltration, atrophic gastritis, and
intestinal metaplasia was scored as 0 (absent), 1 (mild),
2 (moderate), or 3 (marked) for statistical analysis,
[16]
according to the Updated Sydney System .

Cause of death was categorized as one of the
following three scenarios: (1) gastric cancer-related
death or mortality due to the progression of gastric
cancer; (2) treatment-related death, including
severe complications due to surgery or infection after
chemotherapy; or (3) other causes not directly related
to gastric cancer. Time to recurrence was estimated
for those who were cured after endoscopic or surgical
resection of gastric cancer.

Statistical analysis

Values are expressed as the mean ± sd for continuous
variables and as frequencies (percent) for categorical
2
variables. A Fisher’s exact test, χ analysis, and a
Student’s t-test were used for analyzing characteristics
of gastric cancer. Independent risk factors for mortality
were analyzed with univariate and multivariate
analyses using the Cox proportional hazards model.
Variables with P < 0.05 in univariate analyses were
included in multivariate analyses. Overall survival
and recurrence-free survival was estimated using the
Kaplan-Meier method and the log-rank test. A P ≤ 0.05
was considered statistically significant. All statistical
analyses were performed with SPSS, version 18.0
(SPSS Inc., Chicago, IL, United States).

Immunohistochemistry

Paraffin-embedded sections (4 µm) were deparaffinized
and incubated with monoclonal antibodies against p53,
human epidermal growth factor receptor (HER)-2, and
epidermal growth factor receptor (EGFR). Detection
of primary antibodies and amplification of signal was
performed with the streptavidin-biotin method as
[17,18]
previously described
. Staining was recorded as
[17,18]
positive or negative expression
. Overexpression
of p53 in > 10% of tumor cells, which generally
reflects an underlying mutation in the p53 gene, was
[19]
as considered positive . Scoring for HER-2 protein
expression was performed as previously reported: 0,
membrane staining of less than 10% of tumor cells;
1+, faint partial membrane staining in > 10% of
tumor cells; 2+, weak to moderate staining of whole
membranes in > 10% of tumor cells; and 3+, strong
staining of whole membranes in > 10% of tumor
cells. Scores of 2+ and 3+ were classified as HER-2
[18]
overexpression . A similar scoring method was
applied to immunohistochemistry (IHC) staining for
the EGFR protein, with scores of 2+ and 3+ classified
[18]
as overexpression .

RESULTS
Baseline characteristics

Patients (n = 2416) with a diagnosis of gastric cancer
were identified from electronic records from June 2003
to December 2010 at SNUBH. The following patients
(n = 758) were excluded from further analysis: < 20
years of age (n = 1); diagnosis of gastric mucosaassociated lymphoid tissue lymphoma (n = 87),
gastrointestinal stromal tumor (n = 18), metastatic
cancer in the stomach (n = 3), pathologic diagnosis
of gastric cancer was not confirmed (n = 11), did not
undergo a staging workup (n = 32), lost in follow-up (n
= 89), and diagnosed with gastric cancer and receiving
treatment (n = 517) (Figure 1). The remaining
patients (n = 1658) were analyzed.
The number of younger patients (≤ 45 years) was
202 (12.2%), and the number of older patients (> 45
years) was 1456 (87.8%). The mean age of diagnosis
was 61.0 ± 0.3 years for all patients, 38.9 ± 0.4 years
for younger patients, and 64.1 ± 0.3 years for older
patients. A summary of the baseline characteristics for
all patients is presented in Table 1. Analyses revealed
that the number of female patients was predominant
in the younger group (P < 0.001). The majority of
younger patients requested medical examination
because of symptoms (56.9%). In contrast, gastric
cancer was detected in about half of the older patients
as a result of screening (49.7%). Older patients had
more comorbid diseases (P < 0.001). Gastric cancer in
younger patients was more frequently diffusely spread
in the stomach (P < 0.001) with more incidences of
Borrmann type Ⅳ AGC (P < 0.001). There were no

Microsatellite instability analysis

Tumor and normal DNAs were extracted from paraffinembedded tissue. Five markers (BAT-25, BAT-26,
D2S123, D5S346, and D17S250) were used following
the guidelines of the International Workshop of the
National Cancer Institute. Marker sequences from
tumor and matched normal DNAs were amplified with
polymerase chain reaction and compared. Tumors
with two or more novel markers were classified as
microsatellite instability (MSI)-high, whereas tumors
with one marker shift were classified as MSI-low.
Microsatellite stability was defined as when all markers
[20]
were identical in tumor and normal DNAs .

Evaluation of outcomes

The primary and secondary outcomes that were
compared in this study were mortality and recurrence.
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Searching electronic database of Seoul National University Bundang hospital for diagnosis of
gastric cancer from June 2003 to December 2010 (n = 2416)

Exclusion (n = 758)
Age < 20 (n = 1)
MALToma (n = 87)
GIST (n = 18)
Metastatic cancer in stomach (n = 3)
Not confirmed by pathology (n = 11)
Unknown stage (n = 32)
Loss to follow-up (n = 89)
Not initial diagnosis (n = 517)

Patients initially diagnosed with gastric cancer
from June 2003 to December 2010 (n = 1658)

Younger group (age ≤ 45)
(n = 202)

Older group (age > 45)
(n = 1456)

Figure 1 Flow chart for selection criteria of patients.

P value

differences in the size of the tumor, or expression
of carcinoembryonic antigen (CEA) or carbohydrate
antigen 19-9 (CA 19-9) based on age.

< 0.001

Pathology and stage of gastric cancer

Table 1 Baseline characteristics of the study population n (%)
Characteristic
Gender
Male
Female
Reason for medical checkup
Screening
Symptoms1
Bleeding/anemia
Weight loss
Comorbidity
No
Yes
Size, cm
CEA
CA 19-9
Synchronous gastric cancer
No
Yes
Location
Proximal
Middle
Distal
Diffuse
EGC type
Ⅰ
Ⅱ
Ⅲ
AGC type (Borrmann)
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Age ≤ 45 yr Age > 45 yr
(n = 202)
(n = 1456)
111 (55.0)
91 (45.0)

1023 (70.3)
433 (29.7)

70 (34.7)
115 (56.9)
13 (6.4)
4 (2.0)

724 (49.7)
613 (42.1)
105 (7.2)
14 (1.0)

188 (93.1)
14 (6.9)
4.0 ± 0.3
1.8 ± 0.2
38.3 ± 13.0

1200 (82.4)
256 (17.6)
3.7 ± 0.1
4.5 ± 1.1
30.7 ± 6.5

193 (95.5)
9 (4.5)

1414 (97.1)
42 (2.9)

20 (9.9)
88 (43.6)
59 (29.2)
35 (17.3)
116 (57.4)
1 (0.5)
113 (55.9)
2 (1.0)
86 (42.6)
0 (0)
6 (3.0)
47 (23.3)
31 (15.3)

132 (9.1)
433 (29.7)
753 (51.7)
138 (9.5)
889 (61.1)
50 (3.4)
820 (56.3)
19 (1.3)
567 (38.9)
22 (1.5)
118 (8.1)
334 (22.9)
71 (4.9)

The pathology and the stages of gastric cancer for all
patients are presented in Table 2. Statistical analyses
revealed that more tumors in younger patients were
diagnosed as diffuse based on Lauren’s classification
(P < 0.001) (Table 2). Depth of invasion, frequency of
distant metastasis, and final stage were all higher in
the younger patient group (P = 0.001). The pathologic
features of venous (P = 0.024) and perineural invasion
(P = 0.043) were also more frequently observed in
gastric cancers from younger patients. In contrast,
baseline adenoma occurred less often in these patients
(P < 0.001).

< 0.001

< 0.001

0.083
0.631
0.090
0.226

Treatment and clinical outcomes of gastric cancer

< 0.001

Treatment for gastric cancer varied among patients
of the study. For example, not all patients underwent
curative resection. The various treatment strategies
utilized are presented in Table 3. A significantly higher
percentage of younger patients received palliative
resection for AGC (P = 0.018), N3 dissection (P =
0.017), and chemotherapy (P < 0.001) compared to
older patients.
The clinical outcomes are summarized in Table
4. The mean time for follow-up was 35.4 ± 23.7
mo. The mean time to recurrence was 17.8 ± 4.1 in
younger patients, and 16.9 ± 1.3 mo in older patients.
The recurrence rate for cured patients was similar
in both age groups, with peritoneal metastasis as
the most common site of recurrence. Furthermore,

0.084

< 0.001

1

Symptoms included abdominal discomfort, abdominal pain, soreness,
indigestion, anorexia, nausea, or vomiting. AGC: Advanced gastric cancer;
CA 19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen;
EGC: Early gastric cancer.
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Table 2 Pathology and stage of gastric cancer n (%)
Variable
Pathology (Lauren)
Intestinal
Diffuse
Mixed
Depth of invasion
T1
T2
T3
T4
Lymph node metastasis
N0
N1
N2
N3
Distant metastasis
M0
M1
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Lymphatic invasion
No
Yes
Venous invasion
No
Yes
Perineural invasion
No
Yes
Baseline adenoma
No
Yes

Age ≤ 45 yr
(n = 202)

Age > 45 yr
(n = 1456)

39 (19.3)
157 (77.7)
6 (3.0)

870 (59.8)
526 (36.1)
60 (4.1)

Table 3 Treatment of gastric cancer n (%)
P value

Variable

< 0.001

Endoscopic resection
EMR
ESD
Operation
Curative resection
Palliative resection
LN dissection
Not performed
N1
N2
N3
Radiation
No
Yes
Chemotherapy
No
Yes

0.001
117 (57.9)
10 (5.0)
15 (7.4)
33 (16.3)

876 (60.2)
143 (9.8)
186 (12.8)
146 (10.0)

122 (60.4)
8 (4.0)
15 (7.4)
25 (12.4)

962 (66.1)
127 (8.7)
74 (5.1)
155 (10.6)

153 (75.7)
49 (24.3)

1267 (87.0)
189 (13.0)

122 (60.4)
10 (5.0)
21 (10.4)
49 (24.3)

954 (65.5)
149 (10.2)
166 (11.4)
187 (12.8)

121 (59.9)
50 (24.8)

902 (62.0)
408 (28.0)

149 (73.8)
22 (10.9)

1207 (82.9)
102 (7.0)

0.052

< 0.001

Age ≤ 45 yr
(n = 202)

Age > 45 yr
(n = 1456)

9 (4.5)
6 (3.0)
3 (1.5)
172 (85.1)
157 (77.7)
15 (7.4)

192 (13.2)
104 (7.1)
88 (6.0)
1160 (79.7)
1108 (76.1)
52 (3.6)

9 (4.5)
62 (30.7)
95 (47.0)
6 (3.0)

24 (1.6)
404 (27.7)
714 (49.0)
18 (1.2)

197 (97.5)
5 (2.5)

1440 (98.9)
16 (1.1)

132 (65.3)
70 (34.7)

1194 (82.1)
261 (17.9)

P value
0.516

0.018

0.017

0.101

< 0.001

< 0.001
EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection;
LN: Lymph node.

0.612

Table 4 Mortality and recurrence of gastric cancer n (%)
Variable

0.024

Mean follow-up duration, mo
Mean time to recurrence, mo1
Cured patients
Recurrence
Mortality
Survival
Death
Loss to follow-up
Cause of death
Gastric cancer-related death
Treatment-related death
Other causes2
Not available

0.043
125 (61.9)
46 (22.8)

1042 (71.6)
264 (18.1)

165 (81.7)
4 (2.0)

1101 (75.6)
195 (13.4)

< 0.001

gastric cancer-related death was the most common
cause of death in both groups. Mortality occurred in
26 (12.9%) and 159 (10.9%) of younger and older
patients, respectively. Cumulative probabilities of
overall mortality were not different between the two
age groups (Figure 2). The cumulative rate of gastric
cancer-related death was significantly higher in the
younger age group (P = 0.048) (Figure 3). However,
when adjusted for the stage, gastric cancer-related
death was not significantly different between the
two age groups (P = 0.191). The cumulative rate of
treatment-related death was not different between the
two age groups.

Age > 45 yr
(n = 1456)

36.9 ± 25.5
17.8 ± 4.1
162 (80.2)
17 (10.5)

35.2 ± 23.5
16.9 ± 1.3
1246 (85.6)
127 (10.2)

116 (57.4)
26 (12.9)
60 (29.7)

838 (57.6)
159 (10.9)
459 (31.5)

21 (10.4)
2 (1.0)
0 (0)
3 (1.5)

87 (6.0)
13 (0.9)
21 (1.4)
38 (2.6)

1

Calculated only for cured patients; 2Other causes of death included
malignancy other than gastric cancer, infection not related to treatment of
gastric cancer, myocardial infarction, hepatic failure, and trauma.

(P = 0.012). The pathologic degrees of atrophic
gastritis and intestinal metaplasia were, however,
significantly higher in older patients (P < 0.001).

Predictors of overall survival

Risk factors for overall mortality in gastric cancer
patients were analyzed using a Cox proportional
hazards model (Table 7). In univariate analyses, the
following were significant risk factors for mortality: noncurative resection, elevated CEA, elevated CA 19-9,
larger size of gastric cancer, diffuse pathology, higher
T, N, or M stage, final stage, and lymphatic, venous,
and perineural invasion (all P < 0.001). Multivariate
analyses demonstrated that only M stage (adjusted HR
= 6.70; 95%CI: 1.58-24.49; P = 0.010) and final stage
(adjusted HR = 10.78; 95%CI: 2.69-43.22; P = 0.001)

Molecular pathology and H. pylori status

The results of molecular pathology are shown in
Table 5. Gastric cancer in the younger age group had
significantly less positive staining for p53 (P < 0.001),
HER-2 overexpression (P = 0.006), and MSI (P =
0.006). EGFR protein expression, however, did not
differ between the two groups (P = 0.899).
The status of H. pylori and related changes of the
stomach are presented in Table 6. The level of H. pylori
in pathologic specimens was higher in younger patients
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Overall survival

1.00
0.95
Cumulative survival

0.95
Cumulative survival

Gastric cancer related death

Age ≤ 45
Age > 45
Censored case
Censored case

1.00

0.90
0.85
0.80
0.75

Age ≤ 45
Age > 45
Censored case
Censored case

0.90
0.85
0.80
0.75

0.70

0.70
0.0

20.0 40.0

60.0

80.0 100.0 120.0

0.0

Months after diagnosis

60.0

80.0 100.0 120.0

Number at risk

  178 132   87   50 7
1173 889 519 274 50

Age ≤ 45
Age > 45

140
968

Figure 2 Cumulative probabilities of overall survival based on age (logrank test, P = 0.780).

Age ≤ 45 yr
(n = 202)

Age > 45 yr
(n = 1456)

117   78   44
791 468 242

681 (46.8)
560 (38.5)

85 (42.1)
4 (2.0)
1 (0.5)

566 (38.9)
43 (3.0)
79 (5.4)

78 (38.6)
6 (3.0)

528 (36.3)
125 (8.6)

94 (46.5)
12 (5.9)

674 (46.3)
99 (6.8)

Age ≤ 45
Age > 45

Table 6 Helicobacter pylori and associated changes of gastric
cancer
P value
Variable
< 0.001

123 (60.9)
44 (21.8)

7
50

Figure 3 Cumulative probabilities of cancer-related death based on age
(log-rank test, P = 0.048).

Table 5 Molecular pathology of gastric cancer n (%)

p53
Negative
Positive
MSI
Stable
MSI-L
MSI-H
HER-2 status
Negative
Positive
EGFR status
Negative
Positive

40.0

Months after diagnosis

Number at risk

Variable

20.0

Helicobacter pylori grade
Neutrophil infiltration
Mononuclear cell infiltration
Atrophic gastritis
Intestinal metaplasia

0.006

0.006

Age ≤ 45 yr Age > 45 yr
(n = 202)
(n = 1456)
0.8 ± 1.0
1.4 ± 0.9
1.9 ± 0.5
0.5 ± 0.7
0.5 ± 0.7

0.6 ± 0.9
1.4 ± 0.9
1.9 ± 0.5
1.0 ± 0.9
1.0 ± 0.8

P value
0.012
0.866
0.679
< 0.001
< 0.001

Scored according to the Updated Sydney System: 0 (absent), 1 (mild), 2
(moderate), and 3 (marked).

0.899

from atrophic gastritis, intestinal metaplasia, p53
alteration, and dysplasia, to intestinal-type gastric
adenocarcinoma; this transition is known as Correa’s
[22]
cascade . Therefore, the presence of higher degrees
of atrophic gastritis and intestinal metaplasia, and
increased incidence of p53 overexpression, adenoma,
and intestinal-type gastric cancer observed in older
patients of this cohort largely corroborates this model.
Higher grade H. pylori infection in the absence of
precancerous changes in younger patients from the
cohort, however, does not support this model. In the
majority of cases from this cohort, the grade of H.
pylori infection was evaluated from resected cancer
specimens, which were primarily located in the distal
third of the stomach of older patients (51.7%). As
atrophic gastritis and intestinal metaplasia were more
common in older patients, the degree of H. pylori
infection as determined from pathologic specimens
[23]
could be underestimated . In fact, positivity of H.
pylori determined from serology, pathology, and the
rapid urease test did not differ between age groups
(64.7% vs 62.4% in younger and older patients,
respectively). The results of the current study indicate
that gastric cancer in older patients tends to progress
through a series of sequential changes starting with

EGFR: Epidermal growth factor receptor; HER-2: Human epidermal
growth factor receptor-2; MSI: Microsatellite instability; MSI-H: MSI-high;
MSI-L: MSI-low.

were independent risk factors for mortality.

DISCUSSION
This retrospective study of 1658 gastric cancer
patients indicates that clinicopathologic features, such
as being female, Borrmann type Ⅳ AGC, and diffuse
type pathology, were more commonly associated with
the younger group of patients. Gastric cancers from
patients ≤ 45 years of age exhibited more advanced
stages than from patients > 45 years, but younger
patients received more aggressive treatment such as
palliative resection and chemotherapy. These findings
[6-8,11]
are in agreement with previous studies
.
One of the most intriguing implications of the
results is that the pathogenesis of gastric cancer
may differ between age groups. H. pylori infection
[21]
is most commonly acquired in children , and with
increasing age, the stomach changes stepwise
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Table 7 Univariate and multivariate analyses of predictors for mortality
Parameter

Univariate analysis

Age (≤ 45/> 45 yr)
Gender (male/female)
Curative resection (no/yes)
CEA
CA19-9
Size, cm
Pathology
Intestinal
Diffuse
Mixed
T stage (Ⅲ, Ⅳ vs Ⅰ, Ⅱ)
N stage (N+ vs N-)
M stage (M+ vs M-)
Stage (Ⅲ, Ⅳ vs Ⅰ, Ⅱ)
Lymphatic invasion (yes/no)
Venous invasion (yes/no)
Perineural invasion (yes/no)
Atrophic gastritis
Intestinal metaplasia
p53 (positive/negative)
MSI (MSI-L vs stable)
MSI (MSI-H vs stable)
HER-2 (positive/negative)
EGFR (positive/negative)

Multivariate analysis

HR (95%CI)

P value

1.10 (0.72-1.66)
0.87 (0.63-1.19)
6.38 (4.33-9.40)
1.00 (1.00-1.00)
1.00 (1.00-1.00)
1.24 (1.20-1.28)

0.664
0.384
< 0.001
< 0.001
< 0.001
< 0.001

1.00 (reference)
2.77 (2.03-3.78)
1.95 (0.89-4.26)
26.07 (16.42-41.40)
21.29 (12.81-35.36)
42.17 (30.75-57.84)
46.39 (30.75-69.98)
11.84 (7.45-18.83)
14.75 (9.95-21.87)
14.34 (9.42-251.85)
1.06 (0.77-1.45)
1.00 (0.76-1.30)
1.45 (0.99-2.12)
1.30 (0.53-3.21)
0.82 (0.53-1.76)
0.57 (0.26-1.25)
0.66 (0.27-1.65)

< 0.001
0.095
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.736
0.977
0.058
0.565
0.602
0.158
0.377

HR (95%CI)

P value

6.70 (1.58-24.49)
10.78 (2.69-43.22)

0.010
0.001

CA 19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; EGFR: Epidermal growth factor receptor; HER-2: Human epidermal growth factor
receptor-2; MSI: Microsatellite instability; MSI-H: MSI-high; MSI-L: MSI-low.

H. pylori infection and leading to intestinal-type gastric
cancer. In younger patients, however, a gastric cancer
of a diffuse pathology was more prevalent. To the
best of our knowledge, this study is the first to reveal
potential age-associated biologic differences in gastric
cancer and its development.
The results also highlight important differences in
the molecular pathology of gastric cancer from the two
groups. First, a higher incidence of MSI was detected
in tumors from older patients. These results agree
with a previous report that demonstrated an increased
frequency of MSI specifically in gastric cancers with
an antral location, intestinal pathology, and lower
[17]
incidence of lymph node metastasis . Second, while
overexpression of HER-2 has been reported to predict
[24,25]
poor prognosis in gastric cancer patients
, an
association between HER-2 and age has not yet been
identified. The results of the current study indicate that
overexpression of HER-2 in gastric cancer is in fact
more common in older patients.
Interestingly, while younger patients exhibited a
more advanced stage of gastric cancer, the overall
mortality rate did not differ between the two age
groups in this cohort. Younger patients did have
a higher cumulative rate of cancer-related death
compared to the older age group. However, this
difference between the two age groups was not
statistically significant once the data was adjusted
for the stage of gastric cancer. Thus, these findings
suggest that survival is not associated with age, which
[6-8]
is in agreement with previous studies . At the same

WJG|www.wjgnet.com

time, treatment differences do exist between the
two groups. For example, in spite of the higher stage
of gastric cancer, younger patients received more
palliative resections than older patients. Because it
is possible that palliative gastrectomy could improve
[26,27]
overall survival
, aggressive treatment in younger
patients might have extended their overall survival.
However, despite potential advantage in treatment
strategies in younger patients, gastric cancer-related
death did not differ between the two groups when
adjusted by stage. Further support for this conclusion
is gained from the results that only stage and distant
metastasis could predict mortality, whereas age was
not found to be an independent risk factor in a Cox
proportional hazards model. Therefore, other factors,
such as the diffuse pathology or size, might more
strongly influence overall survival.
Several limitations are inherent in this study,
primarily because of the retrospective design. First,
molecular pathology was not performed on all tumors.
Results for MSI are particularly inconsistent, as the
method described here has been applied to tumor
samples starting only in the year 2007. Second,
fluorescence in situ hybridization (FISH) is required to
validate IHC scores of 2+ for the accurate diagnosis
[28]
of the overexpression of HER-2 . As FISH was not
performed on tumor sections from most patients,
overexpression of HER-2 was determined based on IHC
results alone. Third, the influence of chemotherapeutic
treatment or specific protocol was not evaluated.
A greater proportion of younger patients received
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gastric cancer where was observed an increase in the disease especially
in the West. A population of a considerable volume center was analyzed,
complementing clinical aspects with molecular variables and even preneoplastic
lesions.

chemotherapy than older patients, and furthermore,
different regimens could affect survival.
Nevertheless, our study presents several novel
findings. To the best of our knowledge, this study
is the first to identify differences based on age in
the molecular pathology and H. pylori-associated
precancerous changes of gastric cancer. Therefore, a
novel concept on the basis of these results is that the
disease pathogenesis differs between the two groups.
However, additional studies are necessary to validate
the role of H. pylori in disease progression, as well as
the accompanying molecular changes in gastric cancer,
of younger patients.
In conclusion, gastric cancer in younger and older
patients differed in clinical characteristics, pathology,
and molecular pathology. Although gastric cancer in
younger patients often presented with more aggressive
features, the primary factor in predicting prognosis
was the stage of the gastric cancer and not the age of
the patient.
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Abstract
AIM: To investigate physicians’ knowledge including
chronic hepatitis B (CHB) diagnosis, screening, and
management in various stages of their training.
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METHODS: A voluntary 20-question survey was
administered in Santa Clara County, CA where Asian
and Pacific Islanders (API) account for a third of the
population. Among the 219 physician participants,
there were 63 interns, 60 second-year residents, 26
chief residents and 70 attending physicians. The survey
asked questions regarding respondents’ demographics,
general hepatitis B virus knowledge questions (i.e. ,
transmission, prevalence, diagnostic testing, prevention,
and treatment options), as well as, self-reported
practice behavior and confidence in knowledge.
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RESULTS: Knowledge about screening and managing
patients with CHB was poor: only 24% identified the
correct tests to screen for CHB, 13% knew the next
steps for patients testing positive for CHB, 18% knew
the high prevalence rate among API, and 31% knew
how to screen for liver cancer. Wald chi-square analysis
determined the effect of training level on knowledge; in
all cases except for knowledge of liver cancer screening
(p = 0.0032), knowledge did not significantly increase
with length in residency training or completion of
residency.
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CONCLUSION: Even in a high-risk region, both medical
school and residency training have not adequately
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[7,8]

prepared physicians in the screening and management
of CHB.

prevalence ≥ 2% . Our group has demonstrated
that HBV screening of API, treatment of the infected
and ring vaccination of household contact is a cost[9]
effective intervention .
Although early detection of CHB offers the best
[7,8]
opportunity for prevention and treatment , screening
[10]
rates among API remain extremely low . It is
incumbent on physicians to recognize the importance
of routine screening and how to screen this high preva
lence population. Yet physicians’ knowledge remains
deficient and adherence to screening guidelines is
inadequate. Even among API physicians serving
predominantly API patient populations, 50% did not
routinely screen API patients for HBV infection and
most reported less than half of their API patients had
[10]
been immunized against HBV . While many studies
have demonstrated the inadequacy of HBV knowledge
[10-12]
among established providers
, no studies have
assessed attainment of HBV knowledge as trainees
progress through medical school and residency training.
In this study we examine the incremental gains in
knowledge regarding CHB screening and management
by surveying physicians at all levels of training
from recent medical school graduates to attending
physicians. We hypothesize that as providers progress
through the medical education system: (1) HBV
knowledge would improve; and (2) providers would
report better adherence to screening, diagnosis,
referral and treatment guidelines as delineated by the
CDC and the American Association for the Study of
[10]
Liver Diseases (AASLD) .

Key words: Liver cancer; Hepatitis B; Asian Pacific
Islander; Liver disease; Health disparity
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Core tip: Chronic hepatitis B (CHB) affects 1.25 million
Americans and CHB disproportionately impacting the
Asian population. The Centers for Disease Control
and Prevention recommends routine preventive
screening for high-risk populations. However, our study
demonstrates that our system of medical training may
not adequately train providers how to screen high-risk
patients, who to screen for CHB, or how to manage
patients who test positive for CHB. Physician knowledge
is poor overall and does not improve during medical
training. Prompt attention is needed to reduce the
burden of chronic liver disease and liver cancer in the
high prevalence Asian and Pacific Islander Population.
Chao SD, Wang BM, Chang ET, Ma L, So SK. Medical training
fails to prepare providers to care for patients with chronic hepatitis
B infection. World J Gastroenterol 2015; 21(22): 6914-6923
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INTRODUCTION

MATERIALS AND METHODS

Chronic hepatitis B infection (CHB) remains a global
epidemic resulting in significant morbidity and
mortality. An estimated 240-360 million people
worldwide are chronically infected with hepatitis B virus
(HBV), resulting in nearly 800000 deaths annually
[1-3]
from CHB-related liver disease . A vaccine that is
safe, effective, and cost-saving has been available
for over 30 years. However, global disease burden
remains high and CHB continues to be the leading
cause of liver cancer and chronic liver disease globally.
In the United States, the major risk factor for chronic
hepatitis B is foreign born in an endemic country where
many became chronically infected at an early age. An
estimated 1.3 million foreign born persons have CHB,
and Asian and Pacific Islander Americans (API) are
[4]
disproportionately affected . There is a greater than
50-fold difference in CHB prevalence between the API
[5]
and White non-Hispanic population . The Institute
of Medicine report estimates that two-thirds are not
[6]
aware of their infection . Without receiving care and
treatment, 15%-25% will die as a result of disease
progression. The Centers for Disease Control and
Prevention (CDC) and the United States Preventive
Services Task Force (USPSTF) recommended HBV
screening of all individuals born in countries with HBV
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Recruitment

Between June and October 2009, physicians were
recruited from a tertiary care academic center, as well
as, a local continuing medical education conference
both located in Santa Clara County, CA. API account for
nearly 35% of the population of Santa Clara County.
Providers were eligible if their area of practice was
in one of five medical specialties: internal medicine,
family medicine, pediatrics, obstetrics and gynecology,
and surgery. Subjects were recruited from the
following physician cohort by training level: incoming
interns, outgoing interns, outgoing residents, and
attending physicians. The study protocol was approved
by the Stanford University Institutional Review Board
and all subjects provided informed signed consent.
Participants were offered a nominal incentive for study
participation. Participants were also offered the option
of receiving additional educational materials regarding
CHB after survey participation.

Survey instrument

A voluntary written survey that comprised of 20
questions was administered in-person or via a webbased survey platform. Survey responses were anony
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physicians. Individual subjects were assigned know
ledge scores based on total number of correct re
sponses for knowledge questions.
Associations between clinical training level and
specific HBV knowledge (i.e., a correct response to
each HBV-related knowledge question) were estimated
as relative risks (odds ratios) using multivariable
logistic regression models adjusted for continuous age.
Additional characteristics such as gender, race/ethnicity,
and clinical specialty were also included in multivariable
models if they were significantly associated with
the outcome. Internal control questions regarding
counseling about smoking cessation and colon and
breast cancer screening were used as indicators of
positive general preventive care practices (“Good
Screeners”) and similarly included in multivariable
models. Statistical significance was defined as a twosided p-value ≤ 0.05. Associations between clinical
training level and total HBV knowledge were estimated
using multivariable linear regression models adjusted
for age and additional physician characteristics
that were significantly associated with overall HBV
knowledge. Analyses were conducted using SAS
version 9.2.

Table 1 Distribution of demographic and professional
characteristics among respondents n (%)
Characteristic
Age (yr)
24-27
28-31
32-39
40+
Median
Sex
Male
Female
Racial/ethnic background
White, non-Hispanic
Chinese or Taiwanese
South Asian
Other or unspecified Asian or Pacific Islander
Black or African American
Hispanic or Latino
Other or mixed
Level of training
Incoming intern
Outgoing intern
Senior resident
Attending physician
Specialty
Internal medicine
Family medicine
Pediatrics
Obstetrics and gynecology
General surgery
Emergency medicine
Psychiatry
Other
Practice setting
Academic practice
Private practice
Other or multiple

Value

1

65 (30)
68 (32)
43 (20)
39 (18)

99 (47)
113 (53)
78 (38)
22 (11)
21 (10)
43 (21)
17 (8)
13 (6)
14 (7)
63 (29)
60 (27)
26 (12)
70 (32)
88 (40)
8 (4)
42 (19)
10 (5)
22 (10)
10 (5)
8 (4)
31 (14)

RESULTS
Demographics

This study recruited a total of 219 physician parti
cipants. Participants had a median age of thirty years.
The distribution of specialties was 40% internal
medicine (n = 88), 4% family medicine (n = 8), 19%
pediatrics (n = 42), 5% obstetrics and gynecology
(n = 10), 10% general surgery (n = 22), and 23%
other (emergency medicine, psychiatry, etc.). Of the
respondents, 29% were new interns (n = 63), 27%
were outgoing interns (n = 60), 12% were outgoing
residents (graduating senior residents) (n = 26), and
32% were attending physicians (n = 70). Of attending
physicians surveyed, 31 reported an academic practice
setting vs 39 who reported a non-academic practice
(Table 1).

170 (78)
28 (13)
19 (9)

1

Summed frequencies > 100 are due to spreadsheet rounding. Missing data
are excluded.

mous and assigned random identifiers. The survey
asked questions regarding respondents’ demographics,
general HBV knowledge questions (i.e., transmission,
prevalence, diagnostic testing, prevention, and
treatment options), as well as, self-reported practice
behavior and confidence in knowledge. Confidence
questions were based on a five-point Likert Scale. The
survey also contained internal controls to establish
baseline medical knowledge and practices (i.e.,
regarding breast cancer and colon cancer screening,
smoking cessation).

HBV knowledge questions

Only 24% of physicians surveyed could identify
the appropriate serologic test to screen for chronic
hepatitis B and only 41% could identify all the
modes of HBV transmission. Although most correctly
answered HBV infection was vaccine preventable
(99%), only about half of physicians would vaccinate
children and household contacts of those with CHB
and only 61% reported being confident about who
should be vaccinated against HBV. Less than half (49%)
of respondents were able to identify API as having
a higher relative CHB prevalence rate. Furthermore,
only 13% of physicians knew the proper next steps to
refer patients who tested positive for hepatitis B. Over
half of the physicians (56%) did not know they are

Statistical analysis

All data were de-identified and pooled for analysis.
Our objectives were to describe knowledge and
management characteristics of surveyed physicians
and compare these characteristics across different
levels of clinical training. Pooled descriptive statistics
regarding HBV knowledge and management practices
were calculated for each cohort: incoming interns,
outgoing interns, outgoing residents, and attending
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Table 2 Correct responses to hepatitis B knowledge assessment

Through which of the following can HBV be transmitted?
Which blood test(s) would you order to screen for chronic hepatitis B infection?
Which blood test(s) would you order to confirm immunity to hepatitis B after vaccination?
Which of the following viral hepatitis infections can be prevented by immunization?
According to California law, who is/are required to report new hepatitis B diagnoses?
A patient has been told by a previous physician that he is a healthy hepatitis B carrier. What are the
appropriate next steps, if any?
Which of the following patient groups has the highest prevalence of chronic hepatitis B?
Asians > Caucasians, African Americans, and Hispanics/Latinos (CORRECT RESPONSE)
Which of the following is most likely to result in chronic infection with hepatitis B?
Which of the following conditions can be caused by chronic infection with hepatitis B?
What are the symptoms of most patients with chronic hepatitis B?
Without proper monitoring, what is the chance of dying from chronic hepatitis B?
Is there a cure for chronic hepatitis B?
Is there a treatment for chronic hepatitis B?
According to the American Association for the Study of Liver Diseases (AASLD) guidelines, which of the
following are appropriate screening tests for liver cancer?

1

Number

Percent

Percent

89
52
153
160
31
28

41%
24%
70%
73%
14%
13%

47%
20%
73%
77%
11%
16%

137
107
105
173
138
35
194
191
68

63%
49%
48%
79%
63%
26%
89%
87%
31%

64%
52%
83%
69%
18%
91%
89%
34%

1

Adjusted for positive control measuring baseline cancer screening knowledge and self-reported counseling practices.

prepared by their medical training to care for patients
with CHB. Only 24% of providers routinely screen
asymptomatic individuals for CHB (Table 3).

Table 3 Physician self-reported practices n (%)
Question

Value

Do you routinely screen asymptomatic patients for chronic hepatitis B
in your practice?
Yes
52 (24)
Would you screen for chronic hepatitis B in an HIV-positive individual?
Yes1
208 (95)
No
3 (1)
Don't know
8 (4)
Would you screen for chronic hepatitis B in a 40-yr-old with a history of
hemophilia?
Yes1
167 (76)
No
39 (18)
Don't know
13 (6)
Would you screen for chronic hepatitis B in a healthy 28-yr-old man
born in China?
Yes1
156 (71)
No
57 (26)
Don't know
6 (3)
Would you screen for chronic hepatitis B in a Caucasian woman who
travels frequently to Central America?
Yes
71 (32)
No1
133 (61)
Don't know
15 (7)
Would you screen for chronic hepatitis B in a cafeteria food server
during a pre-employment physical?
Yes
86 (39)
No1
121 (55)
Don't know
12 (5)

Provider confidence

This lack of knowledge is reflected in providers’ selfreported confidence level in managing patients with
CHB. Table 4 illustrates the physician confidence
level in providing care of CHB patients. Only 31%
reported feeling confident about knowing who to
screen for CHB, as signified by answering “agree” or
“strongly agree” to the survey question. Although 61%
felt comfortable knowing who to vaccinate against
HBV, only 38% reported knowing when it would be
appropriate to refer a CHB patient to a specialist and
only 20% felt well trained by residency to care for CHB
patients.

Comparisons of physicians’ knowledge

Table 5 compares the likelihood of a correct response
across training levels for select knowledge questions.
In all questions assessing CHB knowledge, except for
knowledge of liver cancer screening (p = 0.0032),
there was no significant effect of years of medical
training on likelihood of answering correctly.
Table 6 compares the overall knowledge between
the cohorts. In order to compare knowledge between
cohorts, each subject’s knowledge was assessed based
on the number of questions answered correctly (out
of a possible total score of 24). The mean knowledge
score was 11.6/24 among incoming interns, 11.5/24
among outgoing interns, 12.2/24 among outgoing
residents and 10.6/24 among attending physicians.
The overall average was 11.3/24, or 47% correct.
Overall, senior residents scored marginally higher than
other cohorts, including attending physicians (+1.7
difference in knowledge score when compared with
incoming interns, p = 0.01).

1

Indicates correct response.

mandated by California law to report seropositive test
results to county public health departments (Table 2).
While most physicians recognized that CHB
can result in severe liver disease (79%), just 26%
recognized the high mortality rate associated with
CHB. Only 31% could identify the proper screening
tests for liver cancer and 61% of physicians did not
know when a CHB patient should be referred to a
specialist (Table 2). Eighty percent did not feel well
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assess for correlation between confidence level and
actual knowledge. In sub-group analysis of those who
reported confidence in knowing which populations to
screen (“agree”, “strongly agree”), confidence was
not associated with correct responses for the proper
screening test. Confidence in vaccination knowledge
did not correlate with correct responses for the proper
test to demonstrate serologic evidence of immunity.
Confidence in screening knowledge and being a “Good
Screener” was not associated with proper identification
of hepatitis B surface antigen (HBsAg) as the most
appropriate CHB screening test, nor was it associated
with routinely screening asymptomatic individuals.
Confidence in knowing who should be vaccinated
HBV vaccination knowledge was not associated with
identification of the proper test to confirm immunity
after vaccination.
Confidence in knowledge about referral for chronic
hepatitis B was associated with correct response to
proper patient referral upon HBsAg seropositivity, (RR
= 6.0, p = 0.0001, Table 5). Confidence in screening
knowledge and vaccination were also associated with a
correct response, but not after adjusting for confidence
in referral knowledge. The model adjusting for referral
knowledge has the best “fit” among the models
adjusting for any of the three confidence measures,
indicating that referral confidence is associated
with screening and vaccination confidence and also
independently associated with correct response.
Liver cancer screening knowledge improved with age
and further training. However, “Good Screeners” did
not demonstrate better knowledge for liver cancer
screening.

Table 4 Distribution of responses to questions about
confidence in hepatitis B knowledge n (%)
Question

Response

Value

I am confident that I know who should be screened for chronic hepatitis
B
Strongly disagree
11 (5)
Disagree
60 (27)
Neutral
78 (36)
Agree
59 (27)
Strongly agree
8 (4)
Did not reply
3 (1)
I am confident that I know who should be vaccinated for chronic
hepatitis B
Strongly disagree
7 (3)
Disagree
23 (11)
Neutral
52 (24)
Agree
104 (47)
Strongly agree
31 (14)
Did not reply
3 (1)
I am confident that I know when a patient with chronic hepatitis B
should be referred to a specialist
Strongly disagree
5 (2)
Disagree
57 (26)
Neutral
72 (33)
Agree
67 (31)
Strongly agree
16 (7)
Did not reply
2 (1)
Very poorly
8 (4)
Not well
65 (30)
Neutral
101 (46)
Fairly well
41 (19)
Very well
2 (1)
Did not reply
2 (1)

Questions that assessed specific aspects of CHB
management (i.e., screening, vaccination) were
grouped together in Table 6 to assess if cohorts
had more knowledge in a particular aspect of CHB
management. We used the generalized least squares
method to compare total knowledge score, screening
knowledge score, and vaccination knowledge score.
Total hepatitis B knowledge score between incoming
interns and outgoing residents showed marginal
improvement (p = 0.01), however no difference was
observed between incoming interns and attending
physicians. Additionally, no difference was noted
among cohorts specifically pertaining to screening
knowledge or vaccination knowledge (Table 6) In fact,
older age was inversely correlated with knowledge
score (p = 0.003).
There was a trend towards significance (RR = 1.7,
p = 0.09) in the association between provider ethnicity
and recognition of increased prevalence of CHB among
API. Self-identified API providers were more likely
to respond correctly to relative prevalence of CHB
infection (API vs all other ethnic groups).

DISCUSSION
Chronic infection with hepatitis B and its sequelae
continue to be major public health problems that all
physicians will likely encounter and need to manage at
some point in their practice. Early diagnosis through
screening can lead to the prevention of devastating
consequences like liver cancer and liver failure. The
under-diagnosis, under-referral, and inadequate
treatment of chronic hepatitis B are well-documented,
[10-24]
especially in the API population
. Barriers to
hepatitis B care in API can be distilled into three
meaningful and interacting elements: resource-related,
[25]
patient-related, and provider-related . Resourcerelated barriers include lower per capita income,
inadequate health care coverage, and underutilization
[15,25,26]
of health services
. Patient-related barriers are
associated with poor hepatitis B knowledge, lowEnglish fluency, and the culture, beliefs, and attitudes
[22,27-29]
surrounding hepatitis B and related care
.
Provider-related barriers also revolve around physician
knowledge, attitudes, and beliefs about hepatitis B and
[11]
liver cancer in the API population .
Our study identifies physician-related barriers,

Correlation between physician knowledge and selfreported confidence levels

Based on physician confidence levels reported in
Table 4, sub-group analyses were performed to
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Table 5 Associations of training level and other characteristics with correct (compared with incorrect) responses to questions about
hepatitis B knowledge and clinical practice
Question

Characteristic

Relative risk

1

(95%CI)

P value

2

Which blood test(s) would you order to screen for chronic hepatitis B infection?
Incoming intern
1.0
(Reference)
Outgoing intern
1.2
(0.5-3.1)
Senior resident
2.1
(0.7-6.1)
Attending
2.0
(0.7-5.7)
Do you routinely screen asymptomatic patients for chronic hepatitis B in your practice? (yes vs no)
Incoming intern
1.0
(Reference)
Outgoing intern
1.1
(0.4-3.1)
Senior resident
1.5
(0.5-5.2)
Attending
1.5
(0.4-5.3)
According to California law, who is/are required to report new hepatitis B diagnoses?2
Incoming intern
1.0
(Reference)
Outgoing intern
0.7
(0.3-2.1)
Senior resident
0.2
(0.02-1.6)
Attending
0.6
(0.1-2.4)
A patient has been told by a previous physician that he is a healthy hepatitis B carrier. What are the appropriate next steps, if any?2
Incoming intern
1.0
(Reference)
Outgoing intern
1.8
(0.5-6.7)
Senior resident
1.4
(0.2-8.7)
Attending
0.9
(0.1-7.8)
Not confident in knowledge about referral for chronic hepatitis B3
1.0
(Reference)
Confident in knowledge about referral for chronic hepatitis B3
6.0
(2.4-15.0)
0.0001
What is the relative prevalence of chronic hepatitis B in Caucasians, African Americans, Asians, and Hispanics/Latinos?2
Incoming intern
1.0
(Reference)
Outgoing intern
0.8
(0.4-1.7)
Senior resident
1.8
(0.7-4.6)
Attending
1.2
(0.5-2.9)
Which of the following is most likely to result in chronic infection with hepatitis B?2
Incoming intern
1.0
(Reference)
Outgoing intern
2.0
(1.0-4.2)
Senior resident
3.3
(1.2-9.0)
Attending
1.9
(0.7-5.0)
0.080
Without proper monitoring, what is the chance of dying from chronic hepatitis B?2
Incoming intern
1.0
(Reference)
Outgoing intern
0.8
(0.3-1.9)
Senior resident
0.3
(0.1-1.5)
Attending
0.6
(0.2-2.3)
According to the American Association for the Study of Liver Diseases guidelines, which of the following are appropriate screening tests for liver cancer?2
Incoming intern
1.0
(Reference)
Outgoing intern
3.6
(1.5-8.7)
Senior resident
5.6
(1.9-16.4)
Attending
4.8
(1.6-14.9)
0.005
Age (5-yr increase)
0.7
(0.5-0.9)
0.005
1

All estimates adjusted for age (continuous years); 2Questions included in calculation of total hepatitis B knowledge score; 3"Confident": respondent
"strongly agrees" or "agrees" that he or she is confident about knowledge; "not confident": respondent "disagrees," "strongly disagrees," or is neutral.

which include gaps in physician knowledge and
attitudes which can impede appropriate screening
and prevention. Only a minority of physicians we
surveyed were able to correctly identify the proper
screening tests for CHB infection. Moreover, even
fewer physicians were able to identify the appropriate
next steps in management once a diagnosis of CHB
infection was made. Most physicians expressed a lack
of confidence in screening and caring for patients
with CHB infection. In our study, although most
physicians recognized that the API population carried
the highest burden of disease, the majority greatly
underestimated the disease prevalence among API.
Just 18% recognized that 1 in 10 API are chronically
infected with HBV. When presented with clinical
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case scenarios, our data show that providers were
more likely to screen HIV-positive individuals (95%
of respondents) and patients with hemophilia (76%
of respondents) for CHB than a health 28-year-old
man born in China (71% of respondents). Only 32%
of providers surveyed reported feeling confident in
knowing who to screen for CHB. These data suggest
that providers may not be aware of racial, ethnic, or
cultural differences in CHB risk, or may not be aware of
[7,30,31]
[31]
the CDC screening guidelines
. Upadhyaya et al
similarly reported that although providers were aware
of the high prevalence of CHB in API, this awareness
is not associated with higher rates of screening and
[30]
detection . In a national survey of racial and ethnic
minorities in the US, persons at high risk of CHB (API
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Table 6 Differences in total hepatitis B knowledge scores by cohort
Cohort

Difference in score

Total hepatitis b knowledge score
Incoming intern
Outgoing intern
Senior resident2
Attending Physician
Age (5-yr increase)2
Responded incorrectly to other cancer screening questions and smoking cessation practices
Responded correctly to other cancer screening questions and smoking cessation practices2
Age (5-yr increase)
Hepatitis b screening knowledge score
Incoming intern
Outgoing intern
Senior resident
Attending
Hepatitis b vaccination knowledge score
Incoming intern
Outgoing intern
Senior resident
Attending

1

(95%CI)

0.0
0.1
1.7
0.9
-0.4
0.0
1.0
-0.4

(Reference)
(-0.9-1.2)
(0.4-3.0)
(-0.4-2.2)
[-0.6-(-0.1)]
(Reference)
(0.2-1.8)
[-0.6-(-0.1)]

0.0
-0.2
0.5
0.3

(Reference)
(-0.6-0.3)
(-0.1-1.5)
(-0.3-1.0)

0.0
0.1
0.1
0.1

(Reference)
(-0.8-1.2)
(0.2-2.8)
(-0.4-2.2)

P value

0.010
0.003
0.010
0.003

All estimates adjusted for age (continuous years); 2The P value < 0.05.

1

and foreign-born Americans) reported screening rates
similar to persons who are at low risk, and 52% of
foreign-born API reported having never been tested for
[32]
CHB .
Studies demonstrate that, in general, PCPs provide
counseling and preventive services at alarmingly low
rates. In a national survey, less than one-third of PCPs
report routine assessment and vaccination of adults
[17]
at risk of CHB infection . In a survey by Daley et
al, one-quarter of PCP respondents rate identification
[17]
and vaccination of HBV a “low priority” . While
most physicians we surveyed recognized CHB as
being vaccine-preventable, less than half recognized
the importance of immunizing uninfected household
contacts of CHB patients.
Studies consistently demonstrate poor follow-up
[16]
in HBsAg positive patients by providers. Jung et al
reports less than 30% of CHB patients received further
evaluation of their infection; in fact, this study revealed
that API ethnicity was instead significantly associated
with not receiving treatment. In another study of 2238
CHB patients, only 32% reported having been referred
[14]
to a gastroenterologist or hepatologist . Our data
corroborates current literature by suggesting that low
rates of treatment, liver cancer screening, and referral
may be due to poor knowledge about appropriate
follow-up procedure following CHB detection; only
16% of respondents were able to accurately describe
the appropriate next steps for a patient previously
diagnosed as a “healthy hepatitis B carrier”. Only 34%
were able to identify the appropriate screening tests
for liver cancer according to the AASLD guidelines
and just 11% of respondents knew how to report
new hepatitis B diagnoses to local infectious disease
control agencies. Perhaps this is due to the poor
understanding of the devastating consequences of
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untreated and unmonitored CHB infection. Most
providers significantly underestimated the mortality
risk associated with CHB.
To date, we are the only group to examine provider
knowledge and practice based on training level. Across
all training levels, from interns to attending physicians,
most providers expressed a lack of confidence
regarding which populations should be screened for
CHB infection. Only 39% of providers surveyed were
confident that they knew when to refer patients with
chronic hepatitis B. Alarmingly, 80% of providers
did not feel adequately prepared by their medical
training to manage patients with CHB infection. This is
corroborated by our observation that no differences in
CHB knowledge and screening practices were observed
between interns, senior residents, and attending
physicians. This not only demonstrates a failure in our
current model of physician training in chronic hepatitis
B management, but suggests similar deficiencies may
exist with other public health concerns.
We postulated whether poor CHB screening was
indicative of poor preventive practices by providers
in general, rather than due to poor HBV knowledge
and awareness. Thus we separately analyzed those
providers who self-reported good preventive medicine
practices. We included internal control questions asking
providers to select the most appropriate screening
tests for breast and colon cancer, as well as, to report
how frequently they counsel patients regarding
smoking cessation. Providers who always advised
patients to quit smoking and correctly identified breast
and colon cancer screening practices were deemed
“Good Screeners”. However, Good Screeners were
not significantly associated with increased knowledge,
proper identification of HBsAg as the most appropriate
CHB screening test, or improved screening of asymp
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tomatic individuals for CHB.
We believe this study is representative of overall
deficiencies in provider knowledge, training, and
practices as it pertains to CHB infection. Limitations of
this study may include selection bias as all physicians
were recruited from a single geographic region
(Northern California) and trainees from a single
academic medical center. However, we do not believe
this region reflects a training model that is significantly
different from national trends. In addition, this region
has a larger API population among physicians and
patients, which we would expect to result in slightly
improved knowledge and sensitivity towards CHB
screening. As with all surveys, generalizability is
limited and conclusions are based on associations
of responses. Respondents were assumed to have
answered truthfully (i.e., accurate reporting of level of
training, ethnicity, field of practice), to carefully read
and interpret the questions, and answers reflect actual
practice.
Providers routinely cite inadequate knowledge as
[18,31,33]
a barrier to appropriate management of CHB
which has been demonstrated by our study and others.
In addition, we report low levels of provider knowledge
that persist across increased levels of provider
training. This is suggestive of the inadequate education
provided by current medical training practices in
regards to chronic hepatitis B infection, a disease which
affects over one million Americans with an additional
[5]
40000 imported new cases each year . We found that
trainee confidence in their HBV-related knowledge
remains low throughout graduate medical education,
with no significant difference between training cohorts;
79% of respondents indicated that they did not feel
their training adequately prepared them to manage
[11]
patients with CHB infection. Foster et al examined
how different information sources influence health
behaviors among Asian immigrants. After controlling
for age, sex, education, English proficiency, insurance
coverage, proportion of life spent in the United states,
and family history of CHB, learning about HBV from
physicians had the strongest direct effect on positive
screening behavior (i.e., perceived benefits, severity,
self-efficacy, and knowledge). The Department of
Health and Human Service’s Viral Hepatitis Action
Plan (VHAP) identifies educating providers as a top
priority to reduce the health disparity associated with
[34]
CHB infection in the API population . Better provider
knowledge about CHB is associated with increased
[10,18,20]
rates of screening and vaccination for CHB
and
even decreased mortality from liver cancer and liver
[35,36]
disease
. Toy reported that life long monitoring of
CHB is cost effective, and adherence to monitoring and
[36]
treatment could reduce CHB related deaths by 83% .
However, our current medical training paradigm is
failing our providers and their patients.
In 2010, the Institute of Medicine released a
landmark report identifying CHB as an important
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public health issue requiring national attention. As a
result of this report and the ratification of the Patient
Protection and Affordable Care Act (ACA) in 2011, the
Department of Health and Human Services released
the VHAP, which highlights strategies to prevent, care
[6,34]
for, and treat CHB and related liver-disease
. In
2014, the USPSTF also issued recommendation for
hepatitis B screening of asymptomatic, non-pregnant
adolescents and adults including those born in regions
with ≥ 2% CHB prevalence and United States born
persons who were unvaccinated at birth whose parents
[8]
were born in high endemic countries including Asia .
This means that hepatitis B screening of the at risk
population would be among the preventive services
covered in the ACA.
Both the IOM report and the VHAP call for improved
physician education. Our study highlights poor provider
CHB screening practices and we suggest this is directly
related to the lack of CHB education provided during
formal medical training. It is imperative that we reform
health care education to reduce CHB-related morbidity
and mortality among our nation’s rapidly growing
immigrant communities.
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AIM: To evaluate the correlation between the immuno
expression of angiogenic markers [CD31, CD105 and
vascular endothelial growth factor (VEGF)], prolife
rative index (Ki67), and prognosis of patients with
gastrointestinal stromal tumors (GIST).
METHODS: This is a retrospective study of 54 GIST
cases. Medical records were searched to obtain the
GIST patients’ demographic and clinical data, and
paraffin-embedded blocks of tumor samples were
retrieved from the hospital archives to conduct a new
immunohistochemical evaluation. The tumor samples
of GIST patients were subject to immunohistochemical
evaluation for endoglin (CD105), CD31, VEGF, and
Ki67 expression. The CD105 and CD31 intratumoral
microvascular density (IMVD) was measured using
automated analysis. We determined the correlation
between the immunoexpression of CD105, CD31, VEGF,
Ki67 and prognosis. In addition, we conducted a cutoff
analysis using the receiver-operating characteristic
curve. VEGF positivity was classified as either null/weak
or strong. Ki67 was evaluated using a cutoff of 5%
positive cells. The prognosis was classified as good
(patient alive without recurrence) or poor (patient with
recurrence/death).
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RESULTS: The distribution of tumor sites among the
54 analyzed samples was as follows: 27 (50%) in the
stomach, 20 (37.1%) in the small intestine, 6 (11.1%)
in the colon, and 1 (1.8%) in the esophagus. The size
of the tumors ranged from 2 to 33 cm (median: 8
cm); in 12 cases (22.2%), the tumor was below 5 cm
at the largest diameter, but in 42 cases (77.7%), the
tumor was larger than 5 cm. The means of CD105 and
CD31 were significantly higher in the group with poor
prognosis (P < 0.001). The cut-off values of CD105 (>
1.2%) and CD31 (> 2.5%) in the receiver-operating
characteristic curve were related to a poorer prognosis.
Cases with a better prognosis showed significantly null/
weak staining for VEGF (P < 0.001). Ki-67 expression of
≥ 5% was strongly correlated with a worse prognosis (P
< 0.001). In the multivariate analysis, CD105 was the
variable that most strongly correlated with prognosis.

remains a challenge . The primary goal of a prog
nostic determination to discern patients with localized,
resectable disease who require only clinical follow[3]
up from those in need of adjuvant therapy .
[4-8]
Currently, there are five different classifications
used to stratify tumors into groups associated with
a greater or lesser risk of tumor recurrence and/or
[9]
distant metastasis . However, these classifications
still leave room for doubt, as there are some groups
of rare tumors with an insufficient number of cases
for effective analysis, and others with highly variable
recurrence/tumor progression rates, e.g., from 24%
to 73%, leaving a high percentage of tumors with an
[10,11]
indefinite prognosis
.
In addition to morphological criteria, some
immunohistochemical markers have been used as
prognostic markers of GIST. Among these are the
proliferating cell nuclear antigen Ki-67, which is
widely used with a cut-off point of 5% as an indicator
of poor prognosis. More recently, the angiogenic
markers, especially CD31 and vascular endothelial
[12]
growth factor (VEGF) , which is considered the main
mediator of tumor angiogenesis have also been used
[13]
[14-18]
as prognostic . Some studies
have shown an
association between high levels of tissue VEGF and
poorer prognosis of patients with GIST.
In addition to VEGF, another molecule that is
involved in the process of tumor angiogenesis is the
transmembrane glycoprotein endoglin (CD105).
Endoglin may or may not be proangiogenic, depending
on whether it is bound to the activin receptor-like
[19]
kinase , and is primarily expressed in activated
[20,21]
endothelial cells
. Compared with other panendothelial markers (e.g., CD34 and CD31), endoglin
shows a characteristic property as a “neovessel”
marker, i.e., in a state of proliferation. Therefore, CD105
is considered a more specific immunohistochemical
[22]
marker for tumor neovasculature .
Various studies have demonstrated the importance
of CD105, using intratumoral microvessel density
(IMVD), as a prognostic factor correlated with overall
and disease-free survival, tumor recurrence, and the
[23,24]
presence of metastasis in different tumor types
.
[25]
However, to our knowledge, only one study
has
addressed the association of the immunohistochemical
marker CD105 in GIST with morphological factors,
and no correlation with prognosis was found. Other
angiogenic markers have been studied in relation
to cancer prognosis, including CD34, CD31, and
[26-28]
factor Ⅷ
. However, the results are contradictory,
[26,29,30]
[17]
with some studies
, including those on GIST ,
that have identified an association, and others that
[31]
have not . In addition, volumetric growth and the
development of metastases in cases of GIST appear
to be related to the development of a new vascular
[17]
network . Another fact that corroborates the
importance of vascularization in the context of GIST
is the mechanism of action of the second-generation

CONCLUSION: The IMVD cutoff values for the angio
genic markers CD105 and CD31, may be prognostic
factors for GIST, in addition to VEGF and Ki67.
Key words: Angiogenesis; Immunohistochemistry,
CD105; CD31; Gastrointestinal stromal tumors; Vascular
endothelial growth factor; Ki-67
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Prognosis of gastrointestinal stromal tumors
(GIST) is a longstanding challenge. Association of
angioimmunomarkers with poor prognosis has recently
been demonstrated, but few studies have evaluated the
relevance of vascular endothelial growth factor (VEGF)
and CD31, and none has analyzed the role of CD105
expression in prognosis. Our results suggest that
angiogenic markers (intratumoral microvascular density
cut-off of CD105 and CD31 besides VEGF) and Ki67
(tumor cell proliferation marker), may be prognostic
factors for GIST, besides and Ki67 (tumor cell prolife
ration). However, further studies are necessary before
considering such angiogenic molecules as possible
therapeutic targets.
Basilio-de-Oliveira RP, Nunes Pannain VL. Prognostic
angiogenic markers (endoglin, VEGF, CD31) and tumor cell
proliferation (Ki67) for gastrointestinal stromal tumors. World J
Gastroenterol 2015; 21(22): 6924-6930 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/6924.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.6924

INTRODUCTION
Gastrointestinal stromal tumors (GIST) are the most
common mesenchymal tumors of the gastrointestinal
[1]
tract . Although a great deal is already understood
about the biology, diagnosis, and treatment of this
tumor type, predicting prognosis in some cases
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drug sunitinib, which is based on the blockade of
VEGF activity along with tyrosine kinase receptor
blockade that has been used with success in some
[32]
GIST patients . Another key factor used in defining
prognosis in cases of GIST is cell cycle markers,
especially Ki67, which is an indicator of proliferating
[33]
cells .
In an attempt to better understand the behavior of
GIST, we performed immunohistochemical assays to
analyze the expression of angiogenic markers (CD105,
CD31 and VEGF) as well as the cell proliferation index
(Ki-67) and determined their correlation with the
clinical progression of patients. The results of this
study should provide valuable information with respect
to the effectiveness of these markers as prognostic
factors in the context of GIST.

the slides. Negative controls lacking primary antibody
application were run simultaneously. The following
antibodies with respective dilutions were used: antiKi-67 (M7240, 1:250; Dako Dk A/S), anti-CD31
(JC70A, 1:50; Dako Dk A/S), anti-VEGF C-1 (sc-7269,
1:6000; Santa Cruz Biotechnology, Heidelberg, Ger),
and anti-CD105 (clone 4G11, 1:60; Leica Biosystems
Newcastle Ltd, United Kingdom).

Measurement of IMVD

Two computer tools were used for the CD105 and
CD31 immunohistochemical IMVD analysis: Qcapture
and ImageLab. The former is an image-capturing
system in an Olympus digital 3.3-megapixel camera
attached to an Olympus BX-40 microscope. The three
vascular fields showing the highest intensity antibody
signals, such as vessels or groups of endothelial
cells, were searched at a magnification of × 100
and captured for each case with a × 200 magnifying
lens. The images were then analyzed using the “color
function” and area/density measurement function in
[34]
ImageLab software . The percentages of marked
areas (hotspots) were calculated in a fixed area of
216 µm on each image. The average of the three
areas selected for analysis was recorded into an Excel
worksheet.

MATERIALS AND METHODS
Study design and participants

We conducted a retrospective study of all cases of
GIST evaluated in the Pathology Laboratory of two
university hospitals in Rio de Janeiro, Brazil (Gaffrée
and Guinle University Hospital and Clementino Fraga
Filho University Hospital). After obtaining approval
from the Ethics Committee (protocol number 079/05),
medical records were searched to obtain the patients’
demographic and clinical data, and paraffin-embedded
blocks with tumor samples were retrieved from the
hospital archives for a new immunohistochemical
evaluation, as described in detail below. The archives
were searched for cases of GIST with positivity for the
CD117 antibody, with totally resected tumors. Patients
with disseminated GIST or with other types of cancer
were excluded from the study.

Evaluation of VEGF and Ki67

The tumors were classified into two categories based
on VEGF expression: null/weakly positive or moderate/
markedly positive. The classification was based on the
staining intensity of the vascular structures.
Positive cells for Ki-67 were counted in a field of
[33]
1000 cells . The tumors were classified into those
with less than 5% positive cells and those with 5% or
more positive cells.
CD31 and CD105 positivity and Ki-67 expression
[4,10]
were analyzed in relation to clinical status
. A
receiver-operating characteristic (ROC) curve was
constructed to determine a cut-off for poor prognosis.

Variables

From the clinical records, gender, age, tumor site
and size, and clinical progression were recorded.
The follow-up period of patients was calculated from
the date of surgery until the last follow-up visit. The
prognosis was classified as good (disease-free survival)
or poor (the patient died due to GIST, or survived
but had metastases during follow-up). There were no
deaths due to other causes in this case series.
The CD105, CD31, VEGF, and Ki67 expression levels
were determined by immunohistochemical analysis,
according to the methods and criteria described below.

Statistical analysis

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues, sectioned
into 5-µm-thick slices, were mounted on poly-L-lysinecoated slides (Sigma, St. Louis, MO, United States;
code P8920). The sections were deparaffinized by
xylene and dehydrated by a graded series of ethanol.
The Novolink polymer (Novocastra, Newcastle,
United Kingdom) was used. The chromogen was
3,3’-diaminobenzidine tetrahydrochloride, followed
by Mayer’s hematoxylin counterstain were applied to

WJG|www.wjgnet.com
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In the univariate analysis, the χ , Wilks G2, Fisher
and Student’s t tests were used, with a significance
threshold value of less than 0.05. In the multivariate
analysis, for factors that showed statistical significance
in the univariate analysis, we used the Jaccard index,
which compares the similarity and diversity of samples.
The highest rated factor was the one determined to
be most closely linked to prognosis. The statistical
methods of this study were reviewed by Mauricio
Gama, Associate Professor of Research Department of
Clementino Fraga Filho University Hospital.

RESULTS
Participants, histological and clinical data

Among the 54 cases of GIST that were studied, the
patients’ mean age was 57.34 ± 13.71 years (range:
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A

Table 1 Association among vascular endothelial growth
factor, Ki67 and survival status
Immunomarkers
VEGF
Null/weakly1
Moderate/strongly1
Ki67
< 5%
≥ 5%
100 mm

P value

Alive without
recurrence

Recurrence/
death

18
15

3
18

0.0022

29
4

2
19

< 0.0013

1

Positive; 2Fisher exact test, 3Student’s t-test. VEGF: Vascular endothelial
growth factor.

B

significantly higher in the group of patients with poor
prognosis than in the group of patients who were
alive without recurrence (1.98% vs 1.04%, P <
0.001, Student’s t-test). Based on the ROC curve for
CD105, a cutoff point of 1.21% was determined. This
cutoff point was corroborated by the area under the
curve value of 0.88, which indicates good power of
discrimination.
The average value obtained with CD31 was
significantly higher in the poor prognosis group than in
the group of patients who survived without recurrence
(3.61% vs 1.94%, P < 0.001, Student’s t-test). Based
on the ROC curve for CD31, a cutoff point of 2.50%
was determined. This cutoff point was corroborated by
the area under the curve value of 0.92, which indicates
strong discriminatory power.
A relatively better patient prognosis was associated
with null/weak VEGF expression in the tumors; of
the 21 cases with null/weak VEGF expression, only
3 had an unfavorable prognosis (P = 0.002). A rate
of ≥ 5% Ki67 expression was strongly associated
with reduced overall survival (P < 0.001) (Table 1).
In the multivariate analysis, the factors that showed
statistical significance in the univariate analysis (CD105,
CD31, VEGF and Ki-67) were submitted to analysis of
similarity (Jaccard index), which revealed that CD105
had the strongest association with prognosis-(Jaccard
index value: 0.69278), followed by CD31 (0.66471),
Ki67 (0.54286) and VEGF (0.50000).

100 mm

Figure 1 Gastric gastrointestinal stromal tumor with labeling for CD105 >
1.2% (A), CD31 > 2.5% (B), × 20.

24-83 years), and 30 (59.5%) patients were women.
The distribution of the tumor sites among patients was
as follows: 27 (50%) in the stomach, 20 (37.1%) in
the small intestine, 6 (11.1%) in the colon and 1 (1.8%)
in the esophagus. The size of the tumors ranged from
2 to 33 cm (median: 8 cm); in 12 cases (22.2%), the
tumor was below 5 cm at the largest diameter, but in
most cases (42; 77.7%), the tumor was larger than 5 cm.
Of the 54 patients, 33 (61.2%) were alive and
disease-free (i.e., good prognosis) and 21 (38.8%)
patients were alive with disease or had died due to
cancer. The follow-up period ranged from 1 to 242 mo,
with a median time of 35 mo.

Immunohistochemistry results

The mean positivity values of CD105 and CD31 ranged
from 0.37% to 4.21% and 0.39% to 7.83%, with
median values of 1.14% and 1.96%, respectively
(Figure 1).
In relation to VEGF, 21 tumors (38.9%) showed
null/weakly positive staining, while 33 (61.1%) showed
moderate/strong staining.
The anti-Ki-67 antibody was expressed in 31
(57.4%) tumors with a cell proliferation index of less
than 5%, and the remaining 23 tumors (42.6%) had
an index greater than or equal to 5%.

DISCUSSION
Determining the prognosis of GIST is essential, given
that 60% of tumors are larger than 5 cm, which is
[5,35,36]
associated with a relatively poor prognosis
, 50%
[37]
of patients are considered high-risk , and 20%-55%
[38-40]
of patients will experience tumor recurrence
.
In our case series, we demonstrated an association
between immunohistochemical markers related to
angiogenesis and prognosis. CD105 (endoglin) showed
an association with prognosis through the IMVD
measurement. The plotted ROC curve indicated a cutoff point of 1.2%, which was established as a dividing
factor in our series for good and poor prognosis, as

Correlation between prognosis and
immunohistochemistry markers

The average value for the CD105 evaluation was
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tumors with an IMVD above this value were related
to a relatively worse prognosis. No previous study
has directly evaluated the role of CD105 expression in
prognosis in the context of GIST. The only previously
[25]
reported study
on the association between GIST
and CD105 demonstrated a link between the strong
intensity of immunohistochemical staining with some
morphological criteria that is associated with a worse
prognosis, such as a mitotic index above 5 mitoses per
50 high-power fields and a high degree of risk.
The average IMVD value of CD31 was higher in
tumors from patients with a worse prognosis than in
those with a good prognosis, demonstrating a clear
relationship between this marker and prognosis,
[17,18,41]
as has been previously reported
. Although
these previous studies all established a correlation
between the IMVD of CD31 and prognosis, there is
marked variation among the cut-off values reported
for malignancy, which might be due to the different
[17,18]
methods used for evaluation and analysis
. There
are also some differences between the methods
adopted in our study and others. For example, the
count of vascular structures was conducted in a semiautomated manner using a computer program, which
significantly reduces bias in counting. In addition, the
cut-off point value of 2.50% found in our series was
validated through analysis of a ROC curve.
VEGF expression was null or weakly positive in
21 tumors, and only 3 of these cases showed poor
prognosis, while the 33 patients with strong VEGF
positivity in tumors (approximately 60%) experienced
recurrence or died. This association between VEGF
and GIST prognosis has also been found in other
[15-18]
studies
. In addition, high VEGF expression has
been associated with a poorer prognosis, independent
of the tumor genotype, and with a low therapeutic
[42]
response to imatinib mesylate . In other tumors,
[26,27]
such as those of the lung and breast
, high IMVD
is associated with a reduction in survival and a shorter
[22,29]
time to tumor recurrence
.
We also found a strong association between a
marker for nuclear antigen cell proliferation (Ki67) and
[43,44]
prognosis in our series, similar to previous studies
.
Therefore, the present results demonstrate the high
prognostic potential of Ki-67 for GIST. Of the 31
patients with an index of less than 5%, 29 were alive
without recurrence and only 2 had progressed to a
poor prognosis. In contrast, of the 23 tumors with an
index greater than 5%, 19 progressed to metastasis/
death. There are other advantages of using Ki-67
as a prognostic marker: unlike the mitotic index,
which shows an association with the topography of
[43]
the tumor , it can be used independently of the
location of the tumor. It also constitutes a potential
discriminator in localized and/or disseminated
[43]
disease . Therefore, despite its inability to determine
risk levels in all classifications proposed, we believe
that Ki-67 is an important parameter in the prognosis
of GIST and that it should not be neglected as a
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prognostic marker.
Our results suggest that angiogenic markers,
including the CD105 and CD31 IMVD cut-off values,
VEGF and the tumor cell proliferation marker Ki67,
may be useful prognostic factors in GIST. However,
further studies are necessary before considering such
angiogenic molecules as possible therapeutic targets.
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Retrospective Study

Assessment of liver fibrosis by Fibroscan as compared to
liver biopsy in biliary atresia
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Abstract

Qiu-Long Shen, Ya-Jun Chen, Zeng-Meng Wang, TingChong Zhang, Wen-Bo Pang, Jun Shu, Chun-Hui Peng,
Department of Pediatric General Surgery, Beijing Children’s
Hospital, Capital Medical University, Beijing 100045, China

AIM: To evaluate liver stiffness measurement (LSM)
using non-invasive transient elastography (Fibroscan)
in comparison with liver biopsy for assessment of liver
fibrosis in children with biliary atresia (BA).

Author contributions: Chen YJ and Shen QL designed the study
and wrote the manuscript; Wang ZM and Pang WB analyzed the
data; Zhang TC, Shu J and Peng CH were involved in editing the
manuscript.

METHODS: Thirty-one children with BA admitted to
the Department of Pediatric Surgery of Beijing Child
ren’s Hospital from March 2012 to February 2013 were
included in this study. Their preoperative LSM, liver
biopsy findings, and laboratory results were studied
retrospectively.

Ethics approval: The study was reviewed and approved by the
Beijing Children Hospital’s Institutional Review Board.
Informed consent: All study participants’ legal guardian
provided informed written consent prior to study enrollment.
Conflict-of-interest: There are not any conflict-of-interest
problems in this study.
Data sharing: No additional data are available.

RESULTS: The grade of liver fibrosis in all 31 patients
was evaluated according to the METAVIR scoring
system, which showed that 4 cases were in group
F2, 20 in group F3 and 7 in group F4. There were 24
non-cirrhosis cases (F2-F3) and 7 cirrhosis cases (F4).
In groups F2, F3 and F4, the mean LSM was 9.10 ±
3.30 kPa, 11.02 ± 3.31 kPa and 22.86 ± 12.43 kPa,
respectively. LSM was statistically different between
groups F2 and F4 (P = 0.002), and between groups F3
and F4 (P = 0.000), however, there was no statistical
difference between groups F2 and F3 (P = 0.593). The
area under the receiver operating characteristic curve
of LSM for ≥ F4 was 0.866. The cut-off value of LSM
was 15.15 kPa for ≥ F4, with a sensitivity, specificity,
positive predictive value and negative predictive value
of 0.857, 0.917, 0.750 and 0.957, respectively.
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CONCLUSION: Fibroscan can be used as a noninvasive technique to assess liver fibrosis in children
with BA. The cut-off value of LSM (15.15 kPa) can
distinguish cirrhotic patients from non-cirrhotic patients.
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MATERIALS AND METHODS

Core tip: This study was designed to evaluate liver
fibrosis using non-invasive transient elastography
(Fibroscan) in comparison with liver biopsy in children
with biliary atresia (BA). According to the METAVIR
scoring system, in groups F2, F3 and F4, the mean liver
stiffness measurement (LSM) was 9.10 ± 3.30 kPa,
11.02 ± 3.31 kPa and 22.86 ± 12.43 kPa, respectively.
The AUC of LSM for ≥ F4 was 0.886. The cut-off value
of LSM was 15.15 kPa for ≥ F4, with high sensitivity,
specificity, positive predictive value and negative
predictive value. In conclusion, Fibroscan can be
effectively used as a non-invasive technique to assess
liver fibrosis in children with BA.

Thirty-one patients (10 males and 21 females) with
BA admitted to the Pediatric Surgery Department
of Beijing Children’s Hospital from March 2012 to
February 2013 were included in this study. Regular
blood tests, blood biochemistry tests and LSM were
obtained three days before the Kasai procedure. Liver
biopsy specimens, obtained during surgery, were
well-preserved. The Japanese Society of Pediatric
Surgery divided BA into three types: Ⅰ, atresia of the
common bile duct; Ⅱ, atresia of the hepatic duct; and
Ⅲ, atresia of the porta hepatis. It was found that all
the patients under study had type Ⅲ BA. The age at
operation ranged from 34 to 121 d, with a mean age
of 75.58 ± 21.84 d.

Patients

Shen QL, Chen YJ, Wang ZM, Zhang TC, Pang WB, Shu J,
Peng CH. Assessment of liver fibrosis by Fibroscan as compared
to liver biopsy in biliary atresia. World J Gastroenterol 2015;
21(22): 6931-6936 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i22/6931.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.6931

Assessment of liver fibrosis

Liver biopsy specimens were obtained from the front
right area (5 or 6 segment of the Coinaud segment)
of the liver during the Kasai procedure. All samples
were preserved at -80  ℃. The 10% neutral formalinfixed and paraffin-embedded liver biopsy sections
were stained with Masson trichromatic stain, which
was carried out at the Department of Pathology of
Beijing Friendship Hospital Affiliated to Capital Medical
University. These sections were assessed using
microscopy by two experienced pathologists according
to the Metavir scoring system. A third pathologist was
consulted when disagreement arose. According to the
[8]
METAVIR scoring system , patients were divided into
a non-cirrhosis group (F0-F3) and a cirrhosis group (F4).

INTRODUCTION
Biliary atresia (BA) is a unique pediatric liver disease
characterized by progressive inflammatory obliterative
cholangiopathy. If left untreated, fibrosclerosing
obliteration progresses in both intrahepatic and
extrahepatic bile ducts, which inevitably leads to liver
[1]
cirrhosis . The incidence of BA in Asia is reported to be
[2]
as high as approximately 1 in 5000 live births , and
in Western Europe is approximately 1 in 19000-15000
[3,4]
live births .
Assessment of liver fibrosis in BA is pivotal in
treatment choice, evaluation of the results of the Kasai
procedure and assessment of prognosis. Developed in
France by Echosens, transient elastography (Fibroscan)
is a novel, noninvasive technique which is used to
assess the degree of liver fibrosis. The basic principle
of Fibroscan involves a one-dimensional transient
elastographic wave, which has a distinguishable
traveling speed in different media, and can be
translated into various degrees of fibrosis. When the
liver is hard, the transient elastographic wave travels
faster, resulting in a higher Liver Stiffness Measurement
(LSM) value (kPa). Current studies concerning the
use of Fibroscan seldom include BA patients. Recently,
LSM was applied to predict liver related events in
[5]
BA after Kasai hepatoportoenterostomy , especially
[6,7]
oesophageal varices . This study evaluated the cutoff value for Fibroscan to assess the degree of liver
fibrosis in children with BA, and aimed to provide
related evidence for the application of Fibroscan in
pediatric medicine.
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LSM

Fibroscan (Echosens, France) was used to assess liver
stiffness, and an experienced operator was responsible
for obtaining the Fibroscan value. A probe (size S) was
placed vertically on the skin surface between the right
lower ribs. Ten values were then obtained avoiding
major vessels. A median value calculated by the
Statistics Analyze System was chosen as the final value,
and the interquartile median ratio was less than 0.3.

Calculation of aspartate aminotransferase to platelet
ratio index

The aspartate aminotransferase to platelet ratio index
(APRI) was calculated using the following equation:
9
APRI = [AST (/ULN)/platelet counts (10 /L)] × 100,
rounded to the third decimal place.

Statistical analysis

The data were analyzed using PASW software version
19.0. One-way analysis of variance was performed for
the groups with different degrees of fibrosis. Spearman
correlation and Logistic regression analyses were used
to determine the relationship between LSM value and
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pathological grade of liver fibrosis. The accuracy of
Fibroscan in differentiating fibrosis from cirrhosis was
assessed using the area under the receiver operating
characteristic (ROC) curve (AUC). An AUC between 0.7
and 0.9 represented a moderate accuracy, while that
above 0.9 represented a high accuracy. The Youden
index enabled selection of the optimal threshold
value between liver fibrosis and liver cirrhosis, and
predicted the upper limit of sensitivity and specificity
of the different tests. A P value < 0.05 was considered
statistically significant.

Analysis of LSM value

LSM value was determined in 24 patients in the noncirrhosis group (F2-F3) and in 7 in the cirrhosis group
(F4). After Logistic regression analysis, the coefficient
of regression of the LSM value for diagnosing cirrhosis
was 0.367 and the constant was -6.439 (P = 0.021 <
2
0.05). This regression equation model was tested by χ
analysis (P = 0.056) and was found to be insufficient
to demonstrate a significant difference, but it was
sufficient to indicate that the regression equation
model was suitable as the P value was very close to
0.05. This showed that with increasing LSM value, the
probability of cirrhosis increased.

RESULTS
General information

Cut-off value for cirrhosis

Before the Kasai procedure, all 31 patients underwent
Fibroscan elastography and the success rate was
95.16% ± 6.54%. According to the METAVIR scoring
system, no cases were classified in group F0 or F1, 4
cases were in group F2, 20 in group F3, and 7 in group
F4. Thus, 24 cases were in the non-cirrhosis group
(F0-F3) and 7 cases were in the cirrhosis group (F4).
In groups F2, F3 and F4, the mean LSM was 9.10 ±
3.30 kPa, 11.02 ± 3.31 kPa and 22.86 ± 12.43 kPa,
respectively. The APRI was 1.76 ± 1.12, 2.34 ± 1.93
and 2.72 ± 2.36, respectively. The blood test results
are presented in Table 1.

The AUC of LSM was 0.866 for the diagnosis of liver
cirrhosis in group F4. The AUC of APRI was 0.536
(Figure 2). The value which corresponded to the
maximum Youden index was considered the optimal
threshold value. Therefore, the optimal cut-off values
of LSM and APRI to diagnose cirrhosis were 15.15 kPa
and 1.855, respectively. The sensitivity, specificity,
positive predictive value, negative predictive value and
diagnostic accuracy were 0.857, 0.917, 0.750, 0.957,
and 0.903 for LSM, and 0.714, 0.583, 0.357, 0.882,
and 0.645 for APRI, respectively.

Relationship between LSM and liver fibrosis grade

DISCUSSION

The LSM in groups F2, F3 and F4 was analyzed by
one-way analysis of variance, which revealed that
the average LSM value in each group was statistically
different (P = 0.001 < 0.01). Figure 1 is a box-plot
of liver fibrosis stage (METAVIR) and LSM. A further
comparison between F2 and F4, and between F3 and
F4, revealed statistical differences (P < 0.01 for all),
while group F2 compared to F3 showed no statistical
difference (P = 0.593). Using Spearman rank
correlation analysis, a positive correlation between
LSM and liver fibrosis stage (R = 0.544, P = 0.002 <
0.01) was observed.
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0.2

As a novel noninvasive technique that allows quan
tification of the degree of liver fibrosis, Fibroscan
has been used in adult patients with chronic hepatic
diseases. It is not commonly used in children, mainly
because there is no suitable probe. However, size
S probe has recently been developed by Echosen,
[9,10]
France, which can be used in children
.
Some studies have suggested that if at least
10 values were obtained using Fibroscan and the
success rate was higher than 65%, it was considered
[11,12]
reliable
. In our study, size S probe (Echosen,
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Table 1 Relevant information of different liver fibrosis stages

LSM (kPa)
AST (IU/L)
ALT (IU/L)
TBIL (mmol/L)
DBIL (mmol/L)
IBIL (mmol/L)
ALP (U/L)
GGT (U/L)
TBA (mmol/L)
APRI
Age at operation (d)

F2 (n = 4)

F3 (n = 20)

F4 (n = 7)

P -value

9.10 ± 3.30
251.25 ± 173.05
152.50 ± 142.69
176.98 ± 43.13
89.93 ± 27.46
87.05 ± 16.61
471.75 ± 92.69
631.00 ± 522.17
103.73 ± 34.29
1.76 ± 1.12
73.00 ± 18.67

11.02 ± 3.31
286.59 ± 147.11
180.54 ± 109.90
184.81 ± 37.06
86.21 ± 13.51
98.60 ± 37.29
611.37 ± 310.79
736.62 ± 587.59
107.07 ± 35.01
2.34 ± 1.93
70.70 ± 20.25

22.86 ± 12.43
328.01 ± 192.54
181.19 ± 92.99
194.81 ± 59.87
91.64 ± 27.04
103.17 ± 38.92
626.44 ± 245.08
569.89 ± 272.86
144.09 ± 53.60
2.72 ± 2.36
91.00 ± 23.49

0.001
0.732
0.893
0.791
0.790
0.773
0.636
0.756
0.105
0.741
0.100

LSM: Liver stiffness measurement; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL:
Indirect bilirubin; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transpeptidase; TBA: Total bile acid; APRI: Aspartate aminotransferase to platelet
ratio index.

France) was used in all 31 patients to measure liver
stiffness. At least 10 values were obtained for each
patient, and the success rate was 95.16% ± 6.54%.
As a noninvasive technique for assessing the
degree of liver fibrosis, Fibroscan has been widely
studied in adults, however, no conclusion regarding
the cut-off value for different degrees of fibrosis was
reached. According to the Metavir scoring system, the
LSM cut-off value for F ≥ 2, F ≥ 3 and F = 4 is 6.9-7.9
[13-16]
kPa, 8.8-12.5 kPa and 11.9-19.5 kPa, respectively
.
Based on the pathological stage of the liver specimen
(Metavir scoring system) obtained during the Kasai
operation, the 31 patients included in the present study
were divided into different groups, and using singlefactor variance analysis, a significant difference in LSM
value was observed between F2 and F4, and between
F3 and F4. Furthermore, ROC analysis indicated that
the AUC for LSM to diagnose fibrosis or cirrhosis in
groups F2, F3 and F4 was 0.259, 0.339 and 0.866,
respectively. Although the AUC obtained in this study
[13]
was smaller than that observed by Sporea et al , the
overall trend was the same. That is, Fibroscan had a
relatively high accuracy in differentiating cirrhosis and
non-cirrhosis, although it did not provide sufficient
information to determine the degree of fibrosis in non[17]
cirrhosis patients . An analysis of related risk factors
for liver cirrhosis using Logistic regression indicated
that LSM was the only related risk factor. This indicates
that with increased LSM, the possibility of liver cirrhosis
is higher. Therefore, we consider that LSM can be an
assistant tool to distinguish liver cirrhosis from noncirrhosis in children with BA.
In the analysis of the optimal cut-off value for LSM,
15.15 kPa was considered the best value to determine
F4 stage. The sensitivity, specificity, positive predictive
value and negative predictive value were 0.857, 0.917,
0.750 and 0.957, respectively. Compared with the
positive predictive value, a higher negative predictive
value indicated that BA children with an LSM value
less than 15.15 kPa were less likely to have liver
cirrhosis. As there are no studies on the optimal LSM
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cut-off value for liver cirrhosis in BA, we were unable
to make comparisons. However, the cut-off value used
in this study was relatively consistent with that in adult
[13]
studies: 17.3 kPa for viral C cirrhosis , 17.5 kPa
[18]
for nonalcoholic steatohepatitis , and 19.5 kPa for
[16]
alcoholic cirrhosis .
When comparing Fibroscan (LSM > 15.15 kPa)
with the gold standard (pathology) for the diagnosis of
cirrhosis, 28 of 31 patients (90.3%) were accurately
diagnosed by LSM. While the two techniques were
moderately correlated, this was not the expected
result. The AUC of LSM used to determine F4 was
between 0.7 and 0.9, which was slightly lower than
[19]
that found in other related studies . The reasons for
this may be as follows: (1) the sample size in this study
was relatively small. The incidence of BA in mainland
China has not yet been reported. This in turn added
an obstacle in estimating sample capacity, therefore
it is hard to estimate that 31 samples were enough or
not. We are already working on a large sample size
study, but it needs time; (2) different parts of the liver
had different stage of fibrosis, therefore the specimen
obtained may not have represented the overall stage
of fibrosis. In order to minimize this error, we required
that all fibroscan examinations and the liver specimens
must be taken on the same location; and (3) LSM
[20-22]
was affected by other factors
, such as bilirubin,
alanine aminotransferase and hemodynamics. In this
study, we had done some statistical analyses about
the relation between blood tests (AST, ALT, TBIL, DBIL,
IBIL, ALP, GGT, and TBA), operation age and LSM, but
there was no statistical significance (Table 1). Thus, we
believe that the results of this study is reliable.
In this study, APRI was chosen as a representative
noninvasive assessment method and was compared
with Fibroscan for the accurate diagnosis of liver
fibrosis. APRI was expressed as [AST(/ULN)/platelet
9
counts (10 /L)] × 100, which was developed in
[23]
2003 by Wai et al . The results suggested that no
significant difference in APRI was observed between
groups F2, F3 and F4. The AUC to determine liver
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cirrhosis in children with BA was 0.536, and if the
threshold value was 1.855, the sensitivity, specificity,
positive predictive value and negative predictive value
were 71.4%, 58.3%, 35.7% and 88.2%, respectively,
which was obviously lower than the accuracy of the
LSM value. These results are consistent with those
of a study on the use of APRI and Fibroscan for the
assessment of liver fibrosis in hepatitis B virus (HBV)[24]
infected patients by Bonnard et al . However, the
results are not consistent with those obtained in a
study assessing liver fibrosis and cirrhosis using APRI
[25]
in children with BA by Kim et al . The reasons for
this may be as follows: (1) the primitive statistics in
this model were too simple and were easily affected
by various related factors; (2) the sample size in both
studies was relatively small; and (3) errors may have
occurred during blood testing, as the sample from
each patient was examined separately and the agents
used were not from the same batch.
In conclusion, Fibroscan has significant value in
diagnosing liver cirrhosis in children with BA. A further
study with a larger sample size aimed at obtaining
accurate cut-off values to determine liver fibrosis and
cirrhosis is required.
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Abstract
AIM: To investigate the impact of preoperative acute
pancreatitis (PAP) on the surgical management of
periampullary tumors.
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METHODS: Fifty-eight patients with periampullary
tumors and PAP were retrospectively analyzed. Thirtyfour patients who underwent pancreaticoduodenectomy
(PD) and 4 patients who underwent total pancreatectomy
were compared with a control group of 145 patients
without PAP during the same period.
RESULTS: The preoperative waiting time was
significantly shorter for the concomitant PAP patients
who underwent a resection (22.4 d vs 54.6 d, p < 0.001)
compared to those who did not. The presence of PAP
significantly increased the rate of severe complications
(Clavien grade 3 or higher) (17.6% vs 4.8%, p = 0.019)
and lengthened the hospital stay (19.5 d vs 14.5 d,
p = 0.006). A multivariate logistic regression analysis
revealed that PAP was an independent risk factor for
postoperative pancreatic fistula (OR = 2.91; 95%CI:
1.10-7.68; p = 0.032) and severe complications (OR =
4.70; 95%CI: 1.48-14.96; p = 0.009) after PD. There
was no perioperative mortality.
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CONCLUSION: PAP significantly increases the in
cidence of severe complications and lengthens the
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hospital stay following PD. PD could be safely performed
in highly selective patients with PAP.

West China Hospital between January 1, 2009 and
December 31, 2013. This study followed the ethical
guidelines of the Helsinki Declaration of 1975 (revised in
1983). The data on the patient demographics, severity
of the pancreatitis, tumor stage, applied treatments,
and morbidity and mortality rates were analyzed
retrospectively using a prospective pancreatic database.
Additional information was obtained by contacting the
referring physician/hospital. The data were extracted
from medical records by 2 reviewers who were
blinded to the case-control status. The two reviewers
independently assessed these data, and disagreements
were resolved by discussion with a third reviewer. The
tumor staging and lymph node status evaluation were
performed based on the pathological findings.
[6,7]
The diagnosis of AP
was made based on the clinical
symptoms (new onset or increased abdominal pain that
necessitated an unplanned admission of an outpatient
for more than one night or prolonged hospitalization of
an inpatient), biochemical analyses (3 times the upper
limit of the normal value or a significant elevation of the
serum amylase and/or lipase concentrations), as well as
contrast-enhanced abdominal computed tomography
(CT) and/or endoscopic ultrasonography (EUS)-guided
fine needle aspiration (FNA) when necessary. As
controls, during the same period, consecutive patients
with pancreatic and periampullary disease who did
not have AP but underwent PD were also included in
the study. We screened patients who had no evidence
of distant metastasis or local vascular involvement
(which was defined as a tumor surrounding the portal
or mesenteric vessels for more than 180 degrees of
their circumference or an irregular vessel margin) on a
[8]
CT and/or magnetic resonance imaging (MRI) scan .
The interval between the CT and/or MRI examination
and admission was set at less than one week. Patients
with a serious coexisting illness, active bleeding,
ongoing cholangitis, distant metastasis, local vascular
involvement or previous preoperative biliary drainage
beyond 2 wk were subsequently excluded. Patients with
concomitant cholangitis or a pancreatitis episode after
an ERCP were included.
From this database, we identified 58 patients with
periampullary tumors and concomitant PAP. During the
preoperative period, all of the patients were hospitalized
and received conservative medical treatment until they
were deemed operable. None of the patients required
percutaneous radiological or surgical drainage prior to
the tumor resection. All of the patients underwent CT
and/or MRI prior to the operation, and their resectability
was redetermined based on these tests. All of the
patients who underwent PD were divided into two
groups, which consisted of a ‘‘non-AP’’ group (145
patients who did not have AP) and an “AP” group (34
patients with clinical PAP).

Key words: Pancreaticoduodenectomy; Complications;
Preoperative pancreatitis; Pancreatic fistula
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To date, it remains unclear how preoperative
acute pancreatitis (PAP) affects the surgical management
of periampullary tumors. We analyzed patients with
periampullary tumors and concomitant PAP who were
treated in a high-volume center. In the present study, we
showed that PAP delays the resection of periampullary
tumors and significantly increases the incidence of severe
complications and lengthens the hospital stay following
pancreaticoduodenectomy (PD). The study results
suggest that PD could be safely performed in highly
selective patients with PAP.
Chen YH, Xie SM, Zhang H, Tan CL, Ke NW, Mai G, Liu XB.
Clinical impact of preoperative acute pancreatitis in patients who
undergo pancreaticoduodenectomy for periampullary tumors.
World J Gastroenterol 2015; 21(22): 6937-6943 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i22/6937.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i22.6937

INTRODUCTION
There are a large number of etiological factors involved
in the development of acute pancreatitis (AP). Excluding
common etiologies, such as alcohol and gallstones, it
is well known that AP may occur in association with a
periampullary neoplasm, which is increasingly being
recognized, especially in individuals with idiopathic
[1-3]
AP
. Furthermore, post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis is the
most common cause of preoperative acute pancreatitis
[4]
(PAP) .
Generally, periampullary tumor patients with AP
[5]
should initially be managed conservatively . However,
surgical resection is the sole curative measure for
pancreatic cancer, and conservative treatments can
[1]
significantly delay the need for the cancer operation .
Therefore, a dilemma arises: can an operation suc
cessfully be performed in a patient with periampullary
tumors with AP?
We analyzed patients with periampullary tumors
and concomitant PAP who were treated in a highvolume center and assessed the impact of PAP on the
surgical management of the periampullary tumors.

MATERIALS AND METHODS

Definition of postoperative complications

We performed a retrospective analysis of patients
from our database with periampullary tumors and
concomitant PAP at the Pancreatic Surgery Center of
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General and surgery-related complications, including
postoperative pancreatic fistula (POPF), delayed
gastric emptying, intra-abdominal infection, abdominal
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20 (34.5%) patients were considered to have either
a non-resectable pancreatic lesion or metastasis,
including the following: encasement of major vessels
(i.e., the portal vein, superior mesenteric vessels,
and vena cava) in 8 (40%) patients; presence of
distant metastases in 9 (45%); and presence of
distant nodal metastases in 3 (15%). A gastroenteric
bypass procedure was the surgical intervention in 7
patients. Thirteen-eight (65.5%) patients were found
to have lesions considered to be resectable for cure
during surgery. The PD procedure was performed in
34 (58.7%) patients, and a total pancreatectomy was
performed in 4 (6.9%).
The patients’ characteristics are summarized in
Table 1. The age and gender distribution were similar
for the patients who did and did not undergo resection.
Moreover, the cause of the AP and the grades of severity
were comparable between the two groups. There were
significantly lower Balthazar CT scores in the patients
who underwent resection (mean 2.05 vs 2.9, p <
0.001). The preoperative waiting time was significantly
shorter for the patients who underwent resection
(mean 22.4 d vs 54.6 d, p < 0.001). The presence of
neoplasms and AP was confirmed pathologically in all
of the cases. A frozen section analysis of the pancreatic
margin was obtained in all of the patients in whom a
pancreaticojejunostomy was performed. Although all of
the pancreatic resection margins were devoid of tumor
and necrosis, microscopic signs of acute/subacute
inflammation were noted to some degree in all of the
patients.

Table 1 Distribution of acute pancreatitis patients who had
surgery for a planned laparotomy n (%)
Parameter

Resected
(n = 38)

Age (yr), mean ± SD
Male
Cause of acute pancreatitis
ERCP
Unknown
Balthazar CT score
Grade of severity
Mild acute pancreatitis
Moderately severe acute
pancreatitis
Severe acute pancreatitis
Time to surgery (d), mean ± SD
Type of operation
Pancreaticoduodenectomy
Totle pancreatectomy
Bypass procedure
Exploratory laparotomy

Not resected P value
(n = 20)

55.92 ± 11.01
16 (57.1)

20.8 ± 12.18
16 (80)

10 (26.3)
28 (73.7)
2.05 ± 0.70

1 (5)
19 (95)
2.9 ± 0.85

12 (35.3)
19 (55.9)

6 (30)
9 (45)

3 (8.8)
22.3 ± 17.0

5 (25)
54.6 ± 26.3

0.11
0.098
0.049

< 0.001
0.283

< 0.001

34 (89.5)
4 (10.5)
7 (35)
13 (65)

ERCP: Endoscopic retrograde cholangiopancreatography; CT: Computed
tomography.

abscess formation, pneumonia, postpancreatectomy
hemorrhage, and anastomotic leakage, were analyzed
retrospectively using a prospective pancreatic database.
[9]
The complications, including POPF , delayed gastric
[10]
[11]
emptying , and postpancreatectomy hemorrhage ,
were defined by standards adopted by the International
Study Group of Pancreatic Surgery. The postoperative
complications were recorded and graded according to
[12]
the Clavien classification . Severe complications were
defined in this study as conditions that were grade 3
[12]
or higher based on the Clavien classification . The inhospital death of a patient for any reason was recorded.

Demographic and intraoperative PD data

The data for the patients in each study arm are
presented in Table 2. The majority of the variables
did not significantly differ between the AP and nonAP groups. The mean difference between the groups
in the delay to surgery was 12.4 d: the delay was 6.0
d in the AP group vs 18.4 d in the non-AP group (p <
0.001). After the resection, the incidence of tumorpositive lymph nodes (N1) was significantly higher in
the AP group (53.3% in the AP group vs 30.2% in the
non-AP group, p = 0.017).

Statistical analysis

All of the data were collected and analyzed using the
SPSS statistical program for Windows, Version 13.0
(SPSS Inc., Chicago, United States). The patient demo
graphic and clinical characteristics across the groups
2
were compared using the χ test (or Fisher’s exact
test) for the categorical measures and using the t-test
for the continuous data. Factors with p < 0.10 were
included in the multivariate analysis. A multivariable
analysis of the primary outcomes was completed using
logistic regression. The final multivariate model was
determined using logistic regression with backward
selection in order to identify independent predictors
of POPF. P-values less than 0.05 were considered
statistically significant. The logistic model results
are reported as odds ratios (ORs), two-sided 95%
confidence intervals (CIs), and p-values.

Postoperative PD data

The details of the postoperative data from the PD
patients are summarized in table 3. Complications
occurred in 38% of patients in the study. Among the
entire patient population, the POPF rate was 15.1% (n
= 27). The overall incidence of POPF was significantly
higher in the AP group (29.4% in the AP group vs
11.7% in the non-AP group, p = 0.009). Moreover,
a statistical comparison of the subsets showed that
there were significantly more cases of grades B and
C POPF (AP vs non-AP: 20.6% vs 6.2%, p = 0.015)
in the AP group compared to the non-AP group.
There were no substantial differences in the overall
complications or mortality between the two groups.
However, the rate of severe complications (Clavien

RESULTS
Characteristics of the patients with periampullary
tumors and concomitant PAP

Fifteen-eight patients underwent surgery. Of these,
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Table 2 Demographic data, operation and pathologic
characteristics of pancreaticoduodenectomy patients n (%)
AP (n = 34)

Parameter
Patient variables
Age (yr), mean ± SD
Male
Weight loss
Comorbid disease
Preoperative jaundice
Pancreas remnant (soft)
Pancreatic duct diameter (< 3
mm)
Treatment variables
Preoperative biliary drainage
Time to surgery (d), mean ± SD
Intraoperative blood transfusion
Vein resection
Pathological variables
Characteristics of resectable
tumors
Pancreatic carcinoma
Ampullary carcinoma
Duodenal carcinoma
Distal bile duct carcinoma
Other diagnosis
Benign: malignant ratio
Tumor-positive lymph nodes (N1)
Microscopically residual disease
(R1)

Table 3 Postoperative data of pancreaticoduodenectomy
patients n (%)

Control
P value
(n = 145)

55.9 ± 11.26
21 (61.8)
17 (50)
9 (26.5)
11 (32.4)
29 (85.3)
22 (64.7)

59.0 ± 10.92
93 (64.1)
59 (40.7)
47 (32.4)
68 (43.9)
109 (75.2)
92 (63.4)

6 (17.6)
18.4 ± 10.76
11 (32.4)
1 (2.9)

11 (7.6)
6.0 ± 2.5
62 (35.9)
7 (4.8)

Medical complications
Grade of complications
0-1
2
3
4
5 Mortality
Severe complications
(grade 3 or more)
Pancreatic fistula
Grade A
Grade B
Grade C
Grade B/C
Biliary leak
Delayed gastric emptying
Intra-abdominal collection or abscess
Hemorrhage after pancreatectomy
Gastrointestinal hemorrhage
Intra-abdominal hemorrhage
Wound infection
Intestinal fistula
Septicemia
Pulmonary complications
Postoperative length of stay (d),
mean ± SD

0.131
0.796
0.323
0.501
0.124
0.206
0.891

0.099
< 0.001
0.700
0.632
0.062

21 (61.8)
4 (11.8)
2 (5.9)
3 (8.8)
4 (11.8)
4/30
16 (53.3)
1 (2.9)

58 (40)
19 (13.1)
35 (24.1)
18 (12.4)
15 (10.3)
130/15
39 (30.2)
2 (1.4)

1.000
0.017
0.523

15 (44.1)

53 (36.6)

24
5
4
2
0
6 (17.6)

116
22
4
3
0
7 (4.8)

10 (29.4)
3 (8.8)
2 (5.9)
5 (14.7)
7 (20.6)
1 (2.9)
10 (29.4)
7 (20.6)
5 (14.7)
3 (8.8)
1 (2.9)
8 (23.5)
2 (5.9)
1 (2.9)
5 (14.7)
17.4 ± 9.8

17 (11.7)
8 (5.5)
7 (4.8)
2 (1.8)
9 (6.2)
1 (0.7)
28 (19.3)
8 (5.5)
4 (2.8)
2 (1.4)
2 (1.4)
18 (12.4)
0
5 (3.4)
16 (11)
13.7 ± 6.1

0.413
0.086

0.019
0.009

0.015
0.345
0.195
0.010
0.013
0.048
0.471
0.098
0.035
1.000
0.557
0.006

95%CI: 1.08-6.71, p = 0.034; OR = 3.40, 95%CI:
1.05-10.99; p = 0.041, respectively).

grades 3 to 5) was significantly higher in the AP
group (17.6%) than in the non-AP group (4.8%; p =
0.019). The incidences of intra-abdominal abscess,
postpancreatectomy hemorrhage and intestinal fistula
were also significantly higher in the patients with PAP
than in the patients without. There were no significant
differences between the two groups in regards to
the incidences of other postoperative complications,
such as delayed gastric emptying, bile leakage, and
pulmonary complications. The mean hospital stay for
the patients with PAP was longer than for that the
control group (mean 17.4 d for the AP group vs 13.7 d
for the non-AP group, p = 0.006).

Risk factors influencing severe postoperative
complications

Univariate and multivariate analyses were used to
reveal the risk factors influencing severe postoperative
complications (grade 3 or higher) after PD (including
4 cases in TP from the AP group). Table 5 shows
the results of 9 parameters that were univariately
examined as potential risk factors for 15 patients with
severe postoperative complications (grade 3 or higher)
after PD vs 168 patients without. Three factors were
extracted as being useful for discriminating between
the patients with and without severe postoperative
complications: preoperative AP (OR = 4.70, 95%CI:
1.48-14.96; p = 0.009), comorbid disease (OR = 3.72,
95%CI: 1.18-11.75; p = 0.025) and intraoperative
blood transfusion (OR = 3.50, 95%CI: 1.11-10.97 p =
0.032). The most powerful predictor was preoperative
AP (OR = 4.70, 95%CI: 1.48-14.96; p = 0.009).

Risk factors influencing POPF

Univariate and multivariate analyses were used to
reveal the risk factors influencing POPF after PD. As
shown in table 4, four factors were extracted as being
useful for discriminating between the patients with
and without POPF after PD. A multivariate logistic
regression analysis revealed that the most powerful
predictor was the pancreatic remnant texture. Patients
with soft pancreatic remnants had a much higher
likelihood of developing POPF than those with firm
pancreatic remnants (OR = 9.82, 95%CI: 1.22-79.31;
p = 0.032). We observed a much higher likelihood
of developing POPF in the patients who presented
with AP (OR = 2.91, 95%CI: 1.10-7.68; p = 0.032).
Finally, there was a greater risk of developing POPF in
the patients with intraoperative blood transfusion and
preoperative biliary drainage requirements (OR = 2.69,
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AP
Control P value
(n = 34) (n = 145)

Parameter

DISCUSSION
This retrospective analysis was performed using data
from 58 consecutive patients with periampullary tumors
and concomitant PAP from January 2009 to December
2013. The preoperative waiting time was significantly
shorter for the patients who underwent resection (22.4
d vs 54.6 d, p < 0.001) compared to those who did
not. In the present study, 183 consecutive patients
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Table 4 Risk factors influencing pancreatic fistula after pancreaticoduodenectomy by univariate and multivariate logistic regression
analyses
Parameter

Univariate

Age (≥ 70 yr vs < 70 yr)
Sex (male vs female)
Weight loss (yes vs no)
Preoperative jaundice (yes vs no)
Acute pancreatitis (yes vs no)
Blood transfusion (yes vs no)
Comorbid disease (yes vs no)
Preoperative biliary drainage (yes vs no)
Intraoperative blood transfusion (yes vs no)
Histopathologic diagnosis
Pancreatic carcinoma
Ampullary carcinoma
Duodenal carcinoma
Distal bile duct carcinoma
Pancreatic texture (soft vs hard)
Pancreatic duct (< 3 mm vs ≥ 3 mm)

1

Multivariate

OR (95%CI)

P value

0.74 (0.24-2.30)
0.57 (0.23-1.43)
1.10 (0.48-2.51)
1.55 (0.64-3.76)
3.14 (1.28-7.67)
1.23 (0.53-2.81)
1.36 (0.58-3.19)
4.97 (1.70-14.54)
2.28 (0.99-5.24)

0.738
0.228
0.821
0.334
0.012
0.632
0.485
0.003
0.052
0.090

1.0
1.86 (0.53-6.53)
2.54 (0.83-7.73)
3.83 (1.28-11.45)
9.29 (1.22-70.68)
2.22 (0.85-5.82)

0.333
0.022
0.016
0.031
0.105

1

OR (95%CI)

P value

2.91 (1.10-7.68)

0.032

3.40 (1.05-10.99)
2.69 (1.08-6.71)

0.041
0.034
NS

9.82 (1.22-79.31)

0.032

1

Logistic regression. NS: Not significant.

Table 5 Risk factors influencing severe complications after pancreaticoduodenectomy by univariate and multivariate logistic
regression analyses
Parameter

Univariate

Age (≥ 70 yr vs < 70 yr)
Sex (male vs female)
Weight loss (yes vs no)
Preoperative jaundice (yes vs no)
Preoperative acute pancreatitis (yes vs no)
Preoperative biliary drainage (yes vs no)
Comorbid disease (yes vs no)
Intraoperative blood transfusion (yes vs no)
Histology (pancreatic vs other)

1

Multivariate

1

OR (95%CI)

P value

OR (95%CI)

P value

0.68 (0.15-3.17)
2.46 (0.67-9.06)
1.14 (0.40-3.28)
0.85 (0.29-2.49)
3.87 (1.30-11.46)
2.55 (0.65-10.1)
2.78 (0.95-8.07)
2.92 (0.99-8.61)
0.74 (0.26-2.13)

0.623
0.175
0.810
0.762
0.015
0.181
0.061
0.052
0.578

4.70 (1.48-14.96)

0.009

3.72 (1.18-11.75)
3.50 (1.11-10.97)

0.025
0.032

1

Logistic regression. NS: Not significant.

underwent PD following our standard protocol of
[13]
digestive reconstruction . After the resection, the
incidence of tumor-positive lymph nodes (N1) was
significantly higher in the AP group (53.3% vs 30.2%,
p = 0.017). There was a significant difference in the
frequency of overall POPF between the AP and nonAP groups (29.4% vs 11.7%, p = 0.009). Moreover,
the frequency of severe complications (Clavien grade
3 or higher) in the AP group was significantly higher
than that in the non-AP group (17.6% vs 4.8%, p =
0.019). The development of preoperative AP has been
recognized as an important risk factor for both POPF
and severe complications (Clavien grade 3 or higher)
after PD.
When considered in connection with periampullary
tumors, PAP may considerably influence the patient’s
[5]
management . There is often an immediate and lasting
inflammatory response that may induce pancreatic or
fatty necrosis and other fluid collection. The resulting
adhesion between the parenchyma of the pancreas and
the peripancreatic tissues can blur tissue boundaries,
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making the surgical procedure more difficult. As a result,
the association that exists should initially be managed
conservatively. In contrast, surgical resection is the sole
curative measure for periampullary tumors. A prolonged
delay in surgery may result in a missed opportunity for
radical resection of malignancies, especially pancreatic
adenocarcinoma, which is generally a very aggressive,
[1]
fast growing tumor . Therefore, a dilemma arises: Can
an operation successfully be performed in a patient with
periampullary tumors in the setting of AP?
The management decisions related to patients
requiring PD following AP include (1) determining
the timing of the operation; (2) maximizing the
curability of any surgical resection; and (3) avoiding
complications, such as POPF and intra-abdominal
infections. In our cohort, the mean interval from the
diagnosis of AP to the operation was 33.4 d in our 58
cases. This is consistent with the report by Erkan et
[5]
al , in which the median interval from the diagnosis
of AP to the operation was 34 d in four patients with
periampullary tumors followed by mild to moderate AP
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[4,5]

who underwent PD, while the median time was 31 d in
six patients who underwent TP. In contrast, the median
time was 111 d in six patients with periampullary
[4]
tumors followed by severe AP who underwent PD .
[2]
According to Tummala’s study of 218 patients with
AP who underwent endoscopic ultrasound-guided FNA,
38 pancreatic cancer cases were diagnosed, and their
resection rate was 39%. This is consistent with the
[1]
report by Mujica et al , with a curative resection rate
of 27%. In contrast, the number of patients found to
have a lesion considered to be resectable for cure at
the time of surgery was more than 50% in our series
(resection rate, 38 of the 58 cases, 65.5%). This
finding may account for the timely operation (mean
18.4 d) or the pathological entity, with only 61.8% of
pancreatic carcinoma cases, leading to a delay in the
resection of these tumors with a lower resection rate.
After resection, the incidence of tumor-positive lymph
nodes (N1) was significantly higher in the AP group.
This finding may account for a longer delay in surgery,
leading to the delayed resection of these tumors with
a greater number of tumor-positive lymph nodes (N1).
Moreover, in the mouse model, AP can accelerate the
[14,15]
initiation and progression to pancreatic cancer
.
Therefore, a timely diagnosis and the proper treatment
of pancreatic cancer with AP may potentially reduce
the morbidity and complications and may likely also
[1,2]
improve the oncological outcomes .
In the present study, the PAP and pancreatic
texture have been recognized as important risk factors
for POPF. It is clear that the pancreatic texture is
a major contributing factor, especially when trying
to perform a fine duct to mucosa anastomosis on
a soft pancreatic remnant. A soft pancreas is very
vulnerable to ischemia and actively produces exocrine
[16]
secretions . Patients with PAP generally have a
softer/fragile pancreatic texture. In 4 cases from the
AP group, the texture of the gland was not suitable
(e.g., fragile pancreas due to inflammation) for a safe
pancreaticojejunostomy; therefore, the procedure
was converted from PD to TP during the surgery.
Conversely, in 34 patients, the texture of the pancreas
appeared to be safe for an anastomosis. The frozen
section analysis of the resection margins of these 34
patients showed varying degrees of inflammation
[5]
but no necrosis. Erkan et al demonstrated that
the intraoperative findings of the pancreatic texture
determine whether or not a pancreatojejunostomy
should be performed. It could also be theorized that
the pancreatic duct diameter might contribute to
POPF formation. Our data indicate no difference in the
pancreatic duct diameter between the two cohorts.
This finding may account for the fact that patients with
PAP generally have a softer/fragile pancreatic texture,
although they have a large pancreatic duct diameter.
The occurrence of preoperative AP was clarified to be
the independent risk factor for severe complications after
PD. Two previous studies reported that the occurrence of
preoperative AP significantly increased the postoperative
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complications, including pancreatic fistula . In our
present study, preoperative AP significantly increased the
occurrence of POPF, postpancreatectomy hemorrhage
and intra-abdominal infection. The increased post
pancreatectomy hemorrhage rate in the AP group
compared to the controls indicates that recent pancreatic
inflammation may increase the postoperative bleeding
[5]
in general . Many pancreatic surgeons believe that
postpancreatectomy hemorrhage after PD is a secondary
[17,18]
effect caused by POPF or intra-abdominal abscess
.
Nevertheless, the presence of PAP increased the
severe complications and extended the hospitalization
time, but there was no mortality. This rate was well
within the range seen in previous studies in the literature,
[19]
where POPF rates ranged from 10% to 28.5% , and
severe postpancreatectomy hemorrhage rates from
[18,20]
5.8% to 9.2%
. Patients with PAP can be managed
conservatively until the timely operation. Therefore, PD
may be safely performed in highly selective patients with
PAP, although the absence of necrosis or inflammation at
the pancreatic resection margin should be evaluated in a
larger group of patients to assess its value in predicting
anastomotic insufficiency.
In conclusion, PAP significantly increases the
incidence of POPF and severe complications after PD.
PD can be safely performed in highly selective patients
with PAP.
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Abstract
AIM: To investigate celiac artery variations in gastric
cancer patients and the impact on gastric cancer surgery,
and also to discuss the value of the ultrasonic knife in
reducing the risk caused by celiac artery variations.
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Huang Y designed the study; and Mu GC wrote the manuscript.

METHODS: A retrospective analysis was conducted to
investigate the difference in average operation time,
intraoperative blood loss, number of harvested lymph
nodes, average postoperative drainage within 3 d,
and postoperative hospital stay between the group
with vascular variations and no vascular variations,
and between the ultrasonic harmonic scalpel and
conventional electric scalpel surgery group.
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RESULTS: One hundred and fifty-eight cases presented
with normal celiac artery, and 80 presented with celiac
artery variation (33.61%). The average operation time,
blood loss, average drainage within 3 d after surgery
in the celiac artery variation group were significantly
more than in the no celiac artery variation group
(215.7 ± 32.7 min vs 204.2 ± 31.3 min, 220.0 ± 56.7
mL vs 163.1 ± 52.3 mL, 193.6 ± 41.4 mL vs 175.3
± 34.1 mL, respectively, P < 0.05). In celiac artery
variation patients, the average operation time, blood
loss, average drainage within 3 d after surgery in the
ultrasonic harmonic scalpel group were significantly
lower than in the conventional electric scalpel surgery
group (209.5 ± 34.9 min vs 226.9 ± 29.4 min, 207.5 ±
57.1 mL vs 235.6 ± 52.9 mL, 184.4 ± 38.2 mL vs 205.0
± 42.9 mL, respectively, P < 0.05), and the number of
lymph node dissections was significantly higher than in
the conventional surgery group (25.5 ± 9.2 vs 19.9 ±
7.8, P < 0.05).
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CONCLUSION: Celiac artery variation increases the
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difficulty and risk of radical gastrectomy. Preoperative
imaging evaluation and the application of ultrasonic
harmonic scalpel are conducive to radical gastrectomy.

Staging of 238 patients with gastric cancer
(AJCC Version 7)
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Core tip: Celiac artery variation is quite common in
gastric cancer patients, and may obviously increase
the difficulty and risk of radical gastrectomy with D2
lymphadenectomy. With the development of imaging
techniques, not only the accuracy of preoperative
staging, but also the individualized image information
about celiac artery variation will be improved.
Meanwhile, the application of new technology such
as ultrasonic harmonic scalpel is conducive to radical
gastrectomy with D2 lymphadenectomy and could
reduce the risk caused by celiac artery variation;
therefore, its utilization is to be recommended.
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Figure 1 Staging of 238 patients with gastric cancer (AJCC Version 7).

and the effect of vascular variation on gastric cancer
surgery outcome among 238 patients receiving radical
gastrectomy, meanwhile addressing the efficacy of
ultrasound harmonic scalpel in minimizing risk due
to vascular variation, so as to provide a reference for
guiding gastric cancer treatment in clinical practice.

MATERIALS AND METHODS

Huang Y, Mu GC, Qin XG, Chen ZB, Lin JL, Zeng YJ. Study
of celiac artery variations and related surgical techniques in
gastric cancer. World J Gastroenterol 2015; 21(22): 6944-6951
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i22/6944.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i22.6944

General information

Two hundred and thirty-eight patients undergoing
D2 radical gastrectomy by well experienced general
surgeons in our department from January 2009 to
May 2014 were included; the detailed information of
tumor staging can be seen in Figure 1. All patients
provided informed consent, and signed agreements.
All the patients were preoperatively examined, through
upper abdominal 64 multi-slice computed tomography
angiography (MSCTA), to determine whether there
was variation in the celiac trunk and its branches,
wherein the abnormal hepatic artery was classified
[4]
with reference to Hiatt’s classification.

INTRODUCTION
Gastric cancer is one of the most common malignant
tumors in China. Its position has increased to third
most common from the previous number four, and is
preceded only by lung cancer and breast cancer. In
2010 alone, 404565 cases with new onset of gastric
cancer were reported, and 287851 patients died from
gastric cancer. The mortality is number three among
[1-3]
various malignant cancers
. At present, surgery
remains the main treatment for gastric cancer, wherein
D2 radical gastrectomy has already become the
standard operation for gastric cancer at the progression
stage. Focus and difficulty of D2 radical gastrectomy
are dissection of lymph nodes around vessels such as
celiac trunk, left gastric artery and hepatic artery. As
reported in the literature, a high rate of celiac artery
variation has been found in liver transplantation,
especially in the hepatic arterial system; the rate of
[4,5]
variation is up to 24.3% . Presence of celiac artery
variation will definitely increase surgical difficulty
and risk. In addition, relevant studies on celiac
artery variation among gastric cancer patients are
still lacking. Meanwhile, gastric cancer treatment
guidelines do not state how to handle an abnormal
vessel and its surrounding lymph nodes. This study
aims at analyzing retrospectively celiac artery variation

WJG|www.wjgnet.com

57

Cases

Inclusion and exclusion criteria

Inclusion criteria: (1) preoperative pathology via
gastroscopic biopsy indicated gastric cancer; (2)
preoperative MSCTA was taken; (3) preoperative
assessment showed indications for D2 radical surgery;
(4) preoperative assessment showed no evident
surgical contraindication; and (5) D2 or D2+ radical
surgery was performed.
Exclusion criteria: (1) no MSCTA was taken pre
operatively; (2) preoperative imaging examination
indicated distant metastasis or infiltration into
surrounding tissue and organ, which was confirmed
by laparoscopy; (3) preoperative assessment showed
severe diseases of cardiopulmonary and other
systems, and the patient might not be able to tolerate
the operation; and (4) intraoperative exploration found
extensive metastasis, malignant ascites, infiltration
into surrounding tissue in the abdominal cavity, so that
neither D2 or D2+radical surgery was practical.
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RESULTS

Table 1 Hepatic artery categories of 238 patients with gastric
cancer (according to Hiatt’s classification criteria) n (%)
Hiatt’s
classification
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ
Ⅵ
Others
In total

2

In Hiatt’s study

In this study

χ value

P value

757 (75.70)
97 (9.70)
106 (10.60)
23 (2.30)
15 (1.50)
2 (0.20)
0 (0.00)
1000 (100.00)

170 (71.43)
33 (13.87)
14 (5.88)
7 (2.94)
6 (2.52)
0 (0.00)
8 (3.36)
238 (100.00)

1.865
3.549
4.888
0.334
0.668
0.000
27.831

0.172
0.060
0.027
0.563
0.414
1.000
0.000

Celiac artery variation

This study showed that there were 158 cases with
normal celiac artery and 80 cases with celiac artery
variation, with a variation rate of 33.61%. Among
them, 68 cases had abnormal hepatic artery, and
were classified and compared according to Hiatt’
classification criteria (Table 1).
Five cases had abnormal left gastric artery:
two cases had left gastric artery deriving from the
abdominal aorta, one case deriving from splenic artery,
one case with left gastric artery absence, and one
case with two left gastric arteries deriving from the
celiac trunk, specifically sharing the same trunk from
4 mm and subsequently branching into two left gastric
arteries.
Additionally, two cases had abnormal splenic
arteries deriving from superior mesenteric artery; two
cases had celiac trunks which shared the same trunk
with the superior mesenteric artery and derived from
the abdominal aorta; two cases had gastroduodenal
arteries deriving from the celiac trunk; and one case
had right gastric artery deriving from the gastro
duodenal artery.

The remaing eight cases of abnormal hepatic artery were: three cases of
left or right hepatic artery deriving directly from the common hepatic
artery, two cases of left or right hepatic artery deriving directly from the
celiac trunk, and one case of complicated variation: the common hepatic
artery derived from the superior mesenteric artery, and the left gastric and
splenic arteries derived from the abdominal aorta, respectively.

Operative method and observational indices

D2 surgery for gastric cancer was undertaken ac
cording to Japanese gastric cancer treatment guide
[6]
lines (Ver. 3) . TNM staging was in accordance with
th
the 7 AJCC classification criteria. Indices including
average operation time, intraoperative blood loss,
total number of lymph nodes dissected, time required
for postoperative recovery of bowel function, time
to ambulation after surgery, postoperative hospital
stay, mean drainage amount at 3 d after operation,
as well as presence of postoperative complications
such as bleeding, anastomosis fistula, lymphatic
fistula, postoperative pancreatitis, incision infection,
postoperative pneumonia, etc., were recorded for the
vascular variation group and no vascular variation
group, as well as ultrasonic harmonic scalpel surgery
subgroup and conventional electric scalpel surgery
subgroup in the vascular variation group. Indices were
analyzed via comparison between the two groups
described above, to evaluate the influence of vascular
variation on operative safety and postoperative
recovery, as well as to explore the effect of the
ultrasonic harmonic scalpel in terms of decreasing risk
due to abnormal vessels.

Results from comparing observational indices in each
group

There were significant differences between the 80
patients with vascular variation and 158 patients
with no vascular variation in distribution of general
data. All the patients received uneventful surgery,
without occurrence of severe intraoperative or
postoperative complications. There were 12 cases with
postoperative complications, including incision infection
and postoperative pneumonia. No postoperative
anastomosis fistula or anastomotic bleeding occurred
(Table 2). Comparing results of the study showed that
celiac artery variation prolonged operation duration
significantly and increased intraoperative bleeding
and postoperative drainage amount, but the total
number of lymph nodes dissected, time required for
postoperative recovery of bowel function, time to
ambulation after surgery, postoperative hospital stay,
and total hospitalization costs were not significantly
different (Table 3). Among patients with celiac artery
variation, operation duration, intraoperative blood
loss, and postoperative amount of drainage in the
ultrasonic harmonic scalpel group were significantly
decreased compared to the conventional electric
scalpel surgery group, and total number of lymph
nodes dissected was increased, whereas time required
for postoperative recovery of bowel function, time to
ambulation after surgery, postoperative hospital stay,
and total hospitalization cost were not significantly
different (Table 4). The relative results can be seen in
the comparison of observations between the ultrasonic
harmonic scalpel subgroup and the electrical unit

Statistical analysis

Statistical analysis was carried out with statistical
2
software SPSS16.0. χ test was used to compare
general data construction between two groups, and
t-test was used to analyze differences in various
statistical parameters between the vascular variation
group and no vascular variation group, as well as
ultrasonic harmonic scalpel surgery subgroup and
conventional electric scalpel subgroup in the vascular
variation group. P < 0.05 was considered to be a
statistically significant difference. The statistical
methods of this study were reviewed by Huang GaoMing from the College of Public Hygiene of Guangxi
Medical University.
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Table 2 Comparison of general data between vascular
variation group and no vascular variation group (case)
Clinical data

Vascular
variation
group

Total cases
80
Age (yr)
58.3 + 12.5
Sex
Male
61
Female
19
Tumor location
Fundus ventriculi
17
Corpus ventriculi
13
Gastric antrum
50
Gastric cancer staging
31
Stage Ⅰ-Ⅱ
Stage Ⅲ-Ⅳ
49
Postoperative complications
Yes
5
No
75

No vascular
variation
group
158
56.3 + 12.4

Statistics
value

P value

1.195
0.633

0.233
0.426

0.115

0.944

Table 4 Comparison of observations between ultrasonic
harmonic scalpel subgroup and electrical unit subgroup among
vascular variation population
Observation

Cases (persons)
Operation duration
(min)
Intraoperative blood
loss (mL)
Total number
of lymph nodes
dissected
Time required
for postoperative
recovery of bowel
function (d)
Time to ambulation
(d)
Postoperative
hospitalization (d)
Mean drainage
amount in 3 d after
operation (mL)
Total hospitalization
cost (RMB)

112
46
33
24
101
1.343

0.246

0.086

0.770

75
83
7
151

Table 3 Comparison of observations between vascular
variation group and no vascular variation group
Observations index

Operation time (min)
Intraoperative blood
loss (mL)
Total number
of lymph nodes
dissected
Time required
for postoperative
recovery of bowel
function (d)
Time to ambulation
(d)
Postoperative
hospitalization (d)
Mean drainage
amount in 3 d after
operation (mL)
Total hospitalization
cost (RMB)

Vascular
variation
group

No vascular
variation
group

t value

P value

215.7 ± 32.7
220.0 ± 56.7

204.2 ± 31.3
163.1 ± 52.3

2.624
7.674

0.009
0.000

23.0 ± 9.1

21.2 ± 8.5

1.505

0.134

3.0 ± 1.2

3.2 ± 1.4

1.260

0.209

3.9 ± 0.8

4.1 ± 1.0

2.760

0.060

7.6 ± 1.2

8.1 ± 0.9

1.356

0.121

193.6 ± 41.4

175.3 ± 34.1

1.639

0.032

35862.8 ±
2965.3

36759.3 ±
2732.5

1.356

0.130

t value

P value

44
209.5 ± 34.9

36
226.9 ± 29.4

1.168

0.046

207.5 ± 57.1

235.6 ± 52.9

2.242

0.028

25.5 ± 9.2

19.9 ± 7.8

2.903

0.005

3.0 ± 0.9

3.1 ± 0.8

0.442

0.660

4.0 ± 0.9

3.9 ± 0.8

0.291

0.772

7.4 ± 1.3

8.1 ± 1.1

1.251

0.101

184.4 ± 38.2

205.0 ± 42.9

2.255

0.027

36167.3 ±
2845.6

35246.4 ±
2789.5

1.236

0.102

Table 5 Comparison of observations between ultrasonic
harmonic scalpel subgroup and electrical unit subgroup among
no vascular variation population
Observation

Cases (persons)
Operation duration
(min)
Intraoperative
blood loss (mL)
Total number
of lymph nodes
dissected
Time required
for postoperative
recovery of bowel
function (d)
Time to ambulation
(d)
Postoperative
hospitalization (d)
Mean drainage
amount in 3 d after
operation (mL)
Total
hospitalization cost
(RMB)

subgroup among the no vascular variation population
in Table 5. Images of the preoperative MSCTA
examination and lymph node dissection by ultrasonic
harmonic scalpel can be seen in Figures 2-4.

DISCUSSION
Gastric cancer is the third most common and the
malignant tumor with the second highest mortality
[7]
in Asia . The incidence of gastric cancer has an
increasing trend in China. It possesses a great
threat to the mental and physical health of people,
and is an important public health issue in China, as
well as exerting a heavy economic burden on the
[8,9]
Chinese healthcare community . At present, radical

WJG|www.wjgnet.com

Electrical unit
Ultrasonic
subgroup
harmonic
scalpel group

Ultrasonic
Electrical unit t value P value
harmonic scalpel
subgroup
group
81
188.4 ± 25.4

77
220.4 ± 28.3

7.481

0.000

168.1 ± 49.6

158.0 ± 55.3

1.210

0.228

23.3 ± 7.9

19.2 ± 8.6

3.085

0.002

3.3 ± 1.1

3.1 ± 0.9

1.359

0.176

4.4 ± 1.0

4.2 ± 1.0

1.330

0.185

7.3 ± 1.5

7.9 ± 1.2

1.251

0.132

191.3 ± 37.0

187.7 ± 30.0

2.349

0.080

35917.6 ± 2741.6

36186.9 ±
2717.3

1.016

0.161

gastrectomy with D2 lymphadenectomy is widely
accepted by an increasing number of surgeons as a
[10]
standard of surgery for advanced gastric cancer .
Japanese gastric cancer treatment guidelines (Ver. 3)
also specifies D2 lymphadenectomy as the standard
[6]
operation . Focus and difficulty of D2 radical surgery
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A

B

Figure 2 Normal celiac artery branches. A: Preoperative multi-slice computed tomography angiography: Normal celiac trunk gives off LGA, splenic artery and
common hepatic artery; B: Intraoperative finding was consistent with preoperative findings.

A

B

Figure 3 Replaced right hepatic artery. A: Preoperative multi-slice computed tomography angiography: Replaced right hepatic artery deriving from superior
mesenteric artery; B: Intraoperative finding: Replaced right hepatic artery deriving from superior mesenteric artery in the same patient.

A

B

Figure 4 Left gastric artery absence. A: Preoperative multi-slice computed tomography angiography found left gastric artery absence; B: Intraoperative dissection
did not find left gastric artery existence in the same patient.

is to skeletonize vessels at the left gastric artery, celiac
trunk, hepatic artery and hepatoduodenal ligament,
and to dissect the corresponding group of lymph
nodes. Any branch of the celiac artery could be a
variation, which definitely will increase the difficulty
and risk of operation. Therefore, preoperative imaging
assessment of the presence of celiac artery variation
and route of the normal branch gives importance
guidance for the operation. Meanwhile, gastric
cancer treatment guidelines do not state whether

WJG|www.wjgnet.com

lymph nodes around an abnormal vessel should be
dissected. Therefore, study of celiac artery variation
among gastric cancer patients has important clinical
implications for guiding gastric cancer surgical strategy
development.
The celiac artery has a high variation rate. Our data
showed the variation rate is up to 33.61%, wherein,
hepatic artery variation is the most common with a
rate of 28.57%, which is slightly higher than 20.4%
[11]
reported in the literature . This may be attributed
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to the fact that the previous studies mainly focused
on intraoperative anatomic findings during hepatic
implantation, and were subject to ignore small vascular
anomalies. The majority were replaced/accessory left
hepatic artery, with an incidence of 16.8%, which is
[12-15]
similar to that reported in literature
. Replaced/
accessory left hepatic artery has important implications
in D2 radical gastrectomy. It is necessary during
surgery to ligate at the root and cut off the left gastric
artery, which may affect the hepatic tissue supplied
by the replaced/accessory left hepatic artery deriving
from the left gastric artery, thus influencing hepatic
function, especially for the replaced right hepatic
[16-18]
artery
. A study believed that intraoperative
resection of the accessory right hepatic artery was safe
for patients without chronic hepatic disease; however,
for patients complicated with chronic hepatic disease,
[19]
it had to be reserved for protecting hepatic function .
Therefore, accurate preoperative assessment of
whether the abnormal left hepatic artery is replaced
by the right hepatic artery or accessory right hepatic
[20]
artery is especially important. Oki et al
believed
that preoperative 3DCT and angiography could not
differentiate replaced and accessory hepatic artery;
therefore, they recommended that all abnormal left
hepatic arteries should be preserved intraoperatively.
Based on data from this study, results have shown
that continuous tracking of vessels flowing into the
liver via preoperative CTA in combination with thin
layer scanning at arterial phase could well differentiate
these two. For lymph nodes around normal hepatic
arteries deriving from the superior mesenteric artery,
results from our previous study indicated no necessity
for dissection; however, due to limitations regarding
the small sample size, no definite conclusion could
be drawn, and studies with larger sample size and
prospective comparative studies of influence on
[21]
outcome are still awaited .
In D2 radical gastrectomy, skeletonizing should be
performed for vessels around the stomach to dissect
corresponding groups of lymph nodes. Vascular
variation around the stomach increases difficulty and
[22,23]
risk of lymph node dissection
. Our data showed
the operation time in the vascular variation group was
increased as compared to the no variation group (215.7
min vs 204.2 min). To avoid damaging abnormal
vessels and causing unnecessary accessory injury, we
should perform more precise dissection for anomalous
vessels. In the meantime, for patients at an advanced
age and with scleratheroma, we recommend to
perform lymph node dissection outside the vascular
sheath, to avoid damaging vessels, inducing aneurysm
and risking rupture and bleeding. Intraoperative
accidental injury of abnormal hepatic artery will
[24]
influence hepatic function directly . Furthermore,
prolonged operation duration may also be an important
factor of hepatic impairment. A comparative study
of laparoscopic radical gastrectomy and conventional
[25]
laparotomy by Jeong et al
showed the operation
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time, BMI index, intraoperative hepatic injury and
mistakenly pricking the hepatic artery are important
factors influencing postoperative hepatic function.
Meanwhile, celiac artery variation could significantly
increase intraoperative blood loss, especially in those
who lacked effective preoperative assessment of the
abdominal artery. Perioperative bleeding could be
decreased through preoperative CTA assessment of
[26]
celiac artery imaging information .
Results of this study showed that the celiac artery
variation significantly extended operation time and
increased intraoperative blood loss and postoperative
amount of drainage, and therefore was an important
factor influencing successful implementation of D2
radical gastrectomy and postoperative recovery.
Recently, innovative devices such as the ultrasonic
harmonic scalpel have been introduced to clinical
practice, and their scope of use has been extended
gradually. With their increasing surgical speed and
quality, they thus add new elements to gastric cancer
[27-29]
surgery
. Prospective, randomized controlled study
on the ultrasonic harmonic scalpel and conventional
electric scalpel showed that the ultrasonic harmonic
scalpel could significantly reduce radical gastrectomy
operation time and perioperative bleeding (209.5 min
vs 226.9 min, 207.5 mL vs 235.6 mL, respectively),
and had an evident advantage in terms of lymph
[29]
node dissection . The value of the ultrasonic
harmonic scalpel during operation among gastric
cancer patients with celiac artery variation is worthy
of further exploration. This study showed that the
ultrasonic harmonic scalpel had an evident advantage
during celiac artery variation surgery, as it effectively
reduced operation duration and intraoperative blood
loss. Ultrasonic harmonic scalpel could coagulate
vessels with a diameter up to 5 mm, and greatly
decrease additional vascular ligation during transection
of the greater omentum, splenogastric ligament and
hepatogastric ligament, so as to make the surgery
smoother and significantly reduce operation time and
perioperative bleeding. Especially during dissection
of lymph nodes around an abnormal hepatic artery
deriving from the superior mesenteric artery and
reserving abnormal left hepatic artery deriving from
the left gastric artery, the operation could be achieved
along the vascular surface with the thinner tip of
an ultrasonic harmonic scalpel, facilitating vascular
skeletonizing, so as to not only achieve more complete
lymph node dissection, but also to find the root of
the abnormal vessel easily. Thus accessory injury and
additional bleeding due to damaging the abnormal
hepatic artery could be avoided. Meanwhile, the
ultrasonic harmonic scalpel could close arteries and
veins, capillaries and lymph vessels in the wound bed,
and intraoperative bleeding and postoperative amount
of abdominal drainage is significantly decreased.
In conclusion, celiac artery variation is common in
clinical practice, and therefore great attention should
be paid to it. Vascular variation increases difficulty
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and risk of radical gastrectomy. Application of new
techniques such as preoperative imaging assessment
and the ultrasonic harmonic scalpel could facilitate
successful implementation of D2 radical gastrectomy
and efficiently decrease risk due to celiac artery
variation, meanwhile hospitalization days and cost
are not increased significantly. Therefore, they are
recommended to be applied widely. However, this
study could not arrive at definite conclusions since it
was limited as a retrospective study; a larger number
of cases in larger studies need to be examined and
randomized controlled trial studies need to be carried
out.
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Background

Gastric cancer is one of the most common malignant tumors in China. At
present, surgery remains the main treatment for gastric cancer, wherein D2
radical gastrectomy has already become the standard operation for gastric
cancer at the progression stage. Focus and difficulty of D2 radical gastrectomy
are dissection of lymph nodes around vessels such as the celiac trunk, left
gastric artery and hepatic artery. As reported in the literature, a high rate of
celiac artery variation was found in liver transplantation, especially in the
hepatic arterial system. The presence of celiac artery variation will definitely
increase surgical difficulty and risk. In addition, relevant studies on celiac artery
variation among gastric cancer patients are still lacking. Meanwhile, gastric
cancer treatment guidelines do not state how to handle an abnormal vessel
and its surrounding lymph nodes. This study aims at analyzing retrospectively
celiac artery variation and effects of vascular variation on gastric cancer surgery
among 238 patients receiving radical gastrectomy, meanwhile addressing
efficacy of ultrasound harmonic scalpel regarding risk due to vascular variation,
so as to provide a reference for guiding gastric cancer treatment in clinical
practice.
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Research frontiers

12

Although D2 radical gastrectomy has already become the standard surgery for
gastric cancer at the progression stage in the east and west, vascular variation
around the stomach has been the focus and difficulty of gastric cancer surgery,
and gastric cancer treatment guidelines do not state how to handle an abnormal
vessel and its surrounding lymph nodes; lymph node metastasis around
abnormal vascular will be one of hotspots in the future.

13

Innovations and breakthroughs

The main innovation of this study was that it mainly investigated celiac artery
variation among gastric cancer patients and also discussed the values of
ultrasonic knife in reducing the risk caused by celiac artery variations. Celiac
artery variation increases the difficulty and risk of radical gastrectomy with D2
lymphadenectomy. Preoperative imaging evaluation and the application of
new technology such as ultrasonic harmonic scalpel are conducive to radical
gastrectomy with D2 lymphadenectomy and could reduce the risk caused by
celiac artery variation, and are therefore applications worthy of promotion.
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Applications

16

Celiac artery variation is common in gastric cancer patients. The authors should
pay attention to celiac artery variations and undertake preoperative imaging
evaluation because celiac artery variations may increase the difficulty and risk
of radical gastrectomy with D2 lymphadenectomy. However, the ultrasonic
harmonic scalpel could reduce the risk caused by celiac artery variation.

17

Peer-review

This is a prospective and controlled clinical study that emphasizes one of
the important clinical problems surgeons face. It is important to show the
prevalence of Celiac Artery Variations and to test whether the ultrasonic knife is
a better tool than conventional methods. Both aspects of the study have clinical
applicability.
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Abstract
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AIM: To assess the prevalence and stability of
different antiphospholipid antibodies (APLAs) and their
association with disease phenotype and progression in
inflammatory bowel diseases (IBD) patients.

Ethics approval: The study was reviewed and approved by the
Hungarian National Review Board and the Institutional Review
Board of the University of Debrecen.
Clinical trial registration: This registration policy applies to
prospective, randomized, controlled trials only.
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: Not declared.
Data sharing: No additional data are available.

METHODS: About 458 consecutive patients [Crohn’s
disease (CD): 271 and ulcerative colitis (UC): 187] were
enrolled into a follow-up cohort study in a tertiary IBD
referral center in Hungary. Detailed clinical phenotypes
were determined at enrollment by reviewing the
patients’ medical charts. Disease activity, medical
treatment and data about evolvement of complications
or surgical interventions were determined prospectively
during the follow-up. Disease course (development f
complicated disease phenotype and need for surgery),
occurrence of thrombotic events, actual state of disease

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,

WJG|www.wjgnet.com

6952

June 14, 2015|Volume 21|Issue 22|

Sipeki N et al . Papp M APLA in IBD

activity according to clinical, laboratory and endoscopic
scores and accurate treatment regime were recorded
during the follow-up, (median, 57.4 and 61.6 mo for CD
and UC). Sera of IBD patients and 103 healthy controls
(HC) were tested on individual anti-β2-Glycoprotein-I
(anti-β2-GPI IgA/M/G), anti-cardiolipin (ACA IgA/M/G)
and anti-phosphatidylserine/prothrombin (anti-PS/PT
IgA/M/G) antibodies and also anti-Saccharomyces
cerevisiae antibodies (ASCA IgA/G) by enzyme-linked
immunosorbent assay (ELISA). In a subgroup of
CD (n = 198) and UC patients (n = 103), obtaining
consecutive samples over various arbitrary timepoints during the disease course, we evaluated the
intraindividual stability of the APLA status. Additionally,
we provide an overview of studies, performed so far, in
which significance of APLAs in IBD were assessed.

prothrombotic group of antibodies acquired in various
inflammatory diseases. However their association
with clinical phenotype and disease progression is
still unclear in inflammatory bowel diseases (IBD). In
the present study we report enhanced formation of
APLAs in patients with Crohn’s disease, which was not
associated with clinical phenotype or disease course
during follow-up in a tertiary referral IBD center from
Hungary.
Sipeki N, Davida L, Palyu E, Altorjay I, Harsfalvi J, Antal
Szalmas P, Szabo Z, Veres G, Shums Z, Norman GL, Lakatos
PL, Papp M. Prevalence, significance and predictive value
of antiphospholipid antibodies in Crohn’s disease. World J
Gastroenterol 2015; 21(22): 6952-6964 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/6952.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.6952

RESULTS: Patients with CD had significantly higher
prevalence of both ACA (23.4%) and anti-PS/PT
(20.4%) antibodies than UC (4.8%, p < 0.0001 and
10.2%, p = 0.004) and HC (2.9%, p < 0.0001 and
15.5%, p = NS). No difference was found for the
prevalence of anti-β2-GPI between different groups
(7.2%-9.7%). In CD, no association was found
between APLA and ASCA status of the patients.
Occurrence of anti-β2-GPI, ACA and anti-PS/PT was
not different between the group of patients with active
vs inactive disease state according to appropriate
clinical, laboratory and endoscopic scores in CD as
well as in UC patients. All subtypes of anti-β2-GPI
and ACA IgM status were found to be very stable
over time, in contrast ACA IgG and even more ACA
IgA status showed significant intraindividual changes.
Changes in antibody status were more remarkable in
CD than UC (ACA IgA: 49.9% vs 23.3% and ACA IgG:
21.2% vs 5.8%). Interestingly, 59.1% and 30.1% of
CD patients who received anti-TNF therapy showed
significant negative to positive changes in ACA IgA
and IgG antibody status respectively. APLA status was
not associated with the clinical phenotype at diagnosis
or during follow-up, medical therapy, or thrombotic
events and it was not associated with the probability of
developing complicated disease phenotype or surgery
in a Kaplan-Meier analysis.

INTRODUCTION
Enhanced serological antibody formation is a well-known
feature of inflammatory bowel diseases (IBD). A wide
range of anti-microbial and autoantibodies have been
reported to be associated with either Crohn’s disease (CD)
[1]
or ulcerative colitis (UC) as well as with complicated
disease course. Anti-microbial antibodies are formed
[2]
against different surface carbohydrate (anti-glycans )
[3]
or protein antigens of various gut microbes . The
first and still most relevant anti-microbial antibody is
the ASCA (anti-Saccharomyces cerevisiae antibody).
Autoantibodies are directed against various host
proteins. Based on recent findings, their existence
might also be related to enhanced microbial challenge
[4,5]
to the gut
due to a disturbed gut innate immune
system and may trigger an exaggerated adaptive
immune response. Furthermore, these serological
antibodies may also be actively involved in the path
[6,7]
ophysiology of inflammation in IBD .
Antiphospholipid antibodies (APLAs) are a
prothrombotic group of autoantibodies and established
as the serological hallmark of antiphospholipid
[8]
syndrome (APS) . These antibodies comprise anticardiolipin (ACA), anti-β2-Glycoprotein-I (anti-β2-GPI),
and anti- phosphatidylserine/prothrombin antibodies
(anti-PS/PT). APLAs, however, are also found in a
[9-12]
variety of disorders (chronic inflammatory diseases
[13-16]
or post infectious conditions
) not necessarily
exhibiting prothrombotic activity. Even if non-prothrom
botic, they may have certain pathogenetic roles in
[17,18]
several diseases as well
.
In IBD, available cross-sectional, mainly single-time
point studies assessing different aspects of APLAs,
came to discrepant conclusions regarding formation,
prevalence, and stability of these antibodies. Their
clinical significance, including association to thrombotic
[19-33]
events in IBD is also unclear
(Table 1). Thus a
comprehensive evaluation of the primary APLAs in a

CONCLUSION: The present study demonstrated
enhanced formation of APLAs in CD patients. However,
presence of different APLAs were not associated with
the clinical phenotype or disease course.
Key words: Crohn’s disease; Ulcerative colitis; Disease
progression; Antiphospholipid antibodies; Anti-β2Glycoprotein-I antibodies; Anti-phosphatidylserine/
prothrombin; Anti-cardiolipin antibodies; Thrombosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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features of CD and thought to be involved in the
[35]
disease pathogenesis and progression . Theoretically,
impairment in the function of β2-GPI due to the
presence of anti-β2-GPI may deteriorate certain
innate immune functions as well. A novel function
of the β2-GPI protein with important relevance to
innate immunity, is its ability to bind and scavenge
lipopolysaccharide (LPS) through a direct interaction
[36,37]
between domain 5 (D5) of β2-GPI and LPS
.
The aims of this study were to investigate in a large
IBD cohort: (1) the prevalence and type of APLAs;
(2) associations between the presence of APLAs and
clinical phenotype of the disease or its activity; and (3)
whether the presence of APLAs is associated with the
disease course or development of thrombosis during
prospective follow-up. Additionally, we also provide an
overview of studies, performed over the last 24 years,
in which significance of APLAs in IBD were assessed.

Table 2 Clinical characteristics of inflammatory bowel disease
patients at time of inclusion n (%)
CD

UC

(n = 271)

(n = 187)

Male/female (n)
115/156
Age (yr)1
31 (24.0-41.0)
Age at presentation (yr)1 25 (19.0-33.0)
Duration (yr)1
4 (1.0-9.0)
Familial IBD
12 (4.4)
Location
L1
46 (17.0)
L2
67 (24.7)
L3
157 (57.9)
L4 only
1 (0.4)
All L4
18
Behavior
B1
154 (56.5)
B2
56 (20.7)
B3
61 (22.5)
Perianal disease
Arthritis
Ocular manifestations
Cutaneous
manifestation
PSC
Steroid use/refractory
Azathioprine use
Surgery/multiple in CD
Biological use
Smoking habits
never
yes
previous
Disease activity
Inactive HBI ≤ 4

Active HBI ≥ 5

86/101
40 (29.0-52.0)
33 (23.0-43.0)
4 (1.0-11.0)
6 (3.2)
Proctitis
Left-sided
Extensive

30 (16.0)
104 (55.6)
53 (28.3)

Remitting
Continuous
Prolonged
remission

174 (93.0)
12 (6.4)
1 (0.5)

76 (27.5)
54 (19.9)
65 (24.0)
35 (12.9)

26 (13.9)
12 (6.4)
16 (8.6)

9 (3.3)
242 (89.3)/
32 (13.2)
196 (72.3)
54 (19.6)/
19 (7.0)
106 (39.1)

8 (4.3)
144 (77.0)/
11 (7.6)
66 (35.3)
7 (3.7)

219 (80.8)
47 (17.3)
5 (1.8)

167 (89.3)
18 (9.6)
2 (1.1)

199 (73.4)

MATERIALS AND METHODS
Patient population

We performed a cohort study among adult CD and
UC patients in a Hungarian tertiary IBD referral center
(Division of Gastroenterology, Department of Internal
Medicine, University of Debrecen). In all, 458 wellcharacterized, unrelated, consecutive IBD patients
with a complete clinical follow-up CD: 271 (male/
female: 120/140, age at presentation: 27.7 ± 11.6
years, disease duration: 6.0 ± 6.7 years) and UC: 187
(male/female: 86/101, age at presentation: 34.0 ±
13.2 years, disease duration: 7.4 ± 8.6 years) seen at
our outpatient clinic were included between January 1,
2005 and June 1, 2010. Serum samples were obtained
at enrollment from each patient and frozen at -80C
until testing. The clinical characteristics of the patients
at time of inclusion and sample procurement are
presented in Table 2.
Diagnosis of IBD was based on the Lennard-Jones
[38]
criteria . The disease phenotype (age at onset,
duration, location, and behaviour) was determined
[39]
according to the Montreal Classification . Clinical
disease activity was calculated according to the Harvey[40]
Bradshaw Index (HBI)
in CD and the partial Mayo
[41]
score in UC . In this study we followed the European
[42]
Crohn’s and Colitis Organisation guidelines
and
defined HBI ≤ 4 as a state of remission and ≥ 5 as a
state of active disease. In case of UC, ≤ 3 was defined
as a state of remission and > 4 as a state of active
disease. Endoscopic activity was determined according
to the Simple Endoscopic Score for Crohn’s Disease
[43]
(SES-CD) in CD
and the endoscopic component of
[44]
the Mayo score in UC . SES-CD defines endoscopic
activity as ≥ 3 points and inactive disease ≤ 2 in CD,
meanwhile in UC a state of active disease was defined
as ≥ 1 points according to invasive partial Mayo score.
Detailed clinical phenotypes were determined by
thorough review of patients’ medical records, which

25 (13.4)

Inactive partial
Mayo ≤ 3
Active partial
Mayo > 4

72 (26.6)

135 (72.2)

52 (27.8)

1

Median (IQR). Location: L1: Ileal; L2: Colonic; L3: Ileocolonic; L4: Upper
gastrointestinal disease; Behavior: B1: Inflammatory; B2: Stenosing; B3:
Penetrating; PSC: Primary sclerosing cholangitis; Surgery: CD-related
abdominal surgery and colectomy in UC; HBI: Harvey-Bradshaw Index;
CD: Crohn’s disease; UC: Ulcerative colitis.

large prospectively followed-up IBD cohort is required.
Current advances may add a new spark to the
investigation of the role of anti-β2-GPI antibodies in
the pathomechanism of IBD. The presence of crossreactive epitopes on Saccharomyces cerevisiae and
[34]
has been reported in APS and raises the
β2-GPI
possibility that ASCA alone or by cross-reactivity
with anti-β2-GPI exaggerate the pathologic intestinal
microvascular processes in IBD and interfering with
the inhibitory effect of β2-GPI on von Willebrand
factor-dependent platelet adhesion and aggregation.
Inflammation and coagulation are closely linked,
interdependent processes in the microvasculature.
Coagulation abnormalities at the mucosal level result
in microthrombi formation, which are well-known
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Total cohort n = 271

st

Follow up from 1 sampling n = 252

Complication and
surgery naïve Pts
n = 143

No event
n = 114

Complication and/or
surgery experienced
Pts n = 109

Complication
n = 29

No surgery
n = 16

Surgery
n = 13

No event
n = 66

n = 43

Event

Complication only
n =5

Surgery only
n = 25

Complication and surgery
n = 13

Figure 1 Flow chart of the patients with Crohn’s disease in the cohort study. Event: Complication and/or surgery; Complication: Stricture development and/or
internal penetration and/or perianal penetration; Surgery: Crohn’s disease-related surgery (resection only). Pts: Patients.

had been collected in a uniform format. Medical records
that documented the presence of extraintestinal
manifestations [for example, arthritis: peripheral
and axial; ocular manifestations: conjunctivitis,
uveitis, iridocyclitis; skin lesions: erythema nodosum,
pyoderma gangrenosum; arterial (AT) and venous
thrombosis (VT) or pregnancy loss; and hepatic
manifestations: primary sclerosing cholangitis (PSC)],
frequency of flare-ups (frequent flare-up: > 1 clinical
[45]
relapse/year) , medication use (e.g., steroid,
immunosuppressive and/or biological use at any time),
need for surgery (resection in CD and colectomy in
UC), the presence of familial IBD, smoking habits, and
perianal involvement were retrospectively analyzed for
the period prior to the prospective follow-up.

57.4 mo (IQR: 40.9-80.1) for CD and 61.6 mo (IQR:
46.5-81.3) for UC patients. In CD, complicated disease
behavior was defined as the occurrence of stenosis or
internal penetration. Perianal fistulazing disease was
distinguished from internal penetrating disease and
evaluated separately. Need for surgery was defined
as CD-related abdominal surgery (resection). Figure 1
summarizes flow chart of the patients with CD in the
cohort study. In UC, complicated disease behavior was
defined as progression of the disease extent or need
for colectomy.
The control group consisted of 103 age- and
gender- matched healthy blood donors (male/female:
46/57, age: 35.3 ±12.6 years old). The control
subjects did not have any gastrointestinal and/or liver
disease and were selected from consecutive blood
donors in Debrecen.

Phenotypical characterization of IBD patients during
prospective follow-up

Serological analysis

252 of 271 CD patients and 173 of 187 UC patients
were available to be enrolled into a prospective followup study, where the treating IBD physicians registered
laboratory data, endoscopic and imaging findings,
disease activity, medical treatment, date and type
of complications, surgery and thrombosis during
regular and extraordinary outpatient follow-up visits
and inpatient stays. In Hungary, a follow-up visit is
usually scheduled for every 6 mo at a specialized
gastroenterology center (the actual interval varies
between 3-6 mo). Collected data were transferred and
stored in a database for analysis. In October 1, 2013,
all patients’ charts and database were reviewed and
updated for the data points mentioned above. Followup for a particular patient was terminated if there
was no further record available. Median follow-up was

WJG|www.wjgnet.com

Anti-β2-GPI, ACA and anti-PS/PT levels in serum
samples were tested using the semiquantitative
TM
QUANTA Lite aβ2-GPI, ACAIII and aPS/PT IgA,
IgG and IgM kits (INOVA Diagnostics, San Diego,
California). These enzyme-linked immunosorbent
assay (ELISA) kits detect IgA, IgG and IgM antibodies
against β2-GPI, cardiolipin and the PS/PT complex in
human serum. Plastic microwell plate wells are coated
with purified β2-GPI, cardiolipin or PS/PT complex.
Upon incubation, serum β2-GPI, cardiolipin and PS/PT
IgA, IgG or IgM antibodies bind to β2-GPI, cardiolipin
or the PS/PT complex. Unbound protein is removed
by washing, while bound antibodies are detected
by human IgA, IgG or IgM horseradish peroxidaselabelled conjugate. A peroxidase substrate is then
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added. The presence of anti-β2-GPI, ACA and aPS/
PT antibodies is determined spectrophotometrically
by measuring the signal intensity of each sample
compared to a five-point calibration curve. All assays
were performed according to the manufacturer’s
instructions and were considered positive when titers
were above the manufacturer’s pre-established cutoff points (for anti-β2-GPI and ACA assays, ≥ 20 units
for all the IgA, IgG and IgM, and for anti-PS/PT assays
≥ 30 units for both the IgG and IgM). In case of antiPS/PT IgA the results are presented as OD due to lack
of established calibrators. Values above the OD cut-off
0.795 were considered positive for anti-PS/PT IgA. This
cut-off OD value represented the mean ± SD values of
the healthy controls. The results were documented in
absolute OD values and in frequency of positivity. Of
the 458 IBD samples obtained at enrollment, serologic
analysis was technically successful in 451 of the 458
IBD cases.
ASCA antibody evaluation in CD patients was
[46]
performed in our previous study by ELISA (QUANTA
TM
Lite , INOVA Diagnostics, San Diego, CA) according
to the manufacturers’ instructions. The results are
presented as arbitrary units, and values above the cutoff of 25 units were considered as positive. The results
were documented in absolute values and in frequency
of positivity.
All the serological assays were performed in
a blinded fashion without prior knowledge of the
patients’ diagnosis or other clinical information.

search terms: “antiphospholipid antibodies” OR
“anticardiolipin antibodies” OR “anti-β2-Glycoprotein-I
antibodies” OR “phosphatidylserine-dependent antiprothrombin antibodies” AND “inflammatory bowel
disease” OR “Crohn’s disease” OR “ulcerative colitis”.
Limits were human and time ranging from 1991 until
th
2014 (30 of November). This search revealed 15
articles. In Table 1 we summarize the prevalence and
clinical significance of APLAs in IBD based on findings
in relevant literature.

Ethical permission

The study protocol was approved by the regional and
national committee for research ethics. Each patient
was informed of the nature of the study and signed an
informed consent form.

Statistical analysis

Variables were tested for normality using Shapiro
Wilk’s W test. Continuous variables were summarized
as mean ± SD or as medians (IQR) according to their
homogeneity. To evaluate differences between IBD and
healthy control group, as well as within subgroups of
patients with IBD the following statistical methods were
used. Categorical variables were compared with the
2
Fisher’s exact test or χ -test with Yates correction, as
appropriate. Continuous variables were compared with
Student’s t test, one-way analysis of variance (ANOVA),
or Mann-Whitney’s U test. Kaplan-Meier survival
curves were plotted for analyzing the association
between categorical clinical variables or APLAs and
complicated disease outcomes during follow-up with
LogRank and Breslow tests. Associations are given as
OR and HR with a 95%CI. A 2-sided probability value
< 0.05 was considered to be significant. For statistical
analysis, GraphPad Prism 6 (San Diego, CA) and SPSS
15.0 (SPSS Inc, Chicago, IL) programs were used. The
statistical methods of this study were reviewed by Elek
Dinya from Semmelweis University, Institute of Health
Informatics, Development and Further Training.

Detection of NOD2/CARD15 SNP8, 12, 13 mutations

NOD2/CARD15 SNP8, SNP12, and SNP13 genotypes
[46]
were performed previously
in CD patients (n =
235), but not in UC patients. NOD2/CARD15 variants
were detected by denaturing high-performance
liquid chromatography (dHPLC, Wave DNA Fragment
Analysis System, Transgenomic Limited, United
Kingdom). Sequence variation, observed in the dHPLC
profile, was sequenced on both strands to confirm the
alteration. Sequencing reactions were performed with
the ABI BigDye Terminator Cycle Sequencing Kit v1.1
(Applied Biosystems, Foster City, CA) and samples
were sequenced on an ABI Prism 310 Genetic Analyzer
(Applied Biosystems, Foster City, CA). All investigated
polymorphisms were in Hardy-Weinberg equilibrium
(data not shown).

RESULTS
Frequency of APLA Markers in IBD

The prevalence rates of anti-β2-GPI, ACA and anti-PS/
PT antibodies are presented in Table 3. ACA positivity
was associated with increased risk for CD compared
to the controls (ORACA = 10.18, 95%CI: 3.12-33.24).
Of the different isotypes, ACA IgA (ORACA IgA = 49.70,
2
95%CI: 3.04-813.8, χ -test with Yates correction) had
the highest association to CD. ACA positivity was also
significantly different between CD and UC. While the
prevalence of anti-PS/PT was significantly different
between CD and UC, there was not a significant
difference between CD and the controls. No difference
was found for the prevalence of anti-β2-GPI in different
groups.

Review of the literature

We performed a systematic review of studies reporting
on APLAs in IBD. Papers were eligible if they presented
original research in adult IBD patients and reported
occurrence of APLAs and their possible association with
disease activity, medication, clinical phenotype of the
disease, need for surgery and thromboembolic events.
Case series or case reports were not included. Studies
had to have been published in peer-reviewed journals.
We started searching PubMed using the following
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Spearman correlation analysis (data not shown).
20.3% of the CD patients showed frequent relapse
during the follow-up. The ACA prevalence was not
significantly different between patients with or without
frequent relapse (ACA IgA 23.5% vs 16.7%, ACA IgG
3.9% vs 10.1% and ACA IgM 2.0% vs 3.5%, p = NS
for all).
Lastly, we investigated the association between
disease duration and both the presence and magnitude
of serologic response in CD. The rate of any ACA
positivity was the same in all four disease duration
quartile groups (Q1: 26.9%, Q2: 22.7%, Q3: 22.4%
2
and Q4: 23.0%, p = NS, χ -test with Yates correction).
The level of ACA IgA and IgG was also not associated
with disease duration (Kruskal-Wallis test).

Table 3 Anti-phospholipid antibodies in patients with Crohn’s
disease, ulcerative colitis, and healthy controls n (%)
CD (n = 265) UC (n = 186) HC (n = 103)
Anti-β2-GPI IgG
Anti-β2-GPI IgM
Anti-β2-GPI IgA
Any anti-β2-GPI
ACA IgG
ACA IgM
ACA IgA
Any ACA
Anti-PS/PT IgG
Anti-PS/PT IgM
Anti-PS/PT IgA
Any anti-PS/PT

5 (1.9)
8 (3.0)
7 (2.6)
19 (7.2)
27 (10.2)b,d
8 (3.0)
51 (19.2)b,d
62 (23.4)b,d
20 (7.5)
25 (9.4)b,c
24 (9.1)c
54 (20.4)d

4 (2.2)
12 (6.5)
7 (3.8)
18 (9.7)
4 (2.2)d
4 (2.2)
1 (0.5)d
9 (4.8)d
9 (4.8)
8 (4.3)c
7 (3.8)c
19 (10.2)d

2 (1.9)
3 (2.9)
3 (2.9)
8 (7.8)
2 (1.9)b
1 (1.0)
0 (0.0)b
3 (2.9)b
9 (8.7)
1 (1.0)b
9 (8.7)
16 (15.5)

P < 0.01, CD vs controls; cP < 0.05, dP < 0.01, CD vs UC. Using χ 2test with Yates correction. APLA: Antiphospholipid antibodies; β2GPI: Beta2-glycoprotein-I; ACA: Anti-cardiolipin antibody; PS/PT:
Phosphatidylserine/prothrombin complex; CD: Crohn’s disease; UC:
Ulcerative colitis.
b

APLA markers and disease progression in CD

A total of 154 (56.5%) CD patients had non-stricturing
and non-penetrating disease (B1) according to
Montreal classification at time of sampling. 143
patients were eligible for a prospective follow-up study.
The median follow-up was 53.4 mo (IQR: 38.0-79.3).
Among these complication and surgery naïve patients,
20.3% (29/143) experienced a complication during
follow-up (31.03% developed strictures, 44.83%
internal penetration and 24.14% perianal perforation
only). The median time to complication was 21.4 mo
(IQR: 8.1-43.1). In all, 9.1% (13/143) had to undergo
CD-related abdominal surgery (resection) during the
follow-up period (Figure 1). Two patients had surgical
intervention without previous complication due to the
development of colorectal cancer. In the remaining
patients the reason for surgery was the occurrence
of a complication (23.1% stenosis, 46.2% internal
penetration, 15.4% both). The median time to surgery
was 50.0 mo (IQR: 30.5-54.5).
In patients classified as B1, the progression of the
disease to a first event defined as stenosis, internal
and/or perianal penetration or CD-related surgery
(Table 4) was not associated to presence or absence of
APLA positivity. Furthermore in Kaplan-Meier analysis
the likelihood for earlier progression to a disease event
was similar in patients with or without APLA positivity.
Of the clinical factors, disease location and smoking
were those that associated with time to development
of first internal penetrating and/or stricturing com
plication and frequent relapses to development of
perianal penetrating disease (Table 5).
In UC patient group association between APLAs and
clinical phenotype or progression of the disease was
not evaluated due to the lack of increased prevalence
of any APLAs in UC population.

Association between APLA positivity, and other
serologic markers or NOD2/CARD15 genotypes in CD

In CD, no association was found between APLA and
ASCA status of the patients. Neither ACA IgA nor IgG
positivity differed significantly according to presence
or absence of ASCA IgA and ASCA IgG. Similarly,
the prevalence of ACA was not associated with the
presence of major NOD2/CARD15 mutations. NOD2/
CARD15 genotypes were available in 235 CD patients.
The prevalence of any ACA was not different between
patients with or without NOD2/CARD15 mutations
2
(16.1% and 26.1%, p = NS, χ -test with Yates
correction).

Association between APLA positivity and actual clinical,
laboratory or endoscopic activity of the disease

At the time of enrollment, 26.6% of CD patients and
27.8% of UC patients had active disease according to
clinical activity scores (Table 1). Occurrence of anti-β2GPI, ACA and anti-PS/PT was not different between
the group of patients with active (2.8%, 29.2% and
18.1%) and inactive disease state (8.8%, 21.2% and
21.2%, respectively) signified by HBI ≥ 5. Similarly,
there was no correlation between the disease activity
determined by partial Mayo score > 4 and APLA status
in UC (data not shown).
Furthermore, the prevalence of any ACA was similar
between CD patients with C-reactive protein (CRP)
level > 10 mg/l and those with ≤ 10 mg/l (29.0%
2
and 21.1%, p = NS, χ -test with Yates correction).
A total of 87 CD patients had ileocolonoscopy
at enrollment. The prevalence of any ACA was not
different according to endoscopic disease activity
denoted by a SES-CD cut-off value of ≥ 3 (inactive
vs active: 25.6% and 29.5%). Likewise, ACA IgA and
ACA IgG level was not associated with CRP level, actual
HBI or SES-CD score in patients with CD applying
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APLA markers and thromboembolic events in IBD

In total, 5.1% (23/452) of IBD patients had at least
one thromboembolic event (14 CD and 9 UC patients).
In CD, 18 events of VT, 1 event of PE and 3 events
of AT were diagnosed. In UC, 8 events of VT and 1
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Table 4 Antiphospholipid antibodies and clinical characteristics of complication and surgery naïve Crohn’s disease patient cohort n (%)
Follow-up of CD B1 at first sampling total cohort (n = 143)

Factor
CD B1 total

No complication

Perianal change only
(B1p)

Behaviour change to B2 or
B3

No surgery

Surgery

(n = 143)

(n = 114)

(n = 7)

(n = 22)

(n = 130)

(n = 13)

45/69
26 (20.0-34.3)
2 (1.0-7.0)

5/2
17 (14.0-31.0)
3 (1.0-5.0)

10/12
25 (18.8-34.8)
3 (1.0-5.0)

55/75
25 (19.0-34.0)
2 (1.0-6.0)

5/8
31 (18.0-35.5)
3 (1.0-10.0)

24 (21.1)
44 (38.6)
46 (40.4)
0 (0.0)
18 (15.8)2
14 (12.3)2
51.7 (36.9-73.9)

0 (0.0)
3 (42.9)
4 (57.1)
0 (0.0)
4 (57.1)2
2 (28.6)
79.8 (42.9-91.4)

6 (27.3)
4 (18.2)
12 (54.5)
0 (0.0)
5 (22.7)
8 (36.4)2
64.7 (45.6-85.0)

1.8
5.3
1.8
8.8
11.5
3.5
18.6
22.1
8.0
8.8
9.7
19.5

0
16.7
16.7
16.7
0
0
33.3
33.3
0
16.7
16.7
33.3

0
0
4.5
4.5
0
0
4.5
4.5
13.6
0
9.1
22.7

Male/female (n)
60/83
Age at presentation (yr)1 25 (19.0-34.0)
Duration (yr)1
3 (1.0-6.0)
Location
L1
30 (21.0)
L2
51 (35.7)
L3
62 (43.3)
L4 only
0 (0.0)
Frequent relapse
27 (18.9)
Smoking habit yes
21 (16.2)
Follow up time from first 53.4 (38.0-79.3)
sampling, mo1
Positive markers
Anti-β2-GPI IgG
1.4
Anti-β2-GPI IgM
5.0
Anti-β2-GPI IgA
2.8
Any anti-β2-GPI
8.5
ACA IgG
9.2
ACA IgM
2.8
ACA IgA
17.0
Any ACA
19.9
Anti-PS/PT IgG
8.5
Anti-PS/PT IgM
7.8
Anti-PS/PT IgA
9.9
Any anti-PS/PT
20.6

26 (20.0)
4 (30.8)
48 (36.9)
3 (23.1)
56 (43.1)
6 (46.2)
0 (0.0)
0 (0.0)
23 (17.7)
4 (30.8)
21 (16.2)
3 (23.1)
50.93 (37.25-74.2) 84.03 (60.0-91.7)

1.6
5.5
3.1
9.4
10.2
3.1
18.8
21.9
7.8
7.8
10.9
20.3

0
0
0
0
0
0
0
0
15.4
7.7
0
23.1

1

Median (IQR); 2Using χ 2-test with Yates correction (P ≤ 0.01); 3Using Mann-Whitney test (P < 0.01). Location: L1: Ileal; L2: Colonic; L3: Ileocolonic;
L4: Upper gastrointestinal disease; Behavior: B1: Inflammatory; B2: Stenosing; B3: Penetrating. APLA: Antiphospholipid antibodies; β2-GPI: Beta2glycoprotein-I; ACA: Anti-cardiolipin antibody; PS/PT: Phosphatidylserine/prothrombin complex; CD: Crohn’s disease.

Table 5 Univariate Kaplan Meier and Log-rank analysis of serologic and clinical factor associated with complicated disease course in
B1 Crohn’s disease patients (n = 143)
Variable

Internal penetrating and/or stricturing
complication
HR (95%CI)

Gender - male
Smoking
Location (colon only)
Frequent relapse
APLA at all
Anti-β2-GPI at all
ACA at all
Anti-PS/PT at all

1.10 (0.47-2.55)
3.72 (1.23-11.21)1
0.41 (0.17-0.96)1
1.10 (0.39-3.07)
1.36 (0.59-3.16)
0.56 (0.13-2.32)
0.41 (0.13-1.26)
1.07 (0.39-2.97)

Perianal penetrating complication

P LogRank-value

HR (95%CI)

0.83
0.021
0.041
0.85
0.47
0.42
0.12
0.89

2.69 (0.80-9.03)
1.61 (0.36-7.19)
1.00 (0.29-3.43)
7.29 (1.72-30.99)1
1.30 (0.40-4.27)
0.99 (0.13-7.70)
1.12 (0.23-5.49)
1.74 (0.38-8.03)

P LogRank-value
0.11
0.53
0.99
0.0071
0.66
0.99
0.89
0.48

CD-related abdominal surgery
HR (95%CI)

P LogRank-value

0.91 (0.33-2.55)
1.64 (0.45-5.97)
0.61 (0.22-1.74)
1.64 (0.44-6.10)
1.37 (0.49-3.80)
0.33 (0.06-1.81)
0.30 (0.07-1.27)
1.11 (0.29-4.18)

0.86
0.45
0.36
0.46
0.55
0.20
0.10
0.88

1

The PLogRank-value < 0.05. APLA: Antiphospholipid antibodies; β2-GPI: Beta2-glycoprotein-I; ACA: Anti-cardiolipin antibody; PS/PT: Phosphatidylserine/
prothrombin complex.

events of AT were diagnosed. 7 (1.6%) patients had a
TE also prior to diagnosis of IBD. 4 (1.5%) CD patients
had recurrent TE. In women, pregnancy loss occurred
in 6.4% (10/156) of CD and 6.9% (7/101) of UC
patients.
CD patients presenting with VT were significantly
older than those without (median age: 30.0 years vs
38.5 years, p = 0.003). Of the investigated clinical
factors and laboratory markers, previous VT event
(RR = 23.0, 95%CI: 10.6-50.1) and factor V Leiden
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mutation (RR = 8.3, 95%CI: 2.2-31.3) were associated
with the risk of VT events. At the same time, in
patients with UC, frequent relapse was associated with
higher risk of VT event (RR = 6.4, 95%CI: 1.7-24.1).
However, none of the APLA markers were associated
with increased risk of VT events in IBD.
Table 6 summarizes the patient characteristics,
prevalence of APLAs and the known genetic and sero
logic markers of thrombophilia according to presence
and type of thrombotic events in CD patients. We
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Table 6 Antiphospholipid antibodies, thrombophilia markers and clinical characteristics of total Crohn’s disease according to
presence and type of thrombosis n (%)
Follow-up of CD Total Cohort from diagnosis (n = 265)

Factor

Male/female
Age at presentation (yr)1
Frequent relapse
Previous thrombosis
Smoking habits yes
Follow up time from diagnosis, mo1
Positive markers (%)
Anti-β2-GPI IgG and/or IgM
Anti-β2-GPI IgA
ACA IgG and/or IgM
ACA IgA
Anti-PS/PT IgG and/or IgM
Anti-PS/PT IgA
At least 1 APLA pos
At least 2 APLA pos
At least 3 APLA pos
Thrombophilia markers3 (%)
LA
PS deficiency
(inherited and/or acquired)
ATIII deficiency
(inherited and/or acquired)
PC deficiency
(inherited and/or acquired)
FV Leiden
FII20210A

No thrombosis

Arterial thrombosis

Venous thrombosis

No pregnancy loss

Pregnancy loss

(n = 251)

(n = 3)

(n = 11)

(n = 146)

(n = 10)

104/147
25.0 (19.0-33.0)
48 (20.2)
1 (0.4)3
48 (19.1)
102.2 (63.3-172.8)2

1/2
40.0 (28.0-42.0)
0 (0.0)
0 (0.0)
0 (0.0)
149.9 (130.8-219.8)

7/4
29.5 (23.3-39.3)
4 (36.4)
4 (36.4)3
3 (27.3)
186.3 (142.0-244.2)2

146/0
26.0 (20.0-35.0)
33 (24.1)
2 (1.4)
22 (15.1)
109.0 (61.8-184.6)

10/0
25.5 (21.0-35.0)
2 (20.0)
0 (0.0)
2 (20.0)
136.5 (95.4-180.6)

4.8
2.8
12.1
19.0
14.6
8.9
48.0
16.1
3.2

0
0
0
66.7
50.0
50.0
66.7
33.3
0

9.1
0
27.3
0
36.4
9.1
54.5
9.1
9.1

4.9
4.9
13.9
20.1
18.3
7.7
52.8
18.1
4.9

10
0
10
10
40
10
60
10
0

7.5
8.1

0
0

0
25.0

5.1
12.7

0
0

0

0

0

0

0

3.0

0

0

4.8

0

5.94
5.9

0
0

42.94
16.7

7.8
7.8

0
0

1

Median (IQR); 2Using Kruskal-Wallis test (P ≤ 0.01); 3Using χ 2-test with Yates correction (P ≤ 0.05); 4Serologic and genetic markers of thrombophilia
were available in 105 patients. pts: Patients; APLA: Antiphospholipid antibodies; β2-GPI: Beta2-glycoprotein-I; ACA: Anti-cardiolipin antibody; PS/PT:
Phosphatidylserine/prothrombin complex.

further investigated the probability for thromboembolic
events as a function of positivity for a certain amount
of APLAs out of the whole panel. However, neither
CD and nor UC patients positive for multiple APLAs
showed a higher probability for the development of
thromboembolic events.

antibody status were more remarkable in CD than UC
(ACA IgA: 49.9% vs 23.3% and ACA IgG: 21.2% vs
5.8%). Stability data are not available for anti-PS/PT
antibodies since measurements were only preformed
on the first available serum samples of the patients.
APLA changes are summarized in Table 7.
After availability of tumor necrosis factor (TNF)
antagonist therapy through National Health reimbur
sement system in 2008, 43.7% (110/252) of our
patients received either infliximab or adalimumab
treatment. We assessed the impact of post-enrolment
anti-TNF therapy in the induction of new ACA antibody
formation. 59.1% (55/93) of patients who received
anti-TNF therapy and had negative findings for ACA
IgA at the baseline were found to have positive results
later on (negative to positive change), which was
significantly higher compared to the proportion of
35.6% (36/101) found among patients who did not
receive anti-TNF therapy at all (p = 0.004). These
ratios were 30.1% vs 12.9% (p = 0.033) for ACA IgG.

Stability of APLA markers

In order to evaluate the stability in the APLA status
(positive or negative for a respective antibody), we
analyzed samples from same patients over various
arbitrary time-points during the disease course. At
least two serum samples were taken from a subgroup
of CD patients (n = 198) and UC patients (n = 103).
Median time between sample procurements were 13.5
mo (IQR: 6.8-22.9 mo) for CD and 12.1 mo (IQR:
5.7-20.4 mo) for UC patients. Interestingly, the antiβ2-GPI status was very stable over time with respect to
all three Ig subtypes. Only 1.5%-5.8% of either CD or
UC patients had a change in their anti-β2-GPI antibody
status compared to the initial sample procurement. At
the same time marked differences were found in case
of ACA Ig subtypes. ACA IgM status, similar to anti-β2GPI, was also stable. In contrast, ACA IgG and even
more ACA IgA status showed significant changes over
time, mainly from negative to positive. Changes in
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DISCUSSION
To our knowledge, this is the largest study to
investigate prospectively the prevalence, type, and
clinical significance of multiple APLAs simultaneously
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the increased ACA prevalence is mainly due to IgG
[30]
subtype. Except one study , occurrence of ACA IgG
[20,22,25]
prevailed over ACA IgM
. This is concordant with
our results in CD cohort (ACA IgG: 10.2 vs ACA IgM:
3.0%).
What can be the cause of enhanced ACA formation
in CD? Animal models, immunization with lipid A
and lipoteichoic acid have resulted in induction of
[47]
ACA and/or lupus anticoagulant (LA) formation .
Moreover, appearance of ACA antibodies may be due
to the sustained exposure to bacterial DNA, which is
enriched in unmethylated CpG motifs. These motifs
[48]
are expressed e.g. in Escherichia coli DNA . Based
on these literature findings, the role of bacterial
translocation (BT) in the induction of ACA, similar to
[1]
anti-microbial antibodies, seems plausible . At the
same time, we did not find any association between
the presence of ACA and ASCA, even when assessing
according to separate isotypes. This finding implies
mechanisms other than BT in the formation of ACA.
Moreover, in contrast to anti-microbial antibodies,
APLA formation was not influenced by NOD2/CARD15
genotypes. The fact that neither the presence of ACA,
nor the titers of the antibodies were affected by actual
disease activity and were also not associated with
the CD phenotype of frequent relapse contradict the
involvement of BT in the formation mechanisms of
ACA as well.
[19-26]
Former studies
extensively assessed the link
between disease activity and APLA formation either
by clinical activity or by CRP level, but found no
association. Considering that clinical, laboratory and
endoscopic activity are not inevitably congruent in
all cases, in the present study, we re-evaluated this
relationship in a complex way, applying all the three
kinds of activity parameters simultaneously, but came
to same conclusion.
The prevalence of anti-β2-GPI IgG/IgM in the
present study was comparable to those reported in the
[25]
study of Koutroubakis et al (CD: 5.0% vs 4.4% and
UC: 7.5% vs 10.8%). Anti-PS/PT antibodies were not
assessed previously in IBD, however we did not find
enhanced antibody formation in IBD as compared to
HC.
Association of certain APLAs with clinical phenotype
of IBD was mainly assessed in the cross-sectional
single-time point studies summarized in Table 1. In
most of these studies, these antibodies were neither
[19,21,22,25]
[25]
linked to the disease location
, behavior
and
[19]
need for surgery in CD patients, nor to the extent of
[19,21,24,25]
[19]
the disease
and colectomy
in UC patients.
Likewise, different APLAs were not associated with
[19,22,23,25,26]
the risk of VTE events in either CD
or in
[19,23-25]
UC
. In case of these single point cross sectional
studies the serum samples were obtained at different
times during the disease course. These approaches
combine samples taken before, at the time of and
after complications occur and only allow revealing

Table 7 Stability of antiphospholipid antibodies marker status
over time in inflammatory bowel diseases patients with at
least 2 samples during the disease course n (%)
APLA marker
Anti-β2-GPI IgG
Stable negative
Stable positive
Neg. to pos.
Pos. to neg.
Anti-β2-GPI IgM
Stable negative
Stable positive
Neg. to pos.
Pos. to neg.
Anti-β2-GPI IgA
Stable negative
Stable positive
Neg. to pos.
Pos. to neg.
ACA IgG
Stable negative
Stable positive
Neg. to pos.
Pos. to neg.
ACA IgM
Stable negative
Stable positive
Neg. to pos.
Pos. to neg.
ACA IgA
Stable negative
Stable positive
Neg. to pos.
Pos. to neg.

CD (n = 198)

UC (n = 103)

194 (98.0)
1 (0.5)
0 (0.0)
3 (1.5)

97 (94.2)
2 (1.9)
3 (2.9)
1 (1.0)

186 (94.0)
4 (2.0)
6 (3.0)
2 (1.0)

94 (91.3)
3 (2.9)
5 (4.9)
1 (0.9)

190 (96.0)
1 (0.5)
3 (1.5)
4 (2.0)

93 (90.3)
4 (3.9)
5 (4.9)
1 (0.9)

139 (70.2)
3 (1.5)
42 (21.2)
14 (7.1)

95 (92.2)
1 (1.0)
6 (5.8)
1 (1.0)

173 (87.4)
3 (1.5)
18 (9.1)
4 (2.0)

95 (92.2)
1 (1.0)
7 (6.8)
0 (0.0)

73 (36.9)
13 (6.6)
93 (46.9)
19 (9.6)

78 (75.7)
0 (0.0)
24 (23.3)
1 (1.0)

Anti-PS/PT measurements were only preformed on the first available
serum samples of the patients. APLA: Antiphospholipid antibodies;
β2-GPI: Beta2-glycoprotein-I; ACA: Anti-cardiolipin antibody; PS/PT:
Phosphatidylserine/prothrombin complex; CD: Crohn’s disease; UC:
Ulcerative colitis.

in a cohort of IBD patients to date. Three different
antibodies were assessed by ELISA. Contrary to
routine laboratory practice, APLAs were identified by
anti-IgA secondary antibody in addition to anti-IgG
and anti-IgM isotypes. Moreover, in the present study
we also provided an overview of relevant APLA studies
in IBD.
We demonstrated, for the first time, that enhanced
ACA IgA formation is a feature of CD; the presence
of ACA IgA was significantly higher as compared to
[22]
UC and HC. Previously only one study , involving
50 CD patients, evaluated the occurrence of ACA IgA.
However, the reported prevalence rate was much
lower than in the present study (6.0% vs 19.2%).
At the same time, occurrence of IgM and IgG class
ACA was studied more extensively in IBD, but several
studies provide only total prevalence rate for these
two ACA subtypes. Reported prevalence of total ACA
[21,22,25]
was widely varied both in CD (0.0%-36%)
and
[30,31]
UC (1.3%-20.0%)
which was 12.6% and 4.3%,
respectively in the present study. Studies evaluating
separately these two subtypes of ACA revealed that
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associations, but do not have predictive capability.
In the present study to enhance the potential clinical
value of these markers, we applied a prospective
study design, which enabled us to evaluate the
potential predictive capabilities of APLAs in respect
to complicated CD behavior and surgery. Predictive
ability for serum markers might be beneficial at any
time during the disease course but perform distinctly
by chance. Thus we formed two separate groups for
our CD cohort (1) complication and surgery naïve
CD patients; and (2) complication and/or surgery
experienced patients prior to sample procurement.
Several observations suggest that the presence of
perianal and internal penetrating disease signify
distinct phenotypes in CD concerning all the clinical,
[1,49]
serologic and genetic point of view
. Accordingly,
we evaluated B1p complication separately from B3
complication. However, APLA did not proved as a
predictive marker of the complicated disease in neither
clinically setting of CD. A clear strength of our study
was prospective follow-up design and the application
of the widest panel of currently available APLAs.
Due to low frequency of different thromboembolic
complications, we assessed the occurrence of these
events even from the diagnosis involving the period
prior to sample procurement as well. Development
of VT, AT and pregnancy loss, however, did not vary
according to APLA status.
At the same time, significant changes were found
in ACA IgA and ACA IgG positivity over time in patients
with CD. In rheumatology disorders, introduction
of TNF antagonists (adalimumab, infliximab, and
etanercept) was reported to induce production of
[50]
various types of autoantibodies, such as APLAs .
However such data are scarce in IBD. In a study by
[20]
Atzeni et al
involving 63 patients with CD, 5 (8%)
had ACA antibodies (mainly IgM) at baseline and two
additional patients developed these autoantibodies
during infliximab treatment with no apparent clinical
effect. Thus we investigated the possible role of the
TNF antagonists therapy in our prospective CD cohort.
Interestingly, the patients initially negative for ACA
developed ACA IgA or IgG positivity significantly more
frequently if they received anti-TNF therapy suggesting
a causative association. In the non-anti-TNF treated
subgroup of patients, the change of the ACA status is
less well understood and needs further clarification.
The pathogenic mechanism that changes the humoral
response leading to development of autoimmunity
during anti-TNF inhibitors therapy is unknown, but
[51]
various hypothesis have been proposed . One
hypothesis is that binding of anti-TNF antagonists to
the transmembrane and soluble TNF, rapidly lowering
TNF level and enhancing apoptotic cell death, which
triggers the development of autoantibodies. Further
investigations are warranted to elucidate whether
the new ACA appears associated with a worse clinical
outcome.

WJG|www.wjgnet.com

In conclusion, the present study demonstrated
enhanced formation of APLAs in CD patients. The
presence of the APLAs however was not associated
with the clinical phenotype, disease course, or risk
of venous thrombotic events during the prospective
follow-up.

COMMENTS
COMMENTS
Background

Enhanced serological antibody formation is a well-known feature of inflammatory
bowel diseases (IBD). A wide range of anti-microbial and autoantibodies have
been reported to be associated with either Crohn’s disease (CD) or ulcerative
colitis (UC) as well as with complicated disease course. Autoantibodies are
directed against various host proteins. Based on recent findings, their existence
might also be related to enhanced microbial challenge to the gut due to a
disturbed gut innate immune system and may trigger an exaggerated adaptive
immune response. Furthermore, these serological antibodies may also be
actively involved in the pathophysiology of inflammation in IBD. Antiphospholipid
antibodies (APLAs) are a prothrombotic group of antibodies acquired in various
inflammatory diseases. These antibodies comprise anti-cardiolipin (ACA), antiβ2-Glycoprotein-I (anti-β2-GPI), and anti-phosphatidylserine/prothrombin
antibodies (anti-PS/PT). Their association with clinical phenotype and disease
progression is still unclear in IBD. Even if non-prothrombotic, they may have
certain pathogenetic roles in several diseases as well.

Research frontiers

In IBD, available cross-sectional, mainly single-time point studies assessing
different aspects of APLAs, came to discrepant conclusions regarding
formation, prevalence, and stability of these antibodies. Their clinical
significance, including association to thrombotic events in IBD is also unclear.
Thus a comprehensive evaluation of the primary APLAs in a large prospectively
followed-up IBD cohort is required. Current advances may add a new spark to
the investigation of the role of anti-β2-GPI antibodies in the pathomechanism of
IBD.

Innovations and breakthroughs

This is the largest study to investigate prospectively the prevalence, type, and
clinical significance of multiple APLAs simultaneously in a cohort of IBD patients
to date. Three different antibodies were assessed by ELISA. Contrary to routine
laboratory practice, APLAs were identified by anti-IgA secondary antibody in
addition to anti-IgG and anti-IgM isotypes. Moreover, in the present study the
authors also provided an overview of relevant APLA studies in IBD. Although
they detected enhanced formation of APLAs in CD patients, the presence of the
APLAs was not associated with the clinical phenotype, disease course, or risk
of venous thrombotic events during the prospective follow-up. A clear strength
of this study was prospective follow-up design and the application of the widest
panel of currently available APLAs.

Applications

Previous studies investigating APLAs in IBD patients had certain shortcomings
resulting in an inconclusive, contradictory and confusing viewpoint regarding
their pathogenetic and clinical significance, as well as their predictive value.
Based on these large scale and extensive evaluation of APLAs they were not
proved as a predictive marker of the complicated disease course in neither
clinically settings of CD. Thromboembolic events were also not associated to
any individual or multiple APLA positivity. Therefore use of APLAs in everyday
practice and decision making cannot be recommended.

Terminology

APLAs are a prothrombotic group of antibodies acquired in various inflammatory
diseases. These ACA, anti-β2-GPI, and anti-PS/PT. Bacterial translocation is
defined as an enhanced passage of bacteria and/or bacterial products from the
intestinal tract to systemic circulation.

Peer-review

This article relooks at the role of APLAs in IBD and provides a small systematic
review of the currently available literature. The authors show the analysis of
APLAs in patients with IBD (n = 458) using prospective cohort study. The
manuscript has extensive information on APLAs. This is a well-designed and
conducted study and gives clear conclusion that despite increased occurrence
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of APLAs in IBD, they are not associated with disease phenotype including the
thrombosis and do not need further study unless a newer aspect comes in future.
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Abstract

control rates when patients were treated with a 2-wk
course of PPIs vs an 8-wk course, as recommended for
patients with NERD. In this multicenter, randomized, openlabel study, the 8-wk PPI regimen provided marginally
better symptom control and relief rates than the 2-wk
regimen, with a similar safety profile.

AIM: To compare symptom control with esomeprazole
regimens for non-erosive reflux disease and chronic
gastritis in patients with a negative endoscopy.
METHODS: This randomized, open-label study was
designed in line with clinical practice in China. Patients
with typical reflux symptoms for ≥ 3 mo and a negative
endoscopy who had a Gastroesophageal Reflux Disease
Questionnaire score ≥ 8 were randomized to initial
treatment with esomeprazole 20 mg once daily either
for 8 wk or for 2 wk. Patients with symptom relief
could enter another 24 wk of maintenance/on-demand
treatment, where further courses of esomeprazole 20
mg once daily were given if symptoms recurred. The
primary endpoint was the symptom control rate at week
24 of the maintenance/on-demand treatment period.
Secondary endpoints were symptom relief rate, success
rate (defined as patients who had symptom relief
after initial treatment and after 24 wk of maintenance
treatment), time-to-first-relapse and satisfaction rate.

Sun J, Yuan YZ, Hou XH, Zou DW, Lu B, Chen MH, Liu F, Wu
KC, Zou XP, Li YQ, Zhou LY. Esomeprazole regimens for reflux
symptoms in Chinese patients with chronic gastritis. World J
Gastroenterol 2015; 21(22): 6965-6973 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/6965.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.6965

INTRODUCTION
Gastro-esophageal reflux disease (GERD) can be
routinely diagnosed on the basis of typical reflux
[1]
symptoms . Approximately 60% of patients with
[2,3]
GERD have non-erosive reflux disease (NERD) ,
which is characterized by typical reflux symptoms and
normal esophageal findings.
Recent studies have shown that the prevalence of
[4,5]
GERD in Asia is increasing . In China, the majority
of patients with reflux symptoms are investigated
by endoscopy and, if no clear endoscopic findings
are identified, they are often diagnosed as having
chronic gastritis (CG) rather than NERD because this
diagnosis is thought to be more acceptable to the
patient. Patients are then treated according to the
recommended treatment algorithm for CG in China,
which involves a 2-wk course of proton pump inhibitors
(PPIs), rather than the treatment algorithm for NERD,
which involves a 8-wk course, as proposed by the
[6]
2007 Chinese GERD consensus statement .
The aim of this study was to compare symptom
control rates between the NERD regimen (8 wk of PPI
treatment) and the CG regimen (2 wk) in patients
who have typical reflux symptoms and a negative
endoscopy.

RESULTS: Based on the data collected in the modified
intention-to-treat population (MITT; patients in the ITT
population with symptom relief after initial esomeprazole
treatment, n = 262), the symptom control rate showed
a small but statistically significant difference in favor
of the 8-wk regimen (94.9% vs 87.3%, P = 0.0473).
Among the secondary endpoints, based on the data
collected in the ITT population (n = 305), the 8-wk
group presented marginally better results in symptom
relief after initial esomeprazole treatment (88.3% vs
83.4%, P = 0.2513) and success rate over the whole
study (83.8% vs 72.8%, P = 0.0258). The 8-wk
regimen was found to provide a 46% reduction in risk
of relapse vs the 2-wk regimen (HR = 0.543; 95%CI:
0.388-0.761). In addition, fewer unscheduled visits and
higher patient satisfaction supported the therapeutic
benefits of the 8-wk regimen over the 2-wk regimen.
Safety was comparable between the two groups, with
both regimens being well tolerated.
CONCLUSION: Chinese patients diagnosed with
chronic gastritis achieved marginally better control of
reflux symptoms with an 8-wk vs a 2-wk esomeprazole
regimen, with a similar safety profile.

MATERIALS AND METHODS
Study design

Key words: Esomeprazole; Non-erosive reflux disease
regimen; Chronic gastritis regimen; Symptom control
rate

This multicenter, randomized, open-label phase IV
study (clinicaltrials.gov study code: D9612L00127)
was conducted in 10 centers in China. The study was
performed in accordance with the ethical principles
that have their origin in the Declaration of Helsinki and
that are consistent with International Conference on
Harmonization/Good Clinical Practice guidelines. All
participants gave written informed consent before any
study procedures were performed.

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

Core tip: In China, physicians tend to perform endoscopies
on patients presenting with typical symptoms of gastroesophageal reflux disease, such as reflux or heartburn.
If endoscopy findings are negative, patients are usually
diagnosed with chronic gastritis rather than non-erosive
reflux disease (NERD) and treated with a 2-wk course of
proton pump inhibitors (PPIs). We compared symptom
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Patients

Adult patients (aged 18-75 years) with a Gastro
esophageal Reflux Disease Questionnaire (GerdQ) score
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≥ 8 were enrolled if they had typical reflux symptoms

drugs. If the first relapse occurred after week 8, the
patient was withdrawn from the study and treated
according to standard clinical practice. In the 2-wk
group, patients were treated with another 2-wk course
of esomeprazole 20 mg once daily if their symptoms
recurred. In this group, there was no limitation on the
number of repeated treatments that could be given
during the 24-wk maintenance period. As with the 8-wk
group, hospital visits were not considered unscheduled
if their purpose was to obtain on-demand drugs.

(i.e., heartburn, regurgitation or both) as their main
gastrointestinal symptoms for ≥ 3 mo. Patients
were required to have undergone endoscopy in the
2 wk before randomization, without any endoscopic
findings. The main exclusion criteria were as follows:
involvement in the planning and/or conduct of the
study; previous enrollment or randomization in the
present study; participation in another clinical study with
an investigational product during the last 3 mo; and
endoscopically visible reflux esophagitis, esophageal
varices, Barrett’s esophagus, malignancy or peptic
ulcer. Patients were ineligible if they had: unintentional
weight loss > 3 kg in the previous 3 mo; hematemesis,
melena or per-rectum blood loss in the previous
year; progressive dysphagia, anemia or any other
symptom suggestive of malignancy; PPI or histamine-2
receptor antagonist (H2RA) therapy in the 2 wk before
enrollment; known intolerance/allergy to PPIs; or history
of esophageal, gastric or duodenal surgery.
Treatment of Helicobacter pylori (H. pylori) infection
was not allowed during the study. If H. pylori infection
was detected, treatment could start after the final visit,
as assessed by the investigator.

Assessments

In the 2-wk and 8-wk treatment periods, assessments
occurred at screening (0 wk), and then at 2 and 8 wk,
respectively. There were three scheduled visits (at 8,
16 and 24 wk) during the 24-wk maintenance/on[7]
demand period. GerdQ was administered when the
patients entered the study and at the week-8, week-16
and week-24 visits to assess symptom control status
in the 7 d before each visit.
The primary endpoint was defined as the symptom
control rate at week 24 of the maintenance/ondemand period. Symptom control was defined as a
score ≤ 1 for GerdQ items relating to frequency of
heartburn, regurgitation, nocturnal reflux and rescue
medication use.
Secondary endpoints included symptom relief rate,
success rate, time-to-first-relapse and satisfaction.
Symptom relief was defined as no more than 1 d with
mild symptoms of GERD during the past 7 d, which
was reported retrospectively by the patient. Success
was defined as symptom relief after initial treatment
and symptom control at 24 wk of maintenance
treatment. Symptom relief rate and success rate
were used as efficacy variables for initial and overall
treatment, respectively. Time-to-first-relapse was
defined as the period from the date of the last dose
of initial treatment to the date when for the first
time the patient visited the investigator owing to
symptom relapse. Unscheduled visits were indicated
by the recurrence of a patient’s symptoms, need for
extra treatment or medical consultation. Satisfaction
rate was self-reported using a 7-point scale, which
showed the patients’ subjective attitudes towards both
regimens.
Safety assessments included monitoring of serious
adverse events (AEs) and discontinuation due to AEs
of any severity.

Treatments

Patients who met the inclusion criteria were randomized
into either the 8-wk treatment group or the 2-wk
treatment group. Treatment of the 8-wk group was
divided into two phases on the basis of the 2007
[6]
Chinese consensus on GERD : initial treatment phase
and maintenance/on-demand phase. Treatment of the
2-wk group was designed to reflect treatment practice
in China.
For the initial phase, patients were randomized to
treatment with esomeprazole 20 mg once daily for 8
wk or 2 wk. Patients with symptom relief (defined as no
more than 1 day with mild symptoms of GERD during the
past 7 d) at the end of the initial 2- or 8-wk treatment
phase entered a 24-wk maintenance/on-demand phase.
The total study period was therefore 26 wk for the CG
regimen and 32 wk for the NERD regimen.
During the maintenance/on-demand phase, patients
were given esomeprazole if their symptoms relapsed
(i.e., they had a recurrence of their symptoms that
was sufficient to require treatment in the opinion of
the investigator). In the event of symptom relapse
in the 8-wk group, patients were instructed to take
esomeprazole 20 mg once daily for at least 3 d
consecutively until symptom control was reached. If
relapse occurred before week 8 of the on-demand/
maintenance period, patients received 14 tablets of
esomeprazole at each of the scheduled week 8 and
week 16 visits. If this was not sufficient, patients were
instructed to visit the study center to receive extra
tablets. Such visits were not considered unscheduled
if their purpose was limited to obtaining on-demand

WJG|www.wjgnet.com

Statistical analysis

The required sample size was calculated based on
clinical experience, as there were insufficient data
available from past studies for the symptom control
rates in both treatment regimens to be estimated. With
a total of 170 evaluable patients, 85 in the 8-wk group
and 85 in the 2-wk group, the power would be greater
than 80% to detect a difference of 20% in symptom
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Screened (n = 311)
Patients diagnosed with CG based on typical
reflux symptoms and a negative endoscopy
Randomized (n = 305)
Patients diagnosed with CG based on typical
reflux symptoms and a negative endoscopy

8-wk regimen (n = 154)
Esomeprazole 20 mg every day

2-wk regimen (n = 151)
Esomeprazole 20 mg every day

Discontinued (n = 11)
Adverse events: n = 5
Lost to follow-up: n = 3
Ineligible: n = 2
Non-compliant: n = 1

Discontinued (n = 1)
Adverse events: n = 1

No symptom relief
(n = 24)

No symptom relief (n = 7)

24 wk maintenance (n = 136)
Esomeprazole 20 mg every day
on demand

Symptom relief but did not
enter maintenance
(n = 2)

24 wk maintenance (n = 124)
Esomeprazole 20 mg every day for
2 wk when symptoms recur

Discontinued (n = 2)
Lost to follow-up: n = 1
Patient decision: n = 1

Discontinued (n = 1)
Non-compliant: n = 1

Completed (n = 135)

Completed (n = 122)

Figure 1 Study flow diagram. Only patients whose symptoms resolved after 8 or 2 wk of treatment entered the 24-wk maintenance/on-demand period. CG: Chronic
gastritis.

control rates between two treatment groups at a
2-sided significance level of 0.05 using Fisher’s exact
test, assuming that symptom control rates were about
66% in the 2-wk group and 86% in the 8-wk group
(in reference to data from the as-yet unpublished BUNEG-0005 study, which used the same definition of
symptom control as the present study). Considering
PPI response rates of around 70% and drop-out rates
of around 20%, approximately 300 patients needed to
be randomized.
Analysis on efficacy endpoints was performed for
the intention-to-treat (ITT) population (all randomized
patients who received at least one dose of study
medication), the modified intention-to-treat (MITT)
population (patients in the ITT population with
symptom relief after initial esomeprazole treatment)
and the per-protocol population (patients in the ITT
population without significant protocol deviations/
violations), with the MITT as the primary analysis

WJG|www.wjgnet.com

population. The safety population was defined as all
patients who took at least one dose of trial medication
and for whom post-dose data were collected.
All treatment comparisons were two-sided and
the nominal level of significance was 5%. The Fisher’s
exact test was used to analyze the primary efficacy
endpoint of symptom control rate at 24 wk in the MITT
population and the secondary efficacy endpoints of
symptom relief rate at initial treatment and success
rate in the whole regimen, both of which were
analyzed using the ITT population. The Kaplan-Meier
[8]
survival analysis method and the log-rank test were
used to assess time-to-first-relapse. A weighted leastsquares regression analysis was also performed to
compare mean number of unscheduled visits between
the two regimens. Comparison of patients who were
satisfied (scores of 1-4) or very satisfied (scores of 1-2)
in the groups at 24 wk was performed using Fisher’s
exact test.
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Table 1 Patient demographic and baseline clinical characteristics n (%)
ITT (n = 305)

Parameter
Age, yr, mean ± SD
Sex
Men
Women
Symptom
Heartburn
Regurgitation
Duration, mo, mean ± SD
Heartburn
Regurgitation
HP test positive
GerdQ score, mean ± SD

MITT (n = 262)

8-wk group

2-wk group

Total

8-wk group

2-wk group

Total

45.9 ± 12.72

44.9 ± 13.12

45.4 ± 12.91

45.3 ± 12.88

45.1 ± 13.36

45.2 ± 13.09

80 (51.9)
74 (48.1)

54 (35.8)
97 (64.2)

134 (43.9)
171 (56.1)

74 (54.4)
62 (45.6)

46 (36.5)
80 (63.5)

120 (45.8)
142 (54.2)

142 (92.2)
138 (89.6)

136 (90.1)
135 (89.4)

278 (91.1)
273 (89.5)

126 (92.6)
124 (91.2)

113 (89.7)
113 (89.7)

239 (91.2)
237 (90.5)

36.3 ± 56.47
36.4 ± 56.72
48 (31.2)
10.7 ± 1.78

35.8 ± 49.05
34.9 ± 47.41
44 (29.1)
10.4 ± 1.89

36.1 ± 52.87
35.6 ± 52.24
92 (30.2)
10.5 ± 1.84

39.0 ± 59.20
38.4 ± 59.28
39 (28.7)
10.7 ± 1.76

39.1 ± 52.55
37.7 ± 50.71
35 (27.8)
10.4 ± 1.94

39.0 ± 56.04
38.1 ± 55.24
74 (28.2)
10.6 ± 1.85

GerdQ: Gastroesophageal Reflux Disease Questionnaire; ITT: Intention-to-treat; MITT: Modified intention-to-treat.

P = 0.0473
100

94.9

Proportion of patients (%)

87.3

P = 0.2513
88.3

83.4

80

24 wk of maintenance/on-demand treatment (MITT
population) in the 8-wk and 2-wk groups were 94.9%
(129/136) and 87.3% (110/126), respectively, with
a significant difference favoring the 8-wk regimen (P
= 0.0473; Figure 2). The proportions of patients with
symptom relief after the initial phase of treatment
(ITT population) in the 8-wk and 2-wk groups were
88.3% (136/154) and 83.4% (126/151), respectively;
this result numerically favored the 8-wk regimen
with no significant difference (P = 0.2513; Figure 2).
With regard to success rates in the whole study (ITT
population), 83.8% (129/154) and 72.8% (110/151)
of patients in the 8-wk and 2-wk groups, respectively,
had successful symptom control, with a significant
difference favoring the 8-wk regimen (P = 0.0258;
Figure 2).
A total of 136 patients in the 8-wk group and 126
patients in the 2-wk group (MITT population) were
included in the survival analysis. The median timeto-first-relapse for patients in the 2-wk group was 57
d, and the median for patients in the 8-wk group had
not been reached at the end of the study. There were
59 patients with relapse in the 8-wk group (43.4%)
and 80 (63.5%) in the 2-wk group. Significantly more
patients in the 8-wk regimen stayed relapse-free in
the maintenance/on-demand phase than in the 2-wk
regimen (68.4% vs 50.6%, P = 0.003 at week 8;
63.2% vs 44.1%, P = 0.0016 at week 16; 56.3%
vs 36.6%, P = 0.0012 at week 24). A log-rank test
showed that symptom relapse occurred significantly
later in the 8-wk group than in the 2-wk group (P =
0.0003; Figure 3). To quantify the reduction in risk
of relapse with the 8-wk regimen, a post hoc Cox
regression analysis with the treatment as the only
covariate was performed and showed a 46% reduction
(hr = 0.543; 95%CI: 0.388-0.761).
The proportions of patients who were satisfied or
very satisfied with their symptom control after 24 wk
of maintenance were significantly higher in the 8-wk
group than in the 2-wk group (100% vs 96%, P =

P = 0.0258
83.8
72.8

60
40
20
0
Symptom control
at 24 wk'
maintenance
treatment
(MITT population)

Symptom relief
after initial
treatment phase
(ITT population)

Symptom control
for study duration
(ITT population)

Figure 2 Efficacy of 8-wk and 2-wk regimens. ITT: Intention-to-treat; MITT:
Modified intention-to-treat.

RESULTS
In total, 154 patients were randomized into the 8-wk
group and 151 into the 2-wk group (Figure 1). The
patients were enrolled from April 2010 to June 2011.
Six patients discontinued treatment owing to AEs (five
in the 8-wk group and one in the 2-wk group; Figure
1). The completion rates for the initial 8- and 2-wk
treatment phases were 92.9% (143/154) and 99.3%
(150/151), and the completion rates for the whole
study were 87.7% (135/154) and 80.8% (122/151),
respectively.
Overall, both groups were generally comparable
between ITT and MITT populations with respect to
baseline GERD characteristics. Patient demographics
were well balanced between both regimens except for
sex (Table 1).

Efficacy

The proportions of patients with symptom control after
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Table 2 Adverse events leading to discontinuation of study medication, and their relationship to study medication n (%)
2-wk group (n = 151)
Patients with at least one AE
Gastrointestinal disorders
Nausea
Abdominal discomfort
Constipation
Frequent bowel movements
Abdominal pain, upper
Eye disorders
Vision blurred
Musculoskeletal and connective tissue disorders
Back pain
Renal and urinary disorders
Dysuria
Respiratory, thoracic and mediastinal disorders
Cough

8 wk group (n = 154)

Total (n = 305)

Mild

Moderate

Mild

Moderate

Mild

Moderate

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

1 (0.7)
0
0
0
0
0
0
0
0
1 (0.7)
1 (0.7)
1 (0.7)
1 (0.7)
0
0

3 (1.9)
3 (1.9)
1 (0.6)1
1 (0.6)1
0
1 (0.6)1
0
1 (0.6)
1 (0.6)
0
0
0
0
0
0

2 (1.3)
2 (1.3)
2 (1.3)2
1 (0.6)1
1 (0.6)1
0
1 (0.6)1
0
0
0
0
0
0
1 (0.6)
1 (0.6)

3 (1.0)
3 (1.0)
1 (0.3)
1 (0.3)
0
1 (0.3)
0
1 (0.3)
1 (0.3)
0
0
0
0
0
0

3 (1.0)
2 (0.7)
2 (0.7)
1 (0.3)
1 (0.3)
0
1 (0.3)
0
0
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)

1

Related to study medication; 2One case related to study medication. One patient was counted at most once per category.

1.0

8-wk regimen
2-wk regimen

Probability of survival

0.8
0.6
0.4
0.2
log-rank P = 0.0003
0.0

0

50

100

150

200

Time to first relapse (d)
8-wk regimen
2-wk regimen

Subjects, n
136
126

Events, n (%)
59 (43)
80 (63)

Censored, n (%)
77 (57)
46 (37)

Survival, median (95%CI)
NA (149-NA)
57 (41-124)

Figure 3 Kaplan-Meier survival curves showing time-to-first-relapse of gastro-esophageal reflux disease symptoms (modified intention-to-treat
population). GERD: Gastro-esophageal reflux disease; MITT: Modified intention-to-treat.

0.0247; 48.5% vs 24.6%, P < 0.0001, respectively).

to the 2-wk regimen. Several previous studies have
suggested that patients with NERD are less responsive
[9-11]
to PPIs than patients with reflux esophagitis
;
however, the high rate of symptom control found in
both arms of our study suggests that patients with
NERD can be responsive to highly effective PPIs such
as esomeprazole.
The study design for the 8-wk regimen in our study
was similar to that in the esomeprazole group of the
[12]
COMMAND study , which compared on-demand
treatment with esomeprazole 20 mg with continuous
therapy with lansoprazole 15 mg in patients with
NERD in the United Kingdom. In the COMMAND study,
after 4 wk of initial treatment and 6 mo of on-demand
treatment, more than 85% of patients reported to
have no or only mild symptoms in the previous 7
d, while the results from the 8-wk arm in our study
indicated that 94.9% of patients achieved symptom

Safety

Both regimens were well tolerated. No serious AEs or
deaths were reported in this study (Table 2). A total of
five patients from the 8-wk group discontinued owing
to AEs that were of mild or moderate intensity, while
one patient in the 2-wk group discontinued owing to
two AEs of moderate intensity.

DISCUSSION
This study compared the efficacy of an 8-wk regimen
of esomeprazole 20 mg once daily vs a 2-wk regimen
in patients with typical reflux symptoms and a
negative endoscopy. Our results showed that high
rates of symptom control were seen in both groups,
but that the 8-wk regimen was significantly superior
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control after 24 wk. This suggests the superiority of at
least 8 wk of initial treatment with esomeprazole over
either 2 or 4 wk of initial treatment.
With regard to symptom relief rate in the present
study, a numerically higher symptom relief rate of
88.3% was observed for the 8-wk regimen vs 83.4%
in the 2-wk regimen. This finding is in line with the
hypothesis raised in a randomized, double-blind study
of esomeprazole compared with rabeprazole, which
found that by extending the duration of initial therapy
beyond 4 wk more patients would have symptom
[13]
[12]
relief . In the COMMAND study , after the initial
2 wk of treatment, 47% of patients had complete
resolution of GERD symptoms for 7 consecutive days.
This increased to 77% of patients after treatment for
[12]
4 wk . Symptom relief rate in our study was higher
numerically; however, our definition of symptom relief
did allow 1 d with mild symptoms of GERD during the
past 7 d, so a higher rate should be expected. Success
rate was also analyzed across the whole duration of
our study with a statistically significant difference
of 10.9% favoring the 8-wk regimen over the 2-wk
regimen (P = 0.0258).
In clinical practice, therapeutic options are mainly
[14]
driven by relapse frequency , and one possible
limitation of on-demand therapy is that it allows
[15]
symptoms to recur . Therefore, relapse has become
a crucial predictor of the efficacy of initial treatment for
most patients with NERD. In our study, we observed
relapse rates of 63.5% and 43.4% in the 2-wk and
8-wk groups, respectively, showing that fewer relapses
occurred in the 8-wk group. Time-to-first-relapse was
also measured as another quantitative endpoint to
analyze the effectiveness of initial treatments. The
longer the time-to-first-relapse, as demonstrated in
the 8-wk group, the better the efficacy of the regimen
was. Moreover, the median time-to-first-relapse for
patients in the 8-wk group had not been reached at
the time of analysis, supporting the superiority of that
treatment regimen.
Patient satisfaction evaluation in NERD studies
[16]
has been used as an important outcome measure .
Ideally, this should be evaluated using a validated
[17]
questionnaire . In our study, a questionnaire on
patient satisfaction was measured on a 7-point scale,
and a higher level of patient satisfaction was reported
with the 8-wk regimen than the 2-wk. However,
it should be noted that the satisfaction rates were
very high in both regimens, with 100% in the 8-wk
group and 96.0% in the 2-wk group, so this finding
should not be over-interpreted. In the COMMAND
[12]
study , a high satisfaction rate (93.2%) suggested
that a transient recurrence of heartburn symptoms
(predominantly mild in severity) was only a minor
inconvenience to patients. It may also be attributed
to the nature of on-demand treatment, which enabled
patients to feel more in control of their treatment and
[12]
tailor it to their own particular needs . On-demand
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treatment may be more acceptable to patients than
the requirement to take medication every day on a
[10]
long-term basis .
In placebo-controlled trials, esomeprazole 20 mg
on demand has been shown to be effective and well
tolerated in the maintenance of symptom control in
[18,19]
patients with NERD
. In the present study, more
patients discontinued from the 8-wk than the 2-wk
treatment arm, which may have been the result of the
different drug exposures in the treatment period and
the difference in assigning maintenance/on-demand
treatment in both groups. However, it should be
noted that few patients discontinued from either arm.
Overall, no safety concerns were associated with the
use of esomeprazole 20 mg once daily for up to 8 wk
followed by a 24-wk esomeprazole 20 mg once daily
maintenance/on-demand treatment.
A key strength of this study is that it is the first
randomized, comparative, clinical trial of patients with
NERD ever conducted in China, and that it was designed
on the basis of the 2-phase treatment algorithm
proposed by the 2007 Chinese consensus statement
[6]
on GERD . The main limitation of our study lies in the
[20]
open-label design, which may lead to bias . We tried
to minimize the possibility of bias by rigorous qualitycontrol management. In terms of the randomization,
[12]
unlike the COMMAND study , where randomization
was set after the initial phase, we performed the
randomization before the initial phase. We believe
the potential bias arising from this randomization is
limited as the MITT patients showed a well-balanced
demographic and clinical characteristic profile that was
similar to that of ITT patients. However, the proportion
of women was higher in the 2-wk group than in the 8-wk
group. The implications of this are unclear. A further
limitation is that satisfaction rates were measured with
a patient-reported questionnaire that used a 1-wk
recall period and are therefore subject to greater self[21]
reporting bias than if a daily diary had been used .
In conclusion, in Chinese patients who have typical
reflux symptoms and a negative endoscopy, 8 wk
of treatment with esomeprazole provides marginally
better symptom control and symptom relief rates than
a 2-wk regimen, with a similar safety profile.
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disease (GERD) in Asia is increasing. In China, physicians tend to perform
endoscopies on patients presenting with typical symptoms of GERD, such as
reflux or heartburn. If endoscopy findings are negative, patients are usually
diagnosed with chronic gastritis rather than non-erosive reflux disease (NERD)
because this diagnosis is thought to be more acceptable to both the doctor and
the patient. These patients are then given the recommended treatment regimen
for chronic gastritis [a 2-wk course of proton pump inhibitors (PPIs)] rather than
the regimen for NERD (an 8-wk course of PPIs)
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satisfaction supported the therapeutic benefits of the 8-wk regimen over the 2-wk
regimen. Safety was similar between the two groups, with both regimens being
well tolerated.
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treatment of GERD.
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mainstay of pharmacological treatment for GERD.
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study considers the comparison of symptom control between the recommended
PPI treatment regimens for non-erosive reflux disease (8 wk) and chronic
gastritis (2 wks) in 305 Chinese patients who have typical reflux symptoms and
negative endoscopy. This study confirms that the 8-wk PPI regimen provided
marginally better symptom control and relief rates than the 2-wk regimen, with
a similar safety profile. This study is making a great contribution to randomized
clinical trial studies leading to optimization of GERD treatment.
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ORIGINAL ARTICLE
Clinical Trials Study

Detection of superficial esophageal squamous cell neoplasia
by chromoendoscopy-guided confocal laser endomicroscopy
Jin Huang, Yun-Sheng Yang, Zhong-Sheng Lu, Shuang-Fang Wang, Jing Yang, Jing Yuan
Jin Huang, Department of Gastroenterology and Hepatology,
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Yun-Sheng Yang, Zhong-Sheng Lu, Shuang-Fang Wang,
Jing Yang, Department of Gastroenterology and Hepatology,
Chinese PLA General Hospital, Beijing 100853, China
Jing Yuan, Department of Pathology, Chinese PLA General
Hospital, Beijing 100853, China

chromoendoscopy-guided confocal laser endomicroscopy
(CLE) in detecting superficial esophageal squamous cell
neoplasia (ESCN).
METHODS: Between December 2008 and September
2010, a total of 52 patients were enrolled at the
Chinese PLA General Hospital in Beijing, China. First,
Lugol’s chromoendoscopy-guided CLE was performed
in these patients and the CLE in vivo histological
diagnosis was recorded. Then, chromoendoscopyguided biopsy was performed in the same patients
by another endoscopist who was blinded to the CLE
findings. Based on the biopsy and CLE diagnosis, en
bloc endoscopic resection was performed. The CLE
in vivo diagnosis and the histological diagnosis of
biopsy of ESCN were compared, using a histological
examination of the endoscopic resection specimens as
the standard reference.
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RESULTS: A total of 152 chromoendoscopy-guided
biopsies were obtained from 56 lesions. In the 56
lesions of 52 patients, a total of 679 CLE images
were obtained vs 152 corresponding biopsies. The
sensitivity, specificity, negative predictive value and
positive predictive value of chromoendoscopy-guided
CLE compared with biopsy were 95.7% vs 82% (P <
0.05), 90% vs 70% (P < 0.05), 81.8% vs 46.7% (P <
0.05), and 97.8% vs 92.7% (P > 0.05), respectively.
There was a significant improvement in sensitivity,
specificity, negative predictive value, and accuracy
when comparing chromoendoscopy-guided CLE with
biopsy.
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CONCLUSION: Lugol’s chromoendoscopy-guided
CLE is a real-time, non-invasive endoscopic diagnostic
technology; the accuracy of the detection of superficial
ESCN is equivalent to or may be superior to biopsy
histology.

Abstract
AIM: To evaluate the diagnostic potential of Lugol’s
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cell neoplasm; Confocal endomicroscopy; Endoscopic
submucosal dissection; Chromoendoscopy

pathology to confirm the diagnosis .
Confocal laser endomicroscopy (CLE) is a new
approach. This technique allows not only the obser
vation of living cells and tissue but also of the vascular
networks of the mucosal layer in the gastrointestinal
[4]
tract during ongoing endoscopy . With 1000-fold
magnification ability, this technique enables the
visualization of cells of the esophageal squamous
epithelium and intraepithelial papillary capillary loops
(IPCLs).
En bloc endoscopic resection (ER) is desirable
for accurate histopathological assessment of tissue
specimens obtained using endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection
(ESD). ER is well-recognized as the standard treatment
for superficial ESCC in situ.
The purpose of this study was to determine
the diagnostic potential of CLE combined with LIC
in detecting superficial ESCN, using histological
examination of en bloc ER specimens as the standard.

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

Core tip: The aim of the present study was to determine
the diagnostic potential of confocal laser endomicroscopy
(CLE) combined with Lugol’s iodine chromoendoscopy
in detecting superficial esophageal squamous cell
neoplasia (ESCN). Lugol’s chromoendoscopy-guided
CLE was performed in 52 enrolled patients. In the
same patients, chromoendoscopy-guided biopsy was
performed by another endoscopist. A comparison
of the detection rates between the CLE finding and
biopsy was performed. The sensitivity, specificity,
negative predictive value and positive predictive
value of chromoendoscopy-guided CLE were 95.7%,
90%, 81.8% and 97.8%, respectively. There was a
statistically significant difference in the detection of
dysplasia between chromoendoscopy-guided CLE and
biopsy. Lugol’s chromoendoscopy-guided CLE is a realtime, non-invasive endoscopic diagnostic technology;
the accuracy of the detection of superficial ESCN is
equivalent to or may be superior to biopsy histology.

MATERIALS AND METHODS
Patients

The inclusion criteria were patients aged 18-80 years
whose endoscopic appearance of the esophageal lesion
[5]
was type 0-Ⅱ according to the Paris classification .
The exclusion criteria were patients who did not provide
informed consent and were allergic to fluorescein, and
those who had other co-existing cancers.
The study was performed as a single-center study
at the Chinese PLA General Hospital in Beijing, China.
The protocol was approved by the medical ethical
committee of the Chinese PLA General Hospital and
the clinical study was registered as a clinical trial
(Registry No. NCT01156064 and No. NCT01378507).

Huang J, Yang YS, Lu ZS, Wang SF, Yang J, Yuan J. Detection
of superficial esophageal squamous cell neoplasia by
chromoendoscopy-guided confocal laser endomicroscopy. World
J Gastroenterol 2015; 21(22): 6974-6981 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/6974.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.6974

INTRODUCTION
Esophageal carcinoma is one of the most aggressive
tumors and has a poor prognosis; it is the eighth
[1]
leading cause of cancer-related death worldwide .
The morbidity and mortality rates associated with
esophageal carcinoma are the highest in China.
Squamous cell carcinoma and adenocarcinoma are the
most common types of esophageal carcinoma. The
former has always been the dominant histological type
of esophageal cancer in China. Since most patients
are diagnosed when the cancer has grown quite large
or has spread to lymph nodes or other structures, the
prognosis for esophageal squamous cell carcinoma
(ESCC) is poor. Superficial esophageal squamous cell
neoplasia (ESCN) is usually asymptomatic and curable
if detected early, so early detection is the key to
reducing the high mortality of ESCC.
Lugol’s iodine chromoendoscopy (LIC) is an easy
and inexpensive method that improves the detection
of dysplastic lesions of the esophagus. This simple
technique is highly sensitive for identifying squamous
lesions but has a low specificity and requires biopsy

WJG|www.wjgnet.com

Endoscopic procedures

Between December 2008 and September 2010,
448 patients underwent upper gastrointestinal (GI)
endoscopy and Lugol’s iodine test during endoscopy at
the Department of Gastroenterology and Hepatology in
our hospital. Areas unstained for Lugol’s iodine in the
esophageal mucosa were revealed in 79 patients. CLE
scanning for Lugol-voiding areas was carried out in 52
patients (Figure 1). A single endoscopist was engaged
in the procedures of CLE combined with Lugol’s
staining. The CLE endoscopist had gained experience
with the CLE system for at least three months before
the initiation of the study (Huang J). The CLE images
were collected in real-time during the procedure, and
the CLE in vivo histological diagnosis was recorded
shortly after the procedure. Biopsy combined with
Lugol’s staining chromoendoscopy (mainframe: CLV260SL, endoscope: GIF-H260, Tokyo, Japan) was
performed by another experienced endoscopist (Lu
ZS) who was blinded to the CLE diagnosis. En bloc ER
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Endoscopy and Lugol’s iodine chromoendoscopy
December 2008 to September 2010 (n = 448)

Lugol’s stained (n = 369)

Lugol’s unstained areas (n = 79)

Co-existing other cancers (n = 11)
No en bloc ER (n = 16)

Enrolled 56 lesions in 52 patients who undrerwent biopsy, CLE
scanning and en bloc ER

Figure 1 Flow chart of lesion recruitment. All the endoscopic procedures were performed with the patients under conscious sedation with intravenous midazolam,
propofol, fentanyl, or pethidine. Cardiorespiratory function was continually monitored throughout the procedure. CLE: Confocal laser endomicroscopy; ER: Endoscopic
resection.

was performed in 52 patients.

was used to treat neoplastic lesions > 1.5 cm. The
typical ESD procedure involved marking, incision, and
submucosal dissection with simultaneous hemostasis.
After making several marking dots outside the
lesion, a saline solution containing epinephrine (0.01
mg/mL) and indigo carmine was injected into the
submucosal layer. A circumferential incision was made
in the mucosa using a needle-knife (KD-1L; Olympus
Optical Co., Ltd., Tokyo, Japan) or an IT-knife (KD610L; Olympus Optical Co., Ltd., Tokyo, Japan). The
submucosal layer was dissected directly, mainly with
the IT-knife, until complete removal was achieved.
Endoscopic hemostasis was performed either with
the knife or hemostatic forceps (FD-410LR; Olympus
Optical Co., Ltd., Tokyo, Japan) whenever bleeding
was noted. After dissection, preventive endoscopic
hemostasis was performed for any oozing or exposed
vessel. Only en bloc ER was included in order to
completely capture the histopathologic examination.

CLE

The CLE system used was an integrated confocal
laser endomicroscope (Pentax Co. Ltd., Mainframe:
ISC-1000, endoscopy: EC-3878K, Tokyo, Japan) which
combines a confocal laser microscope into the distal
tip of a conventional video endoscope, thus enabling
confocal microscopy in addition to standard video
endoscopy. The scanning rate of the confocal images
was 0.8 frames/s (1024 × 1024 pixels) or 1.6 frame/s
(1024 × 512 pixels); the optical slice thickness of each
scan was 4 μm, the resolution was 0.7 μm, and the
maximum depth for observation was 250 μm. During
the endoscopic examination, 5 mL of 10% fluorescein
sodium was administered via intravenous injection,
and the confocal laser scanning system was used to
observe the blood vessels, cellular and subcellular
structures of Lugol stained areas. CLE images were
collected using a foot pedal. All lesions were diagnosed
correctly by endomicroscopy in accordance with
[6]
the criteria previously described . The CLE in vivo
histological diagnosis was identified as non-neoplasm
or neoplasm.

Histopathologic examination

Biopsies were obtained by standard biopsy forceps from
the Lugol-voiding areas. The resected (EMR or ESD)
specimen was stretched out and pinned to a soft board
with the oral and anal orientations clearly marked, and
then measured. The specimen was fixed in a 10%
formaldehyde solution, continuously sectioned at 2
mm from the proximal end to the distal end, paraffin
embedded, and stained with hematoxylin and eosin
(HE). Before sectioning, one side of the specimen was
marked with ink. Then, all slides were checked under
the microscope from the side with the ink mark to the
other side, to observe the histological type.
The biopsy and resected specimens were evaluated
by an experienced GI pathologist (Wei LX). The
histological diagnosis was identified as inflammation,

En bloc ER

Once the diagnosis of ESCN was confirmed by either
CLE or biopsy, en bloc ER was performed by a single
endoscopist (Lu ZS) who had gained experience
with more than 50 ESD and 100 EMR of esophageal
lesions before performing ESD on any patient in this
study; the endoscopist controlled the single-channel
endoscope (GIFQ260J; Olympus Optical Co, Ltd,
Tokyo, Japan).
The transparent distal translucent cap EMR (EMR-C)
[7]
method was used to resect lesions < 1.5 cm. ESD
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A

B

Figure 2 Confocal laser endomicroscopy images of esophageal superficial squamous cell neoplasia. A: Confocal laser endomicroscopy (CLE) scanning;
squamous cells (yellow arrow) are homogeneous, while the indicated squamous cells (red arrow) are irregularly arranged with a distinct size and morphology.
Capillary leakage of fluorescein sodium is observed; B: Pathological images; the yellow arrow indicates homogeneous cells; the red arrow indicates disordered cell
arrangement. The cells have a distinct size and morphology, which is in accordance with CLE.

five were confirmed to be neoplasms. The sensitivity,
specificity, negative predictive value (NPV) and positive
predictive value (PPV) of chromoendoscopy were
89.1%, 90%, 64.3% and 97.6%, respectively.

low-grade intraepithelial neoplasia (LGIN), high-grade
intraepithelial neoplasia (HGIN) or ESCC.

Statistical analysis

Experimental data were recorded and saved in
Microsoft Excel 2003. All statistical analyses were
performed using the SPSS 13.0 software for Windows
(SPSS Inc., Chicago, IL, United States). For descriptive
statistics, mean ± SD was used in the case of a
2
normal distribution of variables. A Pearson χ test
was applied to compare the sensitivity and specificity
of chromoendoscopy-guided CLE and biopsy in
the diagnosis of ESCN. A significant difference was
assumed for P < 0.05.

CLE

A total of 679 CLE images were obtained from
the 56 lesions. Regular squamous epithelium was
characterized by regular IPCLs and homogenous
epithelial cells with regular architecture and clear
[6,8]
borders . Neoplastic lesions in the esophagus were
characterized by irregular IPCLs and heterogeneous
epithelial cells with irregular architecture, varying
sizes and invisible borders (Figure 2). Various types
of irregular IPCLs including dilatation, twist, caliber
change and various shape changes were observed in
the CLE images (Figure 3). The mean duration of the
CLE procedure was 20 ± 13 min, including staining
with Lugol’s solution in a total of 56 Lugol-voiding
areas.

RESULTS
Patients

A total of 56 lesions in 52 patients were enrolled for the
study, including 16 females and 36 males (mean age,
60.5 years; range, 43-78 years). Five lesions were
located in the cervical and upper thoracic esophagus,
40 in the middle thoracic esophagus, and 11 in the
lower thoracic esophagus and abdominal esophagus.
The mean size of the lesions was 2.3 cm (range, 1.0-6.0
cm).
Inflammation and LGIN by histologic diagnosis
and non-neoplasm by CLE in vivo diagnosis classified
the low-risk group, while HGIN or ESCC by histologic
diagnosis and neoplasm by CLE comprised the highrisk group.

Histopathology

Histological examination of en bloc ER specimens
revealed that 46 of the 56 lesions had HGIN or ESCC
in situ. Inflammation and LGIN of biopsy histologic
diagnosis were classified as the non-neoplasms, while
HGIN or ESCC in situ indicated neoplasms.
A total of 152 chromoendoscopy-guided biopsies
were obtained from the 56 lesions. The biopsy
histopathologic assessment revealed the presence of
neoplasms in 41/56 lesions, which was confirmed by
histopathologic analyses of en bloc ER specimens in
38/41 lesions.
CLE in vivo histological diagnosis revealed nonneoplasms in 11/56 and neoplasms in 45/56 (80.3%),
which was confirmed by histopathologic analyses of
en bloc ER specimens in 9/11 (81.8%) and 44/45
(97.8%) of lesions. The sensitivity, specificity, NPV
and PPV of chromoendoscopy-guided CLE were
95.7%, 90.0%, 81.8% and 97.8%, respectively. The
results show a significant improvement in sensitivity,

Lugol’s chromoendoscopy

Of the 56 demarcated iodine-unstained areas that were
studied, 42 lesions were endoscopically diagnosed
as neoplasms before endoscopic biopsy and CLE.
Among these 42 lesions, 41 were en bloc resection
specimens histologically confirmed to be neoplasms;
one lesion was confirmed to be inflammation. Among
the 14 lesions diagnosed as non-neoplasms, nine were
histologically confirmed to be non-neoplasms and
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B

D
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Figure 3 Confocal laser endomicroscopy images showing different intraepithelial papillary capillary loop changes in the esophageal lesions. A: Regular
squamous esophageal epithelium with regular intraepithelial papillary capillary loops (IPCLs) and epithelial cells; B: Some tortuous IPCLs are seen in the nonneoplastic inflammatory lesion; C: Various shapes of twisted IPCLs (red arrow) are seen in the low-grade intraepithelial neoplasia lesion; D: Obvious caliber and shape
changes with a larger diameter IPCL (blue arrow) are seen in the high-grade intraepithelial neoplasia lesion; E: Tumor vessels (yellow arrow) are seen in esophageal
squamous cell carcinoma.

specificity, NPV, FPR, FNR, and accuracy compared with
chromoendoscopy-guided CLE and biopsy.

diagnostic potential of CLE combined with LIC in
detecting superficial ESCN. In order to completely
capture the histological analysis, histological
examination of the en bloc ER specimens was used
as the standard reference. Our result supports the
hypothesis that CLE is non-inferior to biopsy in
detecting ESCN.
Lugol’s solution is an absorptive stain containing
iodine, potassium iodide and distilled water. The
solution has an affinity for glycogen in non-keratinized
squamous epithelium, and therefore is often used
in the esophagus to detect squamous dysplasia and
[9]
squamous cell carcinoma . The absence of staining
results from the depletion of glycogen in squamous
cells; this occurs in dysplasia, squamous cell carci
[10]
noma, Barrett’s epithelium, and inflammation .
Although various techniques for endoscopic diagnosis
have been developed, iodine staining is still the
most useful screening method for early esophageal
[2,11]
carcinoma
. Lugol’s staining also improves the
visualization of the lateral margins of lesions, which
can result in a significant increase in the size of
lesions compared with the size estimates obtained
[12]
by standard endoscopy . However, iodine is an
irritant that may cause a choking sensation or chest
discomfort during or after the procedure, and some
patients are hypersensitive to iodine. HGIN and ESCC
barely react with iodine due to the small number

Side effects associated with the procedure

The CLE procedure was generally well-tolerated by
all patients. No fluorescein injection-induced side
effects were observed, except for mild urine and
skin discoloration. In particular, no allergic reactions
occurred, because the sensitivity test for fluorescein
was undertaken before CLE.
The study included 15 lesions treated by EMR-C
and 41 lesions treated by ESD (Figure 4). The
duration of the procedure was 27 min (range, 17-39
min) for EMR-C and 113 min (range, 47-175 min)
for ESD. Minor bleeding was encountered in all ER
procedures, but successful hemostasis was always
achieved using thermocoagulation. No patient
experienced massive hemorrhage requiring a blood
transfusion or postprocedural emergent endoscopy.
No delayed hemorrhage occurred. Exposure of the
muscular layer during ESD occurred in four cases,
but no overt esophageal perforation or the presence
of pneumomediastinum was observed by computed
tomography scanning.

DISCUSSION
The aim of the present study was to determine the
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Figure 4 En bloc endoscopic resection for esophageal lesions. A: Lugol’s iodine chromoendoscopy showed an unstained lesion located in the esophagus; B:
The marks surrounding the lesion are at least 5 mm away from the lesion; C: Upper gastrointestinal endoscopy showed an artificial ulceration after ESD; D: En bloc
resected specimen. 3.0 cm × 3.0 cm; E: The resected specimen was fixed in 10% formaldehyde solution and continuously sliced into 2 mm sections from the proximal
end to the distal end for pathology.

vivo histologic examination of the gastrointestinal
mucosa and distinguish between neoplastic and non[19-22]
neoplastic tissues during ongoing endoscopy
.
Currently, two confocal imaging systems are available:
integrated CLE and probe-based CLE. Integrated CLE
was used in our research because the endoscope’s
working channel can still be used for Lugol staining
while confocal images are generated simultaneously
with the endoscopic images. CLE images showed a
significantly higher proportion of squamous epithelial
cells with an irregular arrangement and alteration in
IPCLs in ESCC. Squamous cell neoplasia showed dark
cells of variable size, no clearly visible borders and
an irregular architecture. Various alterations in IPCLs
such as increased diameter, tortuous vessels and long
[8,23]
branching have been observed
. In this study, CLE

of glycogen-containing cells and are therefore seen
as completely unstained areas with a reddish color
after the brown color of iodine solution has faded.
On the other hand, LGIN and areas of inflammation
react slightly with iodine and are therefore seen as
unstained areas with a yellowish-white color. It is
difficult to distinguish HGIN from LGIN without biopsy
histological diagnosis even if the pink-color sign is
[13-16]
used
. Chromoendoscopy with iodine staining has
a low specificity and requires many biopsy specimens.
Choosing an adequate biopsy point in a scattered-type
[17]
esophagus , which is characterized by the existence
[18]
of multiple Lugol-voiding lesions , is quite difficult
because many of the iodine-unstained lesions are
inflammatory areas of the mucosa or LGINs.
CLE enables the endoscopist to perform an in
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scanning used in Lugol-unstained areas could easily
find typical lesions, thus reducing the procedure time
and the false positive rate and false negative rate.
[6]
Pech et al compared CLE and biopsy histology;
the accuracy was 95%, and the sensitivity and
specificity were 100% and 87%, respectively.
Unfortunately, a high false positive rate (30%) and
false negative rate (17.3%) of biopsy pathology were
noted in our research because it was difficult to find
typical biopsy lesions in the Lugol-unstained areas.
Tissue acquired by biopsy forceps was limited and may
be blind; biopsies only reflect limited characteristics
of pathological lesions. Endoscopic biopsy also causes
mucosal bleeding and consequently makes it difficult
to find other target lesions. As a result, it was not
possible to observe all pathologic changes, and
therefore difficult to perform an objective pathological
[23]
evaluation on the lesions .
In this study, CLE was compared with en bloc
ER specimen histology. Only en bloc ER was used
in this study because one of the benefits of en bloc
resection is the more accurate histological assessment
compared to biopsy. All en bloc resected specimens
were continuously sliced into 2 mm sections from
the proximal end to the distal end, such that en bloc
resection made an entire histopathologic evaluation
possible. CLE was able to scan the entire lesion with
high accuracy, which not only avoided complications
such as bleeding and tissue damage from repeat
multiple endoscopy and biopsies, but also reduced the
time of histologic examination of the biopsy. Therefore,
the diagnostic value of CLE for superficial ESCN is
confirmed, but the depth of CLE scanning is limited.
Currently, the ability to diagnose esophageal carcinoma
is limited to the superficial type; application of these
methods to other types of esophageal carcinomas
remains to be studied.
ER has become an established standard treatment
for patients with superficial ESCN in recent years.
In the present study, ESD was used in large lesions
(> 1.5 cm), while EMR-C was used in small lesions.
We defined the strict criterion of a size of 1.5 cm to
ensure en bloc resection of the lesions. In our study,
ER was performed for either CLE or biopsy-proven
ESCN. Five lesions were identified as neoplasms by
CLE while LIN/non-neoplasia by biopsy. ER was finally
performed in these patients after informed consent
was obtained, not only because the patients (including
smokers and alcohol users) were highly suspected of
having esophageal squamous cell cancer, but because
the endoscopic appearance of these lesions was type
0-Ⅱ according to the Paris classification and Lugolvoiding was obvious. Histological examination of the
ESD specimens confirmed the CLE in vivo histological
diagnosis in these lesions.
Our study had several limitations. First, it was
a single-center study. Second, the number of the
enrolled cases was limited. Although EMR-C was widely
used, the application of ESD was limited due to the
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technical difficulty and the high complication rate in
China. The CPLA General Hospital was one of the first
hospitals to use ESD and CLE in China. Although the
number of cases is limited, it is still acceptable due to
our strict inclusion criteria. Third, the depth of lesion
invasion was not predictable by CLE due to the limited
laser penetration depth of integrated CLE.
In conclusion, this study demonstrates that ESCN
can be diagnosed reliably by Lugol’s chromoendoscopyguided CLE. The accuracy, sensitivity, specificity, PPV,
and NPV were high in our series. CLE combined with
LIC is a real-time, non-invasive endoscopic diagnostic
technology. Directly progressing to ER without further
biopsy procedures may became the standard after
further research into CLE in the future.
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Superficial esophageal squamous cell neoplasia (ESCN) is usually
asymptomatic and curable if detected early. Lugol’s iodine chromoendoscopy
(LIC) is highly sensitive for identifying squamous lesions, but has a low
specificity. Confocal laser endomicroscopy (CLE) can show the cells of the
esophageal squamous epithelium and intraepithelial papillary capillary loops in
vivo, thus contributing to an accurate diagnosis of ESCN when combined with
LIC.

Research frontiers

CLE has been used to investigate inflammatory disease, gastrointestinal cancer
and precancer including Barrett’s esophagus, gastric intestinal metaplasia
gastric neoplasms and early cancer, colon polyps, colonic neoplasia and
cancer, and ulcerative colitis.

Innovations and breakthroughs

The early detection of esophageal squamous cell carcinoma is the key to
reducing the high mortality. This study used CLE combined with LIC in detecting
superficial ESCN, first using histological examination of en bloc endoscopic
resection specimens as the standard pathology.

Applications

This study has demonstrated that ESCN can be diagnosed reliably by using
Lugol’s chromoendoscopy-guided CLE. Clinical endoscopists could use CLE
combined with LIC to quickly and accurately identify ESCN.

Terminology

CLE is novel digestive endoscope which enables the endoscopist to perform
in vivo histologic examination of the gastrointestinal mucosa, and distinguish
between neoplastic and non-neoplastic tissues during ongoing endoscopy.
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diagnosis of ESDN by Lugol’s chromoendoscopy-guided CLE, which has a
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Abstract
AIM: To investigate autonomic nervous function in
patients with a diagnosis of gastroesophageal reflux
disease (GERD).

Ethics approval: This research was conducted in the frame work
of the Ministry of Science project (No. 32040). Scientific Ethical
Committee of Clinical Hospital Center “Bezanijska Kosa”
approved all research in the frame work of this project.
Informed consent: All the patients were informed about the
protocol in detail and provided written consent.
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of any commercial or financial relationships that could be
construed as a potential conflict of interest.
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available from the corresponding author at slavica.mutavdzin@
gmail.com.

METHODS: The investigation was performed on 29
patients (14 men), aged 18-80 years (51.14 ± 18.34),
who were referred to our Neurocardiology Laboratory
at the Clinical and Hospital Center “Bezanijska Kosa”
with a diagnosis of GERD. One hundred sixteen healthy
volunteers matched in age and sex with the examinees
served as the control group. The study protocol
included the evaluation of autonomic function and
hemodynamic status, short-term heart rate variability
(HRV) analysis, 24 h ambulatory ECG monitoring with
long-term HRV analysis and 24 h ambulatory blood
pressure monitoring.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Pathologic results of cardiovascular reflex
test were more common among patients with reflux
compared to the control group. Severe autonomic
dysfunction was detected in 44.4% of patients and in
7.9% of controls (P < 0.001). Parameters of short-term
analysis of RR variability, which are the indicators of
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vagal activity, had lower values in patients with GERD
than in the control group. Long-term HRV analysis
of time-domain parameters indicated lower values in
patients with reflux disease when compared to the
control group. Power spectral analysis of long-term
HRV revealed lower low- and high-frequency values.
Detailed 24 h ambulatory blood pressure analysis
showed significantly higher values of systolic blood
pressure and pulse pressure in the reflux group than in
the control group.

publications sustained earlier observations of age-related
decline in the number of cholinergic neurons in the
enteric nervous system. They also reveal a progressive
loss of interstitial cells of Cajal in the stomach and
colon throughout adult life. These changes appear
to have a surprisingly small effect on gastrointestinal
motor function in normal ageing, though gut sensation
is impaired and older individuals have an increased
susceptibility to gastrointestinal complications from
[5]
comorbid illnesses .
Autonomic nervous dysfunction has frequently been
observed in patients with GERD and pathophysiology
of GERD has been linked to disturbances in autonomic
nervous system activity. The association between
gastrointestinal symptoms and cardiac dysrhythmias,
as one of the autonomic system impairments in
GERD patients, has been described as gastrocardiac
[6,7]
syndrome . Esophageal inflammation is not related to
autonomic nervous system dysfunction per se, as vagal
dysfunction is observed in the presence and absence of
inflammatory changes in the esophagus. It has even
been suggested that parasympathetic dysfunction is
not just the consequence of esophageal inflammation,
[8]
but the prime factor in the etiology of GERD .
Disturbances in autonomic nervous system activity
affect both contraction and transient relaxation of the
lower esophageal sphincter (normally acting as a reflux
barrier), leading to the occurrence and progression of
[9]
GERD .
The primary aim of this study is to treat patients
according to the type of autonomic pattern and
adjustment of autonomic function. We hypothesize
that there are significant differences between GERD
patients and healthy volunteers in autonomic function
as assessed by cardiovascular reflex tests.

CONCLUSION: Patients with GERD have distortion
of sympathetic and parasympathetic components
of the autonomic nervous system, but impaired
parasympathetic function appears more congruent to
GERD.
Key words: Autonomic nervous system; Blood pressure
monitoring; Cardiovascular reflex test; ECG monitoring;
Gastroesophageal reflux disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Autonomic nervous function was assessed in
patients with gastroesophageal reflux disease (GERD)
for the purpose of treating patients according to their
presenting autonomic pattern. The results demonstrate
that autonomic dysfunction is more frequently detected
in patients than in controls. Parameters of short-term
and long-term analysis of heart rate variability had
lower value while blood pressure was higher in patients
than in the controls. In conclusion, patients with GERD
have distortion of both components of autonomic
nervous system, but the impairment of parasympathetic
function is more congruent to GERD.

MATERIALS AND METHODS

Milovanovic B, Filipovic B, Mutavdzin S, Zdravkovic M,
Gligorijevic T, Paunovic J, Arsic M. Cardiac autonomic
dysfunction in patients with gastroesophageal reflux disease.
World J Gastroenterol 2015; 21(22): 6982-6989 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i22/6982.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i22.6982

Demographic data

The investigation was performed on 29 (14 male
and 15 female)patients aged 51.14 ± 18.34 years
(range: 18-80 years) who were referred to our
Neurocardiology Laboratory of the Clinical and Hospital
Center “Bezanijska Kosa” with GERD. All the patients
were informed about the protocol in detail and
provided written consent. This study was approved
by the Scientific Ethical Committee of Clinical Hospital
Center “Bezanijska Kosa”.
The diagnosis of GERD was established by upper
endoscopic examination. Exclusion criteria were a prior
history of: coronary artery, atrial fibrillation, secondary
arterial hypertension, renal failure (serum creatinine
> 1.2 mg/dL), autoimmune disease, or previous
treatment with antipsychotics, antidepressants, mood
stabilizers, antiarrhythmics, or cimetidine. Patients
were asked to stop all medications during the study.
The control group consisted of 116 healthy ageand sex-matched volunteers.

INTRODUCTION
Gastroesophageal reflux disease (GERD) is one of the
most common digestive diseases in the Western world,
[1]
with a high prevalence in the general population (20%) .
Heartburn or acid regurgitation is experienced on a
[2]
weekly basis by nearly 20% of the population . The
prevalence of GERD symptoms increased approximately
50% until the mid-1990s, when it plateaued. This
increase in GERD is not exactly clear, but has been
attributed to the increasing prevalence of obesity,
changing diet, and perhaps the decreasing prevalence
[3,4]
of Helicobacter pylori (H. pylori) infection . Recent
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Study protocol

Cold pressure test

The protocol included the clinical autonomic function
tests, short-term heart rate variability (HRV) analysis,
24 h ambulatory ECG monitoring with long-term
HRV analysis and 24 h ambulatory blood pressure
monitoring. Patients were tested under ideal tempe
rature conditions (23 ℃), without any preceding con
sumption of alcohol, nicotine, or food.

The hand of the patient was put in iced water for 6
min. Sympathetic failure was diagnosed related to the
fall or absence of changes of heart rate and BP during
the test.

Mental stress test

Arithmetic calculation (addition of 17 up to1017) for
6 min with a previous 3-min rest period was used.
Sympathetic dysfunction was present related to the
absence of rise or changes of heart rate and BP during
the mental stimulation.

Clinical autonomic function tests

The protocol included five standard Ewing’s clinical
autonomic function tests, as well as cold pressure
and mental stress test. Cardiovascular reflex tests
[10]
according to Ewing et al
were the first step in the
assessment of autonomic function. This includes two
groups of tests: parasympathetic (heart rate response
to Valsalva maneuver, deep breathing, and standing)
and sympathetic tests [blood pressure (BP) response
to standing and sustained handgrip test]. Participants
rested in the supine position for 10 min before starting
the tests and also rested for 2 min between each test.

Cardiovascular reflex test results

Results of all tests were expressed as normal,
borderline, or abnormal according to the cutoff values
[10]
given by Ewing et al . Based on the results of the
cardiovascular reflex tests, a scoring system was
applied and autonomic dysfunction in each patient was
qualified as: vagal denervation, vagal and sympathetic
[10]
damage, or severe autonomic neuropathy .

Parasympathetic tests

Short-term HRV analysis

Heart rate response to Valsalva maneuver:
The patient was asked to maintain a column of
mercury at 40 mmHg for 15 s blowing into a modified
sphygmomanometer, with ECG recording. The result,
expressed as a Valsalva ratio was taken as the maximum
RR interval in the 15 s following expiration divided by the
minimum RR interval during the maneuver.

Short-term HRV analysis was performed from 512
consecutive RR intervals using commercial software
(Schiller AT-10, Austria) according to previously
[11]
published guidelines . Short-term HRV analysis
includes time and frequency domain analyses. The
following time domain variables were computed
for each subject from dRR tachogram: average
dRR interval, standard and mean deviations of dRR
intervals (SD dRR and MDdRR), square root of the
mean of squared differences of two consecutive
RR intervals (RMSSD), and percent of beats with
consecutive RR interval difference of > 50 ms (pNN50).
The following short-term frequency domain indices
were determined using Hanning window-type signal
limitation before Fourier transformation: very lowfrequency power (VLF; 0.016-0.05Hz), low-frequency
power (LF; 0.05-0.15 Hz), high-frequency power (HF;
0.15-0.35 Hz), and LF/HF ratio.
The Task Force Monitor (CNSystems, Graz, Austria)
was used to monitor beat-to-beat HR by ECG, beatto-beat stroke index by an improved method of
impedance cardiography, and beat-to-beat BP by the
vascular unloading technique, which was corrected
automatically to the oscillometric BP measured
on the contralateral arm. The Task Force Monitor
automatically provides beat-to-beat spectral analysis
of heart rate and systolic and diastolic BP variability
by applying an autoregressive methodology. The total
power (TP) and the power of the three frequency
bands (VLF band between 0-0.05 Hz; LF band between
0.05-0.17 Hz; and HF band between 0.17-0.40 Hz)
2
were computed and expressed in absolute values (ms )
or normalized units (%). Beat-to-beat analysis of BP
enables assessment of baroreceptor reflex sensitivity
from spontaneously occurring in a rise and fall of BP,

Heart rate response to deep breathing: Respiratory
sinus arrhythmia was assessed by the performance
of six deep breaths at 0.1 Hz frequency. The response
was taken as the mean of the differences between the
maximum and minimum instantaneous heart rates for
each cycle.
Heart rate response to standing (30:15 ratio):
Heart rate response after standing was expressed as
a ratio between the longest RR interval corresponding
th
with the 30 beat after starting and the shortest RR
th
interval corresponding with the 15 beat. The ratio was
measured using a ruler and electrocardiograph trace,
which was recorded continuously.

Sympathetic tests

BP response to standing: Orthostatic BP change
was calculated as the difference between the nadir
systolic BP 180 s after standing and the systolic BP
prior to standing.
BP response to sustained handgrip test: Sustained
muscle contraction causes a rise in systolic and diastolic
BP and heart rate. The test was performed with 30%
of maximal voluntary contraction for 5 min with BP
measurement. Increment of diastolic BP during this test
was taken as result.
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Table 1 Distribution of autonomic dysfunction among patients with reflux and controls n (%)
Parasympathetic damage
Reflux
Control

Without

Early

Definitive

4 (21.1)
24 (31.2)

7 (36.8)
43 (55.8)

8 (42.1)
10 (13.0)

Sympathetic damage

Combined damage

17 (94.4)
55 (72.4)

10 (58.8)
8 (10.7)

For parasympathetic damage: χ 2 = 8.48, df = 3, P = 0.014.

Table 2 Autonomic cardiovascular tests reflecting parasym
pathetic damage n (%)
Autonomic cardiovascular reflex
tests
Valsalva maneuver
Heartrate variation during deep
breathing
Heart rate response to standing test
Vagal dysfunction

Table 3 Autonomic cardiovascular tests reflecting sympathetic
damage n (%)

Reflux
(n = 19)

Controls
(n = 77)

P value1

Autonomic cardiovascular
reflex tests

Reflux
(n = 18)

Controls
(n = 77)

P value1

8 (42.1)
10 (52.6)

18 (23.4)
8 (10.4)

0.015
< 0.001

Orthostatic hypotension
Hand grip test
Sympathetic dysfunction

1 (5.3)
16 (88.9)
17 (94.4)

2 (2.6)
59 (76.6)
55 (72.4)2

0.822
0.481
0.047

6 (31.6)
8 (42.1)

36 (47.4)2
10 (13.0)

0.028
0.014

1

Mann Whitney test; 2Data from one patient missing.

1

Mann-Whitney test; 2Data from one patient missing.

measurements were performed every 15 min by
oscillometry. Sleep BP was defined as the BPs from the
time when the subjects went to bed until the time they
got out of bed. Awake BP was defined as BPs recorded
during the rest of the day. Morning BP was defined as
the average of BP during the first hour after waking
up. Systolic and diastolic BP variability was defined as
standard deviation of systolic and standard deviation
of diastolic BP measurements during the awake period
and during sleep. Dippers were defined as those who
exhibit a reduction in mean systolic BP of < 10 mmHg
from daytime to nighttime, and the remaining subjects
were classified as nondippers.

which are followed by regulatory heart rate interval
changes. The following parameters were included in
analyses: maximal slope, minimal slope, and mean
slope of baroreflex sensitivity (ms/mmHg).

Twenty-four-hour ambulatory ECG monitoring with longterm HRV analysis

Twenty-four-hour ambulatory ECG recordings were
acquired by a 12-lead electrocardiogram with a
sampling rate of 1000 Hz (Cardioscan; DMSoftware
Inc., CA,United States) and analyzed. The time and
frequency domain HRV analyses were carried out using
the software package present in the system. The Fast
Fourier transformation and Hanning window were used
for the analysis of the frequency (spectral) domain
parameters.
From Time domain HRV analysis, the following time
domain variables were computed: mean RR interval
for 24 h (mean NN), standard deviation of normal RR
intervals (SDNN), standard deviation of all 5-min mean
normal RR intervals (SDANN), square root of the mean
of the sum of the squares of differences between
adjacent RR intervals (r-MSSD), and percentage of
adjacent RR intervals differing > 50 ms (pNN50).
From Frequency domain HRV analysis, the following
24-h frequency domain indices were determined:
total power (TP-0-0.4 Hz), high-frequency power
(HF-0.15-0.4 Hz), low-frequency power (LF - 0.04-0.15
Hz), and the LF/HF ratio. Heart rate was measured
in ms; variance, which is referred to as the power in
a portion of the total spectrum of frequencies, was
2
measured in ms .

Statistical analysis

The results are expressed as the mean ± SD. The
Student’s t-test and Mann Whitney U test were used
for comparison between the groups. A P-value < 0.05
was considered statistically significant. All calculations
were performed using a commercially available
statistical software program (SPSS 15.0; SPSS Inc.,
Chicago IL, United States).The statistical methods of
this study were reviewed by a biostatistician from the
Institute for Oncology and Radiology of Serbia.

RESULTS
Cardiovascular reflex tests

Pathologic results of cardiovascular reflex tests
were more common among the patients with reflux
compared to the control group (Tables 1, 2, 3 and 4),
and severe autonomic dysfunction was detected in 8
out of 29 patients and in 6 out of 116 controls (P <
0.001) (Table 5).

Twenty-four hour ambulatory BP monitoring

Short-term HRV analysis

Evaluation of the 24 h BP profile was conducted
using recorder and commercial software for analysis
(Mobil-O-graph; I.E.M., Stolberg, Germany). BP
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Table 4 Complete autonomic dysfunction n (%)
Complete autonomic
dysfunction

Reflux

Absent
Present
Total

7 (41.2)
10 (58.8)
17 (100)

Controls

Table 7 Beat-to-beat heart rate variability and baroreflex
sensitivity (mean ± SD)
P value1

67 (89.3)
8 (10.7)
75 (100)

< 0.001
< 0.001
< 0.001

Heart rate
variability
LFnu-RRI (%)
HFnu-RRI (%)
VLF-RRI (ms2)
LF-RRI (ms2)
HF-RRI (ms2)
Total power
(ms2)
LF/HF
Baroreflex
sensitivity
(ms/mmHg)
Minimal slope
Maximal slope
Mean slope

1

Mann-Whitney test.

Table 5 Degree of autonomic dysfunction n (%)
Degree of
autonomic dysfunction

Reflux

Controls

P value1

Normal
Mild
Moderate
Severe
Total

0 (0.0)
1 (5.6)
9 (50.0)
8 (44.4)
18 (100)

0 (0.0)
22 (28.9)
48 (63.2)
6 (7.9)
76 (100)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Average dRR (ms)
SD dRR (ms)
MD dRR (ms)
pNN50%
RMSSD (ms)
VLF (ms2)
LF (ms2)
HF (ms2)
LF/HF

Controls

P value1

63.85 ± 17.27
36.15 ± 17.27
132888.77 ± 56675.91
319.18 ± 347.13
225.73 ± 263.42
1383.55 ± 65646.66

59.74 ± 15.98
39.98 ± 15.37
745.72 ± 2409.152
864.78 ± 1036.92
656.44 ± 996.35
2264.58 ± 3231.24

0.280
0.298
0.021
0.016
0.047
0.034

3.32 ± 2.88

2.83 ± 3.72

0.561

3.62 ± 3.99
40.50 ± 31.57
12.11 ± 7.00

4.43 ± 3.32
47.06 ± 32.29
17.11 ± 9.77

0.317
0.385
0.024

1
t-test. HF: High-frequency power; LF: Low-frequency power; LFnuRRI: Percent of normalized LF interval component; Hfnu-RRI: Percent of
normalized HFinterval component; VLF-RRI: Very low-frequency interval
component of heart rate variability; LF-RRI: LF interval component
of heart rate variability; HF-RRI: HF interval component of heart rate
variability.

Table 6 Short term heart rate variability analysis (mean ± SD)
Parameter

Reflux

Parameter

Reflux

Controls

P value1

15.67 ± 10.35
12.48 ± 7.63
9.76 ± 6.36
3.62 ± 6.26
19.81 ± 12.81
67.76 ± 65.56
56.29 ± 65.64
35.62 ± 51.27
3.07 ± 2.34

27.80 ± 17.49
22.42 ± 13.87
17.10 ± 10.25
9.82 ± 10.29
35.87 ± 21.78
129.33 ± 129.19
135.07 ± 142.90
102.52 ± 115.53
2.27 ± 2.82

0.003
0.001
0.002
0.009
0.001
0.036
0.015
0.011
0.225

Table 8 Holter ECG heart rate and long-term HRV analysis
(mean ± SD)
Parameter
Mean RR (ms)
SDNN (ms)
SDANNindex (ms)
SDNN index (ms)
RMSSD (ms)
pNN50%
Total power (ms2)
VLF (ms2)
LF (ms2)
HF (ms2)

1

t-test. SD dRR: Standard deviation of normal RR intervals (SD); MD dRR:
Absolute mean of standard deviation; pNN50%: Percentage of adjacent
RR intervals differing > 50 ms; RMSSD: Mean square root of the mean
of the sum of the squares of differences between adjacent RR intervals;
VLF: Very low-frequency power; LF: Low-frequency power; HF: Highfrequency power.

Controls

P value1

822.59 ± 82.76
125.76 ± 33.54
113.24 ± 33.71
49.71 ± 17.92
28.33 ± 11.72
8.48 ± 8.97
2683.56 ± 2081.23
1851.73 ± 1318.44
615.72 ± 624.36
197.15 ± 203.88

811.08 ± 79.88
154.82 ± 39.72
141.65 ± 36.28
65.26 ± 16.87
37.29 ± 13.20
14.13 ± 9.41
4446.65 ± 2151.45
2964.81 ± 1557.53
1048.73 ± 462.23
408.51 ± 291.02

0.559
0.003
0.002
< 0.001
0.006
0.016
0.001
0.004
0.001
0.002

1
t-test. SDNN: Standard deviation of all the RR intervals; SDNN index:
Mean of standard deviation of all RR intervals for all 5-min segments
of the entire recording; RMSSD: Square root of the mean of squared
differences of two consecutive RR intervals; pNN50%: Percent of beats
with consecutive RR interval difference of more than 50 ms; VLF: Very
low-frequency interval; LF: Low-frequency interval; HF: High-frequency
interval.

mean of squared differences of two consecutive RR
intervals, and percent of beats with consecutive RR
interval difference of > 50 ms, which are the indicators
of vagal activity, had significantly lower values in
patients with GERD than in the control group (all P
< 0.05) (Table 6). The value of HF, reflecting vagal
activity, was significantly decreased in patients with
GERD (P < 0.05). LF spectral parameter, reflecting
sympathetic and vagal function, was also lower in
GERD. LF/HF ratio, reflecting sympathovagal balance,
was higher in the reflux group compared to the control
group, but no significant difference was obtained.

Twenty-four-hour ambulatory ECG monitoring with longterm HRV analysis

Analysis of the time domain parameters indicated
statistical significance for important arrhythmia risk
predictors. The standard deviation of normal RR
intervals, standard deviation of all 5-min mean normal
RR intervals and their indices had considerably lower
values in patients with reflux when compared to the
control group (Table 8). Power spectral analysis of
long-term HRV revealed lower both LF and HF values.

Beat-to-beat heart rate variability and baroreflex
sensitivity

All short-term beat-to-beat spectral parameters
(TP, VLF, LF, HF) and the mean value of baroreflex
sensitivity were significantly decreased in the GERD
patients compared with the control group (all P < 0.05)
(Table 7).
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parasympathetic damage. Both parasympathetic
and sympathetic dysfunctions have been noted in
59% of GERD individuals. The existence of abnormal
vagal function in 40% of examined patients raises the
possibility that vagal dysfunction is important in the
[15]
genesis of gastroesophageal reflux .
HRV analysis was used as a noninvasive method of
[16]
assessing sympathetic-parasympathetic activities .
HRV with continuous ECG monitoring shows that
stimulation of the esophagus by acid can alter the
balance between vagal and sympathetic activity and
trigger dysrhythmias. Finally, there is evidence that
chronic GERD may induce an autoimmune response
that contributes to cardiac dysrhythmias, especially
[17]
atrial fibrillation . As a confirmation of their statement,
in this clinical study, all analyzed parameters of shortterm analysis of RR variability had significantly lower
values in GERD patients than in the control group.
Reflux disease of the esophagus occasionally leads
to release of inflammatory mediators, which may
affect the atrial myocardium and other elements of
the cardiac conduction pathways. Inflammation of
the esophageal mucosa affects local receptors that
may induce afferent-efferent reflex mechanisms of
the cardiac rhythm, which can lead to secondary
stimulation of the vagal nerves inducing the cardiac
[18]
dysrhythmias . Propagation of the local inflammatory
process through the esophageal wall may also cause
[19]
local pericarditis or atrial myocarditis .
Other reports, however, have suggested a strong
association between esophageal acid exposure and
neurocardiac dysfunction in patients with reflux
symptomatology. It was suggested that the treatment
of GERD simultaneously benefits the impaired cardiac
[20]
function . Disturbances in autonomic nervous system
activity, such as decreased vagal activity, could lead
to reduce myogenic control of the lower esophageal
sphincter, favor lower esophageal sphincter relaxation,
and thus probably increase the frequency of transient
[21]
relaxations of the lower esophageal sphincter .
GERD plays a role in the etiology of asthma, chronic
bronchitis, aspiration pneumonia, bronchiectasis,
[22,23]
and interstitial lung fibrosis
. Initial episodes of
reflux may induce acute esophageal injury resulting in
reduced lower esophageal sphincter pressure, delayed
acid clearing, and exacerbated reflux. Sensitization of
the pulmonary tree may cause the airways to become
reactive to other stimuli resulting in bronchospasm
[24]
[9]
through a vagal mechanism . Amarasiri et al
showed that asthmatics with mild, clinically stable
asthma have peristaltic dysfunction and increased
gastroesophageal reflux, and the individuals with more
severe GERD symptoms had pronounced peristaltic
esophageal dysfunction. Also, the same authors
claimed that asthmatic patients demonstrated a vagal
hyper-reactivity rather than a vagal hypofunction.
On the other hand, some investigators reported that
in GERD patients, there is no correlation between
autonomic function and esophageal motility or

Table 9 Twenty-four-hour ambulatory blood pressure
monitoring (mean ± SD)
Parameter
Systolic BP (mmHg)
24 h
Awake
Sleep
Diastolic BP (mmHg)
24 h
Awake
Sleep
Standard deviation of BP
Awake systolic BP
Awake diastolic BP
Sleep systolic BP
Sleep diastolic BP
Pulse pressure
24 h
Awake
Sleep

Reflux

Controls

P value1

125.65 ± 14.47
127.80 ± 13.57
117.11 ± 17.03

116.17 ± 8.73
118.79 ± 9.02
105.64 ± 11.83

< 0.001
< 0.001
0.001

74.80 ± 7.92
76.65 ± 7.49
68.58 ± 9.51

72.36 ± 6.21
74.46 ± 6.23
64.64 ± 7.04

0.138
0.178
0.046

14.52 ± 4.04
11.12 ± 3.65
13.14 ± 5.38
10.21 ± 2.53

12.29 ± 3.15
9.25 ± 1.95
9.29 ± 4.41
8.41 ± 3.34

0.008
0.002
0.002
0.031

50.72 ± 9.52
51.14 ± 9.26
48.57 ± 10.77

43.72 ± 5.20
44.51 ± 5.55
40.95 ± 7.59

< 0.001
< 0.001
0.001

1

t-test. BP: Blood pressure.

mean systolic and diastolic BPs during 24 h, daytime,
nighttime, early in the morning, as well as systolic and
diastolic BP variability. The results showed significantly
higher values of systolic BP and pulse pressure in the
reflux group than in the control group (Table 9).

DISCUSSION
The aim of this study was to assess the role of
autonomic system impairment in patients with GERD.
Several studies have outlined that parasympathetic
dysfunction is highly prevalent in patients with GERD.
Esophageal stimulation by either electrical, mechanical,
or chemical stimuli increases the vagal modulation
of cardiac function, as evidenced by the significant
[8,12]
increase in HF of HRV
. The principal mechanism of
gastroesophageal reflux is mediated through afferent
stimuli from the gastric fundus to the sensory nucleus
in the medulla and then through the efferent signals
for transient lower esophageal sphincter relaxation.
The observed autonomic dysfunction is supposed to
cause intrinsic inhibitory reflex disturbances, abnormal
fundal accommodation and gastric emptying, and
consequently, an increased number of transient
[13]
lower esophageal sphincter relaxations . Some
reports also found a decreased sympathetic function
or a generalized autonomic decline in patients with
[13,14]
[13]
GERD
. Campo et al
outlined that there is some
evidence for a slightly decreased sympathetic function
in patients with GERD that is inversely correlated with
total time reflux. However, decreased sympathetic
function may cause dysfunction of intrinsic inhibitory
control with increased transient spontaneous lower
esophageal sphincter relaxations, resulting in GERD.
In this investigation, parasympathetic dysfunction
was observed in about 79% of patients with gastro
esophageal reflux, in which about 42% had irreparable
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[25]

esophageal acid exposure .
In conclusion, patients with GERD have distortion
of both components of autonomic nervous system,
sympathetic and parasympathetic.The impairment
of parasympathetic function seems to be more
congruent to GERD and it may be the result of
vagal fiber damage.The mechanism of impairment
of parasympathetic function of the patients with
GERD is not completely clear, but in all autonomic
neuropathies, the first stage of dysfunction is damage
of parasympathetic neurons, possibly because the
general function of the autonomic nervous system
depends on vagal activity.
Further research will include additional patients
and study designs that include the use of medications
for autonomic function modulation and assessment of
the medication effect on GERD and cardiac symptoms.
As chronic inflammation, such as that resulting
from H. pylori inflammation is a cause of autonomic
dysfunction, future studies will analyze autonomic
function in patients treated with commercially available
GERD medications.

3
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frequently in patients with diagnosis of GERD, the authors hypothesized that
medications for autonomic function modulation may improve GERD symptoms.
Further research will include assessment of the effect of GERD medications on
autonomic function and cardiac symptoms.

15

Peer-review

In this article, Milovanovic et al present the assessment of autonomic nervous
function in patients with diagnosis of GERD. This paper shows that patients
with GERD have distortion of both components of the autonomic nervous
system, but that the impairment of parasympathetic function seems to be more
congruent to GERD. This is an interesting report for the clinical practice.
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Abstract
AIM: To investigate the effects of bariatric surgery on
metabolic parameters, incretin hormone secretion, and
duodenal and ileal mucosal gene expression.

Ethics approval: The study was reviewed and approved by the
Ethics Committee at the Ponta Grossa State University.
Informed consent: All patients provided written informed
consent prior to study participation.
Conflict-of-interest: The authors have no conflicts of interest to
declare.
Data sharing: The technical appendix, statistical code,
and dataset are available from the corresponding author at
fqmilleo58@gmail.com. Data sharing consent was not obtained
from the participants, but the presented data are anonymized, and
the risk of identification is low. No additional data are available.

METHODS: Nine patients with type 2 diabetes mellitus
(T2DM), chronic serum hyperglycemia for more than
2
2 years, and a body mass index (BMI) of 30-35 kg/m
underwent metabolic surgery sleeve gastrectomy with
transit bipartition between May 2011 and December
2011. Blood samples were collected pre and 3, 6 and
12 mo postsurgery. Duodenal and ileal mucosa samples
were collected pre- and 3 mo postsurgery. Pre- and
postoperative blood samples were collected in the
fasting state before ingestion of a standard meal (520
kcal) and again 30, 60, 90, and 120 min after the meal

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
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to determine hemoglobin A1c (HbA1c) levels and the
lipid profile, which consisted of triglyceride and total
cholesterol levels. Intestinal gene expression of p53 and
transforming growth factor (TGF)-β was analyzed using
quantitative reverse-transcription PCR. Gastric inhibitory
polypeptide (GIP) and glucagon-like peptide-1 (GLP-1)
were quantified using the enzyme-linked immunoassay
method and analyzed pre- and postoperatively.
Student’s t test or repeated measurements analysis of
variance with Bonferroni corrections were performed as
appropriate.

Rodrigues MRS, Santo MA, Favero GM, Vieira EC, Artoni
RF, Nogaroto V, Moura EG, Lisboa P, Milleo FQ. Metabolic
surgery and intestinal gene expression: Digestive tract and
diabetes evolution considerations. World J Gastroenterol 2015;
21(22): 6990-6998 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i22/6990.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.6990

RESULTS: BMI values decreased by 15.7% within
the initial 3 mo after surgery (31.29 ± 0.73 vs 26.398
± 0.68, P < 0.05) and then stabilized at 22% at 6
mo postoperative, resulting in similar values 12 mo
2
postoperatively (20-25 kg/m ). All of the patients
experienced improved T2DM, with 7 patients (78%)
achieving complete remission (HbA1c < 6.5%), and 2
patients (22%) achieving improved diabetes (HbA1c
< 7.0% with or without the use of oral hypoglycemic
agents). At 3 mo postoperatively, fasting plasma
glucose had also decreased (59%) (269.55 ±
18.24 mg/dL vs 100.77 ± 3.13 mg/dL, P < 0.05)
with no further significant changes at 6 or 12 mo
postoperatively. In the first month postoperatively,
there was a complete withdrawal of hypoglycemic
medications in all patients, who were taking at least
2 hypoglycemic drugs preoperatively. GLP-1 levels
significantly increased after surgery (149.96 ± 31.25 vs
220.23 ± 27.55) (P < 0.05), while GIP levels decreased
but not significantly. p53 gene expression significantly
increased in the duodenal mucosa (P < 0.05, 2.06 fold)
whereas the tumor growth factor-β gene expression
significantly increased (P < 0.05, 2.52 fold) in the ileal
mucosa after surgery.

It has been recently suggested that diabetes alters the
gene expression of various DNA repair genes, including
[1]
p53 and transforming growth factor (TGF)-β . Both of
these genes are considered to be cell division down[2]
regulators , including for normal intestinal epithelium
[3-5]
growth , and their expression might be altered in
patients predisposed or affected by metabolic disease.
It was established over 40 years ago that diabetes
influences, or can be influenced by, morphological
[6]
changes in the intestinal mucosa . In experimental
models of type 2 diabetes mellitus (T2DM), hyperplasia
of the intestinal mucosa was observed in the early
[7]
phases of the metabolic changes . This phenomenon
may be related to a transient interruption of normal
[8]
cellular apoptosis , indicating altered intestinal
regulatory gene functions for disease development.
Rat studies have demonstrated that hypertrophic
changes occur primarily in the proximal gastrointestinal
(GI) tract and enhance the carbohydrate absorptive
[9]
capacity of the intestinal mucosa . Furthermore, in
experimental models of T2DM, postprandial hyper
glycemia has been observed before the develop
ment of the metabolic disease, concomitantly with
the morphofunctional changes in the intestinal
[7]
epithelium . In humans, postprandial hyperglycemia
[10]
strongly predicts the development of T2DM .
Interestingly, with the resolution of diabetes, the
intestinal epithelium also regains normal function and
trophy, although the mechanisms underlying these
[11]
changes are not understood .
[12]
Recently, Verdam et al
suggested that obese
patients with T2DM have significantly more intestinal
mass than their non-T2DM counterparts, suggesting
that the hypertrophic changes previously observed in
experimental models might be a cornerstone feature
for T2DM development in humans as well.
[13]
Santoro et al
recently published the results of
sleeve gastrectomy with transit bipartition (SGTB) or a
partial duodenal switch, which is a metabolic surgery
procedure. This innovative procedure brings the
distal ileum in contact with undigested food through
a gastro-ileal anastomosis, without excluding the
duodenum from the passage of food; it has shown
potential in resolving T2DM.
The present study aimed to investigate intestinal
mucosal gene expression [p53 and tumor growth
factor-β (TGF-β )] before and after SGTB in class Ⅰobese
2
[body mass index (BMI) 30-35 kg/m ] patients with

INTRODUCTION

CONCLUSION: Metabolic surgery ameliorated diabetes
in all of the patients, accompanied by increased antiproliferative intestinal gene expression in non-excluded
segments of the intestine.
Key words: Diabetes mellitus; Hyperglycemia; Intestine;
Gene expression; Hyperplasia; Bariatric surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study shows an improvement in expres
sion of antiproliferative genes of intestinal mucosa
after type 2 diabetes mellitus amelioration promoted by
metabolic surgery procedure. We make a link between
this outcome and morphological changes in intestinal
mucosa on diabetes, that occurs mainly by insufficient
negative control of mucosal growth in hyperglycemia.
Metabolic and bariatric surgery promotes dramatic
amelioration of glucose metabolism in diabetic patients
by not completely understood means. This paper
highlights for the first time, the intestinal absorptive
capacity as the main focus for research of diabetes
amelioration after metabolic surgery procedures.
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medications. Diabetes was considered to be improved
if the patients had an HbA1c level < 7.0% with or
without the use of oral hypoglycemic agents. The lipid
profile consisted of fasting and postprandial triglyceride
and total cholesterol levels. Clinical evolution was
analyzed at 3, 6 and 12 postoperative months.
Pre- and postoperative blood samples were
collected during the fasting state (8 h fasting) before
the patients ingested a standard meal (520 kcal)
and again 30, 60, 90, and 120 min after the meal.
Blood was collected in tubes with the anticoagulant
ethylenediaminetetraacetic acid (1 g/L). Plasma was
separated in aliquots of 1 mL per vial and frozen
at -80 ℃. During the preoperative period (under
deep sedation with 50 mg of propofol plus 50 μg of
fentanil), biopsy specimens of the duodenal mucosa (4
3
specimens, approximately 2 mm each) were obtained
using upper digestive endoscopy. Samples of the
ileal mucosa (260 cm proximal to the ileocecal valve)
were collected prior to the gastro-ileal anastomosis
joining at the anastomosis site. After SGTB, access to
the ileum and duodenum is possible during an upper
endoscopy (Figure 1).Three months after surgery,
mucosal samples were collected using endoscopic
biopsy forceps with the patients under deep sedation
with 5 mL of propofol and 1 mL of fentanil. The transand post-operative tissues were promptly placed in
RNAlater solution (Qiagen), with subsequent freezing
at -80 ℃ for storage until qRT-PCR analysis.

Figure 1 Sleeve gastrectomy with transit bipartition. At 180 cm proximal
to the ileocecal valve, the ileum is anastomosed to the gastric antrum. The
biliopancreatic segment is anastomosed to the ileum 80 cm proximal to the
ileocecal valve.

T2DM and resolution of hyperglycemia after surgery.
Considerations about the role of the GI tract in T2DM
are also highlighted.

MATERIALS AND METHODS
Patients

This observational study was conducted from May to
December 2011. Nine class Ⅰobese patients with T2DM
who had presented with chronic serum hyperglycemia
for > 2 years were enrolled and underwent SGTB.
This open access procedure involved a typical sleeve
gastrectomy. After the SG, the ileocecal transition is
located. A single stitch is used to mark the point at the
ileum located 80 cm from the ileocecal valve. The point
260 cm proximal to the ileocecal valve is then located.
At this point, the intestinal segment is sectioned. The
distal end is brought to the gastric antrum, and a
wide laterolateral gastroileal anastomosis is created.
In the following sequence, the small bowel cranial
to the gastroileal anastomosis is laterally and widely
anastomosed to the ileum at an 80 cm distance from
the ileocecal valve (previously marked) in a laterallateral mode (Figure 1).
All patients provided written informed consent
before undergoing the surgery. The study was
approved by the Institutional Review Board at the
State University of Ponta Grossa, Paraná, Brazil.
Diabetes diagnoses were based on the following
[14]
American Diabetes Association
criteria: a fasting
plasma glucose level ≥ 126 mg/dL (7.0 mmol/L),
symptoms of diabetes plus a casual plasma glucose
level ≥ 200 mg/dL (11.1 mmol/L), or a 2-h postload
glucose level ≥ 200 mg/dL during a 75-goral glucose
tolerance test. The exclusion criteria included peptide
C levels < 0.9 ng/dL, pregnancy, inflammatory bowel
disease, drug or alcohol addiction, and psychiatric
disturbances that precluded complete understanding
of the surgical procedure.
Diabetes remission was defined as a hemoglobin
A1c (HbA1c) level < 6.5% without the use of diabetes

WJG|www.wjgnet.com

Quantification of gastric inhibitory polypeptide and
glucagon-like peptide-1

Gastric inhibitory polypeptide (GIP) and glucagonlike peptide-1 (GLP-1) are the two primary incretin
hormones secreted from the intestine after ingesting
glucose or nutrients that stimulate insulin secretion
by pancreatic β cells. Quantification of plasma GLP-1
and GIP was performed using the enzyme-linked
immunoassay method in the range of 450 nm (Biotek
EL800, Winooski, VT, United States). The peptides
were quantified using commercial kits from Phoenix
Pharmaceuticals, Inc. (Belmont, CA, United States),
according to the manufacturer’s instructions.

RNA extraction and quantitative reverse-transcriptionPCR assays

Total RNA from the duodenal and ileal samples was
isolated using the IllustraRNAspin Mini RNA Isolation Kit
(GE Healthcare, Buckinghamshire, United Kingdom),
according to the manufacturer’s instructions. Reverse
transcription of 1 µg of total RNA was performed using
the First-Strand cDNA Synthesis Kit (GE Healthcare,
Buckinghamshire, United Kingdom), according to
the manufacturer’s protocol. Gene expression of
the target genes was quantified with qRT-PCR in
a StratageneMxPro3005P thermocycler (Agilent
Technologies, Santa Clara, United States). cDNA was
amplified in duplicate PCR reactions using 1× of the
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150.75 ± 6.84 mg/dL, P < 0,05), and this level was
maintained at 6 and 12 postoperative months (Figure
2C). The HbA1c levels before surgery were 10.7%, and
they decreased to 6.8% at 3 postoperative months
(10.66% ± 0.59% vs 6.78% ± 0.10%, P < 0.05)
(Figure 2D). Serum triglyceride and cholesterol levels
also decreased 3 mo after surgery (325.11 ± 60.29
mg/dL vs 144.25 ± 10.11 mg/dL and 214.33 ± 10.26
mg/dL vs 139.12 ± 7.63 mg/dL (55% and 27%,
respectively) and remained at this level at 6 and 12
postoperative months (Figure 2E and F).

Table 1 Demographic characteristics of the patients with
type 2 diabetes mellitus who underwent sleeve gastrectomy
with transit bipartition (n = 9)

Age (yr)
Gender (men), n (%)
Gender (women), n (%)
T2DM duration (yr)
Preoperative BMI (kg/m2)

mean ± SD

Range

47.11 ± 7.84
4 (44.4)
5.01 (55.6)
5.6
31.17 ± 2.18

30.00–53.00

3.00–11.00
26.47–33.39

1

Non-menopausal. BMI: Body mass index; T2DM: Type 2 diabetes mellitus.

Sleeve gastrectomy with transit bipartition surgery leads
to increasedglucagon-like peptide-1 levels in patients
with type 2 diabetes mellitus

SYBR® Green Master Mix (Stratagen, La Jolla, CA,
United States). A negative control was also included
for each gene amplification assay. The PCR cycling
conditions were as follows: 5 min at 94 ℃; 40 cycles
of 15 s at 94 ℃, 30 s at 60 ℃, and 30 s at 72 ℃, with
a dissociation curve. The 18S was used as an internal
control. The values are expressed as the relative
-ΔΔCt
expression in terms of the control levels (2
).

Eight patients completed the fasting and postprandial
blood sample collection protocol. There was a
significant increase in the postoperative GLP-1 levels
of each patient [compared with the preoperative levels
(P < 0.05; Figure 3A)] when analyzed with the area
under the curve (AUC)analysis. There was a slight
decrease in the GIP concentrations, but this decrease
was not significant (Figure 3B).

Statistical analysis

Data are shown as the mean ± SE. Student’s t test
or repeated measurements ANOVA with Bonferroni
corrections were performed as appropriate, with a
level of significance set at P < 0.05.

Sleeve gastrectomy with transit bipartition surgery
leads to an increase in duodenal p53 gene expression
and ileal-transforming growth factor-beta expression

Three months after surgery, the p53 expression
significantly increased in the duodenum (P < 0.05;
Figure 4A), and there was a trend of increased
expression in the ileal mucosa (P = 0.1; Figure 4B).
The TGF-β expression levels did not change in the
duodenum (Figure 5A). However, TGF-β expression
significantly increased in the ileum (Figure 5B) at 3
postoperative months.

RESULTS
Clinical characteristics of the patients

The patients (5 women, 4 men) were similar in age
2
(Table 1). The mean BMI was 31.18 ± 1.17 kg/m . All
patients had satisfactory postoperative evaluations,
with a normal diet, normal bowel movements, and no
hospital readmissions.

DISCUSSION

Sleeve gastrectomy with transit bipartition surgery leads
to improvements in glucose and lipid metabolism

The present study demonstrated that SGTB improves
glucose and lipid metabolism in patients with T2DM
and leads to complete T2DM remission in the majority
of patients. In addition, there was increased expression
of the anti-proliferative intestinal genes after metabolic
improvement, suggesting that these genes play a
possible role in the intestinal mucosa with T2DM
progression.
Surgeries that are performed in the digestive
tract, particularly bariatric or metabolic surgical
procedures, are reportedly effective not only in
[15]
[16-18]
treating obesity but also for T2DM
, although
the specific mechanisms underlying the latter finding
are not completely understood. Two different theories
have been posited, namely the foregut and hindgut
[19]
hypothesis . Research has also been conducted to
understand how improvements in T2DM occur even
[20]
before weight loss following these surgeries . The
effects of GI surgery on metabolic processes reinforce
the importance of the GI tract in T2DM development.

Complete T2DM remission was observed in 7 (78%)
patients, and improved diabetes was observed in
2 (22%) patients. Before surgery, all patients were
taking at least 2 hypoglycemic drugs, and 6 (66.7%)
were insulin dependent. In the first postoperative
month, there was a complete withdrawal of hypogly
cemic medications in all patients.
There was a statistically significant decrease in BMI
at 3 mo (by 15.7%) (31.29 ± 0.73 vs 26.39 ± 0.683, P
< 0.05), a further decrease at 6 postoperative months
(22.2%), and a decrease of 22.8% at 12 postoperative
months compared with thepre-operative values (Figure
2A). At 3 postoperative months, the fasting plasma
glucose had also decreased (59%) (269.55 ± 18.24
mg/dL vs 100.77 ± 3.13 mg/dL, P < 0,05); there
were no further changes in the fasting glucose levels
at 6 or 12 postoperative months surgery (Figure 2B).
Three months postoperatively, postprandial glycaemia
had decreased by 55% (334.88 ± 19.24 mg/dL vs

WJG|www.wjgnet.com

6993

June 14, 2015|Volume 21|Issue 22|

Rodrigues MRS et al . Diabetes and the gastrointestinal tract

B

35
30

b

b

b

2

BMI (kg/m )

25
20
15
10
5

Fasting Glucose (mg/dL)

A

0
6m

D

b

b

b

100

6m

12 m

b

b

3m

6m

12 m

b

b

3m

6m

3m

12.5

b

7.5
5.0
2.5

0

0.0
Pre

3m

6m

12 m

Pre

F

250
200

200

b
b

b
100

Cholesterol (mg/dL)

Triglycerides (mg/dL)

b

10.0

200

300

b

100

Pre

300

400

b

12 m

Hb A1 (%)

Postprandial Glycemia (mg/dL)

3m

400

E

200

0
Pre

C

300

150

b

100
50
0

0
Pre

3m

6m

Pre

12 m

12 m

Figure 2 Changes in metabolic parameters following sleeve gastrectomy with transit bipartition in patients with type 2 diabetes mellitus. A: Body mass
index; B: Fasting glycemia; C: Postprandial glycemia; D: Hemoglobin A1c; E: Plasma triglycerides; F: Plasma total cholesterol. The gray bars show data before the
sleeve gastrectomy with transit bipartition (SGTB), and the black bars show data after the surgery (n = 9). Data are expressed as the mean ± SEM. bP < 0.01 vs Pre.
Pre: Pre-surgery; 3 m: 3 mo post-surgery; 6 m: 6 mo post-surgery; 12 m: 12 mo post-surgery.
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Figure 3 Changes in gastric inhibitory polypeptide and glucagon-like peptide-1 levels following sleeve gastrectomy with transit bipartition in patients
with type 2 diabetes mellitus. A: Area under the curve (AUC) for the plasma glucagon-like peptide-1 levels pre- and post-surgery while fasting and after ingesting a
standard meal (520 kcal). Blood samples were collected 30, 60, 90, and 120 min after the meal; B: Sum of the individual AUCs of plasma gastric inhibitory polypeptide
levels pre- and post-surgery while fasting and after ingesting a standard meal (520 kcal). Blood samples were collected 30, 60, 90, and 120 min after the meal. Data
are expressed as the mean ± SE. aP < 0.05 vs Pre. Pre: Pre-surgery; Post: Post-surgery.
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Figure 4 Gene expression profile of p53 in the intestinal mucosa before and after sleeve gastrectomy with transit bipartition in patients with type 2
diabetes mellitus. A: p53 mRNA expression in the duodenum; B: p53 mRNA expression in the ileum. The gray bars show data before the gastrectomy with transit
bipartition, and the black bars show data 3 mo postoperatively. Data are expressed as the mean ± SE. aP < 0.05 vs Pre. Pre: Pre-surgery; Post: Post-surgery.
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Figure 5 Gene expression profile of transforming growth factor tumor growth factor-β in the intestinal mucosa before and after sleeve gastrectomy with
transit bipartition in patients with type 2 diabetes mellitus. A: Tumor growth factor-β (TGF-β) mRNA expression in the duodenum; B: TGF-β mRNA expression
in the ileum. The gray bars show data before the sleeve gastrectomy with transit bipartition (SGTB), and the black bars show data 3 mo postoperatively. Data are
expressed as the mean ± SE. aP < 0.05 vs Pre. Pre: Pre-surgery; Post: Post-surgery.

In morbidly obese patients, bariatric surgery
[21]
results in up to a 70% loss of excess weight . In the
present study, the mean postoperative BMI was < 25
2
kg/m , a result that we considered to be attributed
to a 100% loss of excess weight. In addition, we
observed significant improvements in other metabolic
parameters, such as triglyceride and total cholesterol
levels. Different bariatric surgery procedures promote
amelioration of dyslipidemia, potentially because of
the ingestion of less food and the improved insulin
[22]
resistance .
There were significant improvements in fasting
and postprandial glycemia after surgery. Pancreatic
beta cell behavior depends on serum glucose levels,
and phasic or chronic hyperglycemia may lead to
desensitization, exhaustion, and apoptosis of the
[23,24]
beta cells (glucotoxicity)
. Loss of beta cell mass
is a cornerstone feature for the development of
[25]
chronic hyperglycemia . Hyperabsorption in the
epithelium in diabetes patients promotes postprandial
hyperglycemia, an event that is potentially toxic to
beta cell mass. Studies in different experimental
models have demonstrated improvements in beta cell
[26]
function after metabolic surgery , and this effect
might be a result not only from improved incretin
hormone function but also from less glucotoxicity
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in the beta cells, which are frequently exposed to
postprandial hyperglycemia caused by the consumption
of high glycemic foods. In the present group of T2DM
patients, lower levels of postprandial glycemia might
have been promoted by partial or complete deviation
of hyperplastic and hyper absorption in the proximal
segments of the intestine; however, further research is
required to clarify this hypothesis.
GIP and GLP-1 are the two primary incretin hor
mones secreted from the intestine, and T2DM patients
[27]
generally have lower levels of GLP-1 . The post
operative improvement in T2DM in the present study,
at least partially, might be a result of enhanced GLP-1.
[28]
Schirra et al
have demonstrated that the load of
ingested carbohydrates must overcome the absorptive
capacity of the proximal intestine to enhance the
GLP-1 secretion by mucosal L cells, which are primarily
located in the distal small intestine. The intestinal
hyperabsorption in T2DM patients might prevent food
from reaching these distal segments of the intestine.
When direct contact of the duodenal and proximal
jejunal epithelium with food is avoided through an
endoluminal plastic prostheses (EndoBarrier® GI
Dynamics), improvements are observed in insulin
resistance, fasting glycemic levels, and postprandial
[29,30]
glycemic levels
; these outcomes are similar to
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those obtained from bariatric surgery. These results, in
addition to increased GLP-1 secretion, are also observed
in glucose intolerant patients through the inhibition of
disaccharidase alpha by orally administered acarbose,
which partially prevents the absorption of carbohydrates
[31]
in the proximal intestine . Similarly, studies have
shown that metabolic surgery improves GLP-1
secretion, mainly by stimulating the distal intestine with
[32,33]
undigested food
, and SGTB promotes stimulation
of the ileum by ingested food through a gastroileal
anastomosis. Isolated sleeve gastrectomy without
transit bipartition also elevates postprandial GLP-1 levels
and improves glucose metabolism, although it does
not alter the intestinal flow. After sleeve gastrectomy,
[34]
gastric emptying is accelerated , and this acceleration
might prevent complete absorption of food in the
proximal intestine. The proximal intestine absorption
capacity and flow intensity (amount of substrate/time)
are important tasks for distal intestine stimulations and
[28]
GLP-1 secretion .
In contrast, the GIP levels tended to decrease in
the postoperative period in the present study. In T2DM
[35]
patients, there is a resistance to GIP action , and
[36]
surgery might influence its function. Højberg et al ,
while studying rats, demonstrated that resolution of
hyperglycemia restores GIP function by stimulating
the expression of GIP receptors in pancreatic tissue.
However, there is considerable variation in the
reported results regarding GIP secretion after bariatric
and metabolic surgery; thus, the relationship remains
[37]
unclear .
Comparing two groups of patients with the same
weight loss (9.5 kg) achieved through bariatric surgery
[38]
and a hypocaloric diet, Laferrère
shows better
metabolic results (incretin secretion, postprandial
glucose levels) in operated patients instead of having
the same amount of fat tissue loss. This result
reinforces the importance of metabolic surgery or
the rearrangement of the gastrointestinal tract on
metabolic profile amelioration.
[11]
According to Osborne et al , diabetes promotes
morphological changes in the intestinal mucosa, and
hyperglycemia correction reverses the hyperplasia.
The mechanism underlying hyperplasia in T2DM
appears to differ from that of other models of
intestinal hyperplasia. In rats subjected to Roux-en-Y
gastric bypass, the hyperplasia was only observed
on the roux limb and not on the biliopancreatic limb,
suggesting that overstimulation of the distal segments
of the bowel by undigested food, previously poorly
stimulated, might be the primary mechanism for
[39]
the hyperplasia . In T2DM models, the hyperplasia
occurs as an early step in the evolution of diabetes
in non-surgically modified intestines, suggesting
[7]
different mechanisms of hyperplasia induction .
[8]
Furthermore, Noda et al predicted that overfeeding
is a necessary condition to intestinal hypertrophy,
[40]
a serious concern in modern society , particularly
with the increased consumption of high glycemic
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index foods, which parallels the increase in T2DM
[41]
incidence . Food rich in carbohydrates is the primary
[42]
stimulant for the growth of intestinal cells . The
inability of the anti-proliferative genes in the intestinal
mucosa to counteract the stimulation for growth
promoted by food ingestion could be one factor in the
pathophysiology of intestinal hypertrophy in diabetes.
p53 and TGF-β are important down-regulators of
[3-5]
[10]
epithelial growth
and are influenced by diabetes .
[43]
Alvarado-Vásquez et al have reported lower levels
of p53 in the endothelial cells of the umbilical cords
of mothers with a strong family predisposition for
T2DM. Interestingly, a cohort study of 55000 subjects
demonstrated an association between the development
of hyperglycemia and p53 polymorphisms, leading
us to suggest a possible link between the expression
[44]
levels of this gene and the progression of T2DM .
Few studies have analyzed the gene expression
profile of intestinal epithelial cells in the presence of
metabolic disease. In the present study, we analyzed
the mucosal gene expression of p53 and TGF-β
in non-excluded segments of the intestine and at
the same intestinal site, pre- and postoperatively.
Both genes were down-regulated before surgery
(before improvements in T2DM). Interestingly, p53
expression was enhanced postoperatively, and this
enhancement was more pronounced in the duodenum
than in the ileum. At the same time, the expression
of TGF-β was not altered in the duodenum but was
significantly enhanced in the ileum. The small sample
size may have resulted in these expression differences
based on the intestinal site. However, lower levels
of the anti-proliferative genes in T2DM (as in the
preoperative state) could be explained by the direct
[1]
effect of diabetes on p53 and TGF-β . In normal
and tumor cells, p53 regulates the energy source,
and it favors phosphorylative oxidation instead of
glycolytic pathways. One method by which p53 favors
phosphorylative oxidation is the down-regulation
of the expression of glucose transporter (GLUT)-1
[45]
receptors , which are responsible for basolateral
glucose transport. p53 also influences the expression
[46]
of GLUT 3 and GLUT 4 receptors . A recent report has
indicated that bariatric surgery significantly enhances
[47]
mucosal expression of GLUT-1 receptors , thereby
enhancing glucose consumption by enterocytes and
acting as a primary factor for glucose homeostasis
after surgery.
This study has certain limitations. One important
limitation is the small sample size, as well as the
lack of morphological experiments of the epithelium
before and after surgery. Despite these limitations, we
believe that our results will encourage future research
regarding the relationship between the digestive tract
and T2DM, particularly relating to higher proximal
intestine absorptive capacity.
In summary, our data demonstrated that SGTB
improves T2DM in a group of class Ⅰ obese patients,
and the metabolic improvements were accompanied
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by increased expression of the anti-proliferative
intestinal genes. We propose a new theory regarding
the resolution of T2DM after metabolic surgery,
focusing on the hyper absorption capacity of the
proximal intestine.
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although the cohort size is too small to draw definitive conclusions.

16

REFERENCES
1

2

3

Ye C, Li X, Wang Y, Zhang Y, Cai M, Zhu B, Mu P, Xia X, Zhao
Y, Weng J, Gao X, Wen X. Diabetes causes multiple genetic
alterations and downregulates expression of DNA repair genes in
the prostate. Lab Invest 2011; 91: 1363-1374 [PMID: 21647090
DOI: 10.1038/labinvest.2011.87]
Hong S, Lee HJ, Kim SJ, Hahm KB. Connection between
inflammation and carcinogenesis in gastrointestinal tract: focus on
TGF-beta signaling. World J Gastroenterol 2010; 16: 2080-2093
[PMID: 20440848 DOI: 10.3748/wjg.v16.i17.2080]
Li L, Li J, Rao JN, Li M, Bass BL, Wang JY. Inhibition of
polyamine synthesis induces p53 gene expression but not

WJG|www.wjgnet.com

17

18

19

6997

apoptosis. Am J Physiol 1999; 276: C946-C954 [PMID: 10199827]
Li L, Rao JN, Guo X, Liu L, Santora R, Bass BL, Wang JY.
Polyamine depletion stabilizes p53 resulting in inhibition of normal
intestinal epithelial cell proliferation. Am J Physiol Cell Physiol
2001; 281: C941-C953 [PMID: 11502571]
Liu L, Santora R, Rao JN, Guo X, Zou T, Zhang HM, Turner
DJ, Wang JY. Activation of TGF-beta-Smad signaling pathway
following polyamine depletion in intestinal epithelial cells. Am
J Physiol Gastrointest Liver Physiol 2003; 285: G1056-G1067
[PMID: 12855402 DOI: 10.1152/ajpgi.00151.2003]
Schedl HP, Wilson HD. Effects of diabetes on intestinal growth
in the rat. J Exp Zool 1971; 176: 487-495 [PMID: 5569235 DOI:
10.1002/jez.1401760410]
Fujita Y, Kojima H, Hidaka H, Fujimiya M, Kashiwagi
A, Kikkawa R. Increased intestinal glucose absorption and
postprandial hyperglycaemia at the early step of glucose intolerance
in Otsuka Long-Evans Tokushima Fatty rats. Diabetologia 1998;
41: 1459-1466 [PMID: 9867213 DOI: 10.1007/s001250051092]
Noda T, Iwakiri R, Fujimoto K, Yoshida T, Utsumi H, Sakata H,
Hisatomi A, Aw TY. Suppression of apoptosis is responsible for
increased thickness of intestinal mucosa in streptozotocin-induced
diabetic rats. Metabolism 2001; 50: 259-264 [PMID: 11230775
DOI: 10.1053/meta.2001.21030]
Adachi T, Mori C, Sakurai K, Shihara N, Tsuda K, Yasuda K.
Morphological changes and increased sucrase and isomaltase
activity in small intestines of insulin-deficient and type 2 diabetic
rats. Endocr J 2003; 50: 271-279 [PMID: 12940455 DOI: 10.1507/
endocrj.50.271]
Saad MF, Knowler WC, Pettitt DJ, Nelson RG, Mott DM, Bennett
PH. The natural history of impaired glucose tolerance in the Pima
Indians. N Engl J Med 1988; 319: 1500-1506 [PMID: 3054559
DOI: 10.1056/NEJM198812083192302]
Osborne DL, Payne SC, Russ RD, Tobin B. Comparison of
therapeutic regimens in the amelioration of alterations in rat
gastrointestinal mucosal DNA, RNA and protein induced by
streptozotocin diabetes mellitus. Life Sci 2000; 66: 2405-2417
[PMID: 10864102]
Verdam FJ, Greve JW, Roosta S, van Eijk H, Bouvy N, Buurman
WA, Rensen SS. Small intestinal alterations in severely obese
hyperglycemic subjects. J Clin Endocrinol Metab 2011; 96:
E379-E383 [PMID: 21084402 DOI: 10.1210/jc.2010-1333]
Santoro S, Castro LC, Velhote MC, Malzoni CE, Klajner S,
Castro LP, Lacombe A, Santo MA. Sleeve gastrectomy with transit
bipartition: a potent intervention for metabolic syndrome and
obesity. Ann Surg 2012; 256: 104-110 [PMID: 22609843 DOI:
10.1097/SLA.0b013e31825370c0]
American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2012; 35 Suppl 1: S64-S71 [PMID:
22187472 DOI: 10.2337/dc12-s064]
Christou NV, Sampalis JS, Liberman M, Look D, Auger S,
McLean AP, MacLean LD. Surgery decreases long-term mortality,
morbidity, and health care use in morbidly obese patients. Ann
Surg 2004; 240: 416-423; discussion 423-424 [PMID: 15319713
DOI: 10.1097/01.sla.0000137343.63376.19]
Schauer PR, Kashyap SR, Wolski K, Brethauer SA, Kirwan JP,
Pothier CE, Thomas S, Abood B, Nissen SE, Bhatt DL. Bariatric
surgery versus intensive medical therapy in obese patients with
diabetes. N Engl J Med 2012; 366: 1567-1576 [PMID: 22449319
DOI: 10.1056/NEJMoa1200225]
Sasaki A, Wakabayashi G, Yonei Y. Current status of bariatric
surgery in Japan and effectiveness in obesity and diabetes. J
Gastroenterol 2014; 49: 57-63 [PMID: 23595611 DOI: 10.1007/
s00535-013-0802-5]
Pok EH, Lee WJ. Gastrointestinal metabolic surgery for the
treatment of type 2 diabetes mellitus. World J Gastroenterol 2014;
20: 14315-14328 [PMID: 25339819 DOI: 10.3748/wjg.v20.
i39.14315]
Rubino F, Gagner M, Gentileschi P, Kini S, Fukuyama S, Feng
J, Diamond E. The early effect of the Roux-en-Y gastric bypass
on hormones involved in body weight regulation and glucose

June 14, 2015|Volume 21|Issue 22|

Rodrigues MRS et al . Diabetes and the gastrointestinal tract

20

21

22
23

24

25

26
27

28

29

30

31

32
33

metabolism. Ann Surg 2004; 240: 236-242 [PMID: 15273546 DOI:
10.1097/01.sla.0000133117.12646.48]
Liu S, Zhang G, Wang L, Sun D, Chen W, Yan Z, Sun Y, Hu
S. The entire small intestine mediates the changes in glucose
homeostasis after intestinal surgery in Goto-Kakizaki rats. Ann
Surg 2012; 256: 1049-1058 [PMID: 23001083 DOI: 10.1097/
SLA.0b013e31826c3866]
Buchwald H, Estok R, Fahrbach K, Banel D, Jensen MD,
Pories WJ, Bantle JP, Sledge I. Weight and type 2 diabetes after
bariatric surgery: systematic review and meta-analysis. Am J
Med 2009; 122: 248-256.e5 [PMID: 19272486 DOI: 10.1016/
j.amjmed.2008.09.041]
Kaul A, Sharma J. Impact of bariatric surgery on comorbidities.
Surg Clin North Am 2011; 91: 1295-312, ix [PMID: 22054155
DOI: 10.1016/j.suc.2011.08.003]
Donath MY, Halban PA. Decreased beta-cell mass in diabetes:
significance, mechanisms and therapeutic implications.
Diabetologia 2004; 47: 581-589 [PMID: 14767595 DOI: 10.1007/
s00125-004-1336-4]
Poitout V, Robertson RP. Minireview: Secondary beta-cell failure
in type 2 diabetes--a convergence of glucotoxicity and lipotoxicity.
Endocrinology 2002; 143: 339-342 [PMID: 11796484 DOI:
10.1210/endo.143.2.8623]
Nolan CJ, Damm P, Prentki M. Type 2 diabetes across
generations: from pathophysiology to prevention and management.
Lancet 2011; 378: 169-181 [PMID: 21705072 DOI: 10.1016/
S0140-6736(11)60614-4]
Bradley D, Magkos F, Klein S. Effects of bariatric surgery on
glucose homeostasis and type 2 diabetes. Gastroenterology 2012;
143: 897-912 [PMID: 22885332 DOI: 10.1053/j.gastro.2012.07.114]
Vilsbøll T, Krarup T, Deacon CF, Madsbad S, Holst JJ. Reduced
postprandial concentrations of intact biologically active glucagonlike peptide 1 in type 2 diabetic patients. Diabetes 2001; 50:
609-613 [PMID: 11246881 DOI: 10.2337/diabetes.50.3.609]
Schirra J, Katschinski M, Weidmann C, Schäfer T, Wank U,
Arnold R, Göke B. Gastric emptying and release of incretin
hormones after glucose ingestion in humans. J Clin Invest 1996;
97: 92-103 [PMID: 8550855 DOI: 10.1172/JCI118411]
de Moura EG, Orso IR, Martins BC, Lopes GS, de Oliveira SL,
Galvão-Neto Mdos P, Mancini MC, Santo MA, Sakai P, Ramos
AC, Garrido-Júnior AB, Halpern A, Cecconello I. Improvement of
insulin resistance and reduction of cardiovascular risk among obese
patients with type 2 diabetes with the duodenojejunal bypass liner.
Obes Surg 2011; 21: 941-947 [PMID: 21442376 DOI: 10.1007/
s11695-011-0387-0]
Escalona A, Pimentel F, Sharp A, Becerra P, Slako M, Turiel D,
Muñoz R, Bambs C, Guzmán S, Ibáñez L, Gersin K. Weight loss
and metabolic improvement in morbidly obese subjects implanted
for 1 year with an endoscopic duodenal-jejunal bypass liner. Ann
Surg 2012; 255: 1080-1085 [PMID: 22534421 DOI: 10.1097/
SLA.0b013e31825498c4]
Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso
M. Acarbose for prevention of type 2 diabetes mellitus: the STOPNIDDM randomised trial. Lancet 2002; 359: 2072-2077 [PMID:
12086760]
Cummings DE. Endocrine mechanisms mediating remission of
diabetes after gastric bypass surgery. Int J Obes (Lond) 2009; 33
Suppl 1: S33-S40 [PMID: 19363506 DOI: 10.1038/ijo.2009.15]
DePaula AL, Macedo AL, Schraibman V, Mota BR, Vencio S.
Hormonal evaluation following laparoscopic treatment of type 2
diabetes mellitus patients with BMI 20-34. Surg Endosc 2009; 23:

34

35

36

37
38

39

40
41

42
43

44

45

46
47

1724-1732 [PMID: 18830747 DOI: 10.1007/s00464-008-0168-6]
Braghetto I, Davanzo C, Korn O, Csendes A, Valladares H,
Herrera E, Gonzalez P, Papapietro K. Scintigraphic evaluation of
gastric emptying in obese patients submitted to sleeve gastrectomy
compared to normal subjects. Obes Surg 2009; 11: 1515-1521 [DOI:
10.1007/s11695-009-9954-z]
Theodorakis MJ, Carlson O, Muller DC, Egan JM. Elevated
plasma glucose-dependent insulinotropic polypeptide associates
with hyperinsulinemia in impaired glucose tolerance. Diabetes
Care 2004; 27: 1692-1698 [PMID: 15220248]
Højberg PV, Vilsbøll T, Rabøl R, Knop FK, Bache M, Krarup T,
Holst JJ, Madsbad S. Four weeks of near-normalisation of blood
glucose improves the insulin response to glucagon-like peptide-1
and glucose-dependent insulinotropic polypeptide in patients with
type 2 diabetes. Diabetologia 2009; 52: 199-207 [PMID: 19037628
DOI: 10.1007/s00125-008-1195-5]
Rao RS, Kini S. GIP and bariatric surgery. Obes Surg 2011; 21:
244-252 [PMID: 21082290 DOI: 10.1007/s11695-010-0305-x]
Laferrère B, Teixeira J, McGinty J, Tran H, Egger JR, Colarusso
A, Kovack B, Bawa B, Koshy N, Lee H, Yapp K, Olivan B. Effect
of weight loss by gastric bypass surgery versus hypocaloric diet on
glucose and incretin levels in patients with type 2 diabetes. J Clin
Endocrinol Metab 2008; 93: 2479-2485 [PMID: 18430778 DOI:
10.1210/jc.2007-2851]
Mumphrey MB, Patterson LM, Zheng H, Berthoud HR. Rouxen-Y gastric bypass surgery increases number but not density of
CCK-, GLP-1-, 5-HT-, and neurotensin-expressing enteroendocrine
cells in rats. Neurogastroenterol Motil 2013; 25: e70-e79 [PMID:
23095091 DOI: 10.1111/nmo.12034]
Gupta D, Krueger CB, Lastra G. Over-nutrition, obesity and
insulin resistance in the development of β-cell dysfunction. Curr
Diabetes Rev 2012; 8: 76-83 [PMID: 22229253]
Gross LS, Li L, Ford ES, Liu S. Increased consumption of refined
carbohydrates and the epidemic of type 2 diabetes in the United
States: an ecologic assessment. Am J Clin Nutr 2004; 79: 774-779
[PMID: 15113714]
Weser E, Babbitt J, Vandeventer A. Relationship between enteral
glucose load and adaptive mucosal growth in the small bowel. Dig
Dis Sci 1985; 30: 675-681 [PMID: 3924534]
Alvarado-Vásquez N, Zapata E, Alcázar-Leyva S, Massó F,
Montaño LF. Reduced NO synthesis and eNOS mRNA expression
in endothelial cells from newborns with a strong family history of
type 2 diabetes. Diabetes Metab Res Rev 2007; 23: 559-566 [PMID:
17385193]
Burgdorf KS, Grarup N, Justesen JM, Harder MN, Witte DR,
Jørgensen T, Sandbæk A, Lauritzen T, Madsbad S, Hansen T,
Pedersen O. Studies of the association of Arg72Pro of tumor
suppressor protein p53 with type 2 diabetes in a combined
analysis of 55,521 Europeans. PLoS One 2011; 6: e15813 [PMID:
21283750 DOI: 10.1371/journal.pone.0015813]
Schwartzenberg-Bar-Yoseph F, Armoni M, Karnieli E. The
tumor suppressor p53 down-regulates glucose transporters GLUT1
and GLUT4 gene expression. Cancer Res 2004; 64: 2627-2633
[PMID: 15059920]
Vousden KH, Ryan KM. p53 and metabolism. Nat Rev Cancer
2009; 9: 691-700 [PMID: 19759539 DOI: 10.1038/nrc2715]
Saeidi N, Meoli L, Nestoridi E, Gupta NK, Kvas S, Kucharczyk
J, Bonab AA, Fischman AJ, Yarmush ML, Stylopoulos N.
Reprogramming of intestinal glucose metabolism and glycemic
control in rats after gastric bypass. Science 2013; 341: 406-410
[PMID: 23888041 DOI: 10.1126/science.1235103]
P- Reviewer: Vossenkamper A, Zhang DF S- Editor: Yu J
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

6998

June 14, 2015|Volume 21|Issue 22|

World J Gastroenterol 2015 June 14; 21(22): 6999-7007
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i22.6999

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Prospective Study

Assessment of the correlation between serum prolidase
and alpha-fetoprotein levels in patients with hepatocellular
carcinoma
Sevil Uygun Ilikhan, Muammer Bilici, Hatice Sahin, Ayşe Semra Demir Akca, Murat Can, Ibrahim Ilker Oz,
Berrak Guven, M Cagatay Buyukuysal, Yucel Ustundag
Sevil Uygun Ilikhan, Muammer Bilici, Hatice Sahin, Department
of Internal medicine, Bülent Ecevit University Faculty of Medicine,
Zonguldak 67100, Turkey
Ayşe Semra Demir Akca, Department of Family Medicine,
Bülent Ecevit University Faculty of Medicine, Zonguldak 67100,
Turkey
Murat Can, Berrak Guven, Department of Biochemistry, Bülent
Ecevit University Faculty of Medicine, Zonguldak 67100, Turkey
Ibrahim Ilker Oz, Department of Radiology, Bülent Ecevit
University Faculty of Medicine, Zonguldak 67100, Turkey
M Cagatay Buyukuysal, Department of Biostatistic, Bülent
Ecevit University Faculty of Medicine, Zonguldak 67100, Turkey
Yucel Ustundag, Bülent Ecevit University Faculty of Medicine,
Department of Gastroenterology, Zonguldak 67100, Turkey

different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Ayşe Semra Demir Akca, Department
of Family Medicine, Bülent Ecevit University Faculty of
Medicine, Esenköy, Kozlu, Zonguldak 67100,
Turkey. aysesemra@hotmail.com
Telephone: +90-372-2612000
Fax: +90-372-2610155
Received: October 23, 2014
Peer-review started: October 27, 2014
First decision: November 14, 2014
Revised: December 3, 2014
Accepted: February 12, 2015
Article in press: February 13, 2015
Published online: June 14, 2015

Author contributions: Uygun Ilikhan S, Bilici M, Sahin H and
Ustundag Y designed the research; Can M, Guven B and Oz
II performed the research; Buyukuysal MC analyzed the data;
Uygun Ilikhan S, Bilici M, Sahin H and Demir Akca AS wrote
the paper.
Ethics approval: The study was reviewed and approved by the
Clinical Research Ethics Board of the Bülent Ecevit University.
Clinical trial registration: The study was reviewed and approved
by the Clinical Research Ethics Board of the Bülent Ecevit
University.
Informed consent: All study participants provided informed
written consent prior to study enrollment.
Conflict-of-interest: There are no conflicts of interest to report
for any study authors.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at aysesemra@hotmail.
com. The presented data cannot be linked to individuals and risk
of personal identification is minimal as such.

Abstract
AIM: To determine the predictive value of increased
prolidase activity that reflects increased collagen
turnover in patients with hepatocellular carcinoma
(HCC).
METHODS: Sixty-eight patients with HCC (mean age
of 69.1 ± 10.1), 31 cirrhosis patients (mean age of
59.3 ± 6.3) and 33 healthy volunteers (mean age of
51.4 ± 12.6) were enrolled in this study. Univariate
and multivariate analysis were used to evaluate the
association of serum α-fetoprotein (AFP) values with
HCC clinicopathological features, such as tumor size,
number and presence of vascular and macrovascular
invasion. The patients with HCC were divided into
groups according to tumor size, number and presence
of vascular invasion (diameters; ≤ 3 cm, 3-5 cm
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and ≥ 5 cm, number; 1, 2 and ≥ 3, macrovascular
invasion; yes/no). Barcelona-clinic liver cancer (BCLC)
criteria were used to stage HCC patients. Serum
samples for measurement of prolidase and alphafetoprotein levels were kept at -80 ℃ until use.
Prolidase levels were measured spectrophotometrically
and AFP concentrations were determined by a chemi
luminescence immunometric commercial diagnostic
assay.

II, Guven B, Buyukuysal MC, Ustundag Y. Assessment of the
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RESULTS: In patients with HCC, prolidase and AFP
values were evaluated according to tumor size, number,
presence of macrovascular invasion and BCLC staging
classification. Prolidase values were significantly higher
in patients with HCC compared with controls (P <
0.001). Prolidase levels were significantly associated
with tumor size and number (P < 0.001, P = 0.002,
respectively). Prolidase levels also differed in patients
in terms of BCLC staging classification (P < 0.001).
Furthermore the prolidase levels in HCC patients
showed a significant difference compared with patients
with cirrhosis (P < 0.001). In HCC patients grouped
according to tumor size, number and BCLC staging
classification, AFP values differed separately (P = 0.032,
P = 0.038, P = 0.015, respectively). In patients with
HCC, there was a significant correlation (r = 0.616; P
< 0.001) between prolidase and AFP values in terms
of tumor size, number and BCLC staging classification,
whereas the presence of macrovascular invasion did
not show a positive association with serum prolidase
and AFP levels.

INTRODUCTION
Despite recent developments in surgery and medical
therapy, which have significantly improved the
outcome of patients with operable and advanced
hepatocellular carcinoma (HCC), HCC remains a
major health problem worldwide. The majority of
HCC cases occur in patients with chronic liver disease,
such as hepatitis B-virus (HBV), hepatitis C-virus
(HCV) infection, alcoholic liver diseases and non[1,2]
alcoholic fatty liver diseases . The complex nature
of the disease and its high resistance to conventional
systemic therapies, results in poor prognosis for
[1]
advanced HCC patients . Despite regular surveillance
to detect small HCCs in these patients, HCC is often
diagnosed at an advanced stage, after the symptoms
related HCC have appeared, and the 5-year relative
[1]
survival rate for patients is only 7% . If HCC
could be diagnosed at an early stage, potentially
curative options, such as resection, ablation, and
[3]
transplantation may be considered . Early diagnose
may serve as a long-term control in patients. Thus, the
regular follow-up of patients with risk factors for HCC
seems very important.
Surveillance strategies, including ultrasound
imaging and serum α-fetoprotein (AFP) concentration
measurements, have been recommended to detect
HCC at earlier stages, without pathological confirmation.
AFP is the most commonly used serological marker
[4]
worldwide to diagnose hepatocellular carcinoma .
HCC differentiation, size and macrovascular invasion
are strongly associated with AFP; poor differentiation
and HCC size ≥ 10 cm are independent predictors of
[5]
elevated AFP .
Collagen is the main component of connective
tissue. Deregulation of tissue collagen metabolism is
one of the consequences of neoplastic transformation.
Metalloproteinases initiate the breakdown of collagen;
however, the final step of collagen degradation is
[6,7]
mediated by prolidase .Prolidase is an important
enzyme that cleaves the bonds of dipeptides containing
proline (X-Pro), and plays a vital role in collagen
turnover, matrix remodeling and cell growth. Metastatic
tumor cells produce enhanced amounts of proteases
that enable them to penetrate basement membranes
[8]
and the extracellular matrix (ECM) . Therefore, tumor
progression might depend critically on the breakdown
[9]
of collagen and other ECM proteins . Prolidase seems
a rate-limiting factor in the regulation of collagen
biosynthesis because of its role in the last step of

CONCLUSION: Considering the levels of both serum
prolidase and AFP could contribute to the early diagnosing
of hepatocellular carcinoma.
Key words: Alpha-fetoprotein; Hepatocellular carcinoma;
Prolidase; Cirrhosis; Macrovascular invasion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Prolidase cleaves dipeptide bonds containing
proline, playing a vital role in collagen turnover, matrix
remodeling and cell growth. Neoplastic transformation
results in deregulation of tissue collagen metabolism,
in which metastatic tumor cells produce enhanced
amounts of proteases to penetrate basement mem
branes and the extracellular matrix. Therefore, tumor
progression might depend on the breakdown of
collagen and other extracellular matrix proteins. The
role of prolidase in neoplastic tissues is unknown.
Herein, serum prolidase levels in hepatocellular
carcinoma (HCC) patients were significantly associated
with tumor size and number, Barcelona-clinic liver
cancer staging and α-fetoprotein (AFP). Considering the
levels of both serum prolidase and AFP could contribute
to early diagnosis of HCC.
Uygun Ilikhan S, Bilici M, Sahin H, Demir Akca AS, Can M, Oz
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Prolidase measurement

collagen degradation. The role of prolidase activity in
neoplastic tissues is not yet known.
In the present study, we aimed to assess the
correlation between the serum prolidase and AFP
levels in patients with hepatocellular carcinoma.

2+

Serum was diluted 6-fold with 1 mmol/L Mn , 50
mmol/L Tris HCl buffer (pH 7.8) and preincubated
at 37 ℃ for 2 h. The reaction mixture containing 94
mmol/L gly-pro, 50 mmol/LTris HCl buffer (pH 7.8)
and preincubation serum was incubated at 37 ℃ for
30 min. The reaction was stopped by adding 1.0 mL
of 0.45 mol/L trichloroacetic acid solution. Prolidase
activity was measured in the supernatant samples
[11]
using the method described by Myara et al , which is
a modification of Chinard’s method and was calculated
against proline standards. All reagents were purchased
from Sigma. The intra- and inter-assay coefficients of
variation were less than 10 %. Prolidase activity was
reported as U/L.

MATERIALS AND METHODS
Ethics

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki, as reflected in the
a priori approval by the Clinical Research Ethics Board
of the Bülent Ecevit University. Informed consent was
obtained from all individuals.

Patient population

Ninety-four patients with HCC, 54 cirrhosis patients and
33 healthy volunteers, admitted to the gastroenterology
clinic of Bulent Ecevit University Medical Faculty between
March 2014 and August 2014, were enrolled in this
study. Twenty-six patients with HCC and 23 patients
with cirrhosis were excluded from the study according
to the exclusion criteria. Exclusion criteria were:
dilated cardiomyopathy, uncontrolled hypertension,
rheumatoid arthritis, ankylosing spondilitis, multiple
sclerosis, psoriasis, connective tissue disease, chronic
obstructive pulmonary disease, chronic pancreatitis,
bipolar disorder and thalassemia major. All patients
underwent a baseline evaluation, including a detailed
medical history, typical physical examination and blood
tests. For all patients in this study, the diagnosing
of HCC and cirrhosis was made by histopathology
and/or based on typical imaging findings for HCC in
three-phase multidedector computed tomography
(Activision 16-row scanner computed tomography,
Toshiba Medical Systems, Otawara, Japan) or dynamic
contrast-enhanced magnetic resonance imaging
(Intera Master Gyroscan, Philips Medical Systems,
Best, the Netherlands) with increased serum AFP
concentrations (> 400 µg/L). Barcelona-Clinic Liver
Cancer (BCLC) criteria were used to stage the patients
[10]
with HCC . The patients were divided into groups
according to their tumor size, number and presence of
macrovascular invasion (diameters; ≤ 3 cm, 3-5 cm
and ≥ 5 cm, number; 1, 2 and 3 ≤, macrovascular
invasion; yes/no). Macrovascular invasion was defined
as portal vein thrombosis and was demonstrated
by any imaging modality. Distinction of malignant
portal vein thrombosis from benign thrombosis was
made by contrast enhancement pattern at computed
tomography or magnetic resonance imaging.

AFP measurement

Blood samples

Demographic and clinical data of the patients with
hepatocellular carcinoma, cirrhosis patients and the
healthy control group are shown in Table 1. Of the 68
patients with HCC, 31 cirrhosis patients and 33 healthy
adults, 80 were males (60.6%) and 52 were females

Serum AFP levels were measured using a chemilumi
nescence immunometric assay in a UniCell DXI 600
(Beckman Coulter, CA, United States) hormone
analyzer. The intra-assay and inter-assay coefficients of
variation (CV) were both less than < 3.22% (the within
run CVs were 3.2%, 2.88%, 2.71% and the between
run CVs were 3.22%, 2.04%, 2.07% for the levels of
6.53, 72.1 and 1672.88 ng/mL, respectively) and the
measuring range was 0.5-3000 ng/mL. The normal
range is less than 10 ng/mL in an adult.

Statistical methods

SPSS 19.0 for Windows was used for statistical
analysis. Categorical variables were given with
frequency and percent. Numerical variables were
shown as the median, with minimum and maximum
values. The Shapiro-Wilk test was used for normality
tests. For nonparametric variables, the Mann Whitney
U test was used for two group comparisons and the
Kruskal Wallis test was used for comparisons of three
or more groups. Receiver operating characteristic
(ROC) curve analysis was performed to determine the
predictive value of prolidase and AFP regarding tumor
size, number and controls. For all statistical analyses, a
P value < 0.05 indicated statistical significance.

Statistical analysis

The statistical analysis of the study was performed by
author Dr. Çağatay Büyükuysal, a biostatistician and
expert on data analysis. His approval of the methods
are documented via his inclusion as a senior author of
the manuscript.

RESULTS

In total, 8-10 cc blood samples were withdrawn from
all the participants and the sera were separated by
centrifugation at 3000 rpm for 10 min. Sera were
stored at -80 ℃ until the day of measurement.
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Table 2 Serum prolidase and α-fetoprotein levels of
different tumor related factors in patients with hepatocellular
carcinoma

Table 1 Demographics and clinical variables of the groups
Characteristic

Patients with
Cirrhosis patients
HCC (n = 68)
(n = 31)

Controls
(n = 33)

Variables

Age (yr),
69.1 ± 10.1
59.3 ± 6.3
51.4 ± 12.6
mean ± SD
Sex% (M/F)
47 (69.1)/21 (30.9) 17 (54.8)/14 (45.2) 16 (48.5)/17 (51.5)
Platelet
175 (27-413)
88 (45-120)
256 (181-396)
(× 1000/mm3)
Hb (g/dL)
11.92 ± 1.80
9.2 ± 1.40
12.67 ± 1.63
INR
1.18 (0.10-2.10)
1.10 (0,90-1.60)
Total bilirubin
2.0 (0.30-16.90)
1.17 (0.90-3.00)
0.80 (0.30-2.00)
(mg/dL)
Albumin (g/dL)
3.2 (2-4.6)
3.49 (2.3-4.4)
4.4 (4-5.3)
Prolidase (U/L) 1179 (1080-1600)
913 (811-1011)
880 (816-969)
median
(min-max)
AFP (ng/mL)
650 (2.5-2300)
14 (2-40)
4.2 (1-16)
median
(min-max)
Underlying liver disease
HBV
34
11
HCV
18
6
NASH
12
10
Alcohol
4
4

AFP (ng/L)
median
(min-max)

Tumor size (cm)
≤3
19
440 (2.5-2000)
3-5
12
548 (45-1740)
≥5
37
850 (73-2300)
Tumor number
1
29
547 (2.5-2248)
2
13
550 (9-1430)
≥3
26
1160 (84-2300)
Macrovascular invasion
No
59
597 (2.5-2300)
Yes
9
770 (110-1750)
BCLC staging
A
20
470 (2.5-2000)
B
29
862 (78-2300)
C
8
867 (110-1645)
D
11
615 (73-2050)

P

value

Prolidase (U/L) P value
median
(min-max)

0.032 1120 (1080-1250) < 0.001
1178 (1123-1260)
1219 (1113-1600)
0.038 1150 (1080-1310)
1142 (1110-1265)
1222 (1120-1600)

0.002

0.502 1174 (1080-1600)
1208 (1120-1276)

0.575

0.015 1128 (1080-1260) < 0.001
1219 (1123-1600)
1174 (1120-1276)
1150 (1113-1286)

AFP: Alpha fetoprotein; BCLC: The Barcelona-Clinic Liver Cancer Group;
HCC: Hepatocellular carcinoma.

HCC: Hepatocellular carcinoma; Hb: Hemoglobin; AFP: α-fetoprotein;
HBV: Hepatitis B virus; HCV: Hepatitis C virus; INR: International
normalized ratio; NASH: Nonalcoholic steatohepatitis.

Table 3 Comparison of the groups for serum prolidase levels

(39.4%). Prolidase and AFP values of the patients
with HCC were evaluated according to tumor size,
number, presence of macrovascular invasion and BCLC
staging classification (Table 2). Prolidase values were
significantly higher in patients with HCC compared
with controls (P < 0.001). Prolidase levels were
significantly associated with tumor size and number
(P < 0.001, P = 0.002, respectively). Serum prolidase
level in tumors ≤ 3 cm was significantly lower than
those with tumor size 3-5 cm (P = 0.006) and with
tumor size ≥ 5 cm (P < 0.001). In addition, the serum
prolidase level in patients with tumor number ≥ 3 cm
was significantly higher than those with two tumors (P
= 0.008) and with one tumor (P = 0.002). However,
prolidase levels showed no positive relation with
presence of macrovascular invasion in patients with
HCC (P = 0.575). In the BCLC staging classification,
prolidase levels at various stages were significantly
different in patients with HCC (P < 0.001), with stage
B having the highest level of prolidase. However, a
significant difference was observed when the prolidase
levels in patients with HCC were compared with
cirrhosis patients (P < 0.001). There was no significant
difference between cirrhotic patients and the control
group (P = 0.067) (Table 3).
In terms of tumor size and number, a significant
relation was found among AFP values (P = 0.032,
P = 0.038, respectively). The AFP value in tumors
≥ 5cm was significantly higher (P = 0.006) than in
tumors ≤ 3 cm (P = 0.013), whereas there was no
significant difference between patients with tumor
≥ 5 cm and with tumors of 3-5 cm (P = 0.171). In

WJG|www.wjgnet.com

n = 68

Prolidase (U/L) median (min-max)

P value

1179 (1080-1600)

< 0.001

913 (811-1011)

0.067

880 (816-969)

0.067

Patients with HCC
(n = 68)
Cirrhosis patients
(n = 31)
Controls (n = 33)
HCC: Hepatocellular carcinoma.

addition, the AFP level in patients with tumor number
≥ 3 was significantly higher than those with one
tumor (P = 0.028) and with two tumors (P = 0.030).
However there was no positive relation between AFP
and presence of macrovascular invasion in patients
with HCC (P = 0.502). AFP values also significantly
differed in patients at various stages of BCLC staging
classification (P = 0.015): tumors at stage B had the
highest levels of AFP. AFP values were significantly
higher in the A stage of BCLC compared with stage B
and C (P = 0.002, P = 0.028, respectively), whereas,
there was no significant relation between stage A and
D (P = 0.113). In terms of serum AFP values, there
was a significant difference between HCC patients
and cirrhotic patients (P < 0.001). AFP values of both
HCC and cirrhotic patients were significantly higher
than the healthy control group (P < 0.001, P < 0.001,
respectively).
In patients with HCC, there was a significant
correlation (r = 0.616; P < 0.001) between prolidase
and AFP values regarding tumor size, number and
BCLC staging classification (Figure 1), whereas the
presence of macrovascular invasion [yes (r = 0.276;
P = 0.472)/no (r = 0.646; P < 0.001)] did not show a
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cleaves imidodi- and imidotripeptides with C terminal
proline or hydroxyproline. Prolidase plays an important
role in collagen metabolism, matrix remodeling and
[12]
cell growth . By releasing proline or hydroxyproline,
prolidase helps make them available for collagen
resynthesis. Although extracellular collagenases
initiate the breakdown of collagen, the final step of
collagen degradation is catalyzed by intracellular
prolidase. Moreover, it has been suggested that
prolidase activity may be a rate-limiting factor in the
[7]
regulation of collagen biosynthesis . Collagen is the
major component of the extracellular matrix (ECM),
which represents a major barrier against invasion by
neoplastic cells. Tumor cells can produce proteolytic
enzymes that catalyze the breakdown of tissue
barriers, which enables them to penetrate basement
[8,13]
membranes and the ECM
. Therefore, tumor
progression depends critically on the degradation of
[14]
collagen and other ECM proteins . The final step
of collagen degradation is catalyzed by intracellular
prolidase; therefore, it may be associated with
neoplastic transformation. Increased prolidase
activities have been observed in some of cancers,
[15]
[16]
such as lung cancer , breast cancer , endometrial
[17]
[18]
[19]
cancer , stomach cancer , renal cell cancer
[20]
and ovarian cancer . On the other hand, Palka et
[6]
al showed reduced levels of prolidase in pancreatic
cancer.
[21]
Myara et al
used an experimental animal
model that demonstrated hepatic damage in rats
by chronic CCl4 intoxication. Consequently, they
observed a relationship between elevated prolidase
values and hepatic fibrosis. In another study, Myara
[11]
et al
demonstrated increased prolidase activity in
chronic liver disease. Elevated prolidase levels in some
common conditions, such as hepatitis B infection,
hepatitis C infection, nonalcoholic steatohepatitis
and alcoholic liver disease, which cause hepatic
damage and hepatic fibrosis, have also been reported
[22-25]
previously
. Although numerous non-invasive
markers have been described that predict the severity
[26]
of hepatic fibrosis , liver biopsy remains a gold
standard method for assessing the severity of liver
[27]
fibrosis and cirrhosis .
To date, prolidase levels have not been evaluated
in HCC. In the present study, we assessed serum
prolidase levels in patients with HCC and asked
whether prolidase activity might show a correlation
with AFP; thus contributing to early diagnosis of HCC
while following up patients. We observed that serum
prolidase levels were higher in HCC than in healthy
volunteers, and elevated prolidase levels showed
a significant relationship between size and number
of HCCs. This might be a consequence of tumor
pathogenesis, which might reflect progression of HCC.
Moreover, there are few studies that have revealed a
correlation between the serum prolidase levels and
stage of liver fibrosis according to the results of liver
[24,28-30]
[22,23]
biopsy
. In contrast, Duygu et al
did not
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Figure 1 Relationship between serum prolidase and alpha fetoprotein
levels in patients with hepatocellular carcinoma (r = 0.616; P < 0.01).

positive relation with serum prolidase and AFP levels
(Figure 2). The correlation between prolidase and AFP
regarding tumor size [diameters; ≤ 3 cm (r = 0.746;
P < 0.001), 3-5 cm (r = 0.119; P = 0.712 ) and ≥5
cm (r = 0.683; P < 0.001)], number [1 (r = 0.503; P
= 0.005), 2 (r = 0.694; P = 0.008) and 3 ≤ (r = 0.662;
P < 0.001)] and BCLC staging classification [stage A (r
= 0.600; P = 0.005), B (r = 0.668; P < 0.001), C (r =
0.419; P = 0.301) and D (r = 0.492; P = 0.124)] are
shown in Figure 2.
Additionally, prolidase values were significantly
higher in HCC patients (n = 9) with low AFP levels (less
than 80 ng/mL) compared with both cirrhotic patients
and controls (P < 0.001, P < 0.001, respectively).
Unfortunately, the small number of patients that had
low AFP levels was not enough to perform powerful
analysis for the value of prolidase.
Receiver operating characteristic (ROC) curve
analysis was performed to determine the predictive
value of prolidase in terms of tumor size (diameters;
≤ 3 cm and > 3 cm) and number (number; ≤ 1
and ≥ 2). The cut off values of prolidase for tumor
size and tumor number were 1138 U/L, 1189 U/L,
respectively. For prolidase, the areas under the curve
(AUC) regarding tumor size and tumor number
[AUC: 0.810 (sensitivity 83.6%; specificity 68.4%),
AUC: 0.678 (sensitivity 57.8%; specificity 72.4%),
respectively] are shown in Figure 3. The cut off values
of AFP for tumor size (diameters; ≤ 3 cm and > 3 cm)
is 580 ng/mL. For AFP, the areas under the curve (AUC)
regarding tumor size [AUC: 0.680 (sensitivity 62.5%;
specificity 73.6%)], are shown in Figure 3A. However,
The AFP level was not discriminative in terms of tumor
number (number; ≤ 1 and ≥ 2) by performing ROC
curve analysis (Figure 3B). The AUC for prolidase was
higher than the AUC for AFP regarding tumor size
(diameters; ≤ 3 cm and > 3 cm).

DISCUSSION
Prolidase enzyme is a cytosolic exopeptidase that
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Figure 2 Relationship between serum prolidase and alpha fetoprotein levels in patients with hepatocellular carcinoma with regard to tumor size (A),
number (B), barcelona-clinic liver cancer staging (C) and macrovascular invasion (D).

observe a relationship between the degree of liver
fibrosis and serum prolidase levels in patients with
chronic hepatitis B and C. In this study, we observed
a significant difference when the prolidase levels
in cirrhosis patients were compared with patients
with HCC. This might indicate enhanced turnover of
collagen synthesis in patients with HCC, which can be
affected by the degree of neoplastic transformation
during the development of HCC, on the basis of the
cirrhotic process. By contrast, we did not observe
a significant difference between cirrhosis patients
and healthy volunteers. Hence, our study needs to
be validated by further large population studies to
illustrate the changing prolidase levels among patients
with liver diseases.
However, the diagnostic value of is being questioned
because of poor sensitivity and specificity. The diagnosis
of HCC without pathological confirmation is achieved
by analyzing serum AFP levels combined with imag
ing techniques, including ultrasonography, magnetic
[5]
resonance imaging and computerized tomography .
The relationship between serum AFP levels and tumor
characteristics, such as tumor size, tumor number or
macrovascular invasion, has been evaluated in many
[31-34]
[5]
studies
. Liu et al showed a relationship between
AFP levels and tumor size, however, AFP concentrations

WJG|www.wjgnet.com

were not correlated with tumor number in their study.
[35]
[36]
Wang et al and Kasahara et al have also reported
a significant relationship between tumor size and serum
[37]
AFP levels. Furihata et al
observed a significant
correlation between serum AFP levels and both size and
number of HCCs. Furthermore, AFP elevation in HCC
was associated with macrovascular invasion in some
[38,39]
studies
. In the present study, serum AFP levels
were correlated with tumor size, which is consistent
[5,35,36]
with the results of previous studies
. There was
also a relationship between AFP levels and the tumor
[37,40]
number, similar to the other studies
. Moreover,
macrovascular invasion was not associated with high
[38,39]
AFP levels, contrary to previous studies
. There were
only nine patients (13.2%) with macrovascular invasion,
which was insufficient to produce powerful statistical
results.
In the present study, we observed elevated levels
of serum prolidase and AFP in patients with HCC,
although the absence of an increase in these markers
does not exclude the diagnosis of HCC. Notably, a
similar relationship between AFP concentrations and
the size and number of tumors was observed for
serum prolidase levels. Furthermore, in terms of tumor
size (diameters; ≤ 3 cm and > 3 cm) and number
(number; ≤ 1 and ≥ 2), serum prolidase activity
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Figure 3 Receiver operating characteristic curves of prolidase and alpha fetoprotein levels. A: Predictive value of prolidase and α-fetoprotein (AFP) regarding
tumor size (diameters; ≤ 3 cm and > 3 cm ); B: Predictive value of prolidase and AFP regarding tumor number (number; ≤ 1 and ≥ 2 ).
matrix remodeling and cell growth. It is thought that the growth, invasion and
spread of tumor cells depend on the breakdown of collagen and other ECM
proteins. This behavior of tumor cells suggests that prolidase activity may
reflect the tumor burden and aggressiveness. AFP is the most commonly
used serological marker worldwide with radiological imaging for diagnosing
hepatocellular carcinoma. Measuring the prolidase activity as complementary
test is worth exploring for possible use in detecting HCC at earlier stages. In
conclusion, a comprehensive study with a larger samples size is needed to
elucidate the value of prolidase activity during follow-up of the patients with
chronic liver diseases.

exhibited higher sensitivity and specificity than AFP
values in HCC patients. We believe that tumor burden
and aggressiveness are the main characteristics that
may explain the elevated prolidase levels in HCC
patients.
The findings of this study suggested that increased
serum prolidase levels might reflect increased collagen
turnover associated with the tumor burden in HCC
patients. Increased prolidase activity may, in part,
play a role in the pathogenesis of HCC. Therefore,
consideration of the levels of both serum prolidase
and AFP would contribute to the early diagnosis of
HCC. Our study has several limitations, such as the
low number of patients and no long-term outcomes
of HCC patients regarding prolidase levels. Neverthe
less, future comprehensive studies covering larger
populations are needed to determine the value of
prolidase activity during follow-up of the patients with
chronic liver diseases.

Innovations and breakthroughs

The authors assessed the correlation between serum prolidase and AFP levels
with regard to the features of HCC in patients. The present study had a large
enough sample size such statistically relevant results could be obtained. For
clinical practice, this article may be beneficial for physicians by permitting
detection of HCC at earlier stages, as long as the serum prolidase results are
verified by other diagnosis techniques.

Applications

The present study assessed the predictive relationship between prolidase
activity and HCC progression, which may represent a promising approach to
detect HCC at earlier stages, allowing physicians to make appropriate clinical
decisions.

Terminology

Prolidase is an important enzyme that cleaves the bonds of dipeptides
containing proline (X-Pro) and plays a vital role in collagen turnover, matrix
remodeling and cell growth. Metalloproteinases initiate the breakdown of
collagen; however, the final step of collagen degradation is mediated by
prolidase (E.C.3.4.13.9). AFP is a glycoprotein and is mainly expressed in the
fetal yolk sac and liver, but not in normal adult tissues. Serum AFP elevation
is accompanies by some kinds of cancer, such as gastric cancer, lung cancer,
pancreatic cancer, testicular carcinoma and, particularly, HCC.
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Background

This preliminary study, having a large enough sample, concerns the possible
value of prolidase activity to detect HCC at earlier stages, as long as the
serum prolidase results are verified by other diagnosis techniques. It carries a
good message for the reader and may represent a valuable contribution to the
literature.

Hepatocellular carcinoma (HCC) is one of the most common causes of
cancer death. Despite recent developments in surgery and medical therapy
that have significantly improved the outcome of patients with operable and
advanced HCC, HCC remains a major health problem worldwide. Screening
strategies including ultrasound imaging and serum α-fetoprotein (AFP)
concentration are useful to detect the early stage of HCC development. Via
neoplastic transformation, tumor cells acquire the ability to penetrate basement
membranes and the extracellular matrix (ECM), involving breakdown of
collagen and other ECM proteins. Prolidase is a matrix metalloproteinase that
cleaves the bonds of dipeptides containing proline (X-Pro) during collagen
metabolism. Several investigators have reported enhanced serum levels of
prolidase in certain of cancers, such as lung cancer, breast cancer, endometrial
cancer, stomach cancer, renal cell cancer and ovarian cancer.
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Efficacy of poly-unsaturated fatty acid therapy on patients
with nonalcoholic steatohepatitis
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Abstract
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AIM: To examine whether poly-unsaturated fatty acid
(PUFA) therapy is beneficial for improving nonalcoholic
steatohepatitis (NASH).
METHODS: In total, 78 patients pathologically
diagnosed with NASH were enrolled and were randomly
assigned into the control group and the PUFA therapy
group (added 50 mL PUFA with 1:1 ratio of EHA and
DHA into daily diet). At the initial analysis and after 6
mo of PUFA therapy, parameters of interest including
liver enzymes, lipid profiles, markers of inflammation
and oxidation, and histological changes were evaluated
and compared between these two groups.
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RESULTS: At the initial analysis, in patients with
NASH, serum levels of alanine aminotransferase (ALT)
and aspartase aminotransferase (AST) were slightly
elevated. Triglyceride (TG), total cholesterol (TC) and
low-density lipoprotein cholesterol levels, markers of
systemic inflammation [C-reactive protein (CRP)] and
oxidation [malondialdehyde (MDA)], as well as fibrosis
parameters of type Ⅳ collagen and pro-collagen type
Ⅲ pro-peptide were also increased beyond the normal
range. Six months later, ALT and AST levels were
significantly reduced in the PUFA group compared
with the control group. In addition, serum levels of TG
and TC, CRP and MDA, and type Ⅳ collagen and procollagen type Ⅲ pro-peptide were also simultaneously
and significantly reduced. Of note, histological
evaluation showed that steatosis grade, necroinflammatory grade, fibrosis stage, and ballooning
score were all profoundly improved in comparison to
the control group, strongly suggesting that increased
PUFA consumption was a potential way to offset NASH
progression.
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CONCLUSION: Increased PUFA consumption is a
potential promising approach for NASH prevention and
reversal.
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is capable of improving lipid disorders as well as of
[11-13]
ameliorating systemic inflammation and oxidation
.
It is well known that the pathophysiological charac
teristics of NAFLD and NASH include lipid-overloaded
[14,15]
and lobular inflammation within liver tissues
.
Therefore, we hypothesized that PUFA therapy might
be useful and beneficial for improving NASH. In
order to investigate our hypothesis, we conducted a
randomized, prospective, controlled but not blinded
trial. We believed that data from our trial could shed
promising light for future studies in investigating the
optimal therapy for NAFLD and NASH.

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

Core tip: Epidemiologically, it has been reported that
the prevalence of non-alcoholic fatty liver disease is
increasing significantly and its associated morbidities,
including non-alcoholic steatohepatitis (NASH) and
hepatic failure, also impose great health and economic
burdens on individuals and the whole of society.
Preliminary data from our study showed that 6 mo
poly-unsaturated fatty acid (PUFA) therapy improved
NASH, as reflected by laboratory examination and
histological evaluation. Future study is warranted
to investigate whether long-term consumption of
PUFA could completely reverse NASH and reduce the
incidence of hepatic failure.

MATERIALS AND METHODS
Participants and strategies of research

All participants pathologically diagnosed with
NASH according to the criteria were enrolled and
written informed consents were obtained prior to
[16]
randomization . The current study was conducted
in conformity to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the
ethics and research committees of our hospital.
All participants were definitely ruled out of having
secondary causes of NASH such as alcohol-induced
(alcohol consumption ≥ 20 g/wk), medication-caused
(such as tamoxifen and amiodarone), viral hepatitis
and autoimmune diseases (primary biliary cirrhosis).
In total, 78 participants were enrolled and randomly
assigned into the control group (prescribed normal
saline) and the PUFA therapy group (added 50 mL
PUFA with 1:1 ratio of EHA and DHA into daily diet) for
6 mo. Additionally, both groups were advised to take
modest physical exercise of 30 min at least 5 d/wk.
Low-fat and low-cholesterol, and low carbohydrate
diets were also recommended.

Li YH, Yang LH, Sha KH, Liu TG, Zhang LG, Liu XX.
Efficacy of poly-unsaturated fatty acid therapy on patients
with nonalcoholic steatohepatitis. World J Gastroenterol 2015;
21(22): 7008-7013 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i22/7008.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.7008

INTRODUCTION
Dyslipidemia, associated with increased plasma
levels of triglyceride (TG) and total cholesterol (TC),
is associated with a broad range of diseases such as
atherosclerosis, metabolic syndrome, non-alcoholic
[1-3]
fatty liver diseases (NAFLD), etc . Epidemiologically,
it has been reported that the prevalence of NAFLD
has increased in the past decades, and non-alcoholic
steatohepatitis (NASH) and hepatic failure induced
by NAFLD impose great burdens on the patients and
[1,4,5]
the whole society
. Previously, some studies used
lipid-modified medications to evaluate whether NAFLD
or NASH could be ameliorated, and the outcomes
[6,7]
[6]
were controversial . For example, Laurin et al
showed that clofibrate treatment was not beneficial
for the improvement of liver function and histological
changes in patients with hypertriglycemia and NASH.
[7]
Nevertheless, data from Basaranoglu et al suggested
that gemfibrozil therapy could profoundly ameliorate
liver dysfunction in patients with NASH. Similarly, the
outcomes with 3-hydroxy-3-metylglutaryl coenzyme
A (HMG-CoA) reductase inhibitor (statin) therapy
in patients with NASH also produced conflicting
[8-10]
results
.
Poly-unsaturated fatty acid (PUFA), predominantly
comprising eicosapentaenoic acid (EPA) and docosa
hexenoic acid (DHA), has been broadly used in daily
life. Several sources of evidence indicate that PUFA

WJG|www.wjgnet.com

Comparison of parameters of interest

All working staff involved in evaluating parameters
were blinded to the information about both groups.
A fasting venous blood sample was drawn and
parameters of interest, including lipid profiles [TG;
TC; low-density lipoprotein-cholesterol (LDL-C); and
high-density lipoprotein-cholesterol (HDL-C)], serum
levels of liver enzymes [alanine aminotransferase
(ALT) and aspartase aminotransferase (AST)], total
and direct bilirubin, fasting blood glucose (FBG) and
C-reactive protein (CRP) were assessed by using the
standard techniques of clinical chemistry laboratories.
Serum levels of malondialdehyde (MDA), type Ⅳ
collagen and pro-collagen type Ⅲ pro-peptide (P-Ⅲ-P)
[17,18]
were detected in accordance to previous reports
.
Body mass index (BMI), smoking status, family
history of NASH and other demographic data were
simultaneously collected by questionnaire. All the
above parameters were evaluated at the initial visit
and at 6 mo of PUFA therapy.
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Table 1 Baseline characteristics evaluation of all participants
Variables
n
Age (yr)
Male, n (%)
BMI (kg/m2)
Smoking, n (%)
Family history, n (%)
ALT (U/L)
AST (U/L)
Bilirubin, total (md/dL)
Bilirubin, direct (md/dL)
FBG (mmol/L)
TG (mmol/L)
TC (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
CRP (mg/L)
MDA (nmol/mL)
Type Ⅳ collagen (ng/mL)
P-Ⅲ-P (U/mL)
Weekly exercise time
(min)

Total

Control

PUFA

78
51.9 ± 7.8
70 (89.7)
27.9 ± 1.6
45 (57.7)
3 (3.8)
89.9 ± 10.4
82.4 ± 11.6
1.2 ± 0.3
0.8 ± 0.2
6.1 ± 0.3
2.6 ± 0.4
5.6 ± 0.7
3.9 ± 0.7
1.1 ± 0.2
10.4 ± 1.3
0.6 ± 0.1
4.9 ± 0.5
0.9 ± 0.3
60.3 ± 7.3

39
50.4 ± 7.2
36 (92.3)
27.2 ± 1.3
22 (56.4)
1 (2.6)
91.3 ± 10.2
83.5 ± 8.9
1.2 ± 0.2
0.7 ± 0.3
6.1 ± 0.2
2.6 ± 0.3
5.5 ± 0.3
3.9 ± 0.4
1.1 ± 0.1
10.6 ± 1.1
0.6 ± 0.1
4.8 ± 0.6
0.9 ± 0.1
61.2 ± 5.6

39
52.6 ± 6.6
34 (87.2)
28.0 ± 1.4
23 (59.0)
2 (5.1)
89.2 ± 12.4
82.0 ± 9.6
1.2 ± 0.4
0.8 ± 0.4
6.1 ± 0.5
2.5 ± 0.3
5.6 ± 0.4
3.9 ± 0.3
1.1 ± 0.2
10.0 ± 1.5
0.6 ± 0.2
4.9 ± 0.2
0.9 ± 0.4
60.1 ± 4.6

Table 2 Comparison of parameters 6 mo later

P value
0.306
0.178
0.225
0.154
0.237
0.313
0.196
0.354
0.366
0.117
0.252
0.408
0.387
0.163
0.204
0.339
0.286
0.350
0.313

Controlled

PUFA

P value

n
BMI (kg/m2)
Smoking, n (%)
ALT (U/L)
AST (U/L)
Bilirubin, total (md/dL)
Bilirubin, direct (md/dL)
FBG (mmol/L)
TG (mmol/L)
TC (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
CRP (mg/L)
MDA (nmol/mL)
Type Ⅳ collagen (ng/mL)
P-Ⅲ-P (U/mL)
Weekly exercise time (min)

39
26.4 ± 1.0
15 (38.5)
80.4 ± 7.6
75.6 ± 5.8
0.8 ± 0.2
0.6 ± 0.1
5.9 ± 0.2
2.4 ± 0.4
5.2 ± 0.6
3.5 ± 0.5
1.1 ± 0.3
9.2 ± 0.8
0.6 ± 0.1
4.6 ± 0.7
0.8 ± 0.2
107.6 ± 12.3

39
25.8 ± 1.2
14 (35.9)
67.8 ± 5.3
60.3 ± 6.8
0.7 ± 0.2
0.6 ± 0.2
5.9 ± 0.3
1.8 ± 0.3
4.7 ± 0.3
3.1 ± 0.6
1.3 ± 0.4
7.6 ± 0.4
0.4 ± 0.2
3.5 ± 0.5
0.5 ± 0.3
109.5 ± 10.4

0.065
0.278
< 0.01
< 0.01
0.343
0.338
0.285
0.015
0.040
0.062
0.105
0.045
0.048
0.023
0.039
0.272

ALT: Alanine aminotransferase; AST: Aspartase aminotransferase;
BMI: Body mass index; PUFA: Poly-unsaturated fatty acid; MDA:
Malondialdehyde; LDL-C: Lipoprotein-cholesterol; HDL-C: High-density
lipoprotein-cholesterol; CRP: C-reactive protein; FBG: Fasting blood
glucose; TG: Triglyceride; TC: Total cholesterol.

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
BMI: Body mass index; PUFA: Poly-unsaturated fatty acid; MDA:
Malondialdehyde; LDL-C: Lipoprotein-cholesterol; HDL-C: High-density
lipoprotein-cholesterol; CRP: C-reactive protein; FBG: Fasting blood
glucose; TG: Triglyceride; TC: Total cholesterol.

Ⅳ collagen and P-Ⅲ=P were also higher than the
normal range in patients with NASH.

Comparison of parameters at 6 mo of PUFA therapy

Pathological evaluation

As presented in Table 2, after 6 mo therapy, liver
function was significantly improved in the PUFA group
compared with the control group, as indicated by
the significant reduction of ALT and AST levels. In
addition, serum levels of TG and TC, CRP, MDA, type
Ⅳ collagen and P-Ⅲ-P were also significantly reduced
in the PUFA group as compared to the control group.
Of note, both the BMI and the percentage of smokers
were reduced, while the exercise time per week was
increased in both groups when compared to the initial
assessment, and there was no significant difference in
these improvements between the control and the PUFA
therapy groups.

At the initial visit and at 6 mo of PUFA therapy, liver
biopsy was performed to evaluate the changes of
hepatic tissues. Notably, steatosis grade, necroinflammatory grade, fibrosis stage and ballooning
score of these two groups were evaluated by two
experts in pathology.

Statistical analysis

Continuous variable was presented as mean ± SD
and compared by the Student’s t-test when data was
normally distributed, otherwise compared by Wilcoxon
rank-sum test. Categorical data was presented as
2
percentage and compared by χ test. Statistical
analyses were performed by using SPSS software
version 18.0 (SPSS, Inc., Chicago, Illinois). A value of
P < 0.05 was considered significant.

Histological evaluation at the initial assessment and at 6
mo of PUFA therapy

Briefly, as shown in Figure 1, at the initial evaluation the
parameters indicating the histological characteristics
of NASH were comparable between the control and
the PUFA therapy groups (as also shown in Table 3).
Nevertheless, with 6 mo PUFA therapy, all parameters
demonstrating the severity of NASH were significantly
improved when compared to the control group.

RESULTS
Baseline characteristics evaluation of all participants

As shown in Table 1, all parameters were comparable
between the control and the PUFA therapy groups at
the initial evaluation. Of note, more of the participants
were male in this research, and most of the
participants were overweight or obese. Serum levels
of ALT and AST were slightly elevated in both groups.
Lipid profiles revealed significantly increased serum
levels of TG, TC and LDL-C. Markers of inflammation
(CRP) and oxidation (MDA) were also elevated in
patients with NASH. Fibrotic parameters such as type
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DISCUSSION
The prevalence of NAFLD and NASH is gradually
increasing and their associated morbidity and
mortality impose a great burden on the whole of
[5,19]
society
. Currently, there are no specific and highly-
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A

B

C

D

Figure 1 Changes in pathological features before and after therapy. A and B indicate the pathological features at baseline in the control and PUFA groups, and C
and D indicate the pathological features at 6 mo therapy in the control and PUFA groups. PUFA: Poly-unsaturated fatty acid.

over-consumption of cholesterol and triglycerides, is one
[20-22]
the most critical elements for NASH development
.
[23,24]
Knowingly
, lipid accumulating in liver tissues
is the first sign of NAFLD and HASH development.
Subsequently, the second sign of hepatocyte injury,
inflammation, oxidation and fibrosis ensues and
accelerates NASH progression. Therefore, in light of the
underlying mechanisms, many medications especially
lipid-lowering agents have been used for the treatment
of NAFLD and NASH. In addition, other medications
such as insulin-sensitizing drugs (metformin and
[25,26]
thiazolidinedione)
and antioxidants (Vitamin C
[27]
and E) have also been tested in clinical studies , and
disappointingly the outcomes were quite inconsistent.
Basically, PUFA is an essential nutrition for
maintaining organ function properly, and previous
studies also reveal that increased PUFA consumption
is not only beneficial for lipid modification, but is also
effective in glycemic control, hypertension manage
ment, endothelium protection and inflammation
[28]
amelioration . Taken together, we considered that
it was reasonable to postulate that increased PUFA
consumption might also be effective for NAFLD
and NASH management. In our current research,
we showed that with 6 mo of PUFA therapy, as
compared to the control group, both the laboratory
parameters of liver function and histological changes
of hepatic tissues were profoundly improved, strongly
suggesting that PUFA might be a potential promising
candidate for NAFLD and NASH management. In

Table 3 Histological evaluation at initial evaluation and 6 mo
later
Variables
At the initial evaluation
Steatosis grade
Necro-inflammatory grade
Fibrosis stage
Ballooning score
Six months later
Steatosis grade
Necro-inflammatory grade
Fibrosis stage
Ballooning score

Controlled

PUFA

P value

1.8 ± 0.2
1.4 ± 0.2
1.7 ± 0.2
1.6 ± 0.3

1.9 ± 0.2
1.4 ± 0.1
1.7 ± 0.1
1.6 ± 0.2

0.355
0.268
0.309
0.227

1.8 ± 0.1
1.5 ± 0.1
1.6 ± 0.3
1.6 ± 0.2

1.4 ± 0.2
1.1 ± 0.1
1.1 ± 0.2
1.0 ± 0.2

0.032
0.017
0.020
0.015

PUFA: Poly-unsaturated fatty acid.

effective treatments for NAFLD and NASH. Previous
epidemiological studies revealed the controversial
outcomes with lipid-lowering therapy in patients with
[6-10]
NASH
. Importantly, data from our current study
shows that, as compared to the control group, 6 mo
of PUFA therapy significantly decreases serum levels
of liver enzymes. In addition, other crucial parameters
including CRP, MDA, type Ⅳ collagen and P-Ⅲ-P are
also profoundly reduced. Histological assessment at 6
mo further corroborates the potential benefits of PUFA
therapy on NASH.
In the past decades, many risk factors associated
with NAFLD and NASH development have been
[15,20,21]
identified
. Notably, dyslipidemia, resulting from
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failure.

light of previous reports regarding the underlying
mechanisms associated with PUFA benefits, we
speculated that the following mechanisms might
be responsible for our favorable findings. Firstly, as
mentioned before dyslipidemia plays a continuous
role on NAFLD and NASH development. While PUFA
[28]
is capable of ameliorating lipid disorders , and data
from the present study also revealed that with 6
mo PUFA therapy serum levels of TG and TC were
significantly reduced as compared to the control group.
Importantly, after 6 mo of PUFA therapy, the steatosis
grade was reduced, which also directly suggested that
lipid accumulation in hepatic tissues could be improved
with PUFA therapy. Secondly, the second sign in
the process of NASH development is characterized
by hepatic inflammation and oxidation. Therefore,
amelioration of inflammation and oxidation might be a
possible means to prevent or retard NASH progression.
In our present study, we showed that after 6 mo PUFA
therapy, serum levels of CRP and MDA were profoundly
reduced as compared to the control group. Histological
parameters, such as necro-inflammatory grade, were
profoundly improved which also supported the notion
that PUFA therapy was beneficial for ameliorating
[29]
hepatic inflammation in patients with NASH . Last
but not the least, by inhibiting lipid accumulation
and ameliorating inflammation, PUFA offset hepatic
fibrosis as suggested by the decline of serum levels
of type Ⅳ collagen and P-Ⅲ-P. Histological evaluation
further substantiated the fact that PUFA therapy was
beneficial for improving hepatic fibrosis. Nevertheless,
the mechanism associated with PUFA therapy for
preventing and retarding hepatic fibrosis needs future
investigation.
In conclusion, preliminary data from our study
shows that 6 mo of PUFA therapy is beneficial for
improving NASH, as reflected by the laboratory
examination and histological evaluation. Further
study is warranted to investigate whether long-term
consumption of PUFA could completely reverse NASH
and reduce the incidence of hepatic failure.

Applications

Current research may provide preliminary data for future studies investigating
whether long-term PUFA therapy could further improve and reverse NASH.

Terminology

Dyslipidemia, indicated by increased plasma levels of triglyceride and total
cholesterol, is associated with non-alcoholic fatty liver diseases (NAFLD) and
NASH. Several sources of evidence have indicated that PUFA is capable of
improving lipid disorders as well as ameliorating systemic inflammation and
oxidation. It is well known that the pathophysiological characteristics of NAFLD
and NASH are indicated by lipid-overloaded and lobular inflammation within
liver tissues. Therefore, it is reasonable to postulate that PUFA therapy may be
useful and beneficial to improve NASH.

Peer-review

The study objective is strongly justified as it is assumed that dyslipidemia
resulting from over-consumption of cholesterol and triglycerides is a major risk
factor for this pathology. In the future, this may have major clinical implications
as potential validation of antifibrotic therapies in patients with this pathology.
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SYSTEMATIC REVIEWS

Treatment strategies for colorectal carcinoma with
synchronous liver metastases: Which way to go?
Peter Ihnát, Petr Vávra, Pavel Zonča
treatment strategies for patients with synchronous
colorectal liver metastases (CLM).

Peter Ihnát, Petr Vávra, Pavel Zonča, Department of Surgical
Studies, Faculty of Medicine, University of Ostrava, Ostrava
70300, Czech Republic
Peter Ihnát, Petr Vávra, Pavel Zonča, Department of Surgery,
University Hospital Ostrava, Ostrava 70852, Czech Republic

METHODS: A comprehensive literature search was
performed to identify articles related to the manage
ment of patients with synchronous CLM. A search
of the electronic databases PubMed, MEDLINE, and
Google Scholar was conducted in September 2014.
The following search terms were used: synchronous
colorectal liver metastases, surgery, stage Ⅳ colorectal
cancer, liver-first approach, and up-front hepatectomy.
These terms were employed in various combinations
to maximize the search. Only articles written in English
were included. Particular attention was devoted to
studies and review articles that were published within
the last six years (2009-2014). Additional searches
of the cited references from primary articles were
performed to further improve the review. The full
texts of all relevant articles were accessed by two
independent reviewers.
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RESULTS: Poor long-term outcomes of patients with
synchronous CLM managed by a traditional treatment
strategy have led to questions about the timing and
sequence of possible therapeutic interventions. Thus,
alternative paradigms called reverse strategies have
been proposed. Presently, there are four treatment
strategies available: (1) primary first approach (or
traditional approach) comprises resection of the
primary colorectal tumor followed by chemotherapy;
subsequent liver resection is performed 3-6 mo
after colorectal resection (provided that CLM are
still resectable); (2) simultaneous resection of the
primary colorectal tumor and CLM during a single
operation presents intriguing options for a highly
select group of patients, which can be associated with
significant postoperative morbidity; (3) liver-first (or
chemotherapy-first) approach comprises preoperative
chemotherapy (3-6 cycles) followed by liver resection,
adjuvant chemotherapy, and resection of the primary
colorectal tumor (it is best suited for patients with
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Abstract
AIM: To offer an up-to-date review of all available
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asymptomatic primary tumors and initially unresectable
or marginally resectable CLM); and (4) up-front
hepatectomy (or “true” liver-first approach) includes
liver resection followed by adjuvant chemotherapy,
colorectal resection, and adjuvant chemotherapy
(strategy can be offered to patients with asymptomatic
primary tumors and initially resectable CLM).

Key words: Colorectal cancer; Liver-first approach;
Reverse strategy; Simultaneous resection; Up-front
hepatectomy

there is currently no complex review available that
summarizes the pros and cons of all four possible
treatment strategies with respect to the management
of patients with synchronous CLM. Moreover, authors
usually do not clearly distinguish the up-front
hepatectomy from the liver-first approach, though
several principal distinctions between both strategies
are evident.
The aim of the present paper is to offer an upto-date review of all four available strategies for the
treatment of patients with colorectal cancer and
synchronous CLM. This article summarizes the current
data concerning the rationale, benefits, and potential
drawbacks of the particular strategies (primary-first,
simultaneous approach, liver-first approach, and upfront hepatectomy).

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

MATERIALS AND METHODS

CONCLUSION: None of the aforementioned strategies
appears inferior. It is necessary to establish individual
treatment plans in multidisciplinary team meetings
through careful appraisal of all strategies.

A comprehensive literature search was performed to
identify articles related to therapeutic strategies for
patients with colorectal cancer and simultaneous CLM.
The search combined the following terms: synchronous
colorectal liver metastases, surgery, stage Ⅳ colorectal
cancer, liver-first approach, and up-front hepatectomy.
Sources included MEDLINE, PubMed, and Google
Scholar databases. Particular attention was devoted to
studies and review articles that were published within
the last six years (2009-2014).

Core tip: There are four treatment strategies available
for synchronous liver metastases of colorectal carci
noma (CLM): (1) primary first approach comprises
resection of the primary colorectal tumor followed by
chemotherapy and liver resection; (2) simultaneous
resection of liver and colorectal primary tumor; (3)
liver-first (or chemotherapy-first) approach comprises
preoperative chemotherapy, liver resection, adjuvant
chemotherapy, and resection of the primary colorectal
tumor (best for asymptomatic primary tumors and initially
unresectable or marginally resectable CLM); and (4) upfront hepatectomy (or “true” liver-first approach) includes
liver resection followed by adjuvant chemotherapy and
colorectal resection (for asymptomatic primary tumors
and initially resectable CLM).

RESULTS
Current treatment strategies

Although there have been significant improvements
in the management of stage Ⅳ colorectal cancer in
the last few decades, only radical surgical resection of
both the primary tumor and CLM can offer long-term
[1,5,6]
survival for patients presenting with CLM
. Surgery
is performed with the intent to achieve minimal
intraoperative blood loss and low postoperative
morbidity and mortality, because these factors have
been shown to compromise not only short-term
[7-9]
results, but also long-term outcomes .
The management of patients with colorectal
cancer and synchronous CLM is multimodal and
comprises surgery, chemotherapy, and radiotherapy.
Multimodality and the need for surgery at the two
different sites (colorectal primary tumor and CLM)
enable various sequences and timing for therapeutic
modalities. Poor long-term outcomes of the traditional
treatment strategy (primary-first approach) led to
the proposal of alternative paradigms for patient
management, called reverse strategies. Presently,
four therapeutic strategies are available: the primaryfirst approach, simultaneous resection, a liver-first
approach, and up-front hepatectomy.

Ihnát P, Vávra P, Zonča P. Treatment strategies for colorectal
carcinoma with synchronous liver metastases: Which way to go?
World J Gastroenterol 2015; 21(22): 7014-7021 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i22/7014.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i22.7014

INTRODUCTION
The liver is the most common site of colorectal cancer
metastases. At the time of diagnosis, approximately
25% of patients have synchronous colorectal liver
[1]
metastases (CLM) . These patients are thought to
have less favorable cancer biology, and are less likely
to become long-term survivors compared to patients
[2]
with metachronous CLM . The endeavor to improve
outcomes of patients with synchronous CLM led to
questions about the timing and sequence of possible
[3,4]
therapeutic interventions
. Several alternative
treatment strategies have been proposed, such as
simultaneous resection, the liver-first approach, and
an up-front hepatectomy approach.
A search of the scientific literature shows that

WJG|www.wjgnet.com

Primary-first approach

The primary first approach, often referred to as
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the “classical” or “traditional” approach, includes
resection of the primary colorectal tumor followed by
chemotherapy (plus radiotherapy for rectal primaries).
Liver resection is performed 3-6 mo after colorectal
resection (provided CLM are still resectable).
The rationale for the primary-first approach is
twofold: colorectal primary tumors are thought to be
a likely source of subsequent metastases and also
the source of symptoms. The main advantage of
the strategy is that it avoids potential complications
from the primary tumor and decreases the risk of
potential progression of the primary tumor during
[3,4]
liver surgery or initial chemotherapy . Conversely,
the main drawback of the primary-first approach is
the progression of CLM beyond resectability during
the primary tumor resection (especially in patients
with postoperative complications after colorectal
[3]
resection) .
Because of frequent CLM progression beyond
resectability, only few patients benefit from the
traditional strategy. In 2012, analysis based on the
LiverMetSurvey revealed that < 30% of patients
underwent the complete treatment plan of primaryfirst strategy (from primary tumor resection to liver
[10]
resection) . Conversely, reverse strategy enables
completion of the treatment plan in almost 80% of
[3,11]
patients
.

hepatectomies were performed simultaneously with
[13-16]
colorectal resection
. Perioperative mortality of ≤
5% was noted, but a higher number can be expected
when major hepatectomies are performed.
Simultaneous resection is best suited for highly
select patients; many authors recommend considering
simultaneous resection only if one of the intended
surgical resections is minor. It is reasonable to perform
rectal resection simultaneously only with minor
hepatectomy (< 3 segments), or to perform major
liver resection (≥ 3 segments) simultaneously with
[14,16,17]
(right-sided) colon resection
. However, major
hepatectomies should be pursued only in very carefully
selected patients by an experienced hepatobiliary team.
A patient’s general health status and comorbidities also
have to be considered.

Liver-first (chemotherapy-first) approach

The reverse treatment strategy was first introduced
[3]
by Mentha et al in 2008. The liver first approach
comprises initial preoperative chemotherapy (3-6 cycles)
followed by liver resection and subsequent resection of
the primary colorectal tumor. Chemotherapy (possibly
with radiotherapy for rectal primaries) is administered
between colorectal and liver resection.
The introduction of modern potent cytotoxic drugs
(oxaliplatin-based and irinotecan-based) in combination
with targeted agents (directed against epidermal
growth factor receptor or vascular endothelial growth
factor) resulted in improved tumor response rates (up
to 60% of tumors) and prolonged survival of patients
[16,18]
with colorectal cancer
. Effectiveness of modern
chemotherapy regimens (in adjuvant settings) led to
the application of chemotherapy, also in neoadjuvant
settings, for patients with colorectal carcinoma and
synchronous CLM. It is believed that the prognosis of
patients with stage Ⅳ colorectal cancer is determined
mainly by the curability of CLM and not by the primary
[3,4,14]
tumor or its potential complications
.
As a matter of fact, preoperative chemotherapy
is the initial treatment modality during the liver-first
approach, which is why the term “chemotherapy-first”
[17]
is suggested to be more accurate for this strategy .
The expression “chemotherapy-first” emphasizes
the main rationale of the reverse strategy, which is
to provide early systemic treatment to patients with
stage Ⅳ colorectal cancer.
Benefits of the chemotherapy-first approach are: (1)
early application of systemic treatment; (2) lowering
the risk of CLM progression; and (3) the possibility of
CLM downsizing or converting unresectable CLM to
resectable.
As stage Ⅳ colorectal cancer presents as systemic
disease, it seems reasonable to offer systemic
chemotherapy as soon as possible after the diagnosis is
established. Moreover, patients with synchronous CLM
are supposed to have more aggressive tumors with
less favorable cancer biology. By using preoperative

Simultaneous resection

Simultaneous resection of colorectal primary and
synchronous CLM presents an intriguing option for
many surgeons. The simultaneous resection can be
employed with or without preoperative chemotherapy;
adjuvant chemotherapy is applied after the surgery
(plus radiotherapy for rectal primaries).
The strategy of simultaneous resection had been
proposed in the effort to avoid delaying surgical
[12]
resection of metastatic liver disease . The main
advantage of this strategy is the removal of all
macroscopic cancer during a single operation followed
by systemic chemotherapy with minimal delay.
Conversely, the main disadvantage of this strategy
is that it is associated with significantly increased
[12-14]
postoperative morbidity and possibly mortality
.
Increased risk of infectious liver complications (due
to bacterial contamination from intestinal resection),
increased risk of anastomotic complications (due to
impaired liver function), and limited extent of feasible
[13,14]
liver resection have been reported
. There is also
some evidence that simultaneous resection may have
[15]
a negative effect on progression-free survival .
Several studies have demonstrated that reasonable
postoperative morbidity and mortality can be
achieved if colorectal resection is combined with
minor hepatectomy. In recent series of simultaneous
resections, postoperative morbidity in the range of
5% to 48% was reported when minor hepatectomies
were performed, and from 33% to 55% when major
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chemotherapy administration, effective systemic
treatment is not delayed by colorectal surgery and its
[3,4,12]
possible postoperative complications
.
The risk of CLM progression is significantly lower
when the chemotherapy-first approach is employed,
[3,12,17]
compared to the traditional strategy
. Furthermore,
preoperative chemotherapy offers the opportunity
for initial disease control and CLM downsizing. Liver
metastasis shrinkage after preoperative chemotherapy
enables surgeons to perform more conservative liver
surgery more often and to achieve R0 resection in
more patients. Preoperative chemotherapy application
also allows for the assessment of tumor response to
chemotherapy. In theory, another possible advantage
of preoperative chemotherapy is the elimination of
micrometastatic disease and the eradication of dormant
[17,19]
cancer cells
.
Fears of complications arising from unresected
primary tumors (such as bleeding, obstruction, or
perforation) in the course of initial chemotherapy
and liver resection represent principal arguments
against the reverse strategy. Nevertheless, primary
tumor complications in patients with stage Ⅳ
colorectal cancer are very rare according to several
studies. The vast majority (> 90%) of patients with
initially asymptomatic colorectal primary tumors and
synchronous CLM who receive modern chemotherapy
regimens never require surgical intervention because
[20]
of primary tumor-related complications . Besides,
[21]
Scheer et al
demonstrated that primary tumor
resection provided only minimal palliative benefit to
these patients. This is why systemic chemotherapy
regimens are advocated as initial treatment modalities
for asymptomatic primary tumors with synchronous
CLM. If the tumor does not respond to preoperative
chemotherapy in patients with initially unresectable
[14,19]
CLM, useless colorectal surgery can be avoided
.
Recently, an international multidisciplinary panel
generated a consensus concerning the reverse
[22]
strategy . The most important recommendations
were as follows. First, the reverse strategy should be
considered for all patients with predominant hepatic
disease and asymptomatic primary tumor. Second,
preoperative chemotherapy should be offered to
patients with asymptomatic colorectal cancer and
synchronous CLM (resectable, marginally resectable,
and unresectable). Third, at least four courses of firstline chemotherapy should be given. Fourth, the use of
doublet or triplex chemotherapy regimens combined
with targeted therapy is recommended. Fifth,
chemotherapy duration should be as short as possible
and liver resection should be performed as soon as
technically possible. Lastly, tumor response and patient
reassessment should be performed 2 mo after starting
chemotherapy.
In the last decade, many (> 400) papers focusing
on liver-first strategy evaluation have been published.
However, according to several recent systematic
[4,17,23]
reviews
, scientific evidence for the justification
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of the liver-first approach is very limited. For instance,
there are no randomized controlled trials, and many
papers have very limited scientific validity (such
as reviews, case reports, letters, editorials, and
abstracts). There are only four cohort retrospective
studies reporting outcomes of a total of 121 patients
with colorectal cancer and synchronous CLM managed
[4,17,23]
by the liver-first approach
. In these studies,
postoperative morbidity was in the range of 11% to
37%; postoperative mortality was < 4%. Disease
recurrence rates were 25%-70%; three-year survival
rates varied in the range of 41% to 79%, and five-year
[3,12,24,25]
survival rates were 31%-39%
. The majority
(66%-81%) of patients completed the entire liver-first
strategy treatment plan (preoperative chemotherapy
to colorectal resection). This is in contrast to < 30% of
[3,10,12,24,25]
patients completing the primary-first strategy
.
The reverse strategy is best suited for patients
with an asymptomatic primary tumors and advanced
[4,16,17,22]
hepatic metastases
. There is general agreement
that patients with unresectable or borderline resectable
CLM should be offered aggressive doublet or triplex
chemotherapy regimen combined with targeted
therapy as the initial treatment modality, followed by
liver resection, if technically amenable. The optimal
initial treatment strategy for patients with initially
resectable synchronous CLM is debatable.

Up-front hepatectomy

Surgical resection represents the only treatment modality
that can offer long-term survival to patients with
synchronous resectable CLM. The limited evidence for
preoperative (neoadjuvant) chemotherapy employment
led to the proposal of an up-front hepatectomy strategy,
which is in fact the “true” liver-first approach. The
common sequence of up-front hepatectomy strategy
comprises liver resection, adjuvant chemotherapy,
colorectal resection, and adjuvant chemotherapy. The
strategy was originally proposed by Grundmann et
[26]
al
in 2008 for patients with asymptomatic colorectal
carcinoma and synchronous resectable CLM.
There are several benefits to preoperative chemo
therapy administration for the treatment of resectable
synchronous CLM: testing tumor chemoresponsiveness,
elimination of micrometastatic disease (in theory),
and the possibility of tumor shrinkage enabling more
conservative liver surgery in some cases; the benefits
[11,14,19]
were discussed in detail in the previous section
.
The main drawbacks of preoperative chemotherapy
include liver toxicity, missing lesions, and risk of
tumor progression. Chemotherapy induces pathologic
changes in the liver parenchyma, which are dependent
on the number of chemotherapy cycles (such as
steatosis, chemotherapy-associated steatohepatitis,
and sinusoidal obstruction syndrome). In addition,
chemotherapy increases the risk of systemic
toxicity, postoperative bleeding, and infection (by
[19,27,28]
inducing neutropenia)
. A recent meta-analysis
demonstrated a high variability in the frequency of
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[18]

chemotherapy-induced hepatotoxicity . Hepatic
steatosis was detected after regimens with 5-flurouracil
in 6%-76% of patients, steatohepatitis was observed
after irinotecan-based regimens in 3%-8% of patients,
and sinusoidal obstruction syndrome was noted after
[18]
oxaliplatin-based regimens in 5%-51% of patients .
Chemotherapy-induced liver injury results in worse
postoperative outcomes of subsequent liver resections.
Increased postoperative morbidity has been demon
strated by several studies, though no impact on
[29-33]
postoperative mortality was observed
. Especially
after extended surgical resection performance,
preoperative chemotherapy may contribute to the
development of liver failure.
CLM that respond well to preoperative chemo
therapy may no longer be visible on CT or during
surgery. Tumor disappearance was noted in 2%-36%
[28]
of patients after preoperative chemotherapy .
Problematic identification of invisible lesions during
surgery is associated with a higher risk of incomplete
[34]
(non-radical) resection and disease early recurrence .
Furthermore, lesion disappearance (on CT scans) does
not mean complete pathologic response. Benoist et
[19]
al demonstrated that > 80% of invisible metastases
(invisible lesions on CT scans after chemotherapy)
contained viable tumor cells at the time of resection.
When the “watch and see” policy is applied (after
disappearance on imaging techniques), local recur
[34,35]
rence was reported in 38%-74% of patients
.
The risk of tumor progression in the course of
preoperative chemotherapy is another drawback of
its routine use in the management of patients with
initially resectable CLM. According to recent systematic
reviews and meta-analyses, CLM progression (changing
from resectable to unresectable disease) was observed
in 7%-37% of patients undergoing preoperative
chemotherapy. However, some authors suggest that
disease progression during preoperative chemotherapy
is a consequence of highly aggressive tumor biology
and may in fact prevent unnecessary postoperative
[36,37]
surgical morbidity and mortality
.
The European Colorectal Metastases Treatment
Group in its Multidisciplinary International Consensus
recommends preoperative chemotherapy for patients
[22]
with initially resectable synchronous CLM . These
recommendations are based mainly on the results
of the EORTC 40983 trial, which are a slightly
misleading. The EORTC trial evaluated outcomes of
364 patients with resectable CLM divided into two
groups: (1) patients managed with three cycles of
preoperative FOLFOX, liver resection, and three cycles
of postoperative FOLFOX; and (2) patients undergoing
liver resection alone without chemotherapy. In other
words, the EORTC trial unfortunately did not compare
the effect of preoperative chemotherapy (patients
in the FOLFOX group) with patients undergoing liver
resection plus adjuvant chemotherapy (the FOLOFX
group was only compared with patients undergoing
surgery alone). In the FOLFOX group, there was
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significantly longer progression-free survival at three
years (35.4% vs 28.1%), but overall survival was not
increased. Moreover, higher numbers of postoperative
complications were recorded in the FOLFOX group
compared to patients undergoing surgery alone (25%
[29]
vs 16%) .
In an effort to overcome the aforementioned
handicap of the EORTC trial, several studies have
[38]
been executed. For instance, Adam et al
compared
169 patients treated with preoperative chemotherapy
with a retrospective group of 1302 patients who
underwent surgery and adjuvant chemotherapy;
postoperative complications were more frequent in
the neoadjuvant group (37% vs 24%). No impact
on survival or disease-free interval was found in
the neoadjuvant group, but improved survival was
found in patients treated with surgery and adjuvant
[39]
chemotherapy. Reddy et al
published very similar
results in favor of adjuvant chemotherapy. Additional
studies (with several hundreds of patients) also
showed no significant differences between the
outcomes of patients receiving preoperative chemo
therapy compared to those without preoperative
[40-42]
chemotherapy
.
The aforementioned pros and cons of preoperative
chemotherapy administration make it difficult to
determine which strategy is the best option for
patients with synchronous resectable CLM. The need
for prospective randomized trials of neoadjuvant vs
adjuvant chemotherapy is emphasized by all authors.
However, recent systematic reviews and metaanalyses focusing on the preoperative chemotherapy
evaluation concluded that “routine use of neoadjuvant
chemotherapy for patients with clearly resectable
lesions is not recommended due to a lack of benefit
[18]
on survival” . Many authors share the same
conviction and recommend performing up-front
hepatectomy in patients with synchronous initially
[11,14,19,27,40,42-44]
resectable CLM
.

DISCUSSION
Proposal of a decision strategy

With regard to current published data and according
to all aforementioned benefits and drawbacks of
particular strategies, we propose the following decision
treatment scheme for patients with synchronous CLM.
Patients with colorectal cancer and synchronous
CLM should undergo careful clinical examination
focused on determining a patient’s performance status,
comorbidities, and tumor stage. It is necessary to
establish an individual treatment plan for each patient
in a multidisciplinary team meeting that includes
experienced colorectal and hepatobiliary surgeons.
The traditional strategy (primary-first approach)
is best suited for patients with symptomatic primary
tumors and synchronous CLM. Assessment of the
simultaneous approach execution should be conducted
in patients with limited CLM extent, especially when
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operation. Liver-first (or chemotherapy-first) approach comprises preoperative
chemotherapy (3-6 cycles) followed by liver resection, adjuvant chemotherapy,
and resection of the primary colorectal tumor. Up-front hepatectomy (or “true”
liver-first approach) includes liver resection followed by adjuvant chemotherapy,
colorectal resection, and adjuvant chemotherapy.

one of the intended surgical resections is minor
(minor hepatectomy or right-sided colon resection).
Patients with unresectable or marginally resectable CLM
should be offered the chemotherapy-first approach.
The administration of a duplex or triplex chemo
therapy regimen combined with targeted therapy is
recommended. Evaluation of tumor response and
patient reassessment is advised after two months,
followed by liver resection if technically amendable.
Patients with initially resectable CLM should be offered
up-front hepatectomy as a first-line treatment strategy.
The management of patients with colorectal cancer
and synchronous CLM is complex and multiple factors
must be considered (such as location and extent of
primary tumor and CLM, presence of symptoms,
patient’s general health status, and comorbidities).
None of the aforementioned treatment strategies
(primary-first, simultaneous resection, chemotherapyfirst, or up-front hepatectomy) appears inferior
[23]
to the others . However, the optimal treatment
strategy is still unclear because of limited available
[4,17,23]
evidence
. It is necessary to establish an individual
treatment plan for each patient with synchronous CLM
in multidisciplinary team meetings through careful
appraisal of all strategies with the aim of avoiding
unnecessary surgical complications and to achieve
long-term cures.

Peer-review

The topic of this review is important, and the publication is well written and
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Standard chemotherapy with cetuximab for treatment of
colorectal cancer
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AIM: To review and assess the evidence related to
cetuximab treatment in metastatic colorectal cancer
(mCRC) with regard to KRAS status.
METHODS: PubMed, EMBASE, Cochrane database
and American Society of Clinical Oncology meeting
abstracts were searched for randomized controlled
trials (RCTs) reporting the effect of KRAS status on
efficacy of chemotherapy regimen with or without
cetuximab in mCRC. Baseline information such as sex
and age was summarized from the included studies.
Hazard ratios of progression-free survival (PFS) and
overall survival (OS) as well as objective response
based on KRAS status were extracted for analysis.
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RESULTS: A total of 8 RCTs with 6780 patients were
included. The combined analysis showed that cetuximab
failed to improve the OS and PFS in patients with mCRC.
However, in subgroup analysis, the pooled data showed
that addition of cetuximab to irinotecan containing
chemotherapy regimen was sufficient to improve OS
and PFS in wild-type KRAS mCRC patients, but not
in patients with mutant-type KRAS . The addition of
cetuximab increased the incidence of adverse events
such as diarrhea, rash, skin toxicity/rash, and nausea
and vomiting. There was no significant publication bias
existing in the included studies.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: San-Jun Cai, MD, Department of
Colorectal Surgery, Fudan University Shanghai Cancer Center, 270
Dongan Road, Shanghai 200032, China. cai_sanjunsci@163.com
Telephone: +86-21-64085875
Fax: +86-21-64085875

CONCLUSION: The clinical benefit of cetuximab was
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status could be considered a biomarker of efficacy of
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type tumours, adding cetuximab to chemotherapy led
to a significant improvement in overall survival (OS),
progression-free survival (PFS) and overall response
rate (ORR). However, other trials demonstrated that
KRAS status was not predictive of benefit when adding
[12,17,18]
cetuximab to the first-line therapy
. Thus, it is
essential to evaluate whether KRAS is a biomarker of
effectiveness of cetuximab using pooled data.
In regard of issues mentioned above, the present
meta-analysis was to investigate whether addition of
cetuximab could improve treatment outcomes such
as PFS and OS based on KRAS status in patients with
mCRC, and whether KRAS status could be a useful
indicator of benefit from cetuximab treatment.

Core tip: The addition of cetuximab to irinotecan
containing chemotherapy regimen was sufficient to
improve overall survival and progression-free survival
in wild-type KRAS metastatic colorectal cancer patients,
but not in patients with mutant-type KRAS .
Li XX, Liang L, Huang LY, Cai SJ. Standard chemotherapy
with cetuximab for treatment of colorectal cancer. World J
Gastroenterol 2015; 21(22): 7022-7035 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/7022.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.7022

MATERIALS AND METHODS

INTRODUCTION

Literature search strategy

Colorectal cancer remains one of the most common
cancers worldwide and its incidence was about 1.2
[1]
million in 2008 . In the past few years, progress has
been achieved in improving outcome of metastatic
colorectal cancer (mCRC), and this was mainly due to
[2,3]
the application of novel molecular targeted agents .
[4-6]
However, recent evidence
showed that addition
of cetuximab to chemotherapy did not improve the
outcome for patients with mCRC, making the antitumor effect of cetuximab controversial, and indicating
that cetuximab should be recommended based on
individual information. Therefore, it is urgent to
identify patients who could benefit from cetuximab
treatment most and this relies on effective biomarkers
in predicting efficacy of cetuximab in the treatment of
mCRC.
Cetuximab is an IgG1 monoclonal antibody to
the epidermal growth factor receptor (EGFR) and
it exerts clinical activity in mCRC patients who are
[6-8]
chemotherapy-resistant . A phase Ⅲ trial in patients
with oxaliplatin and fluoropyrimidines-refractory mCRC
who were randomized to cetuximab plus irinotecan
showed an improved outcome for the addition of
[9]
cetuximab . Cetuximab has been approved by
United States Food and Drug Administration in 2004.
However, not all the individuals are sensitive to
cetuximab, and investigations about influencing factors
of its effectiveness have emerged, with one of the best
[10]
known being KRAS status .
The KRAS protein is one of the most important
downstream effectors coupling EGFR to intracellular
signaling cascades, leading to cell growth, division,
[11,12]
motility, and inhibition of apoptosis
. Singlenucleotide point mutations in the KRAS gene are found
in approximately 40% of patients with metastatic
CRC, including mutations in codons 12 and 13 of exon
[12,13]
2
. These mutations of KRAS may contribute to the
lack of response to anti-EGFR monoclonal antibodies
[10-12]
[14]
in patients with mCRC
. A meta-analysis
[15]
[16]
of pooled data from the CRYSTAL
and OPUS
studies confirmed that in patients with KRAS wild-
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Population, intervention, control, and outcome (PICO)
were defined prior to literature research. Then,
electronic databases comprising PubMed, EMBASE,
Cochrane, and American Society of Clinical Oncology
meeting abstract (conference on colorectal cancer)
were selected and used to search for randomized
controlled trials (RCTs) comparing chemotherapy
regimen with or without cetuximab in treatment
of mCRC based on KRAS status. The search terms
used were: [“colorectal neoplasms/therapy”(Mesh)
or “carcinoma, colorectal “ or “tumor, colorectal”]
and (“cetuximab” or “erbitux” or “MAb C225” or
“anti-EGFR agents”) and (“stage Ⅲ” or “stage Ⅳ” or
“metasta?” or “advanced”) and (“KRAS” or “K-ras”).
We also used a manual reference search for relevant
articles, including original articles and reviews, to
identify additional studies. If more than one article was
published using the same case series, only the study
with the latest data was included. The search was
restricted to published English language papers. The
literature search was updated on December 31, 2013.
The detailed information of the search strategy for the
eligible studies is presented in flow diagram provided
by PRISMA (Figure 1).

Inclusion criteria

Inclusion criteria were: (1) high quality RCTs performed
in mCRC patients, either in form of a full article or a
meeting abstract; (2) mCRC patients treated with
traditional chemotherapy regimen with or without
cetuximab; (3) RCTs comparing cetuximab +
chemotherapy vs chemotherapy only, with regard to
KRAS status; and (4) primary endpoints were PFS and/
or OS, and secondary endpoints were OR and toxicity
information.

Data extraction

Information in each eligible study was carefully
extracted and identified by two reviewers independently
(Li XX and Liang L), and classical data collection
methods were applied during extraction process.
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Records identified through
database searching (n = 96)

Additional records identified
through other sources (n = 21)

Records after duplicates
removed (n = 16)

Records screened (n = 93)

Records excluded (n = 72)

Studies included in qualitative
synthesis (n = 11)

Studies included in
quantitative synthesis
(meta-analysis) (n = 8)

Figure 1 Flow diagram of study selection.

Egger’s linear regression test were used to investigate
[20]
any possible publication bias . For all analyses, a
two-sided P-value less than 0.05 was considered to be
statistically significant.
The statistical methods of this study were reviewed
by San-Jun Cai from Department of Colorectal Surgery,
Fudan University Shanghai Cancer Center.

The following data were extracted from the included
studies: numbers of patients enrolled, publication date,
characteristics of patients such as age and gender,
and other data such as clinical stage, method of
randomization, chemotherapy regimen and details of
first-line chemotherapy, doses of cetuximab, PFS, OS,
and OR. If hazard ratio (HR) and its variance were not
available directly from original article, the method of
[19]
Parmar et al
was introduced to establish estimates
of these information. For identification of each eligible
study, the first author’ name and publication year were
used.

RESULTS
Characteristics of included studies
[17,21-27]

A total of eight RCTs
were included for this metaanalysis involving a number of 6780 mCRC patients.
Among these eligible trials, full articles are available
from databases. The baseline information and adverse
events of these studies are shown in Tables 1 and
[17,22,25-27]
2. Five of them
assessed oxaliplatin based
chemotherapy regimen plus cetuximab in the firstline treatment of metastatic or advanced CRC, while
[21,24]
two studies
evaluated the effect of cetuximab in
combination with the FOLFIRI regimen on outcome
of metastatic or advanced CRC patients, and only
[23]
one trial
involved both FOLFIRI or oxaliplatin based
[17,21-26]
regimen. All studies
reported the status of KRAS
[27]
in mCRC except the study of Borner et al . Data from
these RCTs were sufficient to support the statistically
pooled analysis of PFS and OS.

Quality control

The protocols of GRADE were used to evaluate the
quality of each RCT included for this meta-analysis.
Quality control was performed independently by two
reviewers. If there was a disagreement about quality
of a certain study, another reviewer was involved to
solve it. Funnel plots were also introduced to assess
the publication bias.

Statistical analysis

RevMan 5.2 software which was provided by the
Cochrane Collaboration was applied to perform all
of the statistical analyses, and introduction of the
Cochrane Collaboration for meta-analysis was followed
to ensure the accuracy of whole analysis process. We
assessed the between-study heterogeneity by Coch
2
ran’s Q test and quantified by I (a significance level of
2
P < 0.10 and/or I ≥ 50%). If the P-value of the Q test
is > 0.05, the summary OR estimate of each study
was calculated using the fixed-effect model. Otherwise,
the random-effect model was used. A funnel plot and

WJG|www.wjgnet.com

Analysis of OS

[21,22,24,25,27]

OS regardless of KRAS status: Five RCTs
were included for the analysis of whether addition of
cetuximab to standard chemotherapy could improve
OS than chemotherapy alone. The result showed
that the application of cetuximab failed to provide a
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Table 1 Included studies on efficacy of cetuximab plus chemotherapy vs chemotherapy alone in patients with metastatic or
advanced colorectal cancer
Study

Type of article

Patients

Intervention

Main endpoints

Mutation
status reported

Cetuximab + chemotherapy
Borner et al[27]
Bokemeyer et al[25]

Full manuscript
Full manuscript

74
337

Cetuximab + XELOX
Cetuximab + FOLFOX-4

Chemotherapy

(HR, 95%CI)

KRAS BRAF

XELOX
FOLFOX-4

PFS: NR; OS: NR
PFS: 0.931, 0.705-1.230;
OS: 1.015, 0.791-1.303
PFS: 0.851, 0.726-0.998;
OS: 0.878, 0.774-0.995
PFS: 0.96, 0.82-1.12;
OS: 1.04, 0.87-1.23
PFS: NR; OS: NR
PFS: NR; OS: NR
PFS: 0.53, 0.26-1.10;
OS: 0.45, 0.2-1.2
PFS: 0.60, 0.41-0.87;
OS: 0.54, 0.33-0.89

Van Cutsem et al[21] Full manuscript

1198

Cetuximab + FOLFIRI

FOLFIRI

Maughan et al[17]

Full manuscript

1630

Tveit et al[22]
Alberts et al[26]
Huang et al[24]

Full manuscript
Full manuscript
Full manuscript

571
2686
146

Cetuximab + oxaliplatin +
fluoropyrimidine
Cetuximab + FLOX
Cetuximab + mFOLFOX6
Cetuximab + FOLFIRI

Oxaliplatin +
fluoropyrimidine
FLOX
mFOLFOX6
FOLFIRI

Ye et al[23]

Full manuscript

138

Cetuximab + mFOLFOX6/
FOLFIRI

mFOLFOX6/
FOLFIRI

Quality
control

No
Yes

No
Yes

Moderate
Good

Yes

Yes

Good

Yes

Yes

Good

Yes
Yes
Yes

Yes
Yes
Yes

Good
Good
Good

Yes

Yes

Good

XELOX: Capecitabine and oxaliplatin regimen; FOLFOX-4: Oxaliplatin and folinic acid and 5-fluorouracil regimen; FOLFIRI: Fluorouracil and leucovorin
and irinotecan regimen; FLOX: Fluorouracil/folinic acid and oxaliplatin regimen; mFOLFOX6: Oxaliplatin and leucovorin and fluorouracil regimen; PFS:
Progression free survival; OS: Overall survival; NR: Not reported.

Table 2 Adverse events (grade 3 and 4)
Study

Neutropenia

Borner et al[27]
Bokemeyer et al[25]
Van Cutsem et al[21]
Maughan et al[17]
Tveit et al[22]
Alberts et al[26]
Huang et al[24]
Ye et al[23]

Nausea and vomiting

Skin toxicity/rash

Rash

Diarrhea

Control
group

Cetuximab
group

Control
group

Cetuximab
group

Control
group

Cetuximab
group

Control
group

Cetuximab
group

Control
group

Cetuximab
group

3
57
150
NA
47
89
15
6

0
51
169
NA
95
110
3
8

6
NA
30
NA
3
59
0
3

10
NA
28
NA
14
70
18
3

0
1
1
14
1
NA
NA
1

16
30
117
114
51
NA
NA
2

0
1
0
NA
1
3
0
2

8
19
49
NA
51
186
11
9

16
12
63
NA
10
83
15
3

22
14
94
NA
33
148
6
4

GI: Gastrointestinal toxic effects; NA: Not available.

Study or subgroup
Bokemeyer 2011
Borner 2008
Cutsem 2011
Huang 2013
Tveit 2012

log [HR]
0.0149
-0.3711
-0.1301
-0.7985
0.0583

SE
0.1272
0.3400
0.0643
0.4967
0.1248

Total (95%CI)
2
2
Heterogeneity: χ = 5.20, df = 4 (P = 0.27); I = 23%
Test for overall effect: Z = 1.70 (P = 0.09)

HR

HR

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

Weight
16.2%
2.3%
63.6%
1.1%
16.9%

1.02 [0.79, 1.30]
0.69 [0.35, 1.34]
0.88 [0.77, 1.00]
0.45 [0.17, 1.19]
1.06 [0.83, 1.35]

100.0%

0.92 [0.83, 1.01]
0.01

0.1

Cetuximab + chemotherapy

1

10

100

Chemotherapy

Figure 2 Meta-analysis of effect of cetuximab plus chemotherapy on overall survival regardless of KRAS status.

benefit in prolonging OS, there was no statistically
significance (HR = 0.95, 95%CI: 0.86-1.05; P > 0.05).

significant improvement of OS regardless of KRAS
status (HR = 0.92, 95%CI: 0.83-1.01; P > 0.05;
Figure 2).

OS based on mutated KRAS: There was five
[21,22,24-26]
studies
involved in the analysis of OS based
on mutant KRAS in patients who received cetuximab
combined with chemotherapy. A significant difference
was not observed from the pooled analysis (HR = 1.10,
95%CI: 0.94-1.28; P > 0.05; Figure 3).

OS based on wild-type KRAS: To evaluate whether
cetuximab plus chemotherapy could benefit OS in
population harboring wild-type KRAS, seven studies
[17,21-26]
were included
. As shown in Figure 3, though
cetuximab plus chemotherapy seemed to provide a

WJG|www.wjgnet.com
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HR

HR

log [HR]

SE

Weight

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

0.0315
-0.2282
-0.7765
0.0392
0.2231
0.1310
-0.6162

0.1318
0.0879
0.6448
0.0911
0.1564
0.1807
0.2513

7.2%
16.1%
0.3%
15.0%
5.1%
3.8%
2.0%

1.03 [0.80, 1.34]
0.80 [0.67, 0.95]
0.46 [0.13, 1.63]
1.04 [0.87, 1.24]
1.25 [0.92, 1.70]
1.14 [0.80, 1.62]
0.54 [0.33, 0.88]

Subtotal (95%CI)
2
2
Heterogeneity: χ = 15.84, df = 6 (P = 0.01); I = 62%
Test for overall effect: Z = 1.08 (P = 0.28)

49.4%

0.95 [0.86, 1.05]

3.1%
10.2%
0.2%
3.0%
2.8%

1.29 [0.87, 1.91]
1.03 [0.83, 1.28]
0.42 [0.09, 1.96]
1.27 [0.85, 1.90]
1.03 [0.68, 1.56]

19.3%

1.10 [0.94, 1.28]

3.4%
13.4%
0.2%
11.2%
3.0%

0.89
0.83
0.41
1.02
1.22

31.3%

0.93 [0.82, 1.05]

Study or subgroup
6.1.1 OS based on wild type KRAS
Bokemeyer 2011
Cutsem 2011
Huang 2013
Maughan 2011
Steven 2012
Tveit 2012
Ye 2013

6.1.2 OS based on mutanted type KRAS
Bokemeyer 2011
0.2546
Cutsem 2011
0.0344
Huang 2013
-0.8675
Steven 2012
0.2390
Tveit 2012
0.0296

0.1992
0.1102
0.7860
0.2049
0.2119

Subtotal (95%CI)
2
2
Heterogeneity: χ = 3.03, df = 4 (P = 0.55); I = 0%
Test for overall effect: Z = 1.14 (P = 0.25)
6.1.3 OS based on wild type KRAS and BRAF
Bokemeyer 2011
-0.1120
Cutsem 2011
-0.1863
Huang 2013
-0.8916
Maughan 2011
0.0198
Steven 2012
0.1989

0.1909
0.0965
0.7737
0.1052
0.2027

Subtotal (95%CI)
2
2
Heterogeneity: χ = 5.12, df = 4 (P = 0.28); I = 22%
Test for overall effect: Z = 1.13 (P = 0.26)

Total (95%CI)
100.0%
2
2
Heterogeneity: χ = 26.94, df = 16 (P = 0.04); I = 41%
Test for overall effect: Z = 0.89 (P = 0.37)
2
2
Test for subgroup differences: χ = 2.95, df = 2 (P = 0.23); I = 32.2%

[0.61,
[0.69,
[0.09,
[0.83,
[0.82,

1.30]
1.00]
1.87]
1.25]
1.82]

0.97 [0.90, 1.04]

0.01

0.1

1

10

100

Favours [experimental] Favours [control]

Figure 3 Meta-analysis of effect of cetuximab plus chemotherapy on overall survival based on status of KRAS.

Study or subgroup
Bokemeyer 2011
Borner 2008
Cutsem 2011
Huang 2013
Tveit 2012

log [HR]
-0.0715
-0.1165
-0.1613
-0.6349
-0.1165

HR

HR

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

SE
0.1419
0.2700
0.0811
0.3634
0.1082

Weight
16.1%
4.4%
49.3%
2.5%
27.7%

0.93
0.89
0.85
0.53
0.89

Total (95%CI)
2
2
Heterogeneity: χ = 2.21, df = 4 (P = 0.70); I = 0%
Test for overall effect: Z = 2.53 (P = 0.01)

100.0%

0.87 [0.77, 0.97]

[0.70, 1.23]
[0.52, 1.51]
[0.73, 1.00]
[0.26, 1.08]
[0.72, 1.10]

0.01

0.1

1

Cetuximab + chemotherapy

10

100

Chemotherapy

Figure 4 Meta-analysis of effect of cetuximab plus chemotherapy on progression-free survival regardless of KRAS status.
[21,22,24-26]

OS based on wild-type KRAS and BRAF: We also
analyzed the effect of cetuximab on OS in patients
with both wild-type KRAS and BRAF by using five

WJG|www.wjgnet.com

studies
. Still, it showed that there was no
significant improvement on OS (HR = 0.93, 95%CI:
0.82-1.05; P > 0.05; Figure 3), though in the setting
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OR

OR

log [OR]

SE

Weight

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

-0.5674
-0.3624
-0.8916
-0.0408
0.1906
0.0677
-0.5108

0.2109
0.1128
0.5482
0.0804
0.1076
0.1548
0.1943

3.1%
10.8%
0.5%
21.3%
11.9%
5.7%
3.6%

0.57 [0.38, 0.86]
0.70 [0.56, 0.87]
0.41 [0.14, 1.20]
0.96 [0.82, 1.12]
1.21 [0.98, 1.49]
1.07 [0.79, 1.45]
0.60 [0.41, 0.88]

56.9%

0.90 [0.82, 0.99]

0.2262
0.1417
0.5704
0.1348
0.1789

2.7%
6.9%
0.4%
7.6%
4.3%

1.72 [1.10, 2.68]
1.17 [0.89, 1.55]
0.52 [0.17, 1.59]
1.12 [0.86, 1.46]
0.71 [0.50, 1.01]

Subtotal (95%CI)
2
2
Heterogeneity: χ = 11.77, df = 4 (P = 0.02); I = 66%
Test for overall effect: Z = 0.95 (P = 0.34)

21.8%

1.08 [0.92, 1.26]

2.7%
9.0%
0.3%
9.2%

0.56
0.67
0.42
1.22

21.2%

0.84 [0.72, 0.99]

Study or subgroup
7.1.1 PFS based on wild type KRAS
Bokemeyer 2011
Cutsem 2011
Huang 2013
Maughan 2011
Steven 2012
Tveit 2012
Ye 2013

Subtotal (95%CI)
2
2
Heterogeneity: χ = 25.86, df = 6 (P = 0.0002); I = 77%
Test for overall effect: Z = 2.20 (P = 0.03)
7.1.2 PFS based on mutant type KRAS
Bokemeyer 2011
0.5423
Cutsem 2011
0.1579
Huang 2013
-0.6539
Steven 2012
0.1133
Tveit 2012
-0.3425

7.1.3 PFS based on wild type KRAS and BRAF
Bokemeyer 2011
-0.5870
Cutsem 2011
-0.3960
Huang 2013
-0.8675
Steven 2012
0.1989

0.2246
0.1238
0.6392
0.1223

Subtotal (95%CI)
2
2
Heterogeneity: χ = 17.07, df = 3 (P = 0.0007); I = 82%
Test for overall effect: Z = 2.12 (P = 0.03)

[0.36,
[0.53,
[0.12,
[0.96,

0.86]
0.86]
1.47]
1.55]

Total (95%CI)
100.0%
0.97 [0.90, 1.04]
2
2
Heterogeneity: χ = 60.13, df = 15 (P < 0.00001); I = 75%
Test for overall effect: Z = 2.19 (P = 0.03)
2
2
Test for subgroup differences: χ = 5.43, df = 2 (P = 0.07); I = 63.1%

0.01

0.1

Favours [experimental]

1

10

100

Favours [control]

Figure 5 Meta-analysis of effect of cetuximab plus chemotherapy on progression-free survival based on status of KRAS.
[21,22,24-26]

studies
were selected for the analysis of PFS
based on mutant KRAS in patients who received
cetuximab combined with chemotherapy. A significant
difference was not observed from the result (HR = 1.08,
95%CI: 0.92-1.26; P > 0.05, Figure 5).

of wild-type targeted genes.

Analysis of PFS

[21,22,24,25,27]

PFS regardless of KRAS status: Five trials
were used to evaluate the improvement in PFS
with cetuximab combined with chemotherapy vs
chemotherapy alone. Compared with chemotherapy,
there was a significantly prolonged PFS in patients
treated with cetuximab (HR = 0.87, 95%CI: 0.77-0.97;
P < 0.05; Figure 4).

PFS based on wild-type KRAS and BRAF: Analysis
of cetuximab plus chemotherapy vs chemotherapy was
[21,24-26]
performed using data extracted from four RCTs
.
A positive result was obtained and it presented that
cetuximab therapy benefited PFS significantly in
patients with wild-type KRAS and BRAF (HR = 0.84,
95%CI: 0.72-0.99; P < 0.05; Figure 5).

PFS based on wild-type KRAS: We further
performed a sub-group analysis of cetuximab
combined with chemotherapy vs chemotherapy in
patients having wild-type KRAS. As shown in Figure
5, cetuximab succeeded to provide a significant
improvement in PFS (HR = 0.90, 95%CI: 0.82-0.99; P
< 0.05).

Analysis of PFS and OS based on chemotherapy
regimen

We performed another combined analysis based on
different chemotherapy regimens. Whether the regimen
contained irinotecan was used as the standard to group
the included studies. Cetuximab added to irinotecan-

PFS based on mutated KRAS: A total of five
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Figure 6 Meta-analysis of effect of cetuximab plus irinotecan-free chemotherapy on overall survival based on status of KRAS.
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Figure 7 Meta-analysis of effect of cetuximab plus irinotecan-free chemotherapy on progression-free survival based on status of KRAS.
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Figure 8 Meta-analysis of effect of cetuximab plus irinotecan containing chemotherapy on overall survival based on status of KRAS.

Analysis of adverse events

free regimen did not significantly improve the OS (HR
= 1.06, 95%CI: 0.97-1.16; P = 0.23; Figure 6) or PFS
(HR = 0.99, 95%CI: 0.91-1.08; P = 0.81; Figure 7)
in patients with mCRC, regardless of status of KRAS
and/or BRAF. Next, we compared the outcomes of
patients receiving cetuximab and irinotecan, and the
weighted results showed that cetuximab and irinotecan
significantly improved OS (HR = 0.85, 95%CI:
0.77-0.95; P = 0.004; Figure 8) and PFS (HR = 0.77,
95%CI: 0.67-0.88; P = 0.0002; Figure 9) in mCRC
patients with wild-type KRAS, but not in patients with
mutant KRAS.
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As cetuximab is a targeted agent, we examined the
effect of cetuximab on adverse events. The results
determined that patients who received cetuximab
suffered from more adverse events such as skin
toxicity/rash (HR = 18.35, 95%CI: 11.28-29.86;
P = 0.008, Figure 10), rash (HR = 43.27, 95%CI:
21.73-86.17; P = 0.0002; Figure 10), diarrhea (HR =
1.66, 95%CI: 1.37-2.02; P < 0.001; Figure 10), and
nausea and vomiting (HR = 1.44, 95%CI: 1.11-1.87;
P = 0.007; Figure 10), indicating that the application
of cetuximab should be carefully considered not only
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Figure 9 Meta-analysis of effect of cetuximab plus irinotecan containing chemotherapy on progression-free survival based on status of KRAS.
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Figure 10 Meta-analysis of adverse events in patients receiving cetuximab or not.

based on status of targeted genes, but also the quality
of life and safety.

DISCUSSION
Cetuximab, in combination with chemotherapy, has
[28]
been approved for the treatment of mCRC patients .
[14-18,28]
Many clinical trials
have been published to
evaluate the efficacy of cetuximab in mCRC, especially
based on KRAS status. However, the outcomes from
these studies were not consistent. Thus, it is essential
to provide clinical evidence relating to the application of

Analysis of publication bias

To evaluate the publication bias, we performed the
Egger’s test and funnel plot. As illustrated by Figure 11,
only 2 studies exceeded the confidence interval and
the Egger’s test showed that there was no significant
publication bias within the included studies (P < 0.05).
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influence of KRAS mutation status on the outcomes,
and the results showed that in wild-type KRAS
patients, cetuximab plus chemotherapy significantly
improved PFS when compared with chemotherapy
alone, but not for OS, whereas in mutant KRAS
patients, there was no significant benefit between
those treated with cetuximab plus chemotherapy and
those with chemotherapy alone regarding PFS and
[14]
OS. In addition, Bokemeyer et al
enrolled CRYSTAL
and OPUS studies for meta-analysis and by analyzing
pooled data from the CRYSTAL and OPUS studies,
they confirmed that adding cetuximab to first-line
chemotherapy in patients with KRAS wild-type mCRC
could obtain benefit in all efficacy end-points. Barni et
[32]
al conducted a meta-analysis evaluating the efficacy
of cetuximab in patients with wild-type KRAS as
second- or further-line therapy, and they demonstrated
that treatment with cetuximab plus chemotherapy in
mCRC patients with wild-type KRAS pretreated with
one or more lines of therapy could improve survival
outcomes, however, this meta-analysis did not include
patients treated with chemotherapy alone and patients
with mutant KRAS status.
In contrast to the results mentioned above, the
[29]
meta-analysis of Zhou et al showed that the addition
of cetuximab or panitumumab to oxaliplatin-based
chemotherapy in first-line treatment of mCRC in
wild-type KRAS population did not improve survival
benefit or response rate. They explained that the
nature and interaction of drugs used in combination
[29]
may be responsible for this observation . Indeed,
constitutive activation of the intracellular signaling
pathway downstream of EGFR would counteract the
[12]
effects of anti-EGFR agents , though it is in the
setting of KRAS mutation status. In addition, another
meta-analysis demonstrated that efficacy of cetuximab
[34]
could be influenced by drugs used in combination .
Indeed, irinotecan has been widely used in the
treatment of mCRC, but not all of the patients were
treated with this agent. Our study proved that efficacy
of cetuximab combined with irinotecan chemotherapy
was much better those without irinotecan. These all
demonstrated the complexity of tumor pathology
and capacity of response to different chemotherapy.
More elegant trials considering suitable drugs used in
combination treatment are needed.
It seems that KRAS status is a good predictor
of sensitivity to cetuximab treatment, making it
reasonable to detect the exact mutation location in
KRAS gene. In our study, we observed that patients
with wild-type KRAS could benefit a lot from cetuximab
treatment, while this did not happen in patients with
[30,35,36]
mutant KRAS. However, several studies
reported
that certain specific mutations in KRAS could gain
a greater clinical response to anti-EGFR treatment
than patients with other KRAS mutations. This again
demonstrated the complexity in the treatment of
mCRC patients regarding KRAS status.

OS based on wild type KRAS
OS based on mutated type KRAS
OS based on wild type KRAS and BRAF
0.0 SE (log [HR])

0.2
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Figure 11 Funnel plot for detecting publication bias.

cetuximab in mCRC treatment. Indeed, several meta[29-33]
analyses
have been published in recent years, but
the arguments about whether cetuximab could benefit
outcomes of mCRC patients with different KRAS status
still exist. The present meta-analysis was performed to
address the issues mentioned above, and to increase
the statistical power of efficacy analysis of cetuximab
in mCRC patients and further to identify what kind of
population could benefit from treatment of cetuximab
most.
The present meta-analysis confirms that adding
anti-EGFR therapy to standard chemotherapy could
result in clinical benefits in the treatment of mCRC
containing wild-type KRAS, with a significantly
prolonged PFS. For patients harboring wild-type
KRAS, a statistically significant longer PFS was found
when using cetuximab with traditional chemotherapy
regimens. However, cetuximab treatment was
associated with an impaired improvement in OS, and
no statistical significance was achieved. Compared
with the clinical benefit of addition of cetuximab to
chemotherapy regimens in wild-type KRAS patients,
mutation of KRAS is a predictor of less sensitivity
to cetuximab in mCRC patients with regard to PFS
and OS. The subgroup analysis demonstrated that
cetuximab in combination with irinotecan containing
regimen could improve OS and PFS in patients with
wild-type KRAS and/or BRAF, but not in patients with
mutant KRAS. These benefits were not observed in
patients treated with irinotecan-free chemotherapy.
Notably, the incidence of adverse events in the
cetuximab group was much higher than that in
patients without cetuximab treatment.
The results of this meta-analysis is in accordance
[34]
with those of other meta-analyses . In the study
[31]
performed by Qiu et al , they compared the efficacy
of cetuximab combined with chemotherapy vs
chemotherapy for patients with mCRC, as well as the
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KRAS and/or BRAF, to compare the efficacy and safety of additional cetuximab
to irinotecan containing chemotherapy under these different circumstances.

There are a few limitations in the present metaanalysis. First, the randomization is not appropriately
applied in some of the studies, and heterogeneity in
trial protocols, age, sex, and endpoint variables is
inevitable. Second, information about PFS and OS
is not directly available from each included study.
Finally, only a subset of specimens were available
from all participants, despite that the initial trials were
carefully designed. However, these limitations could
be attenuated partly by using random effect model
analysis. More elegant RCTs assessing efficacy of
cetuximab in the treatment of mCRC patients with
different KRAS status are warranted.
In conclusion, the results from this meta-analysis
strength the evidence supporting the use of cetuximab
treatment in combination with traditional chemotherapy
in mCRC patients with wild-type KRAS. KRAS status
should be explored prior to the initiation of adding
cetuximab to treatment of mCRC patients in order
to avoid ineffective and toxic therapies. For patients
with unclear status of KRAS and/or BRAF, cetuximab
should be initially considered. More challenges emerged
in the search of better biomarkers of cetuximab in
mCRC, in the setting that certain KRAS mutational
status is also associated with an favorable outcome
when encountering with other mutational status. It is
expected to find that judicious application of biomarkers
will provide more chances to optimize the use of
cetuximab.

Peer-review

This is a good systematic review in which the authors analyzed the cetuximab
treatment in mCRC with regard to KRAS status. The results are clear and
interesting and suggest that KRAS is a biomarker of effectiveness of cetuximab,
and KRAS status should be explored prior to the initiation of adding cetuximab
to treatment of mCRC patients in order to avoid ineffective and toxic therapies.
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META-ANALYSIS

Sequential vs simultaneous revascularization in patients
undergoing liver transplantation: A meta-analysis
Jia-Zhong Wang, Yang Liu, Jin-Long Wang, Le Lu, Ya-Fei Zhang, Hong-Wei Lu, Yi-Ming Li

Abstract

Jia-Zhong Wang, Yang Liu, Jin-Long Wang, Le Lu, YaFei Zhang, Hong-Wei Lu, Yi-Ming Li, Department of General
Surgery, Second Afﬁliated Hospital, Xi’an Jiaotong University
School of Medicine, Xi’an 710004, Shaanxi Province, China

AIM: We undertook this meta-analysis to investigate
the relationship between revascularization and outcomes
after liver transplantation.
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and revised the manuscript; Wang JZ, Wang JL and Lu L acquired
data, performed the initial data analysis; Lu HW critically
supervised data acquisition and analysis; and Li YM approved
the final version of the manuscript; all authors contributed to this
paper.

METHODS: A literature search was performed using
MeSH and key words. The quality of the included studies
was assessed using the Jadad Score and the Newcastle2
Ottawa Scale. Heterogeneity was evaluated by the χ
2
and I tests. The risk of publication bias was assessed
using a funnel plot and Egger’s test, and the risk of bias
was assessed using a domain-based assessment tool.
A sensitivity analysis was conducted by reanalyzing the
data using different statistical approaches.
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RESULTS: Six studies with a total of 467 patients were
included. Ischemic-type biliary lesions were significantly
reduced in the simultaneous revascularization group
compared with the sequential revascularization group
(OR = 4.97, 95%CI: 2.45-10.07; P < 0.00001),
and intensive care unit (ICU) days were decreased
(MD = 2.00, 95%CI: 0.55-3.45; P = 0.007) in the
simultaneous revascularization group. Although
warm ischemia time was prolonged in simultaneous
revascularization group (MD = -25.84, 95%CI:
-29.28-22.40; P < 0.00001), there were no significant
differences in other outcomes between sequential and
simultaneous revascularization groups. Assessment of
the risk of bias showed that the methods of random
sequence generation and blinding might have been a
source of bias. The sensitivity analysis strengthened
the reliability of the results of this meta-analysis.
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CONCLUSION: The results of this study indicate that
simultaneous revascularization in liver transplantation
may reduce the incidence of ischemic-type biliary
lesions and length of stay of patients in the ICU.
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incidence of ischemic-type biliary lesions (ITBLs)
and other outcomes remains unclear. The primary
purpose of this meta-analysis was to investigate the
relationship between revascularization and ITBLs. In
addition, we also evaluated other outcomes, such as
blood transfusions, hospital days, graft failure and
mortality in one month and one year, operation time.

Core tip: The current methods of revascularization
in liver transplantation can be divided into two main
groups. We carried out this meta-analysis in order
to study the relationship between revascularization
and outcomes after liver transplantation. Ischemictype biliary lesions were significantly reduced in the
simultaneous revascularization group compared with
the sequential revascularization group (P < 0.00001),
and intensive care unit days were decreased (P = 0.007)
in the simultaneous revascularization group. There
were no significant differences in other outcomes
between sequential and simultaneous revascularization
groups, such as blood transfusions, hospital days,
graft failure and mortality in one month and one year,
operation time.

MATERIALS AND METHODS
This systematic review and meta-analysis were
[11]
conducted according to the PRISMA statement .

Literature search

To identify relevant studies, a search of the literature
was performed in MEDLINE, the Cochrane database,
the Science Citation Index (SCI), PLOS ONE, Wiley
Online Library, Springer, and China National Knowledge
Infrastructure (CNKI) without restrictions on the
year or language. We performed a systematic search
using both “MeSH” and “key words” protocols. More
specifically, the following terms retrieved from the
MeSH browser provided by PubMed were utilized:
[“liver” (All Fields) OR “hepatic” (All Fields)] AND
“transplantation” (All Fields) AND “revascularization”
(All Fields) OR “reperfusion” (MeSH). A multiple “key
words” search was performed with the terms “liver
transplantation” AND “revascularization”.

Wang JZ, Liu Y, Wang JL, Lu L, Zhang YF, Lu HW, Li YM.
Sequential vs simultaneous revascularization in patients
undergoing liver transplantation: A meta-analysis. World J
Gastroenterol 2015; 21(22): 7036-7046 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/7036.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.7036

INTRODUCTION

Eligibility criteria

Sequential portal and arterial revascularization (SeqR)
and simultaneous portal and arterial revascularization
(SimR) have been advocated to improve outcomes
[1-5]
after liver transplantation . In SeqR, the liver graft
is sequentially reperfused by portal and arterial
reperfusion. By contrast, in SimR, the liver graft is
simultaneously reperfused by the portal vein and the
hepatic artery. Because the portal vein contributes
approximately three fourths of the blood supply to the
liver and is easily anastomosed to shorten the warm
ischemia time (WIT) and the anhepatic phase during
the operation, SeqR is the more widely performed
[6]
sequence of revascularization . However, the primary
disadvantage of SeqR is the potential increased risk of
arterial ischemic injury to the bile ducts, which depend
[7]
solely on the arterial blood supply . Therefore, some
authors have recommended the use of SimR for its
reduction of the risk of arterial ischemic damage to
biliary epithelial cells, which are more susceptible
[8,9]
to ischemia-reperfusion injury than hepatocytes .
However, the disadvantage of SimR is that it prolongs
the WIT and the anhepatic phase, which can be
detrimental to patient mortality and morbidity related
[10]
to the graft . The better method of revascularization
in liver transplantation remains controversial.
Although some meta-analyses have been conducted
to compare the incidence of total biliary complications
[1,2]
between SimR and SeqR in liver transplantation ,
the method that results in a greater reduction in the

WJG|www.wjgnet.com

Types of studies: Clinical studies conducted comparing
SimR and SeqR in liver transplantation were included
regardless of blinding, publication status, or sample size.
Further, these clinical studies had to contain sufficient
data about outcomes after liver transplantation.
Literature on animal experiments, reviews, letters to the
editor and clinical studies conducted without control
groups were excluded.
Types of participants: Patients undergoing SeqR or
SimR in liver transplantation were included regardless of
age, gender, nationality, or reason for liver transplantation.
Types of interventions: Studies with comparisons
between SeqR and SimR were included regardless of
whether piggy-back or conventional orthotopic liver
transplantation was performed.
Types of outcomes: (1) ITBLs; (2) blood transfusions
(units of blood and plasma); (3) Hospital days
[intensive care unit (ICU) and total hospital days]; (4)
graft failure and mortality in one month and one year;
and (5) Operation time (total operation and WIT).

Literature selection and data extraction

Two independent reviewers (Wang JL, Lu L) evaluated
each title, abstract, citation, and selected relevant
studies according to the eligibility criteria. Disagreements
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2815 records searched through databases
2688 records excluded were animal
experiments, reviews or letters to
editor
147 records screened

141 records excluded without enough
data, control group
6 records included

Figure 1 Flow diagram of the included studies.

were resolved by another reviewer (Lu HW). Data
were extracted separately from the included studies,
and a reviewer (Lu HW) reviewed and confirmed the
accuracy of the extracted data. Data from the included
studies were recorded as follows: (1) authors, country,
year; (2) publication; (3) number of participants in the
SimR and SeqR groups; and (4) outcomes after liver
transplantation.

heterogeneity of the included studies was evaluated by
2
2
the χ and I tests (Review Manager 5.2), and P < 0.10
2
or I > 25% was defined as indicating heterogeneity.
A funnel plot (Review Manager 5.2) and Egger’s test
(Stata 10.0) were used to assess the risk of publication
bias, and P < 0.10 indicated statistical publication
bias. The risk of bias in the studies was assessed by
two independent reviewers (Wang JZ, Li YM) using a
domain-based assessment tool recommended by the
Cochrane collaboration. Two methods of sensitivity
analysis were conducted by comparing the effect
size between a fixed effects model and a random
effects model; the fixed effect model was applied after
excluding the greatest weight study.

Quality assessment of studies

The methodological quality of each randomized
controlled trials (RCTs) was independently assessed
using the Jadad score. This five-point quality scale
includes points for randomization (0-2 points),
double blinding (0-2 points), and withdrawals and
dropouts (0-1 points). Total scores of 0-2 were
considered indicative of low quality, whereas studies
with total scores ≥ 3 were defined as high quality.
The Newcastle-Ottawa Scale (NOS) was used to
assess the quality of each retrospective study. The
NOS contains 8 items, which are divided into three
categories: selection (4 items), comparability (1 item),
and exposure for case-control studies (3 items). A
star system was used to allow for a semi-quantitative
assessment of study quality. A study can be awarded a
maximum of one star for each item within the selection
and exposure categories. A maximum of two stars
can be given for comparability. Studies were defined
as high quality if they had more than seven stars; as
medium quality if they had between four and six stars;
and as poor quality if they had fewer than four stars.

RESULTS
Flow diagram of the included studies

We screened the title and abstract of 2815 studies after
performing the database search. Then, 2688 studies
were excluded because they were animal experiments,
reviews, or letters to the editor, and 141 clinical studies
did not meet our criteria due to their lack of a control
group or insufficient data on outcomes after liver
[12-17]
transplantation. A total of six studies were included
,
comprising a total of 467 patients (Figure 1).

Study characteristics

Six studies with a total of 467 patients were included.
[16,17]
Two studies were RCTs
, with a total of 120
patients; the other studies were retrospective, with a
[13-17]
total of 347 patients
. The included studies were
conducted in five countries: two in Italy, one in China,
one in the United States, one in Brazil, and one in the
Netherlands. None of the six studies was considered
low quality (Table 1).

Statistical analysis

The statistical methods of this study were reviewed
by Deyu Meng from the Faculty of Mathematics
and Statistics, Xi’an Jiaotong University. Data were
analyzed by the statistical software Review Manager
5.2 (The Cochrane Collaboration) using a fixed effects
model. The results of continuous and discontinuous
data were reported as MD with 95%CI and as OR
with 95%CI, respectively. P < 0.05 was considered
to indicate a statistically significant difference. The
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Synthesis of outcomes and assessments of
heterogeneity

Simultaneous revascularization reduced the
incidence of ITBLs: The incidence of ITBLs was
significantly reduced in the SimR group compared to
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Table 1 Characteristics of the included studies
Study

Year

Country

No. of SeqR/ SimR

Type of study

Jadad score

NOS

Sankary et al[12]
Massarollo et al[13]
Polak et al[14]
Wu et al[15]
Adani et al[16]
Baccarani et al[17]

1995
1998
2005
2006
2011
2012

United States
Brazil
the Netherlands
China
Italy
Italy

83/45
26/50
71/31
21/20
19/21
38/42

Retrospective study
Retrospective study
Retrospective study
Retrospective study
RCT
RCT

3
3

6
7
7
6
-

RCT: Randomized controlled trial; NOS: Newcastle-Ottawa scale.

Study or subgroup
Adani
Baccarani
Massarollo
Polak
Sankary
Wu

SeqR
Events Total
9
19
15
38
1
26
4
31
7
83
4
21

SimR
Events Total
4
21
0
42
0
50
3
71
1
45
3
20

Total (95%CI)
218
Total events
40
11
2
2
Heterogeneity: χ = 5.64, df = 5 (P = 0.34); I = 11%
Test for overall effect: Z = 4.45 (P < 0.00001)

249

Weight
25.4%
3.6%
4.2%
20.2%
15.1%
31.6%

OR
M-H, fixed, 95%CI
3.83 [0.93, 15.72]
56.06 [3.21, 979.82]
5.94 [0.23, 151.07]
3.36 [0.70, 16.01]
4.05 [0.48, 34.03]
1.33 [0.26, 6.88]

100.0%

4.97 [2.45, 10.07]

OR
M-H, fixed, 95%CI

0.01

0.1

1

10

100

Figure 2 Meta-analysis results of incidence of ischemic-type biliary lesions. The occurrence of incidence of ischemic-type biliary lesions was significantly
reduced in the SimR group over the SeqR group (OR = 4.97, 95%CI: 2.45-10.07, P < 0.00001). SeqR: Sequential revascularization; SimR: Simultaneous
revascularization.

the SeqR group according to this meta-analysis (OR =
4.97, 95%CI: 2.45-10.07; P < 0.00001). Furthermore,
2
2
the results of the χ and I tests did not indicate
2
heterogeneity (P = 0.34, I = 11%) (Figure 2).

95%CI: -29.28-22.40; P < 0.00001). However, the
2
2
results of χ and I tests in WIT showed heterogeneity
2
(P = 0.05, I = 75%), which was not indicated in total
2
operation time (P = 0.86, I = 0%) (Figure 5).

Simultaneous revascularization did not increase
blood transfusions: Two and three studies,
respectively, were conducted to compare units of blood
cell and plasma transfusions between SeqR and SimR.
There were no significant differences in units of blood
cell transfusions (MD = 0.55, 95%CI: -0.84-1.94;
P = 0.44) and plasma transfusions (MD = -416.71,
95%CI: -997.01-163.59; P = 0.16). The results of the
χ 2 and I2 tests were P = 0.21 (I2 = 37%) and P = 0.08
2
(I = 66%), respectively (Figure 3).

Simultaneous revascularization did not increase
patient mortality and graft failure in one month
and one year: There were two and three studies
comparing graft failure and mortality in one month
and one year between SeqR and SimR, respectively.
There were no significant differences in patient graft
failure and mortality in one month (OR = 1.19, 95%CI:
0.50-2.81; P = 0.70; OR = 1.44, 95%CI: 0.57-3.68, P
= 0.44), or in one year (OR = 1.31, 95%CI: 0.57-3.04,
P = 0.53; OR = 0.83, 95%CI: 0.39-1.78, P = 0.64). All
2
2
results of χ and I tests did not indicate heterogeneity (P
2
2
2
= 0.59, I = 0%; P = 0.23, I = 30%; P = 0.60, I = 0%;
2
P = 0.67, I = 0%) (Figure 6).

Simultaneous revascularization decreased ICU
days: Two studies were conducted to compare ICU
and total hospital days. SimR significantly decreased
ICU days (MD = 2.00, 95%CI: 0.55-3.45; P = 0.007),
while no significant difference was shown in total
hospital days (MD = 0.46, 95%CI: -1.99-2.90; P =
2
2
0.71). The results of the χ and I tests did not indicate
2
2
heterogeneity (P = 1.00, I = 0% and P = 0.23, I =
31%), respectively (Figure 4).

Publication bias and risk of bias and sensitivity analyses

Although the funnel plot was not strictly symmetrical,
Egger’s test did not show publication bias (P = 0.136)
(Figure 7). The analyses indicated that random
sequence generation and blinding, which were not
properly described in these studies, might have been
a source of bias (Figure 8). The sensitivity analysis
showed the same effect sizes among a fixed effect
model (P < 0.00001), a random effect model (P =
0.002) and a fixed effect model after excluding the
largest weight study (P < 0.00001) (Figure 9).

Simultaneous revascularization increased WIT:
Although there was no significant difference in total
operation time (MD = 22.59, 95%CI: -4.79-49.96; P =
0.11), SimR significantly prolonged WIT (MD = -25.84,
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A

Study or subgroup
Adani
Baccarani
Sankary

SeqR
Mean
SD
6
4
7
4
25
17

Total
19
38
83

SimR
Mean
SD
7
4
6
4
21
15

Total (95%CI)
140
2
2
Heterogeneity: χ = 3.15, df = 2 (P = 0.21); I = 37%
Test for overall effect: Z = 0.78 (P = 0.44)

Mean difference

Mean difference

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

Total
21
42
45

Weight
31.4%
62.7%
5.9%

-1.00 [-3.48, 1.48]
1.00 [-0.76, 2.76]
4.00 [-1.71, 9.71]

108

100.0%

0.55 [-0.84, 1.94]

-10

-5

0

5

10

Favours experimental Favours control

B

SeqR
Study or subgroup Mean
SD
Adani
1300 1175
Baccarani
2097 1671

Total
19
38

SimR
Mean
SD
2382 1853
2121 1664

Total (95%CI)
57
2
2
Heterogeneity: χ = 2.98, df = 1 (P = 0.08); I = 66%
Test for overall effect: Z = 1.41 (P = 0.16)

Mean difference

Mean difference

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

Total
21
42

Weight
37.1%
62.9%

-1082.00 [-2034.49, -129.51]
-24.00 [-755.79, 707.79]

63

100.0%

-416.71 [-997.01, 163.59]
-1000

0 500 1000

Favours experimental Favours control

Figure 3 Meta-analysis results of blood cell and plasma transfusions. A: Three studies were conducted to compare units of blood cell (MD = 0.55, 95%CI:
-0.84-1.94, P = 0.44); B: Two studies were conducted to compare plasma transfusions (MD = -416.71, 95%CI: -997.01-163.59, P = 0.16).

A

Study or subgroup
Adani
Baccarani

SeqR
Mean
SD
7
4
7
6

Total
19
38

SimR
Mean
SD
5
2
5
3

Total (95%CI)
57
2
2
Heterogeneity: χ = 0.00, df = 1 (P = 1.00); I = 0%
Test for overall effect: Z = 2.71 (P = 0.007)

Mean difference

Mean difference

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

Total
21
42

Weight
52.9%
47.1%

2.00 [0.01, 3.99]
2.00 [-0.11, 4.11]

63

100.0%

2.00 [0.55, 3.45]

-10

-5

0

5

10

Favours experimental Favours control

B

Study or subgroup
Adani
Baccarani

SeqR
Mean
SD
17
5
19
8

Total
19
38

SimR
Mean
SD
18
6
17
8

Total (95%CI)
57
2
2
Heterogeneity: χ = 1.44, df = 1 (P = 0.23); I = 31%
Test for overall effect: Z = 0.37 (P = 0.71)

Mean difference

Mean difference

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

Total
21
42

Weight
51.4%
48.6%

-1.00 [-4.41, 2.41]
2.00 [-1.51, 5.51]

63

100.0%

0.46 [-1.99, 2.90]

-10

-5

0

5

10

Favours experimental Favours control

Figure 4 Meta-analysis results of intensive care unit and total hospital days. A: SimR significantly decreased intensive care unit days (MD = 2.00, 95%CI:
0.55-3.45, P = 0.007); B: No significant difference was shown in total hospital days (MD = 0.46, 95%CI: -1.99-2.90, P = 0.71).
[18]

debatable , the most commonly used procedure
[19]
for the revascularization of liver grafts is SeqR .
Theoretically, there are some potential advantages to
SeqR: (1) the portal vein contributes approximately
3/4 of the blood supply and 1/2 of the oxygen supply
to the liver; (2) the portal vein is easily anastomized
to shorten the WIT and anhepatic phase during
the operation; and (3) the arterial anastomosis is
performed under better technical conditions, without
retrograde bleeding from the graft hepatic artery and
[20]
in a surgical field free of hemorrhages . However,
SeqR increases warm ischemic injury to the bile ducts,
which depend on the hepatic artery. Because ischemic

DISCUSSION
The current methods of revascularization in liver
transplantation can be divided into two main groups
according to whether the liver graft is reperfused
sequentially or simultaneously. In SeqR cases, the
first reconstructed vessel of the liver graft is one of
the portal vein, the hepatic artery, or the inferior vena
cava, followed by subsequent revascularization of the
remaining vessels. By contrast, in SimR cases, the
graft is simultaneously reperfused via the portal vein
[3]
and the hepatic artery . Although the best method
of revascularization in liver transplantation remains
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A

Study or subgroup
Adani
Baccarani
Wu

SeqR
Mean
SD
392
115
400
99
475 100.4

Total
19
38
21

SimR
Mean
SD
373
60
371
64
464.4 87.4

Mean difference

Mean difference

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

Total
21
42
20

Weight
22.5%
54.9%
22.6%

19.00 [-38.73, 76.73]
29.00 [-7.95, 65.95]
10.60 [-46.94, 68.14]

83

100.0%

22.59 [-4.79, 49.96]

Total (95%CI)
78
2
2
Heterogeneity: χ = 0.30, df = 2 (P = 0.86); I = 0%
Test for overall effect: Z = 1.62 (P = 0.11)

-100

-50

0

50

100

Favours experimental Favours control

B

Study or subgroup
Adani
Baccarani

SeqR
Mean
SD
37
7
39
13

Total
19
38

SimR
Mean
SD
66
8
61
10

Total
21
42

Mean difference
Ⅳ, fixed, 95%CI
Weight
54.8% -29.00 [-33.65, -24.35]
45.2% -22.00 [-27.12, -16.88]

63

100.0% -25.84 [-29.28, -22.40]

Total (95%CI)
57
2
2
Heterogeneity: χ = 3.93, df = 1 (P = 0.05); I = 75%
Test for overall effect: Z = 14.71 (P < 0.00001)

Mean difference
Ⅳ, fixed, 95%CI

-20 -10

0

10

20

Favours experimental Favours control

Figure 5 Meta-analysis results of total operation time and warm ischemia time. A: There was no significant difference in total operation time (MD = 22.59,
95%CI: -4.79-49.96, P = 0.11); B: SimR significantly prolonged warm ischemia time (WIT) (MD = -25.84, 95%CI: -29.28-22.40, P < 0.00001). However, the results of
χ 2 and I2 tests in WIT showed heterogeneity (P = 0.05, I2 = 75%).

A

Study or subgroup
Massarollo
Polak

SeqR
Events Total
8
26
6
71

SimR
Events Total
12
50
3
31

Total (95%CI)
97
Total events
14
15
2
2
Heterogeneity: χ = 0.29, df = 1 (P = 0.59); I = 0%
Test for overall effect: Z = 0.39 (P = 0.70)

81

Weight
59.8%
40.2%

OR
M-H, fixed, 95%CI
1.41 [0.49, 4.05]
0.86 [0.20, 3.69]

100.0%

1.19 [0.50, 2.81]

OR
M-H, fixed, 95%CI

0.01

0.1

1

10

100

Favours experimental Favours control

B

Study or subgroup
Massarollo
Polak

SeqR
Events Total
7
26
5
71

SimR
Events Total
7
50
3
31

Total (95%CI)
97
Total events
12
10
2
2
Heterogeneity: χ = 1.43, df = 1 (P = 0.23); I = 30%
Test for overall effect: Z = 0.77 (P = 0.44)

81

Weight
47.4%
52.6%

OR
M-H, fixed, 95%CI
2.26 [0.70, 7.35]
0.71 [0.16, 3.16]

100.0%

1.44 [0.57, 3.68]

OR
M-H, fixed, 95%CI

0.01

0.1

1

10

100

Favours experimental Favours control

C

Study or subgroup
Adani
Baccarani
Polak

SeqR
Events Total
1
19
5
38
13
71

SimR
Events Total
0
21
3
42
6
31

Total (95%CI)
218
Total events
19
9
2
2
Heterogeneity: χ = 1.01, df = 2 (P = 0.60); I = 0%
Test for overall effect: Z = 0.63 (P = 0.53)

94

Weight
4.5%
25.4%
70.1%

OR
M-H, fixed, 95%CI
3.94 [0.13, 90.86]
1.97 [0.44, 8.87]
0.93 [0.32, 2.74]

100.0%

1.31 [0.57, 3.04]

OR
M-H, fixed, 95%CI

0.01

0.1

1

10

100

Favours experimental Favours control
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D

SeqR
Events Total
2
19
6
38
10
71

Study or subgroup
Adani
Baccarani
Polak

SimR
Events Total
1
21
8
42
6
31

Total (95%CI)
218
Total events
18
15
2
2
Heterogeneity: χ = 0.80, df = 2 (P = 0.67); I = 0%
Test for overall effect: Z = 0.47 (P = 0.64)

94

Weight
5.9%
44.4%
49.7%

OR
M-H, fixed, 95%CI
2.35 [0.20, 28.27]
0.80 [0.25, 2.55]
0.68 [0.22, 2.08]

100.0%

0.83 [0.39, 1.79]

OR
M-H, fixed, 95%CI

0.01

0.1

1

10

100

Favours experimental Favours control

Figure 6 Meta-analysis results of graft failure and mortality in one month and one year. A: There were no significant differences in graft failure in one month (OR
= 1.19, 95%CI: 0.50-2.81, P = 0.70); B: There were no significant differences in mortality in one month (OR = 1.44, 95%CI: 0.57-3.68, P = 0.44); C: There were no
significant differences in graft failure in one year (OR = 1.31, 95%CI: 0.57-3.04, P = 0.53); D: There were no significant differences in mortality in one year (OR = 0.83,
95%CI: 0.39-1.78, P = 0.64).
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Figure 7 Funnel plot and Egger’s test of studies on incidence of ischemic-type biliary lesions. A: Funnel plot was not strictly symmetrical; B: Egger’s test did
not show publication bias (P = 0.136).
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Figure 8 Risk of bias graph: review authors’ judgments regarding each risk of bias item for each included study.
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A

Study or subgroup
Adani
Baccarani
Massarollo
Polak
Sankary
Wu

SeqR
Events Total
9
19
15
38
1
26
4
31
7
83
4
21

SimR
Events Total
4
21
0
42
0
50
3
71
1
45
3
20

Total (95%CI)
218
Total events
40
11
2
2
Heterogeneity: χ = 5.64, df = 5 (P = 0.34); I = 11%
Test for overall effect: Z = 4.45 (P < 0.00001)

B

Study or subgroup
Adani
Baccarani
Massarollo
Polak
Sankary
Wu

SeqR
Events Total
9
19
15
38
1
26
4
31
7
83
4
21

249

Weight
25.4%
3.6%
4.2%
20.2%
15.1%
31.6%

OR
M-H, fixed, 95%CI
3.83 [0.93, 15.72]
56.06 [3.21, 979.82]
5.94 [0.23, 151.07]
3.36 [0.70, 16.01]
4.05 [0.48, 34.03]
1.33 [0.26, 6.88]

100.0%

4.97 [2.45, 10.07]
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4
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0
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1
45
3
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Weight
27.5%
7.9%
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23.3%
13.6%
21.5%

Total (95%CI)
218
249 100.0%
Total events
40
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2
2
2
Heterogeneity: Tau = 0.12; χ = 5.64, df = 5 (P = 0.34); I = 11%
Test for overall effect: Z = 3.16 (P = 0.002)

C

Study or subgroup
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Baccarani
Massarollo
Polak
Sankary

SeqR
Events Total
9
19
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38
1
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4
31
7
83

SimR
Events Total
4
21
0
42
0
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3
71
1
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Total (95%CI)
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Total events
36
8
2
2
Heterogeneity: χ = 3.67, df = 4 (P = 0.45); I = 0%
Test for overall effect: Z = 4.57 (P < 0.00001)

OR
M-H, fixed, 95%CI

229

OR
M-H, fixed, 95%CI
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Figure 9 Sensitivity analysis of this meta-analysis. The sensitivity analysis showed the same effect sizes among different models. A: A fixed effects model (P <
0.00001); B: A random effects model (P = 0.002); C: A fixed effects model after excluding the greatest weight study (P < 0.00001).

injuries to the bile ducts account for a majority of cases
of morbidity, mortality, and graft failure in patients
[21-25]
after liver transplantation
, some researchers have
advocated the use of SimR. Although some metaanalyses have demonstrated that SeqR increases total
[1,2]
biliary complications , including anastomotic biliary
complications and nonanastomotic biliary complications
[26,27]
(i.e., ITBLs)
, little is known about the relationship
between revascularization and ITBLs.
We comprehensively reviewed the literature on
the relationship between revascularization and ITBLs.
The results of this meta-analysis on ITBLs imply
that SimR reduces the incidence of ITBLs after liver
transplantation, which is in accordance with previous
[12,13]
clinical studies
. In addition, the heterogeneity tests
did not show heterogeneity, and the sensitivity analysis
showed the same effect sizes, which strengthened the
confidence that can be placed in these results.
Although the specific mechanisms of SimR
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that reduce the incidence of ITBLs remain unclear,
reduced arterial ischemic injury to the bile ducts may
be the main reason. The peribiliary vascular plexus
is composed of branches arising directly from the
right and left hepatic arteries (and accessory hepatic
arteries when present) and from their segmental
branches as well as branches arising indirectly from
the gastroduodenal artery via the arteries supplying
[28]
the common bile duct . In SeqR cases, the graft is
exclusively perfused through the portal vein for at
least 10 min until the completion of hepatic arterial
[29,30]
anastomosis
. The delay of rearterialization in SeqR
is associated with more pronounced microvascular
disturbances and subsequent graft dysfunction,
including ischemic injury to the bile ducts. In a rat
model of liver transplantation, SimR resulted in the
best microcirculatory perfusion of the graft. In addition,
the authors found less leukocyte accumulation in
the sinusoids and more abundant bile flow after
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[31]

simultaneous reperfusion compared to SeqR .
Moreover, SimR also elicits a remarkable improvement
in oxygen tension and the maintenance of tissue ATP
compared to SeqR, which may be helpful for reducing
[32]
the incidence of ITBLs . Although there are some
potential benefits of SimR, the main disadvantages
of SimR are the prolonged WIT and anhepatic phase,
which can be detrimental to postoperative graft
[3]
function, survival, and morbidity . However, Adani et
[16]
al reported that delayed graft function was diagnosed
[14]
in 10% vs 9% in SeqR and SimR, while Polak et al
reported that primary nonfunction was diagnosed in 3%
(SeqR) vs 1% (SimR) and the rate of retransplantation
was 9% in SeqR and 7% in SimR, respectively.
Vascular complications were absent except for one
case of hepatic artery thrombosis (HAT) leading to
[16]
retransplantation in SeqR . Liver ischemia-reperfusion
injury, resulting in ITBLs during liver transplantation,
triggers a cascade of events leading to biliary apoptosis,
necrosis, and cholangitis which may even lead to graft
failure. The main cause of prolonged WIT in SimR
may be the simultaneous reconstruction of the portal
vein and hepatic artery, which is inevitable due to this
particular surgical technique. However, interestingly,
SimR did not significantly prolong the total operation
time or increase the incidence of blood transfusions,
graft failure or mortality (one month and one year) in
this study. Therefore, this is a burning issue to find the
answer in the worlds of liver transplantation.
Besides different kinds of revascularization,
some donor factors affect ITBLs, such as ABO incom
patibility, gender, cytomegalovirus (CMV) infection
and metalloproteinase-2 (MMP-2) polymorphism.
The incidence of ITBLs after ABO-incompatible liver
transplantation in adults is much higher than in ABO[33]
compatible liver transplantation . MMP-2 genotype in
both donor and recipient is strongly and independently
related to the development of ITBLs within 4 years after
[34]
liver transplantation .
Although this systematic review and meta-analysis
imply that SimR reduces the incidence of ITBLs after
liver transplantation, there are undoubtedly some
limitations: (1) the number of patients in the included
studies ranged from 19 to 83; (2) although we do
believe that our search strategy was sufficient, only six
studies were included in this meta-analysis of ITBLs,
[35,36]
which may lead to inaccurate conclusions
; and (3)
assessment of risk of bias showed that the methods
of random sequence generation and blinding, which
were not properly described in these studies, might
have been a source of bias, which may have led to an
[37]
overstatement of the treatment effects of SimR .
In conclusion, the present meta-analysis included all
current relevant clinical studies from various countries
through July 2014, and the findings indicate that
SimR reduces the incidence of ITBLs and decreases
ICU days. Additional randomized and blinded clinical
trials with a sufficient number of participants are
needed to adequately compare SimR and SeqR in liver

WJG|www.wjgnet.com

transplantation.
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Serous cystadenoma (SC) is a benign pancreatic
cystic tumor. Surgical resection is recommended for
symptomatic forms, but laparoscopic fenestration
of large symptomatic macrocystic SC was not yet
described in the literature. In this study, 3 female
patients underwent laparoscopic fenestration for
macrocystic SC (12-14 cm). Diagnosis was established
via magnetic resonance imaging and endoscopic
ultrasound, with intra-cystic dosage of tumors markers
(ACE and CA19-9) in 2 patients. All patients were
symptomatic and operated on 15-60 mo after diagnosis.
Radiological evaluation showed constant cyst growth.
Patients were informed about this new surgical modality
that can avoid pancreatic resection. The mean operative
time was 103 min (70-150 min) with one conversion.
The post-operative course was marked by a grade A
pancreatic fistula in one patient and was uneventful
in the other two. The hospital stay was 3, 10, and 18
d, respectively. The diagnosis of macrocystic SC was
histologically-confirmed in all cases. At the last followup (13-26 mo), all patients were symptom-free, and
radiological evaluation showed complete disappearance
of the cyst. Laparoscopic fenestration, as opposed to
resection, should be considered for large symptomatic
macrocystic SC, thereby avoiding pancreatic resection
morbidity and mortality.
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studies have focused mainly on the long-term risk of
growth in order to select the subgroup of patients who
[16]
might benefit from surgical resection . Symptomatic
or misdiagnosed lesions are usually treated by open
or laparoscopic pancreatic resection, with the inherent
risk of morbidity, mortality, and long-term pancreatic
[17]
insufficiency related to these procedures . The aim
of this short series is to show that some symptomatic
SC can also be treated by a much more conservative
surgical approach consisting only of cyst fenestration,
without any pancreatic resection. We describe 3 cases
of large symptomatic SC of the pancreatic head treated
by laparoscopic fenestration.

Core tip: Although surgical resection is the classical
modality for treating symptomatic serous cystadenoma
(SC), laparoscopic fenestration for large macrocystic SC
was not yet described in the literature. In this study, 3
female patients underwent laparoscopic fenestration of
symptomatic macrocystic SC. Conversion was needed
in one patient for bile duct injury, while another patient
developed a grade A pancreatic fistula. Histology
confirmed the diagnosis in all patients and, after a
follow-up of 13-26 mo, all patients are asymptomatic.
Radiological evaluation showed complete disappearance
of SC. This mini-invasive approach avoids the high
mortality and morbidity encountered with pancreatic
resection.

CASE REPORT
Dokmak S, Aussilhou B, Rasoaherinomenjanahary F, Sauvanet
A, Vullierme MP, Rebours V, Lévy P. Laparoscopic fenestration
of pancreatic serous cystadenoma: Minimally invasive approach
for symptomatic benign disease. World J Gastroenterol 2015;
21(22): 7047-7051 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i22/7047.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i22.7047

Between September 2012 and June 2013, three
female patients (33-66 years old) were operated for
large symptomatic SC in the pancreatic head. SC had
been diagnosed 15, 40, and 60 mo before surgery.
The main symptoms were pain and fullness in the right
subcostal area (n = 3), palpable mass (n = 3), signs
of gastric outlet obstruction (n = 1), and moderate
cholestasis without jaundice (n = 1). All patients
underwent MRI, with the aspect of the cyst being
typical in 2. Endoscopic ultrasound with intra-cystic
ACE level measurement was performed in 2 patients,
and showed 2 and 0.2 μg/L, respectively. One patient
had multiple SC, and the diagnosis of Von Hippel
Lindau disease was ruled out by genetic screening.
Cyst growth was observed in all patients (Figures 1, 2
and 3), and the size increased from 4, 9, and 10 cm
at diagnosis to 12, 13, and 14 cm just before surgery,
respectively.

INTRODUCTION
With the widespread use of cross-sectional imaging
studies, pancreatic cysts are more frequently
discovered, and a 2.6%-20% prevalence has been
reported in patients undergoing computed tomography
(CT) scans or magnetic resonance imaging (MRI) for
[1]
non-related pancreatic disorders . These lesions are
represented mainly by intraductal papillary mucinous
neoplasia (IPMN), mucinous cystadenoma (MC), and
[2]
serous cystadenoma (SC) . SC is mainly observed
in females with a mean age of 60 years. Overall
tumor size ranges from less than 1 cm to more than
10 cm. The diameter of cystic components inside
the tumor may also vary from a few micrometers
[3,4]
to several centimeters , and can be unilocular or
[4,5]
pseudo-solid . The diagnosis of SC can be accurately
[6]
[7]
established on a CT scan , MRI , and coupled,
if needed, with endoscopic ultrasound plus fine
needle aspiration and intra-cystic dosage of tumors
[8-11]
markers
. SC is a benign pancreatic lesion with a slow
rate of size increase, a very low risk of complications,
and malignant evolution. When the diagnosis is certain,
[12]
no treatment is required in asymptomatic patients .
Although the main indications of surgical resection are
symptomatic SC, there are doubtful cases that cannot
be differentiated from malignant or low potential
[13-15]
malignant diseases
. Many cases are operated
because they are falsely considered to be symptomatic
(i.e., non-specific abdominal pain and irritable bowel
syndrome) or are doubtful cases (neuro-endocrine
tumor, MC, and IPMN) after an incomplete diagnostic
evaluation. With the increased prevalence of this
disease and unclear data about management, recent

WJG|www.wjgnet.com

Surgical technique

The patient was installed in the supine position under
general anesthesia, with legs spread apart and
the monitor to the patient’s left. Open coelioscopy
was performed through the umbilicus; a total of 4
trocars were necessary for this procedure. The trocar
placement was done in order to avoid crossing the
hands of the surgeon and assistant. The 30-degree
optic trocar was installed in the right hypochondrium,
the 10 mm operator trocar in the umbilicus, and
another two 5 mm trocars in the left hypochondrium
and right subcostal area for apprehension. Harmonic
shears (Harmonic; Ethicon, Issy les Moulineaux, France)
and a bipolar cautery coagulation device were needed.
Once exploration was complete, the right gastrocolic
ligament was largely divided in order to expose the
anterior surface of the pancreatic gland and the area of
the cyst to be opened. The cyst was freed from some
collateral circulation that can be encountered related to
venous compression. The cyst was opened, the content
was aspirated, liquid sampling for tumors markers
dosages was taken, and as large as possible (5-10 cm)
fenestration was performed (Figure 4). The specimen
was removed in a surgical bag by the trocar incision for
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A

B

Figure 1 Magnetic resonance imaging and post-operative computed tomography scan of patient 1. Magnetic resonance imaging shows a large serous
cystadenoma in the pancreatic head measured at 13 cm (A), with post-operative computed tomography scan showing complete disappearance after laparoscopic
fenestration (B).

A

B

C

Figure 2 Computed tomography scan and post-operative magnetic resonance imaging of patient 2. Computed tomography scan showed a serous
cystadenoma in the pancreatic head measured at 4 cm at diagnosis (A) and 12 cm (B) before surgery; post-operative magnetic resonance imaging showing complete
cyst disappearance (C).

A

B

C

Figure 3 Magnetic resonance imaging and post-operative computed tomography scan of patient 3. Magnetic resonance imaging showing multiple serous
cystadenoma, with a large one in the pancreatic head measuring at 10 cm at diagnosis (A) and 14 cm before surgery (B); post-operative computed tomography scan
showed complete disappearance (C).

pathological examination. A small suction drain was left
in the cyst cavity.
The mean operative time was 103 min (70-150
min). Conversion was needed in one patient for bile
duct injury, which was treated by end-to-end biliary
anastomosis with a biliary drain. SC was fenestrated
anteriorly behind the anterior aspect of the pancreatic
head (n = 2) and laterally posterior to the duodenum
and hepatic pedicle in one patient. One patient needed
pancreatectomy in order to have access to the cyst.
In one patient, the great omentum was inserted in the
cystic cavity.
The post-operative course was marked by a grade A

WJG|www.wjgnet.com

pancreatic fistula in the one patient who had undergone
pancreatectomy, while the other two had an uneventful
post-operative course. Hospital stay was 3, 10, and 18 d,
respectively. The definitive diagnosis of macrocystic SC
was confirmed on histology in all patients, who showed
a glycogen-rich epithelium, sometimes with abrasion,
without any mucinous secretion or ovarian stroma.

Long-term follow-up

At the last follow-up (13, 21, and 26 mo), all 3 patients
were symptom-free, and radiological evaluation
showed complete disappearance of the cyst (Figures 1,
2 and 3).
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[4]

malignant history, and in those of an advanced age .
Of course, the progression in size should not be an
indication for surgery per se. Regular radiological followup should be the main option in asymptomatic patients,
regardless of the overall size of the SC.
Pancreatic resection is considered the only
surgical modality for symptomatic lesions. However,
pancreatic resection, even for benign disease, is still
associated with very high morbidity and long-term
[21]
endocrine and exocrine insufficiency risks . This
mortality, even reduced to its minimum rate, should
be considered very poor for such a benign lesion. Even
if the risk of pancreatic insufficiency is much lower
after atypical pancreatic resections (enucleation or
central pancreatectomy), the risk of surgical morbidity
or morality remains high. To avoid this morbidity,
indications for surgical resection should be refined,
and other treatment modalities should be discussed.
In our opinion, the subgroup of patients with large
symptomatic SC might safely benefit from cyst
fenestration. A large cyst can modify the anatomy of the
pancreatic head, and the area to be fenestrated should
be selected on the pre-operative CT scan in order to
avoid injury of surrounded structures. All our patients
were operated by laparoscopic approach, but even
the open approach can be considered for anatomical
reasons. We should mention that fenestration with
incomplete resection for SC is justified by the fact that
the risk of malignant transformation is extremely low,
and was probably not encountered with these SC due to
their being purely cystic without any solid component.
Histology of the cyst wall should be obtained to rule out
malignancy.
Theoretically, there is a risk of recurrence, since
a great part of the cyst and its epithelium are not
resected or destroyed. This risk needs to be evaluated
by a longer follow-up of our patients. In another paper,
we described a case of calcic involution even after
endoscopic ultrasound and complete aspiration of
[22]
SC .
In conclusion, laparoscopic fenestration of large
pancreatic macrocystic SC appears to be safe and
very effective. It can be added to the less aggressive
surgical tools for symptomatic SC.

Figure 4 Intraoperative view, showing large fenestration of a large serous
cystadenoma in the pancreatic head.

DISCUSSION
To the best of our knowledge, laparoscopic fenestration
of pancreatic SC was not yet described in the
literature. Only one case using an open approach of
fenestration indicated for jaundice was published, and
[18]
had an excellent long-term result .
This small series suggests that laparoscopic
fenestration of large symptomatic SC is safe and
effective. However, a larger series with longer postoperative follow-up is warranted to ascertain the fate
of SC after such treatment.
Some cases of malignant transformation (< 1%) to
[19,20]
lymph node invasion or liver metastases
had been
described. However, this risk appears extremely low, if
it exists at all, and has to be compared to the mortality
risk of surgical pancreatic resection. Therefore, surgical
treatment should be indicated only for symptoms
clearly related to SC, and for cases remaining doubtful
after a complete workup. Small SC without any
local compression are less likely to be responsible
for any symptoms. On the other hand, large SC
might be symptomatic, and compression on the
nearby structures might be observed either clinically
(pain, abdominal mass, jaundice, or gastric outlet
obstruction), radiologically (dilated main pancreatic or
bile ducts) or biochemically (cholestasis). The impact
of the observed symptoms on patient quality of life
should be balanced against the risk of pancreatic
surgical resection and its sequelae.
Some authors have described very large SC with
local invasion of vessels, bile duct, stomach, and
duodenum. In a recent study on 257 resected SC, it was
shown that local invasion was mainly observed in large
[3]
lesions (> 10 cm) located in the pancreatic head . Two
of our patients had gastric outlet obstruction and bile
duct dilatation with mild cholestasis, respectively. Slow
growth rate is observed in some SC. In a recent study
on 145 patients who underwent MRI, it was shown
that the growth rate of SC was 0.1 cm/year in the first
7 years, and 0.6 cm/year between 7 and 10 years
from the baseline evaluation. This growth was mainly
observed in oligocystic lesions, in patients with other
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COMMENTS
COMMENTS
Case characteristics

Three female patients presented with epigastric and right hypochondrium pain.

Clinical diagnosis

An abdominal mass was noted on the clinical exam.

Differential diagnosis

The differential diagnosis was mainly serous cystadenoma, mucinous
cystadenoma, and pseudocyst.

Laboratory diagnosis

Intracystic ACE level was low, which was suggestive of a diagnosis of serous
cystadenoma.

Imaging diagnosis

Magnetic resonance imaging showed large macrocystic lesions in the
pancreatic head compatible with the diagnosis of serous cystadenoma. Multiple
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cysts were present in one patient.

Pathological diagnosis

After partial resection, the diagnosis of macrocystic serous cystadenoma was
confirmed in all patients.

10

Treatment

Laparoscopic fenestration was performed in all 3 patients.

Related reports

This treatment was not yet described in the literature, and can be a method of
avoiding classical treatment by pancreatic resection.

11

Term explanation

Fenestration is incomplete resection, with only a part of the cyst being removed.

Experiences and lessons

Laparoscopic fenestration, as opposed to resection, should be offered to any
patient with symptomatic large macrocystic serous cystadenoma.

12

Peer-review

This treatment can be proposed because the risk of malignancy is exceptional.
Histology should be obtained during fenestration.

13
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CASE REPORT

Diagnostic utility of endoscopic ultrasound-guided fineneedle aspiration biopsy for glomus tumor of the stomach
Shin Kato, Kaoru Kikuchi, Kenji Chinen, Takahiro Murakami, Fumihito Kunishima

Abstract

Shin Kato, Kaoru Kikuchi, Kenji Chinen, Department of
Gastroenterology, Okinawa Prefectural Chubu Hospital, Okinawa
904-2293, Japan
Takahiro Murakami, Department of Surgery, Okinawa
Prefectural Chubu Hospital, Okinawa 904-2293, Japan
Fumihito Kunishima, Department of Pathology, Okinawa
prefectural Chubu Hospital, Okinawa 904-2293, Japan

A 52-year-old man was referred for further investi
gation of a gastric submucosal tumor on the greater
curvature of the antrum. Endoscopic ultrasonography
demonstrated a hypoechoic solid mass, which was
primarily connected to the muscular layer of the
stomach. We performed endoscopic ultrasoundguided fine-needle aspiration biopsy. The pathological
examination showed proliferation of oval-shaped cells
with nest formation, which stained strongly positive
for muscle actin, and negative for c-kit, CD34, CD56,
desmin, S-100, chromogranin, and neuron-specific
enolase. Therefore, we performed laparoscopy and
endoscopy cooperative surgery based on the preope
rative diagnosis of glomus tumor of the stomach. The
final histological diagnosis confirmed the preoperative
diagnosis. Although preoperative diagnosis of glomus
tumor of the stomach is difficult with conventional
images and endoscopic biopsy, endoscopic ultrasoundguided fine-needle aspiration biopsy is an essential tool
to gain histological evidence of glomus tumor of the
stomach for early diagnosis.
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Core tip: Preoperative diagnosis of glomus tumor of
the stomach is difficult as its exhibits a similar clinical
appearance on conventional images (computed
tomography, magnetic resonance imaging, endoscopic
ultrasonography) to other submucosal tumors of
the stomach. Furthermore, pathological evidence
for diagnosis is difficult to obtain by conventional
endoscopic biopsy. Endoscopic ultrasound-guided fineneedle aspiration biopsy (EUS-FNA) is an essential
and useful diagnostic tool for glomus tumor of the
stomach to obtain pathological evidence including
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immunohistochemical staining which is critically
important to diagnose pathologically. There are only
eight literatures of gastric glomus tumors which were
diagnosed by FNA. This is a first report to review these
literatures.

A

Kato S, Kikuchi K, Chinen K, Murakami T, Kunishima F.
Diagnostic utility of endoscopic ultrasound-guided fine-needle
aspiration biopsy for glomus tumor of the stomach. World J
Gastroenterol 2015; 21(22): 7052-7058 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i22/7052.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i22.7052
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INTRODUCTION
Glomus tumor is a rare benign neoplastic proliferation
of modified smooth muscle cells arising from the
[1]
neuroarterial structure called glomus body . These
tumors generally appear as skin lesions. Although
glomus tumors are generally benign, several malignant
[2-5]
cases have been reported .
Preoperative diagnosis of glomus tumor of the
stomach is difficult, since glomus tumors and other
typical submucosal tumors of the stomach, such
as gastrointestinal stromal tumors (GISTs) and
leiomyomas, exhibit a similar clinical appearance
on conventional images. Furthermore, pathological
evidence for diagnosis is difficult to obtain by
conventional endoscopic biopsy as these tumors
originate from submucosal lesions. Therefore, almost
all reported cases of glomus tumor of the stomach are
diagnosed from resected specimens.
Herein, we report a case of glomus tumor of
the stomach that was preoperatively diagnosed by
endoscopic ultrasound-guided fine-needle aspiration
biopsy (EUS-FNA) and resected.

C

D

CASE REPORT
A 52-year-old asymptomatic Japanese male with a
past medical history of polycystic kidney was referred
to our hospital for further investigation of a gastric
submucosal tumor (SMT) on the greater curvature
of the antrum, which was detected at an annual
health check. There was no significant finding on
physical examination. Initial laboratory data were
within the normal range including the tumor markers,
carcinoembryonic antigen, and carbohydrate antigen
19-9.
Plain computed tomography (CT) showed an
approximately 3.0 cm round shaped mass lesion on the
gastric antrum. A contrast-enhanced CT identified an
enhanced mass without cystic change or calcification
(Figure 1A and B). Esophagogastroduodenoscopy
(EGD) revealed a 30 mm SMT on the greater curvature
of the antrum without cushion sign or dell (Figure
1C). Endoscopic ultrasonography (EUS) showed a

WJG|www.wjgnet.com

Figure 1 Images of the submucosal mass on the greater curvature of the
antrum. A: Plain computed tomography showed a round shaped mass lesion
on the gastric antrum (arrow); B: The tumor showed mainly peripheral, not
homogeneous, enhancement (arrowhead); C: Esophagogastroduodenoscopy
revealed a submucosal tumor on the greater curvature of the antrum with
bridging fold; D: Endoscopic ultrasonography showed that the tumor was
located on the muscle layer.

hypoechoic lesion with a small anechoic component,
which was primarily connected to the muscular layer
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Figure 2 Endoscopic ultrasound-guided fine-needle aspiration biopsy pathology. A: Proliferating oval-shaped cells in a small nest formation and a high
nuclear cytoplasmic ratio were observed (hematoxylin and eosin stain, × 400 magnification). IHC staining was positive for B: muscle actin, and slightly positive for C:
synaptophysin, but negative for D: chromogranin, E: c-kit, F: desmin (× 400).

chromogranin, and neuron-specific enolase (Figure 2).
The patients underwent laparoscopy and endoscopy
cooperative surgery based on the preoperative
diagnosis of glomus tumor.
The surgical specimen showed a well-demarcated
solid mass lesion located on the resected wall of the
gastric antrum, measuring up to 3.5 cm in greatest
diameter. The mass was homogeneous without
necrosis or cystic change (Figure 3). Histologically,
oval-shaped cell with a high nucleo-cytoplasmic ratio
proliferated on the proper muscle layer forming small
solid nests. IHC analysis was consistent with the
EUS-FNA pathology results (Figure 4). Mitotic activity
was absent. This patient did not receive any adjuvant
therapy after surgery, as no evidence of malignancy
was found in the resected specimen. Regular clinical
follow up with EGD was performed, and the patient
shows no signs of recurrence at 36 mo after surgery.

Figure 3 Gross description. The tumor was mainly homogeneous without
necrosis or cystic change and measured 3.5 cm at the largest dimension.

of the stomach (Figure 1D).
We performed EUS-FNA (UCT-240; Olympus
Medical Systems, Tokyo, Japan) using a 22-gauge
needle (Echotip; Wilson-Cook, NC, United States) while
taking care to avoid needle penetration and puncture
of the anechoic component of the mass to prevent
tumor seeding. The obtained specimen revealed the
proliferation of oval-shaped cells with a small nest
formation and high nucleo-cytoplasmic ratio (Figure 2).
Immunohistochemical (IHC) staining revealed
that the tumor cells were strongly and focally positive
for muscle actin, slightly positive for synaptophysin,
and negative for c-kit, CD34, CD56, desmin, S-100,

WJG|www.wjgnet.com

DISCUSSION
Glomus tumor is generally a benign neoplasm. These
tumors commonly appear under the fingernails and
[1]
arise from the arterial portion of the glomus body .
Glomus tumors of the stomach, which were first
[6]
reported by De Bussacher in 1948 , are extremely
[7]
rare, accounting for 1% of the occurrence of GISTs .
Based on the histological characteristics, glomus
tumors are now considered mesenchymal tumors
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Figure 4 Histology and Immunohistochemical analysis of resected specimen was consistent with the endoscopic ultrasound-guided fine-needle aspiration
biopsy pathology results. A: Hematoxylin and eosin stain (× 400); B: Muscle actin; C: Synaptophysin; D: Chromogranin; E: c-kit; F: Desmin (× 400).

enhancement. Therefore, no conventional images,
including CT and MRI, have the ability to replace
histological diagnosis.
On EUS, gastric glomus tumors appear as circum
scribed low echoic masses in the third and/or fourth
layer. The mass components are mostly homogeneous,
but sometimes described as heterogeneous echo
[13]
mixed with high echo spot . These findings are
similar to those of GISTs or other gastrointestinal
[14-16]
mesenchymal tumors
. Thus, it is rather difficult to
distinguish glomus tumors from other mesenchymal
tumors by EUS images.
EUS-FNA is an effective method to obtain patho
logical specimens of gastric submucosal neoplasms.
[17]
Mekky et al reported that adequate specimens were
obtained in 83% of gastric submucosal neoplasm cases
by EUS-FNA. Furthermore, the diagnostic accuracy rate
was 95.6%. In cases of small SMT, it is rather difficult
to obtain specimens by EUS-FNA, and the procedure
carries the risks of needle penetration and malignant
[18]
cells seeding. However, Akahoshi et al
reported
the safety of EUS-FNA for gastric SMTs smaller than
2 cm after performing EUS-FNA in 90 cases without
complication. EUS-FNA for small SMT (< 2.0 cm)
should be performed carefully to prevent needle
penetration and seeding, especially in cases exhibiting
some malignant characteristics (e.g., necrotic change
in the tumor, and rapid growth).
Pathological diagnosis of glomus tumor of the
stomach using only hematoxylin and eosin (HE)

with malignant potential. Although almost all glomus
tumors are benign, some malignant cases have been
[2-5]
[8]
reported
. Folpe et al proposed the following
criteria for malignant glomus tumor: deep location,
≥ 2 cm in size, atypical mitotic figures, moderate to
high nuclear grade, and ≥ 5 mitotic figures/50 highpower fields. They found that metastasis was observed
in 38% of glomus tumors fulfilling the criteria for
malignancy. Therefore, complete resection based on
the collect preoperative diagnosis is necessary. In
our case, the EUS image showed that the tumor was
located on the muscle layer and was over 2 cm in
size. Although mitosis was not seen, the possibility of
malignancy could not be ruled out in the preoperative
diagnosis.
Preoperative diagnosis of glomus tumor of the
stomach is difficult with conventional images, such as
CT and magnetic resonance imaging (MRI). The typical
CT image shows dense homogeneous enhancement
in the arterial phase and continuous enhancement
[9-12]
in the delayed phase
. These findings are key in
distinguishing glomus tumors from other hypovascular
submucosal lesions, such as leiomyomas, lipomas and
ectopic pancreas. However, glomus tumors, GISTs,
and neuro-endocrine tumors exhibit similar findings
on CT, making differential diagnosis difficult. Moreover,
some cases of glomus tumor of the stomach do not
demonstrate the typical dense homogeneous and
continuous enhancement pattern. In our case, the
tumor showed mainly peripheral, not homogeneous,
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[16]

[15]

62, female
Antrum
2.8 × 2.5 × 1.7
ND

Debol et al

[20]

47, female
ND
2.5 × 1.5
ND

Jones et al

EUS-FNA

EUS-FNA

EUS-FNA

Neuroendocrine
Glomus tumor
tumor
Highly vascular,
Non encapsulated, with
tumor nests were
convoluted boundaries,
separated by fascicles confined to muscularis
of smooth muscle.
propria. Round and
Uniform, small and
uniform tumor cells
round tumor cells.
Desmin,
Similar to those
chromogranin (-),
performed FNA
SMA, Vimentin (+)

c-kit, CD34, desmin,
chromogranin,
synaptophisin,desmin
(-), SMA, vimentin (+)

ND

Confirmed the
preoperative
diagnosis of a
glomus tumor.

Circumscribed, highly
vascular, and contained
nests of monomorphic,
polygonal cells.

CD34, CD117,
chromogranin (-), SMA,
Vimentin (+)

Glomus tumor

CD34, 56, c-kit,
chromogranin (-)
synaptophisin (±),
SMA (+)

Glomus tumor

CD34, synaptophi
sin,chromogranin,
s-100,Desmin, CD117
(-), SMA, vimentin (+)

Small, uniform, round,
Well differentiated
Epitheloid tumor
Well-demarcated
epithelioid cells with
small blue cell
cells.
nests of small, round
to polygonal cells. round nuclei and scanty, neoplasm like carcinoid
amphophilic cytoplasm
tumor.

Not performed.

[21]

50, female
Angle
1.5
ND

Minoda et al

Same as FNA staining.

Same as FNA
pathology.

Glomus tumor

CD34, 56, c-kit,
desmin, S-100,
chromogranin,
synaptophisin (-),
SMA, vimentin (+)

EUS-FNA (25-gauge
needle)
Proliferation of
oval shaped cells
with eosinophilic
cytoplasm arrange in
nests.

Irregular shaped
Hypoechoic mass arise
Heterogeneous
Homogeneous,
heterogeneous tumor
from the muscularis
rounded lesion
hypoechoic tumor
arising from muscularis
propria
arising from
with continuity to the
propria
muscularis propria
muscle layer
GIST
ND
GIST
GIMT including GIST

32 , female
Body (LC)
2.3 × 1.6
ND

Gu et al

[22]

The pathological
diagnosis was
confirmed on
resection

The pathological
diagnosis was
confirmed on
resection

EUS-FNA

ND

Hypoechoic
submucosal lesion

51, male
Antrum
2.4 × 2.0
ND

Mohanty et al

[23]

Poorly reflective,
non-homogeneous
submucosal, solid
tumor.
GIST

44
Antrum
5
ND

Matevossian et al

N.D.

N.D.

N.D.
Body
1.2
N.D.

Akahoshi et al

[18]

GIMT including GIST

52, male
Antrum
3
Enhanced in
peripheral lesion, not
homogeneously.
Hypoechoic mass
primarily connected to
muscular layer

Our case

CD117 (-), Vimentin/
actin (+)

ND

N.D.

N.D.

Oval shaped cells
with high N/C
ratio proliferated on
proper muscle layer
performing solid small
nests.
Same as FNA staining

EUS-FNA (19-gauge EUS-FNA (22 or
EUS-FNA (22-gauge
needle)
25-gauge)
needle)
Uniform round
Hemorrhagic biopsy
N.D.
proliferation of ovalcells with illsample without
shaped cell with small
defined cytoplasmic representative cells.
nest formation .
borders and scanty
amphophillic
cytoplasm.
CD34, 117,
Not performed
N.D.
CD34, 56, c-kit,
c-kit, desmin,
desmin,S-100,
chromogranin,
chromogranin(-),
Synaptophisin ,
synaptophisin (±), SMA
Pancytokeratin (-),
(+)
SMA, vimentin (+)
Glomus tumor
GIST
Glomus tumor
Glomus tumor

ND: No description; GIMT: Gastrointestinal mesenchymal tumor; HE: Hematoxylin-eosin; IHC: Immunohistochemical; LC: Lesser curvature.

IHC staining in
resected specimen

Preoperative
diagnosis
Pathology in
resected specimen
(HE)

FNA cytology (IHC
staining)

FNA cytology (HE)

ND

Diagnosis by
images
FNA-procedure

[19]

Percutaneous FNA

ND

72, female
Antrum
2
ND

EUS

Age and sex
Tumor location
size (cm)
Enhanced CT

Vinette-Leduc et al

Table 1 Cases of gastric glomus tumor with preoperative fine-needle aspiration biopsy
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connected to the muscular layer of the stomach.

staining is difficult because of the similarities between
glomus tumors and neuroendocrine tumors. EUS-FNA
allows for the collection of sufficient specimen not
only for HE staining, but also for IHC analysis of SMT
lesions. Therefore, it is now considered an essential
tool for the preoperative diagnosis of glomus tumor of
the stomach.
In the eight reported cases of gastric glomus
tumor, FNA (EUS-FNA in seven cases, percutaneous
FNA in one case) was performed preoperatively for
[15,16,18-23]
pathological diagnosis
. Table 1 shows the
clinical characteristics of these eight cases as well as our
case. In seven cases a correct preoperative diagnosis
was achieved from EUS-FNA specimens, whereas two
cases were misdiagnosed as a neuroendocrine tumor or
GIST. In the misdiagnosed cases, FNA specimens were
[19,23]
not subjected to IHC analysis
. All the cases that
performed IHC analysis were able to achieve correct
preoperative diagnosis. It is important to perform IHC
analysis to ensure an accurate preoperative diagnosis.
No case was able to attain a preoperative diagnosis
using only conventional images (CT, EUS). The IHC
analysis of our case revealed positivity for both muscle
actin and synaptophysin. Synaptophysin positivity is
occasionally found in specimens from glomus tumors of
the stomach, whereas other neuroendocrine markers,
[24]
including chromogranin A, are generally negative .
Therefore, we consider these IHC results to be
consistent with a glomus tumor.
It remains controversial whether a 22G or 25G
needle can adequately obtain a specimen from SMT
lesions. Although we selected a 22G needle in this
case, 25G needles were used to obtain sufficient
specimens in other reported cases. Further analysis
regarding needle gauge selection is expected to
resolve this issue.
EUS-FNA is an essential and useful tool for the pre
operative diagnosis of glomus tumor of the stomach.
Preoperative diagnosis by EUS-FNA allows for early
and minimal resection.

Pathological diagnosis

The specimen obtained by endoscopic ultrasound-guided fine-needle aspiration
biopsy (EUS-FNA) revealed the proliferation of oval-shaped cells with a small
nest formation and high nucleo-cytoplasmic ratio. Immunohistochemical staining
revealed that the tumor cells were strongly and focally positive for muscle actin,
and negative for c-kit, CD34, CD56, desmin, S-100, chromogranin, and neuronspecific enolase. These results were compatible with glomus tumor.

Treatment

The patients underwent laparoscopy and endoscopy cooperative surgery based
on the preoperative diagnosis of glomus tumor of the stomach.

Related reports

In the only eight reported cases of gastric glomus tumor, FNA was performed
preoperatively for pathological diagnosis. Six cases of them were diagnosed
correctly by immunohistochemical staining. In the two misdiagnosed cases,
FNA specimens were not subjected to immunohistochemical analysis.

Term explanation

Glomus tumor is now considered mesenchymal tumors with malignant potential.
Glomus tumors of the stomach are extremely rare, accounting for 1% of the
occurrence of GIMTs.

Experiences and lessons

Preoperative pathological diagnosis of glomus tumor of the stomach is difficult
with conventional endoscopic biopsy. Therefore, EUS-FNA is an essential
tool to gain histological evidence of glomus tumor of the stomach. It allows
for the collection of sufficient specimen not only for HE staining, but also for
Immunohistochemical analysis which is necessary for correct diagnosis of
glomus tumor.

Peer-review

The authors have described a case of glomus tumor of the stomach which
was correctly preoperatively diagnosed by EUS-FNA biopsy. The authors
reviewed eight former reports of gastric glomus tumor and suggested the utility
of EUS-FNA for diagnosis. The article provided a quite useful method for early
preoperative diagnosis of glomus tumor of the stomach.
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Abstract
Visceral myopathy is one of the causes of chronic
intestinal pseudo-obstruction. Most cases pathologically
reveal degenerative changes of myocytes or muscularis
propia atrophy and fibrosis. Abnormal layering of
muscularis propria is extremely rare. We report a
case of a 9-mo-old Thai male baby who presented
with chronic intestinal pseudo-obstruction. Histologic
findings showed abnormal layering of small intestinal
muscularis propria with an additional oblique layer and
aberrant muscularization in serosa. The patient also had
a short small bowel without malrotation, brachydactyly,
nd
th
and absence of the 2 to 4 middle phalanges of both
hands. The patient was treated with cisapride and
combined parenteral and enteral nutritional support.
He had gradual clinical improvement and gained
body weight. Subsequently, the parenteral nutrition
was discontinued. The previously reported cases are
reviewed and discussed.
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dysmorphic features, marked abdominal distention,
hyperactive bowel sounds, visible peristalsis,
and bilateral indirect inguinal hernia. He also had
brachydactyly on both hands. X-ray film demonstrated
nd
th
an absence of middle phalanges of the 2 to 4
fingers. The other systems were unremarkable. The
plain abdominal radiographs showed diffuse small
bowel dilatation (Figure 1). Barium enema showed
no transitional zone or signs of Hirschsprung disease,
but irregular mucosa of nearly his entire colon was
noted. Small bowel follow-through showed dilatation
with thickening fold of almost the entire small bowel
from duodenum to ileum with hyperperistalsis, and
partial distal small bowel obstruction was suspected
(Figure 1). A bilateral inguinal hernia was suspected as
the cause of partial gastrointestinal obstruction, and
bilateral herniorrhaphy was performed. Unfortunately,
his symptoms did not improve. Upper endoscopy
and colonoscopy were performed to exclude mucosal
diseases, and were unremarkable. The histology of
biopsies from esophageal, duodenal, gastric, and colonic
mucosa showed no significant pathologic findings or
tissue eosinophilia. His clinical symptoms were worse
with progressive bilious vomiting, abdominal distension,
and poor weight gain. As intestinal obstruction
could not be excluded, exploratory laparotomy was
performed at the age of 9 mo. Intraoperative findings
showed normal size of the colon, but thickening of the
short small bowel, which measured 86 cm from the
duodenojejunal junction to the ileocecal valve. A pale
thickened and inflamed Tenia coli-like line was noted
on the antimesenteric side from his duodenojejunal
junction to 15 cm above the ileocecal valve (Figure 2).
Appendectomy and full-thickness biopsy of the distal
ileum were performed and sent for intraoperative
consultation. The specimen was fixed in formalin
afterward.

Core tip: This report describes the case of a 9-moold boy who presented with chronic intestinal pseudoobstruction. Full-thickness small bowel biopsy showed
abnormal layering of muscularis propria (additional
oblique layer) and serosal aberrant muscularization.
There have been only eight previously reported
abnormal layering cases and only one case with an
additional oblique layer. The patient also had a short
small bowel without malrotation, brachydactyly, and
nd
th
absence of the 2 to 4 middle phalanges of both
hands. The patient showed clinical improvement with
medical treatment and nutritional support.
Angkathunyakul N, Treepongkaruna S, Molagool S, Ruang
wattanapaisarn N. Abnormal layering of muscularis propria as a
cause of chronic intestinal pseudo-obstruction: A case report and
literature review. World J Gastroenterol 2015; 21(22): 7059-7064
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i22/7059.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i22.7059

INTRODUCTION
Chronic intestinal pseudo-obstruction (CIPO) was first
[1]
described by Dudley in 1958 . It is a rare, severe
gastrointestinal disorder in which intestinal motility is
impaired. CIPO can be congenital or acquired (primary
[2]
or secondary) , and is characterized by recurrent
signs and symptoms of intestinal obstruction in the
[3]
absence of true mechanical obstruction . It can
affect both adults and children. Most pediatric patients
[4]
manifest at birth or in early infancy . The two main
pathophysiologic types of this motility disorder are
[5]
myopathic and neuropathic . This report describes a
pediatric case of CIPO due to visceral myopathy with
rare histology (abnormal layering muscularis propria
and serosal aberrant muscularization) along with a
.
review of the literature

Histopathology

Full-thickness biopsy of the terminal ileum revealed
unremarkable mucosa with no significant tissue
eosinophilia. The submucosa showed hyalinization and
fibrosis. Unremarkable ganglion cells in the submucosa
(Henle’s) and deep submucosa (Meissner’s) were
identified. Muscularis propria was markedly thickened
and revealed abnormal layering into three layers; (1)
inner circular; (2) additional oblique; and (3) outer
longitudinal layer (Figure 3A). No degenerative change
of myocyte (e.g., cytoplasmic vacuolation, variation in
muscle fiber size, nuclear pleomorphism) or increased
mitosis was observed. Periodic acid-Schiff staining
revealed no intracytoplasmic inclusion. Diffuse delicate
interstitial fibrosis in all muscular layers highlighted
by Masson’s trichrome stain was noted (Figure 3B).
Meissner’s plexuses were located between the inner
circular and additional oblique layers. There was no
inflammation in muscular layers or around ganglion
cells or neural plexuses. The serosa showed three

CASE REPORT
A 9-mo-old Thai male baby presented with abdominal
distention and bilious vomiting that had begun at 2
wk of age. He could be fed orally and defecate daily.
He was the first child with an uneventful history of
prenatal, perinatal, and neonatal periods, and his birth
weight was 3065 g. No family member had similar
symptoms. He had visited another hospital at the
age of 3 mo, and upper gastrointestinal studies were
conducted revealing no intestinal malrotation or other
gastrointestinal obstruction. His abdominal distention
and bilious vomiting progressed and he had poor
weight gain.
Upon presentation to our hospital, a physical
examination showed a body weight of 5500 g (below
rd
th
the 3 percentile), length 64 cm (10 percentile), no
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A

B

C

L
Supine

L
11.10
Supine

L
Upright

Figure 1 Plain abdominal radiographs showed diffused dilatation of small bowel loops. A: Supine; B: Upright; C: Small bowel follow-through showed dilatation
with thickening fold of almost the entire small bowel, from duodenum to ileum.

Figure 2 Exploratory laparotomy revealed thickening of the short small
bowel. The bowel was pale, thickened, and an inflamed Tenia coli-like line was
noted on the antimesenteric side from the duodenojejunal junction to 15 cm
above the ileocecal valve.

A

Figure 4 Serosal aberrant muscularization into three bizarre layers of
smooth muscle (Masson’s trichrome, 100×).

Sections of vermiform appendix showed unre
markable mucosal, mural, and serosal layers.

B

Immunohistochemical study

Muscularis mucosae, all muscular layers in muscularis
propria, and serosa showed diffusely strong expression
of smooth-muscle actin, desmin, and muscle actin.
(Figure 5). S100 highlighted normal distribution of
Henle’s, Meissner’s, and Auerbach’s neural plexuses
with unremarkable ganglion cells. Normal expression
of Bcl-2 was observed in all plexuses. Immuno
histochemistry for CD117 revealed normal interstitial
cells of Cajal networks around Auerbach’s plexus and
extending to inner circular and outer longitudinal
muscular layers. Thus, neuropathic and interstitial cells
of Cajal abnormalities were excluded.

IC
IC
OB

OB

OL
OL
SE
SE

Figure 3 Full-thickness biopsy from distal ileum. A: (HE, 20×) Hypertrophic
muscularis propria with abnormal layering into 3 layers (IC: Inner circular; OB:
Additional oblique; OL: Outer longitudinal); B: Delicate interstitial fibrosis and
serosal muscularization (SE) are highlighted by Masson’s trichrome staining (20×).

DISCUSSION
This report describes a pediatric case of primary CIPO
due to visceral myopathy from abnormal layering of
muscularis propria. Clinical presentations were similar
to most cases of CIPO. The symptoms begin at birth
in 50% of patients, and by age one year in 75%.
Bilious vomiting, abdominal distension, and obstipation
[6]
are almost universal presentations . The majority

bizarre layers of aberrant muscularization and diffuse
interstitial fibrosis into smooth muscles, grossly
forming a Tenia coli-like line. Congo red stain excluded
amyloidosis (Figure 4).
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A

B

C

D

Figure 5 Immunohistochemical study. A: Smooth muscle a-actin; B: Desmin were strongly expressed in all layers of smooth muscle; C: CD117 showed interstitial
cells of Cajal network; D: S100 highlighted Auerbach’s neural plexuses; (20×).

common feature. Only one case with an additional
oblique layer similar to our case was reported by
[19]
Yamagiwa et al . To our knowledge, serosal Tenia
coli-like aberrant muscularization has never been
described in the literature.
Common associated abnormalities are a short
[4,20]
small intestine (mostly with malrotation)
, urinary
[21]
involvement, including megacystis and megaureter ,
and skeletal deformity (spine and extremities). To our
knowledge, there has been no report of association
with brachydactyly and absence of the middle
phalangeal bones in visceral myopathy cases. Smith
[9]
et al suggested an X-linked mode of inheritance in
three related boys with abnormal layered muscularis
propria of small and large intestines with megacystis.
DNA analysis was not performed in our case due to
unavailability in our institute.
The impact of abnormal layering of muscularis
propria on the natural history or prognosis remains
unknown as the numbers of cases are small. Among
the eight reported cases, clinical outcome could be
identified in only two cases. The first case had clinical
improvement of constipation and grew into a healthy
young man after partial resection of a dilated sigmoid
colon and rectum. However, the second case died due
[22]
to multiple organ anomalies .
There is no specific treatment for CIPO from
visceral myopathy, and nutritional support is
the mainstay of management in these children.
Pharmacotherapy, including cisapride, erythromycin,

of the pediatric cases are primary or idiopathic CIPO.
[7]
Antonucci et al identified secondary causes, such as
organic, systemic, or metabolic causes, in only 4/77
CIPO patients. Antroduodenal manometry is useful for
differentiating between the neuropathy and myopathy
[8]
type . Unfortunately, this investigation is not available
in our institute. Definite diagnosis of CIPO requires fullthickness biopsies for histopathology.
Visceral myopathy can be divided into two groups.
The first group is comprised of intrinsic myocyte defects
with characteristic findings of vacuolar degeneration
and fibrosis in inner circular and/or outer longitudinal
[9-12]
muscular layers
. The other changes include nuclear
atypia, increased mitotic activity, periodic acid-Schiff[13]
positive intracytoplasmic inclusions , and absence
or decreased smooth-muscle α-actin immunostaining
[14]
in the circular muscle layer . The second group
comprises morphogenic abnormalities of muscularis
[8,13,15]
propria. Most cases are of an atrophic pattern
.A
few cases of a hypertrophic pattern with hypertrophy
[8,16-18]
of one or both layers have been reported
. The
abnormal layering of muscularis propria is exceedingly
rare, and only eight cases have been reported (Table 1).
Most cases with abnormally layered muscularis
propria are male. The clinical symptoms appear early
in life and depend on the site of involvement. Patients
with colonic involvement present with constipation,
whereas small intestine involvement manifests
as vomiting and abdominal distension. Additional
circular muscle coats in various locations are the most
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Table 1 Previously reported cases of visceral myopathy due to abnormal layering of muscularis propria
Case

Sex/age

Presenting
symptom

Site

Muscularis propria pathology
Additional layer

Location
External to OL

1

M/11 d

CIPO

S

Oblique

2

M

CIPO

S and L

Circular

3

M

CIPO

S and L

Circular

4

M

CIPO

S and L

Circular

5
6
7

F
F
M/16 yr

Constipation
Constipation
Constipation

L
L
L

Circular
Circular
Circular

8

M/birth

Respiratory
problem

S

Circular

9

M/9 mo

CIPO

S

Oblique

Other GI
abnormality

Other findings

Remark

Ref.

Short small
Sclerocornea, cryptorchidism,
[19]
intestine + scoliosis, deformity of extremities
malrotation
Between IC and Short intestine
Megacystis
X-linked
[9]
OL
+ malrotation
Between IC and Short intestine
Megacystis
X-linked
[9]
OL
+ malrotation
Between IC and Short intestine
Megacystis
X-linked
[9]
OL
+ malrotation
Internal to IC
[9]
Internal to IC
Megaureter
[9]
Internal to IC
Dysmorphic facies and toes,
Clinically
[22]
seizures, leukoencephalopathy,
improved
cataract
after surgery
External to OL
Short small
Diaphragmatic defect,
Dead
[22]
intestine +
High-arched palate,
malrotation
ASD, ventriculomegaly,
Subependymal heterotopias,
arachnoid cyst, spina bifida,
proximally placed thumbs
Between IC and Short small
Brachydactyly, absent 2nd to 4th
Clinically
Present
OL
intestine
middle phalanges of both hands improved by
case
medication

CIPO: Chronic intestinal pseudo-obstruction; GI: Gastrointestinal; S: Small intestine; L: Large intestine; IC: Inner circular layer; OL: Outer longitudinal
layer.

Differential diagnosis

and octreotide, to stimulate intestinal contractions,
[23,24]
may be useful in some select cases
. Small bowel
transplantation has a potential role for those who
have irreversible intestinal failure and permanent
[25,26]
dependence on parenteral nutrition
. Prognosis is
fair to poor and a requirement for long-term parenteral
[27]
nutrition is common in these patients . A mortality
rate of 25% has been reported in a large cohort study,
and common causes of death are parenteral-related
[21]
complications . Our patient also had a short bowel
accompanying the CIPO. Management modalities of
short-bowel syndrome include enteral and parenteral
nutritional support, treating small bowel bacterial
[28]
overgrowth, and fish-oil-based lipid emulsions .
Currently, teduglutide, a recombinant analog of human
glucagon-like peptide-2, is an emerging treatment
[29]
for those with intestinal failure . Our patient was
treated with cisapride and combined parenteral and
enteral nutritional support. He had gradual clinical
improvement and gained body weight, and parenteral
nutrition was subsequently discontinued. At the time
of the writing of this report, he is 3 years-old and has
th
normal growth, with a body weight of 15 kg (65
th
percentile) and height of 95 cm (55 percentile).

Hirschsprung’s disease.

Laboratory diagnosis

Unremarkable findings for the laboratory tests.

Imaging diagnosis

Abdominal X-ray showed diffused dilatation of small bowel loops. Small bowel
follow-through showed generalized bowel dilatation with thickening fold of entire
small bowel loops from duodenum to ileum.

Pathological diagnosis

Full-thickness biopsy of ileum revealed abnormal layering of muscularis propria
(additional oblique layer between inner circular and outer longitudinal layers)
and serosal aberrant muscularization.

Treatment

Medication (cisapride) and combined parenteral and enteral nutritional support.

Related reports

There have been only eight previously reported abnormal layering cases,
and only one case showed an additional oblique layer. The patient also had
aberrant serosal muscularization, brachydactyly, and absence of 2 nd to 4th
middle phalanges in both hands, which have never been reported.

Term explanation

Abnormal layering of muscularis propria is an exceedingly rare condition of
abnormal morphogenesis of muscularis propria (visceral myopathy), which
causes chronic intestinal pseudo-obstruction.

Experiences and lessons

The case report presents the unique abnormal layering of muscularis propria
and aberrant serosal muscularization in a case of chronic intestinal pseudoobstruction and different associated anomalies from previously reported cases.
We learned that medical treatment and combined parenteral and enteral
nutritional support improved clinical outcome.

COMMENTS
COMMENTS

Peer-review

Case characteristics

The authors report an interesting case of a very rare situation presenting with
intestinal pseudo-obstruction linked to a short small bowel and brachydactyly.
In the gut, it was associated with an additional oblique muscle layer and with
muscularization of the serosa. Although descriptive, this study also reviews
the few cases described in the literature exhibiting visceral myopathy due to

A 9-mo-old Thai male baby presented with abdominal distention that had been
present since birth and bilious vomiting since 2 wk of age.

Clinical diagnosis

Chronic intestinal pseudo-obstruction.
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abnormal layering of the muscularis propria. It shows that the current case
corresponds to a situation never previously reported.
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Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

WJG|www.wjgnet.com

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim

III

Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
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Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest

VI

Qatar
Abdulbari Bener, Doha
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Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
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Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara

VII

Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
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EDITORIAL

Neuropilins and liver
Gülsüm Özlem Elpek
angiogenesis therapies. However, more recent studies
have demonstrated that NRPs have a much broader
spectrum of activity in the integration of different
pathways in physiological and pathological conditions.
A few studies investigated the role of NRPs in both
malignant and non-neoplastic liver diseases. In normal
liver, NRP1 is expressed in hepatic stellate cells and
liver sinusoidal endothelial cells. NRP1 expression
in hepatocytes has been associated with malignant
transformation and may play an important role in
tumor behavior. A contribution of NRPs in sinusoidal
remodeling during liver regeneration has been also
noted. Studies in chronic liver diseases have indicated
that, besides its influence on angiogenesis, NRP1 might
contribute to the progression of liver fibrosis owing to its
effects on other growth factors, including transforming
growth factor β1. As a result, NRP1 has been identified
as a promising therapeutic target for future antifibrotic
therapies based on the simultaneous blockade of
multiple growth factor signaling pathways. In this
review, the structure of NRPs and their interactions with
various ligands and associated cell surface receptors
are described briefly. The current understanding of the
roles of the NRPs in liver diseases including tumors,
regeneration and fibrogenesis, are also summarized.
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Abstract

Core tip: The contribution of neuropilins (NRPs) to
tumor angiogenesis has been identified in previous
research, which has led to the development of NRPtargeted therapies. Although the number of relevant
studies is too small to ascertain the precise role of
NRPs in liver, the evidence implies an association with
tumor behavior, liver regeneration and the progression
of fibrosis. The interplay between NRPs and vascular
endothelial growth factor, platelet-derived growth
factor and transforming growth factor-β support NRPs

Neuropilins (NRPs) are highly conserved transmembrane
glycoproteins that possess pleiotropic functions.
Neuropilin-1 (NRP1) and its homologue neuropilin-2
interact as coreceptors with both class 3 semaphorins
and vascular endothelial growth factor and are involved
in neuronal guidance and angiogenesis, respectively.
The contribution of NRPs to tumor angiogenesis
has been highlighted in previous studies, leading to
the development of NRP antagonists as novel anti-
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as potential targets in the prevention of fibrogenesis
in chronic liver diseases. However, further studies are
needed to clarify whether NRPs may fill the large gaps
in our understanding and ability to treat liver diseases.

(Figure 1). The extracellular domain is further divided
into three subdomains: (1) the a1-a2 subdomains,
which are homologous to the C1r, and C1s complement
[25]
components [complement binding motifs (CUBs)] ;
(2) the B subdomain, possessing two b-domain repeats
(b1 and b2) that are homologous to coagulation
[26]
factors Ⅴ and Ⅷ ; and (3) the C domain, which
contains an MAM (meprin, A5/NRP, protein tyrosine
phosphatase μ) domain that is likely involved in NRP
oligomerization with the transmembrane domain, which
[27-29]
in turn possesses a conserved GXXXG repeat
. The
intracellular cytoplasmic domain interacts and binds with
several proteins and PDZ-motif-containing proteins (e.g.,
[28,29]
GIPC, synectin)
. The latter proteins play important
roles in signaling complexes and in maintaining the
structural integrity of transmembrane proteins.
NRP2 also has two splice variants, NRP2A and
NRP2B, that exhibit varying levels of sequence
[24,25]
homology with NRP1
. Several soluble isoforms of
NRPs (sNRPs) that lack transmembrane or cytoplasmic
[22]
domains also exist .

Elpek GÖ. Neuropilins and liver. World J Gastroenterol 2015;
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INTRODUCTION
Neuropilins (NRPs) are highly conserved single-spanning
transmembrane glycoproteins that are involved
in a wide range of physiological and pathological
[1]
processes . To date, two NRP homologues have been
[1,2]
identified in vertebrates: NRP1 and NRP2 . NRP1
[2]
was discovered by Takagi et al in 1987 as an antigen
to a monoclonal antibody (A5) that binds neuronal
cell-surface proteins in the Xenopus nervous system.
A decade later, NRP2 was identified as an alternative
[3,4]
neuronal receptor . NRPs were initially characterized
as regulators of nervous system development because
of their ability to act as coreceptors with plexins for
specific secreted members of the semaphorin family
[4-9]
(SEMAs), which possess neuronal guidance functions .
The role of NRPs in the development of the nervous
system during embryogenesis is noteworthy. Recent
studies have shown that NRPs are multifunctional
coreceptors with the ability to bind different protein
families, including vascular endothelial growth factor
(VEGF), transforming growth factor-β1 (TGF-β1) and
[10-13]
other growth factors
. This has led to new areas
of research into NRPs in diverse biological functions,
such as angiogenesis, immune system regulation, and
[13-20]
tumor growth and progression
. Many studies of
NRPs and their ligands have increased awareness of
their pathological roles and their potential as therapeutic
[15,16,20-22]
targets
. This paper briefly presents our
current knowledge of NRP structure, NRPs’ interactions
with their various ligands and associated cell surface
receptors, and their role in liver diseases.

Neuropilin ligands and coreceptors

NRPs bind several ligand families, including class 3
semaphorins (SEMA3s) and heparin-binding members of
[5,10,11,13]
the VEGF family
. Although NRPs lack a signaling
role, they are thought to mediate functional responses by
forming complexes with other transmembrane receptors
[1]
to generate holoreceptors . NRPs may act as receptors
[23]
for other growth factors as well . Figure 2 presents a
short description of NRP interactions with ligands and
coreceptors and their signaling pathways.

SEMA3s and plexins

SEMA3s are members of the large family of SEMAs that
[30]
were first identified as axon-guidance molecules .
However, accumulated evidence indicates that SEMAs
are involved in cell apoptosis, cell migration, tumor
[30,31-34]
behavior, angiogenesis and immune dysregulation
.
In contrast to other SEMAs, SEMA3s bind NRPs as cell
[32]
surface receptors . The transduction of the SEMA3
signal necessitates the interaction with plexins, which
[32,33]
form complexes with NRPs
. There are seven
SEMA3s (A to G), and most of these subtypes, with the
[30,32,34]
exception of SEMA3E, bind NRP1, NRP2 or both
.
NRP1 is a receptor for SEMA3A (collapsin-1), 3C and
3F, and NRP2 preferentially binds SEMA3B, 3C, 3D
[20,30,32]
and 3F
. SEMA3s exert considerable effects in
[14,29,30]
endothelial cells
. By blocking the VEGF-NRP
interaction (see below), SEMA3A and SEMA3F inhibit
[30,31]
VEGF-related cell proliferation and migration
.
SEMA3A and SEMA3F influence vascular remodeling
by inhibiting the adhesion of endothelial cells (ECs)
to the extracellular matrix (ECM) via integrins and
contribute to vascular development by inducing EC
[35-37]
apoptosis
. Therefore, these peculiarities of NRPs
with SEMA3s make them potential targets for antiangiogenic therapies.

GENERAL INFORMATION ABOUT
NEUROPILINS
NRP structure

NRP1 and NRP2 are 120-140 kDa multifunctional
transmembrane glycoproteins composed of 923 and
[1,23]
926 amino acids, respectively
. NRP1 and NRP2
genes are located in two different chromosomes (NPR1
in chromosome 10p12 and NRP2 in chromosome 2q34),
but they share approximately 44% sequence homology
[1,14,17-19,20,23,24]
at the amino acid level
. NRPs comprise
a large N-terminal extracellular domain, a very short
transmembrane domain and a small cytoplasmic tail
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FGF-2 binds NRP1 and stimulates the growth of ECs
[36,45]
in human umbilical veins
. Galectin-1 selectively binds
NRP1, and Gal-NRP1 interactions mediate EC migration
[36,45]
and adhesion and enhance VEGFR-2 phosphorylation
.
[45,46-48]
HGF may regulate EC functions
. NRP1
[47]
and NRP2 are functional coreceptors for HGF .
Phosphorylation of c-Met, a tyrosine kinase receptor
that binds HGF, is also enhanced by NRPs because they
can activate the c-Met receptor and consequently play
important roles in the regeneration of certain organs
and the regulation of proliferation, migration and
[46,48]
survival of ECs
.
NRPs may also interact with other cellular receptors.
Experimental studies demonstrated that NRP1 forms a
[49-51]
complex with β1 integrin in cancer cell lines
.
The coreceptor function of NRP1 in TGF-β signaling
was recently identified. NRP1 activates both the latent
[52-54]
(LAP-TGF-β) and active forms of TGF-β
, and it
improves the affinity of TGF-β for its receptors, TGF-βR
Ⅰ/Ⅱ/Ⅲ. NRP2, like NRP1, is also a coreceptor for active
[52-54]
TGF-β1
. Important roles for NRPs in the regulation
of the immune system, epithelial mesenchymal transition
(EMT) and fibrosis have been proposed because of the
close association of NRPs with growth factors; these roles
[22,34,52-54]
are supported by previous observations
.
The roles of EGF and its high-affinity receptor EGFR
in cellular differentiation and proliferation are well
described. Dysregulation of NRP1 has been observed
to inhibit EGFR signaling activity and consequently
[55]
impair its function .
Like EGF, PDGF plays important roles in cellular
[56]
proliferation . PDGFR-α/β promotes angiogenesis and
[57]
vascular smooth muscle cell (VSMC) mobilization .
NPR-1 acts a coreceptor to enhance the affinity of
[58,59]
PDGFR to PDGF
. It has been demonstrated that
PDGF from tumor cells interacts with NRP1 to promote
[56-60]
motility in VSMCs
.
The hedgehog (Hh) signaling system is recognized
for its fundamental role in cellular differentiation,
proliferation, and tissue polarity during embryonic
development and the maintenance of a stem cell
[22,61-69]
phenotype
. Previous studies have indicated that
an aberrant activation of this pathway in adult life is
associated with cancer progression, aggressive tumor
[22,61-64]
behavior and metastasis
. The regulatory roles
of NRPs in the Hh signaling system were observed in
[63,68,69]
recent studies
. In an elegant study, Hillman et
[68]
al
demonstrated that NRP1 and NRP2 are positive
regulators of Hh signal transduction. They observed
coexpression of NRPs and Hh at similar times and
locations during development. A positive feedback
circuit has also been suggested, based on the induction
of NRPs by Hh signaling and an increase in Hh target
gene activation due to overexpression of NRPs. Cao
[69]
et al
observed that NRP1 knockdown in a renal
carcinoma model resulted in a more differentiated
phenotype and the inhibition of sonic Hh, leading to
the conclusion that NRPs promote an undifferentiated
phenotype in cancer cells.

Transmembrane
domain

Cytoplasmic
domain

Figure 1 Structure of neuropilin-1 and neuropilin-2. These proteins contain
five extracellular domains, a single-pass TMD domain, and a short cytosolic tail
that lacks tyrosine kinase activity. SEMA3s bind to the a1/a2/b1 segment, and
Vascular endothelial growth factors (VEGFs) bind to b1/b2. The binding sites
of other growth factors are not well characterized, but HGF, B-FGF, TGF-β1
were recently reported to bind both NRPs. The c domain contributes to receptor
dimerization with the transmembrane domain.

VEGF and VEGF receptors

The VEGF family and their tyrosine kinase receptors
[VEGF-receptor-1 (VEGFR-1), VEGFR-2 and VEGFR-3]
play pivotal roles in physiological and pathological
[38-40]
angiogenesis
. There are numerous isoforms of
[38-40]
VEGF, and VEGF165 is the most active and studied
.
In particular, NRP1 is a high-affinity coreceptor for
[39,40]
VEGF165
. NRP1 also binds VEGFR2, and their
coexpression enhances VEGF165-mediated angiogenesis
[40]
and vascular development . VEGF165 also contributes to
VEGFR2-NRP1 complex formation through its own binding
[39-41]
activity
.
NRP2 is a coreceptor for VEGFR-3 as a result of
[42-44]
stimulation by VEGF-C and VEGF-D
. In experi
mental models, VEGF-C and VEGF-D have induced
lymphovascular development and stimulated lymph
[43,44]
node metastasis via VEGFR-3
. Taken together, these
findings delineate the role of NRP2 in lymphangiogenesis.
Given their role in promoting angiogenesis, NRPs,
particularly NRP1, has been identified as potential
[15,16,38,40,43]
targets for anti-angiogenic therapy
Blockade
of NRP1-VEGF coupling, by enhancing the efficacy of
anti-VEGF therapy, has been demonstrated to be an
[16,20-22,31]
effective therapeutic approach in cancer
.

Other ligands and coreceptors

NRPs may also interact with other heparin-binding
proteins, such as the fibroblast growth factor family
(FGF-1, FGF-2, FGF-4), galectin-1, hepatocyte growth
factor (HGF), TGF-β1, epidermal growth factor (EGF)
and platelet-derived growth factor (PDGF).
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Figure 2 Schematic presentation of neuropilin interactions with ligands and receptors. Neuropilins (NRPs) bind soluble mediators and their signaling receptors,
including the VEGF family, HGF, PDGF, and TGF-β1. NRPs are not absolutely required for receptor signaling, but they enhance the ligand response. NRPs interact
with VEGFRs to enhance proliferation, survival and migration. They enhance migration through modulation of PDGF- or TGFβ- and HGF-mediated pathways. NRP:
Neuropilin; PDGF: Platelet-derived growth factor; PDGFR: PDGF receptor: TGF-β: Transforming growth factor-β; TGF-βR: TGF-βR receptor; VEGF: Vascular
endothelial growth factor; VEGFR: VEGF receptor; cMet: Hepatocyte growth factor receptor; HGF: Hepatocyte growth factor; p130Cas: Crk-associated substrat;
SOS-1: Son of sevenless guanine nucleotide exchange factor 1; SMAD: Contraction of Sma and Mad (Mothers against decapentaplegic); ERK: Extracellular-signalregulated kinase; AKT: Protein kinase B; p38MAPK: p38 mitogen-activated protein kinase.

More recently, Hh pathway involvement has
been studied in the pathogenesis of non-neoplastic
diseases, including liver diseases, and the involvement
of Hh signaling in liver regeneration and fibrogenesis
[65-67]
has been documented
. Accumulated evidence
indicates that the Hh signaling system contributes
to many processes, including transformation of
quiescent HSCs into a more fibroblastic phenotype,
angiogenesis, EMT, accumulation of inflammatory
[65-67]
cells and multipotent progenitor cells
. However,
the relationship between NRPs and the Hh signaling
pathway has not been studied in non-neoplastic liver
diseases.

liver tumors has been investigated in a limited number
of studies, and experimental models exceed the number
of clinicopathological studies.
The first finding related to the role of NRPs in
liver cancer was obtained in an experimental study
that investigated the role of SOX4 in cell migration of
intrahepatic metastasis of hepatocellular carcinoma
[77]
(HCC) . High levels of two SOX4 target genes,
NRP1 and SEMA3C, correlated with an increase in
cell migration, which was reduced by the silencing
[77]
of NRP1 and SEMA3C . Subsequent experimental
studies in tumor cell lines of the role of NRPs in tumor
angiogenesis revealed that inhibition of NRP1 using
RNA-interference (RNAi) has an angiostatic potential
[78]
that might be promising in the treatment of HCC .
Administration of small interfering RNAs (siRNAs)
specific for NRP1 inhibited tumor angiogenesis and
[79,80]
vascular remodeling in a mouse model of HCC
.
An increase of NRP1 expression in both vascular and
tumor compartments parallel to disease progression
has been observed in transgenic mice developing
[79]
HCC . Blockade of NRP1 function with peptide N (an
NRP1-binding recombinant protein and competitive
inhibitor of VEGF-A165/NRP1 interaction) leads to the
inhibition of vascular remodeling and growth, which
supports NRP1 as a new target for increasing the
[79-81]
effectiveness of anti-angiogenic therapies in HCC
.

NRPS AND LIVER
NRPs and liver tumors

The additive effect of blockade of NRP1-VEGF coupling
in anti-angiogenic therapy has been documented, but
nebulous data exist regarding the expression of NRPs in
many cancer types and their association with tumor-related
[15,16,19,20-22,31,38,43]
angiogenesis and tumor progression
.
Neutralizing antibodies to NRP1 are currently under
[70-76]
investigation in phaseⅠtrials
. Despite the significant
improvements in diagnosis and treatment, the outcome
of patients with liver cancer remains dismal, and novel
strategies are necessary. However, the role of NRPs in
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[88]

More recently, it was demonstrated in experimental
models that NRPs not only affect angiogenesis in
tumor growth and progression but also contribute
to matrix stiffness via regulation of tumor matrix
[82]
maturation in experimental models . However, the
significance of this finding in liver cancer requires
further investigation.
A few studies have investigated the role of NRPs
[81,83,84]
in patients with liver cancer
. NRP1 expression
has been observed in hepatic ECs in both human
biopsies and in HCC samples but not in normal
[81-84]
hepatocytes
. One study found that the increased
NRP1 expression in hepatocytes was significantly
associated with HCC, supporting its role in tumor
[81]
progression . From the pathological point of view,
it would be interesting to investigate whether the
presence of NRP1 expression in hepatocytes might
be useful for the discrimination of HCC from other
neoplastic lesions, including borderline dysplastic
nodules, especially in needle biopsies from patients
with suspicious liver lesions.
A more recent study in 638 HCC patients highlighted
that VEGFR-2 and peritumoral NRP1 expression
were associated with prolonged recurrence time and
[83]
extended overall survival . It is speculated that,
after curative hepatectomy, peritumoral hepatocytes
expressing abundant of NRP1 or VEGFR-2 may exert
a decoy effect and compete for VEGFA binding with
ECs, providing a hostile peritumoral environment for
[83]
recurrence and metastasis . Up-regulation of NRP1
in cholangiocarcinomas was also noted, with higher
NRP1 expression in invasive tumors than in dysplastic
[84]
lesions .
The findings of these studies are not sufficiently
conclusive to define the exact role of NRP1 in tumor
progression and behavior. Therefore, further studies in
patients with liver cancer are warranted.

respectively . NRP1 expression transiently increased
after partial hepatectomy and returned to the basal level
[88,89]
at the termination of LR, in contrast to SEMA3A
.
These data suggest that NRP1 contributes to sinusoidal
remodeling during LR, but further studies are needed
to better understand the interplay of NRP1 and other
coreceptors in LSECs and other parenchymal cells.

NRPs and liver fibrogenesis

Numerous interactions between the ECM, HSCs, ECs
and immune cells occur during liver fibrogenesis in
[90,91]
chronic liver diseases (CLDs)
. In these interplays, a
central role has been attributed to HSC activation, which
is a complex event that provides multiple potential
targets for therapeutic intervention. A vast number
of signaling pathways contribute to the activation
of HSCs, including Toll-like receptor 4, hedgehog,
[90,91]
adiponectin, TGF-β1, and PDGF
. Because NRP1
has been reported to bind and activate the latent
form of TGF-β1, it is hypothesized that it might also
serve as a TGF-β1 coreceptor that regulates TGF-β1
signaling during the transition from a quiescent to an
[54,59]
activated stage in fibroblasts, including HSCs
.
Indeed, an experimental study demonstrated that
NRP1 can control two aspects of TGF-β signaling during
[54]
fibroblast activation . In cell cultures, NRP1 was
observed to down-regulate Smad1/5 signaling, which
inhibits fibrosis progression by maintaining collagenproducing cells in a quiescent in state, and it upregulated Smad2/3 signaling, which promotes fibrosis
[54]
by activating fibroblasts . In the same study, NRP1
mRNA levels gradually increased during the activation
of HSC cultures. The mechanism of NRP1 control of the
Smad1/5 and Smad2/3 counterbalance has not been
completely delineated, but these findings suggest that
NRP1 plays an important role in the activation of HSCs
[54,92]
during the evolution of liver fibrosis
.
Angiogenesis has a key role in the wound-healing
response to chronic liver injury, and HSCs have
emerged as the main ECM-producing fibrogenic cell type
in this process. HSCs may also act as proangiogenic
[90-92]
cells during the evolution of liver fibrosis
. Indeed,
activated HSCs may respond to hypoxia using an
HIF-1α-related pathway through increases in VEGF
and Ang-1 and their receptors VEGFR-2 and Tie-2,
[90,91,93,94]
respectively
. VEGF and Tie-2 may also
[90,91]
activate HSCs
. VEGF induces HSC migration and
[90,91,93,94]
proliferation as well
. HSCs may also modulate
angiogenesis independently of hypoxia by responding
[93]
to several mediators, including PDGF . In an elegant
[59]
study, Cao et al
investigated PDGF-dependent HSC
recruitment and the accompanying sinusoidal vascular
remodeling during liver fibrosis in both experimental
models and humans. They demonstrated that NRP1
was up-regulated in activated HSCs and colocalized
with PDGF-receptor β (PDGFRβ) in the injury models
as well as in human and rat HSC cell lines. In human
HSCs, inhibition of NRP1 using siRNA reduced PDGF-

NRP in liver regeneration

As noted above, NRPs serve pleiotropic functions by
integrating distinct critical pathways that are principal
to physiological and pathological function. NRP1 and
NRP2 expression has not been detected in normal
[81,83]
hepatocytes
, but NRP1 has been detected in
hepatic stellate cells (HSCs) and liver sinusoidal ECs
[81,83,85-89]
(LSECs)
. One study investigated the role
of hemodynamic forces in morphology and gene
expression of LSECs during early phases of liver
regeneration (LR) and found that stress imposed
on LSECs was associated with the translocation of
VEGFR-2 and NRP1 from the perinuclear to the plasma
[86]
membrane and with cytoskeletal localization . These
results suggested that a VEGFR-2/NRP1 complex plays
[86]
a role in the early signal that leads to LR . More
recently, another experimental model of LR investigated
the expression of NRP1 and SEMA3A during sinusoidal
remodeling and found that NRP1 and SEMA3A were
constitutively expressed in hepatocytes and LSECs,
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induced motility independently of VEGF receptor and
SEMA3. By contrast, NRP1 overexpression increased
cell motility and TGF-β-dependent collagen production.
Similarly, HSCs from mice lacking NRP1 exhibited
reduced migration in response to PDGF treatment. More
importantly, an NRP1-neutralizing antibody improved
recruitment of HSCs and inhibited liver fibrosis in a
rat model, and it also diminished VEGF responses in
cultured liver ECs. In addition, this antibody decreased
VEGF-induced angiogenesis, which implicates NRP1
as a regulatory target of angiogenesis. Notably, the
influence of the NRP1-neutralizing antibody was more
prominent in CCL4-induced liver injury than in bile ductligated liver damage, warranting further studies of the
transcriptional regulation of NRP1 in different models of
liver fibrosis. NRP1 overexpression was also observed
in liver specimens from patients with cirrhosis related
to hepatitis C and steatohepatitis. All of these findings
indicate that NRP1 contributes to the progression of
liver fibrosis through either its influence on angiogenesis
or its effects on PDGF and TGF-β signaling pathways.
Anti-angiogenic therapy may be promising in CLDs,
but large gaps remain in our understanding and ability
to treat angiogenesis during the progression of liver
[90,91,93,94]
fibrosis
. Similar efforts have been directed
toward the development of new therapies, particularly
the growth factor pathways involved in the activation
of HSCs, especially the PDGF and TGF-β pathways,
[90,91,94]
in the prevention of fibrosis in CLDs
. However,
the targeting of these molecules on an individual basis
has only limited therapeutic effect, necessitating the
identification of new molecules that can simultaneously
[90-92]
target multiple growth factor signaling pathways
.
Thus, NRP1, with its considerable synergistic effects
on PDGF, TGF-β and VEGF in liver fibrosis, appears to
be a promising therapeutic target for future antifibrotic
therapies.
In conclusion, NRPs are transmembrane glycoproteins
that utilize several general mechanisms to exert
pleiotropic functions in the integration of different
critical pathways under physiological and pathological
conditions. In addition to the central roles of NRPs in
angiogenesis and axonal guidance, their contribution
to the regulation of the immune system and fibrosis
renders them attractive therapeutic targets for many
non-neoplastic diseases and cancers.
The number of studies in liver is too small to
determine the precise role of NRPs, but evidence
supports an association with tumor behavior, LR and the
progression of fibrosis in CLDs. Increased knowledge
of the role of NRPs and their signaling pathways in
primary liver tumors could promote the development
of new therapeutic treatment strategies. Moreover, the
expression of NRPs in HCC might constitute a useful
tool in the histopathological differential diagnosis of this
disease as well as a valuable prognostic parameter in
disease monitoring. Therefore, further experimental
and clinical studies in a large number of patients are
necessary to clarify whether NRPs, especially NRP1,
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may help to address the overwhelming challenges
in current therapy for primary liver tumors, such as
resistance and metastasis.
Current findings regarding the interplay between
NRPs and VEGF and between PDGF and TGF-β
support NRPs as potential targets in the prevention of
fibrogenesis in CLDs. Because NRPs act as coreceptors
for many growth factors in liver, blockade of NRPs
might make it possible to simultaneously inhibit
multiple growth factors, such as VEGF, PDGF, and
TGF-β. Therefore, the association of NRPs with growth
factor signaling pathways in the liver requires further
investigation to provide useful information for the
targeting of NRPs in the prevention of fibrosis in CLDs.
In conclusion although limited data exist about the
role of NRPs in liver diseases, our current understandings
suggest that they might contribute to sinusoidal
remodeling during LR, warranting further studies to
better clarify the interplay of NRP1 and other coreceptors
in LSECs and other parenchymal cells. The finding about
the association of NRPs with malignant transformation
and aggressive behavior of liver tumors should be
supported by large scaled studies. Finally, besides
its role in angiogenesis, especially NRP1 with its
considerable synergistic effects on PDGF, TGF-β and
VEGF appears to be a promising therapeutic target for
future antifibrotic therapies in CLDs. However more
studies are needed to conclude if blocking of NRPs
will present a new approach to target multiple growth
factor pathways in the prevention of liver fibrosis.
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EDITORIAL

Unsolved problems and future perspectives of hepatitis B
virus vaccination
Kazuto Tajiri, Yukihiro Shimizu
several mechanisms responsible for their poor response
have been proposed. To overcome non-response, third
generation vaccines with pre-S proteins have been
developed. These vaccines have shown better antiHBs responses and may also be effective in preventing
infection by HBV with S mutant. Improvement of
vaccine efficacy by intradermal administration, or coadministration with cytokines or adjuvants, may also
be effective in non-responders. The necessity, timing
and method of booster vaccination in responders with
decreased anti-HBs responses, and effective vaccination
against S-mutant HBV, are issues requiring resolution in
the global prevention of HBV infection.
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Core tip: Hepatitis B virus (HBV) infection is still a serious
worldwide problem, and vaccination is most effective for
primary prevention of infection. This review summarizes
current unsolved issues and future perspectives on
vaccination required for global prevention of HBV
infection.
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Abstract
Hepatitis B virus (HBV) infection is still a serious world
wide problem, and vaccination is the most effective
strategy for primary prevention of the infection.
Although universal vaccination may be required for total
eradication, several countries, including Japan, have
not yet adopted universal vaccination programs. Some
individuals are non-responders to HBV vaccine and
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INTRODUCTION
About 400 million people worldwide are chronically
infected with hepatitis B virus (HBV), with about half
being infected perinatally or during early childhood via
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Table 1 Prevalence and transmission of hepatitis B virus
Prevalence

High

Intermediate

Low

Carrier rate
Region

≥ 8%

2%-7%
Mediterranean basin
Eastern Europe
Central Asia
Japan
Latin and South America
Middle East
Early childhood

≤ 1%

United States
Canada
Central Asia
Western Europe
Australia
New Zealand
Adult

Percutaneous
Sexual contact

Sexual contact
Percutaneous

Predominant age at infection
Predominant mode of infection

Southeast Asia
China
Pacific islands
Sub-Saharan Africa
Alaska (Eskimos)
Perinatal
Early childhood
Maternal to infant
Percutaneous

[1]

vertical and/or horizontal routes . HBV infection can
induce acute hepatitis, which may result in fulminant
hepatitis, and chronic hepatitis, which may eventually
lead to liver cirrhosis and/or hepatocellular carcinoma
[1]
(HCC) . HBV infection is responsible for 500000 to
1.2 million deaths per year due to chronic hepatitis,
[2]
cirrhosis, and HCC , as well as being responsible for
[3]
60% to 80% of HCCs worldwide . Treatment with
antiviral agents, including nucleotide analogues and
interferon, has been effective in some, but not all,
patients with chronic HBV. Therefore, prophylactic
approaches are essential to prevent viral infection.
Many countries have introduced universal prophylactic
vaccination programs, and some individuals, especially
those who are immunocompromised, are unable to
develop anti-HBs antibody following conventional
vaccination. Moreover, HBV in vaccinated subjects may
develop mutants, allowing them to escape the effects
of vaccination. Attempts have been made to improve
the immunogenicity of HBV vaccines. This review
describes the current status and unresolved issues of
HBV vaccination.

HBV DNA in pregnant women is the major determinant
in the occurrence of mother-to-infant transmission.
In infected persons, HBV is found not only in blood
but in body fluids, including saliva, semen and vaginal
secretions, all of which are capable of transmitting
the virus. Furthermore, HBV remains viable for 7 d or
longer on environmental surfaces at room temperature.
The World Health Organization (WHO) has classi
fied countries into three categories according to
the prevalence of chronic HBV carrier: high (8% or
greater); intermediate (2%-8%); and low (less than
[12]
2%) (Table 1) . In high endemic areas, the life risk
of acquiring HBV infection is greater than 60% and
most infections are transmitted vertically/perinatally
or horizontally during early childhood. In intermediate
endemic areas, the life risk of HBV ranges from 20% to
60%, and infections are found in all age groups. In low
endemic areas, the life risk is low, especially in normal
living environments, and infections occur primarily in
[12]
adults through sexual or parenteral transmission .
Regardless, vaccination should be considered to
prevent HBV infection.

PREVENTION OF HBV INFECTION BY
HBV VACCINES

Hepatitis B vaccine

The first plasma-derived HB vaccine, containing highly
purified 22 nm HBsAg inactivated by urea, pepsin,
[13]
formaldehyde, and heat, was introduced in 1982 .
Subsequently, yeast-derived recombinant HB vaccines
were introduced in the mid-1980s because of the
potential risk of blood-borne infection in plasma[14]
derived vaccines . Yeast-derived vaccines were
manufactured by cloning the HBV S gene in yeast cells,
yielding nonglycosylated HBV small S protein but not
[15]
the pre-S region . Due to the potential neurotoxicity
of the preservative thimerosal, two yeast-derived
recombinant thimerosal-free vaccines (Recombivax
®
®
HB and Engerix-B ) were developed and have been
[16]
widely available . The third generation HB vaccines
are mammalian cell-derived recombinant vaccines
containing the pre-S region. These vaccines may be
[17]
more immunogenic in a controlled trial , but are not
widely available at present.
HB vaccines used for primary prophylaxis have
been shown to reduce the risk of infection in most

Transmission route of HBV

Methods of HBV transmission at an early age include
perinatal, vertical from mother to infant, and horizontal
[4]
from an infected household member to the child .
Perinatal infection occurs in 70% to 90% of babies
born to HBeAg-positive mothers, and in less than 15%
[5,6]
of babies born to HBeAg-negative mothers . The
risk of vertical transmission was significantly increased
[7]
by high serum levels of maternal HBV-DNA , and the
rate of infection increased from 0% in mothers with
serum HBV-DNA < 5 log10 copies/mL to 50% in those
[8]
with HBV-DNA ≥ 9 log10 copies/mL . Moreover, some
reports from China have shown that the reductions of
rd
serum HBV DNA in the 3 trimester of HBsAg-positive
pregnant women by the administration of hepatitis B
[9]
[10,11]
immunoglobulin (HBIG) or nucleoside analogue
significantly decreased the neonatal intrauterine HBV
infection. These data suggest that the serum level of
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[18]

®

populations . A combination vaccine (Twinrix ),
containing Engerix-B and HAVRIX (hepatitis A vaccine),
[19,20]
is also available
. The HepB3 hepatitis B vaccination
program, consisting of a series of three doses, the
second administered one month and the third six
months after the first dose, resulted in the production
[21]
of anti-HBs in about 95% of recipients . No significant
side effects have been observed, except for pain at the
[22]
injection site and mild to moderate fever .
Although HBV is transmitted at a high rate by
parenteral, percutaneous and sexual contact, a study
from the United States showed that vaccination of
high-risk groups had little impact on the incidence of
[23]
HBV infection . In contrast, since perinatal or early
postnatal transmission is the primary cause of chronic
infections worldwide, the first dose of HB vaccine
should be given as soon as possible after birth (< 24
h) even in low-endemic countries. Primary protection
regardless of maternal HBsAg status has been
[24]
recommended .

rates of chronic HBV infection, especially in high
endemic areas.
In the United States, a low endemic area, the
incidence of acute hepatitis B has declined 82%, from
[35]
8.5 per 100000 in 1990 to 1.5 per 100000 in 2007 .
In Malaysia, HBsAg prevalence in children decreased
[36]
from 1.6% in 1997 to 0.3% in 2003 . In Italy, the
morbidity of acute hepatitis B in patients aged 15 to
24 years old decreased from 17 per 100000 in 1990 to
[37,38]
less than 0.5 per 100000 in 2005
.
Despite vaccination at birth, however, 5% of babies
[39-41]
become HBV carriers
. The precise mechanism is
unclear, but vaccinated individuals, especially in HBV
endemic areas, should be carefully monitored for HBV
infection.

UNRESOLVED PROBLEMS IN HB
VACCINATION AND RECENT ADVANCES
Non-responders to HB vaccine

Mechanisms of nonresponse to HB vaccine:
Three conditions have been shown associated with
nonresponse to HB vaccine (Table 2). In addition,
around 10% of the general population shows poor
responses. Antibody response rates decline gradually
after age 40 years, with age being a factor determining
[42]
response to HB vaccine . The mechanism of nonre
sponse is not fully understood, but several hypotheses
have been proposed.

Prophylaxis of HBV-related diseases by hepatitis B
vaccine

To prevent HBV infection, the WHO advocated HBV vacci
nation of all infants in 1992, or universal vaccination
(UV). By the end of 2013, UV had been introduced
nationwide in 183 countries. In Japan, UV has not yet
been introduced, but will be introduced in the near
future. Global coverage with HepB3 is estimated at 81%
[25]
and is as high as 92% in the Western Pacific (Figure
1). A meta-analysis of randomized controlled trials of
HB vaccination of newborns showed that vaccinated
infants born to HBV-positive mothers were 3.5-fold less
likely to become infected with HBV (RR = 0.28, 95%CI:
[26]
0.20-0.40) .
In Taiwan, a high endemic area, UV of all newborns
was implemented in 1986, reducing the HBsAg
[27]
prevalence rate from 9.8% in 1984 to 0.6% in 2004 .
Furthermore, the prevalence of HCC in childhood
decreased from 0.7 per 100000 in 1981-1986 to
[28]
0.36 per 100000 in 1990-1994 . After 20 years of
this program, the risk of HCC has been decreased
by 70% in young adults, indicating that HB vaccine
was the first vaccine to successfully prevent a major
[27,29]
human cancer
. Furthermore, almost 30 years
later, the prevalence of HBV infection was markedly
lower, with HBsAg positivity decreasing from 10% to
[30]
0.9% and anti-HBc positivity from 28% to 7% . In
the Gambia, HBsAg prevalence in childhood decreased
[31,32]
from 10% to 0.6% 10 years after UV introduction
.
In Alaska, the incidence of acute hepatitis B was
decreased to almost zero and the prevalence of
chronic hepatitis among children and young adults
[33,34]
was also decreased
. Furthermore, the incidence of
HCC in patients under 20 years of age decreased from
[33,34]
3 per 100000 in 1984-1988 to zero in 1995-1999
.
These findings showed that UV can prevent vertical
and horizontal transmission of HBV infection, reducing
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Human leukocyte antigen

Because human leukocyte antigen (HLA) alleles are
one of the determinants of the repertoire of peptides
presented to T cells, HLA alleles are associated with
response to HBV vaccine.
A report from eastern Turkey demonstrated that
high frequencies of HLA-A11 and HLA-A24 and a
low frequency of HLA-CW6 were associated with
[43]
nonresponse to HB vaccine . Another report from
Turkey showed an association between HLA-DR
(HLA-DRB1*04X, DRB1*0401X, DRB1*11/13, and
DRB1*0401X0201) haplotypes and non-response,
whereas Class-I (HLA-B13) was associated with a good
[44]
response to HB vaccine . A report from Italy showed
that the haplotypes HLA-B8, DR3, and DQ2 were
associated with nonresponse to HB vaccine, both in
[45]
patients with celiac disease and healthy subjects . A
recent report from Korea showed that B62, DRB1*07
and DRB1*08(-) were significantly associated with
[46]
poor responses to vaccine . A meta-analysis of the
association between HLA alleles and response to HB
vaccine in 2308 subjects, including responders, nonresponders, and healthy subjects, found that the DRB1
alleles DRB1*01, DRB1*1301, and DRB1*15 were
associated with good responses whereas DRB1 *03
(DRB1*0301), DRB1*04, DRB1*07, and DRB1*1302
[47]
were associated with poor responses . Furthermore,
evaluations of DQB1 alleles showed that DQB1*05
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about 50% of these individuals showing an anti-HBs
[16,54]
response
. Non-responders to the second course
should be evaluated for underlying chronic HBV
infection. Response in patients on hemodialysis may be
[55]
improved using double-dose vaccine . However, some
individuals are non-responsive to multiple series of
vaccinations, suggesting the need for other strategies
to induce anti-HBs production in these subjects.

Table 2 Factors associated with poor response to hepatitis B
virus vaccination
Factors
Underlying medical conditions
Chronic HBV infection
Hemodialysis
Immature neonates
HIV infection
Immunosuppressor administration
Genetic factors
HLA haplotypes
Celiac disease
SNPs (cytokine, chemokine)
Technical errors
Intra-gluteal injection
Inappropriate storage conditions

Third generation HB vaccine

New HB vaccines have been developed to improve
TM
anti-HBs response in non-responders. Hepagene , a
third generation vaccine containing pre-S1 and pre-S2
proteins in addition to S protein, has been shown to
induce anti-HBs in 76% of previously non-responsive
[56]
individuals . Another third generation HB vaccine, SciB-Vac™, was recently shown to induce anti-HBs in 20 of
21 non- or low-responders, with 12 non-responders and
all 6 low responders showing a high anti-HBs response
[57]
(> 100 mIU/mL) . Moreover, the preventive effect of
[58,59]
Sci-B-Vac™ has been assessed in newborns
.

SNPs: Single nucleotide polymorphisms; HLA: Human leukocyte antigen;
HBV: Hepatitis B virus.

(DQB1*0501), DQB1*06, and DQB1*0602 were
associated with good responses, whereas DQB1*02
[47]
was associated with poor response .

Vaccination plus cytokine

Cytokine and chemokine gene polymorphisms

Granulocyte-colony stimulating factor: Recently,
HB vaccine was administered together with granulocytecolony stimulating factor (G-CSF) to patients with
[60]
liver cirrhosis . However, adjuvant G-CSF did not
significantly enhance anti-HBs production.

Associations between single nucleotide polymorphisms
(SNPs) at the interleukin (IL)-2 and IL4 loci, along with
insertion/deletion variants at the IL12B locus, have
[48]
been associated with responses to HB vaccines .
Moreover, three SNPs (rs497916, rs3922, rs676925)
in CXCR5 and one SNP (rs355687) in CXCL13 were
associated with response to HB vaccine. These findings
indicate that cytokines and chemokines are actively
[49]
involved in responses to HB vaccine .

The poor responses of HIV-infected patients to HB
vaccine were thought to be due to low numbers of
+
[50]
CD4 T cells . However, the percent of regulatory
T-cells was found to be negatively associated with
response to HB vaccine in HIV-infected patients,
suggesting another mechanism for low anti-HBs
[51]
production in response to HB vaccine .

Granulocyte-macrophage colony stimulating
factor: The effect of granulocyte-macrophage colony
stimulating factor (GM-CSF) on the response to HBV
[61]
revaccination in non-responders has been evaluated .
Although the combination of GM-CSF (150 µg) and HB
vaccine (20 µg) induced a higher anti-HBs response
than HB vaccine (20 µg) alone, a higher dose (40 µg)
of HB vaccine induced a higher response than the
combination. GM-CSF was effective in patients with
[62]
end-stage renal disease , but was ineffective during
booster vaccination of HIV-infected patients with low
[63]
anti-HBs antibody titer . Thus, the stimulatory effect
of GM-CSF has not yet been determined.

T cell immunoglobulin mucin-domain-3

Other adjuvants

Regulatory T-cells

[64,65]

Hepatitis C virus (HCV)-infected patients have been
reported to show a poorer response to HB vaccine than
[52]
healthy subjects . This may be due to the differential
regulation of IL-12/IL-23 production secondary to over
expression of T cell immunoglobulin mucin-domain-3
[53]
on monocytes .

Interleukin (IL)-2 was not effective as an adjuvant
.
In contrast, levamisole used as an adjuvant in HB vacci
[66,67]
nation has shown promising results
. New chemical
adjuvants [AS02(v) and AS04] have also been found
[68-70]
to increase response to HB vaccine
.

Attempts to improve the efficacy of HB vaccine:
Because the existence of non-responders to HB
vaccine is a serious social problem, several attempts
have been made to improve the efficacy of vaccine.
Persons unresponsive to a first series of three injections
(i.e., anti-HBs < 10 mIU/mL) are recommended
to complete a second 3-dose vaccine series, with

HB vaccine is usually given intramuscularly, but intra
[71]
dermal vaccination was shown to be superior . Intra
dermal vaccination induced higher anti-HBs positivity
rates or a similar rate as intramuscular vaccine with
[72]
smaller doses of vaccine . The ability of intradermal
administration to improve the effectiveness of vacci
nation has been tested, but intradermal vaccination is
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booster be administered if the antibody level declines
[89]
to below 10 mIU/mL . A European consensus
statement also recommended booster vaccination if
antibody concentration declines to below 10 mIU/mL,
[90]
depending on the risk of exposure to HBV (Table 3) .
In liver transplantation, it was shown that 18 out
of 23 recipients from isolated anti-HBc-positive donors
[91]
developed HBV infection after liver transplantation ,
suggesting a recommendation of booster vaccination
to acquire anti-HBs levels above 10 mIU/mL in all
HBsAg-negative recipients before transplantation even
if the donors are negative for HBsAg.

Table 3 High risk individuals for hepatitis B virus infection
and recommendations for booster vaccination
Individuals

Booster recommendation

Health-care workers
Single dose if anti-HBs < 10 mIU/mL
Men who have sex with men Ensure primary vaccination, boosters are
unnecessary
Persons with multiple sexual Ensure primary vaccination, boosters are
partners
unnecessary
Injection drug users
No evidence to support booster
vaccinations
Patients with hemodialysis Additional boosters to maintain anti-HBs
> 10 mIU/mL
Institutionalized patients
Not recommended
Public safety workers
Single dose if anti-HBs < 10 mIU/mL
Spouse, sexual partners and Receive primary vaccination, boosters are
household members of HBV
unnecessary
carriers
Recipients of liver
Additional boosters to maintain anti-HBs
transplantation
> 10 mIU/mL

Escape mutants

Mutations in the small-S protein, most frequently a
glycine to arginine substitution at codon 145 (G145R),
have been found in some children born to HBV-infected
mothers who were found to be infected despite previous
[92,93]
vaccination
. Viruses containing the G145R mutant
[94]
have been shown to be infectious in chimpanzees .
Other S-gene mutations have been identified in codons
120-147, and these mutations may evade neutralizing
[95-97]
anti-HBs and infect vaccinated people
. In Italy,
S-gene mutations, such as G145R, P120S and P127S,
have been identified in liver transplant patients and in
children born to HBsAg carriers and treated with HB
vaccine. Although these mutants have been found in
[95]
many regions around the world, including Taiwan ,
their prevalence appears to be low and constant, and
reductions in the efficacy of HB vaccine have not been
[97,98]
observed
. However, a recent report showed that
HBV containing G145R had been transmitted by sexual
contact to a subject who had received universal HB
[39]
vaccination . Recently, a vaccinated individual was
found to have developed acute hepatitis B, caused by
[99]
a vaccine-escape mutant . Mathematical modeling
predicted that over 50 years were required before any
[100]
vaccine-escape mutants become predominant
.
Continued monitoring is necessary to determine if
the prevalence of these mutants is increasing and
if the protective efficacy of conventional vaccines is
maintained. Strategies for practical application of HB
vaccine containing pre-S protein should be investigated.

HBs: Hepatitis B surface antigen.

[73]

technically difficult .
Intradermal administration every two weeks into nonresponders to conventional intramuscular vaccination
[74]
induced anti-HBs responses in 94% of the subjects .
Intradermal vaccination has induced better responses to
HB vaccine than conventional intramuscular vaccination
[75,76]
[77-79]
in healthcare workers
, dialysis patients
, HIV
[80]
[81]
infected patients , and patients with celiac disease .
A comprehensive review of the efficacy of intradermal
HB vaccination in non-responders found that this
method induced a superior response compared with
[82]
intramuscular vaccination under various conditions .

Booster immunization

Several studies have shown that the protective effects
of HB vaccination may continue for at least 10 to
[83,84]
15 years
or even beyond 15 years, especially
in subjects with a high anti-HBs titer after the initial
[85]
course of vaccination . Routine booster vaccinations
have been regarded as unnecessary, due to the
immunological memory acquired after the initial round
[86,87]
of HB vaccination
, and booster vaccination of
previously vaccinated individuals has shown to result in
[88]
a rapid increase in anti-HBs antibody . However, the
long-term protective effects of HB vaccination have not
been fully investigated. Of 6156 high school students
vaccinated during infancy, approximately 10% to 25%
[86,87]
lost immune responses to HBsAg
. A recent report
showed that 17.8% of vaccinated students born to
highly infectious mothers positive for HBeAg became
HBsAg-positive, compared with 11.1% of those born
to maternal HBeAg-negative (P = 0.014), suggesting
that booster vaccination may be needed for complete
[41]
prevention of HBV infection .
Policies regarding booster vaccination vary among
countries. In patients on hemodialysis, vaccineinduced antibody protection may persist only at antiHBs titers above 10 mIU/mL, suggesting that a
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Cross-genotype preventive effect in HBV vaccination

HBV strains have been classified into eight geno
[101,102]
types
, with the prevalence of different genotypes
[103]
varying geographically
. However, infection with
an HBV genotype different from the native strain
has increased in various regions, resulting in the
progressive globalization of HBV infection. For
example, infection with HBV genotype A strains from
foreign countries and subsequent acute hepatitis are
increasing in Japan, in which HBV genotype C is the
[104]
major strain
. Infections of Japanese individuals
with non-native strains have mainly occurred in adults
[104]
through sexual contact
, and UV has not yet been
introduced in Japan (Figure 1). Recombinant vaccines
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1

Countries without the introduction of UV

None

Less than
75

1

Over 95

75-95

Austria
Barbados
Bosnia and Herzegovina
Botswana
Brunei Darussalam
Bulgaria
Democratic People's Republic of Korea
Denmark
Equatorial Guinea
Finland
Hungary
Iceland
Japan
Monaco
Norway
South Sudan
Switzerland
United Kingdom of Great Britain and Northern Ireland

Figure 1 Universal vaccination coverage rate among World Health Organization member nations at the end of 2013. 1Countries in which universal vaccination
(UV) has not yet been introduced.
[107,108]

generated from HBsAg of HBV genotype A2 have been
used worldwide. Although these A2-type vaccines were
suggested to be effective in preventing non-A2 HBV
[105]
infection , this cross-genotype preventive effect has
not been fully investigated. Using an animal model, we
recently showed that monoclonal antibodies derived
from vaccines with genotype C could prevent infection
[106]
by HBV genotype A
. Further investigations and
careful observation are required for cross-genotype
prevention of HB vaccine.

overt infantile hepatitis
, appropriate randomized
control trials should be performed in the future.

CONCLUSION
HBV infection remains a serious problem worldwide,
and vaccination is the most effective strategy for
primary prevention of the infection. Although UV is
needed for global eradication of HBV infection, it has
not yet been introduced in many countries, including
Japan. Third generation vaccines with pre-S proteins
have shown better anti-HBs responses even in nonresponders, but data on their efficacy are limited.
Third generation HB vaccines may also be effective
in preventing infection with HBV containing an
S-mutation. Strategies are needed to improve vaccine
efficacy in non-responders, whether with new vaccines
or adjuvants, or by intradermal vaccination. Moreover,
guidelines are needed regarding the necessity, timing
and method of booster injection of responders with
decreased anti-HBs response.

FUTURE PERSPECTIVES ON HB VACCINE
Several issues require future resolution

First, 5% to 10% of vaccinated healthy subjects are
non-responders, and dialysis patients, HIV-infected
patients and patients with celiac disease show poorer
response to HB vaccine than healthy subjects. Booster
vaccination overcomes the non-response in some of
these subjects, but a third generation HB vaccine,
intradermal vaccination or vaccination with adjuvants
may be more effective. Methods are therefore needed
to develop anti-HBs responses in non-responders.
Anti-HBs response gradually decreases after a single
course of vaccination. However, there are no standard
guidelines for the necessity, timing, or method of booster
vaccination under various situations.
S-gene mutant HBV may escape from HB vacci
nation with S-protein alone. To prevent infection and
spread of HBV with S-mutation, the effectiveness of
third generation HB vaccines containing pre-S proteins
in addition to S-protein should be determined.
Several countries have not yet introduced UV.
Promotion of UV in these countries is mandatory for
global eradication of HBV infection.
The significance of co-administration of HBIG
with HB vaccine for prevention of mother-to-infant
transmission of HBV needs to be fully evaluated.
Although the administration of HBIG was shown to
prevent intrauterine transmission of HBV and reduce

WJG|www.wjgnet.com

REFERENCES
1
2

3
4
5

6

7079

McMahon BJ. Epidemiology and natural history of hepatitis B.
Semin Liver Dis 2005; 25 Suppl 1: 3-8 [PMID: 16103976 DOI:
10.1055/s-2005-915644]
Lavanchy D. Hepatitis B virus epidemiology, disease burden,
treatment, and current and emerging prevention and control
measures. J Viral Hepat 2004; 11: 97-107 [PMID: 14996343 DOI:
10.1046/j.1365-2893.2003.00487.x]
Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world
cancer burden: Globocan 2000. Int J Cancer 2001; 94: 153-156
[PMID: 11668491 DOI: 10.1002/ijc.1440]
Leung N. Chronic hepatitis B in Asian women of childbearing
age. Hepatol Int 2009; 3 Suppl 1: 24-31 [PMID: 19669243 DOI:
10.1007/s12072-009-9142-1]
Xu DZ, Yan YP, Choi BC, Xu JQ, Men K, Zhang JX, Liu
ZH, Wang FS. Risk factors and mechanism of transplacental
transmission of hepatitis B virus: a case-control study. J Med Virol
2002; 67: 20-26 [PMID: 11920813 DOI: 10.1002/jmv.2187]
Bai H, Zhang L, Ma L, Dou XG, Feng GH, Zhao GZ. Relationship
of hepatitis B virus infection of placental barrier and hepatitis B

June 21, 2015|Volume 21|Issue 23|

Tajiri K et al . HBV vaccination

7

8

9

10

11

12

13

14

15
16
17

18

19

20

21

22

23

virus intra-uterine transmission mechanism. World J Gastroenterol
2007; 13: 3625-3630 [PMID: 17659715 DOI: 10.3748/wjg.v13.
i26.3625]
Burk RD, Hwang LY, Ho GY, Shafritz DA, Beasley RP. Outcome
of perinatal hepatitis B virus exposure is dependent on maternal
virus load. J Infect Dis 1994; 170: 1418-1423 [PMID: 7995980
DOI: 10.1093/infdis/170.6.1418]
Li XM, Shi MF, Yang YB, Shi ZJ, Hou HY, Shen HM, Teng BQ.
Effect of hepatitis B immunoglobulin on interruption of HBV
intrauterine infection. World J Gastroenterol 2004; 10: 3215-3217
[PMID: 15457579]
Li XM, Yang YB, Hou HY, Shi ZJ, Shen HM, Teng BQ, Li AM,
Shi MF, Zou L. Interruption of HBV intrauterine transmission: a
clinical study. World J Gastroenterol 2003; 9: 1501-1503 [PMID:
12854150]
Deng M, Zhou X, Gao S, Yang SG, Wang B, Chen HZ, Ruan B.
The effects of telbivudine in late pregnancy to prevent intrauterine
transmission of the hepatitis B virus: a systematic review and
meta-analysis. Virol J 2012; 9: 185 [PMID: 22947333 DOI:
10.1186/1743-422x-9-185]
Pan CQ, Han GR, Jiang HX, Zhao W, Cao MK, Wang CM, Yue X,
Wang GJ. Telbivudine prevents vertical transmission from HBeAgpositive women with chronic hepatitis B. Clin Gastroenterol
Hepatol 2012; 10: 520-526 [PMID: 22343511 DOI: 10.1016/
j.cgh.2012.01.019]
Romano' L, Paladini S, Van Damme P, Zanetti AR. The
worldwide impact of vaccination on the control and protection of
viral hepatitis B. Dig Liver Dis 2011; 43 Suppl 1: S2-S7 [PMID:
21195368 DOI: 10.1016/S1590-8658(10)60685-8]
Szmuness W, Stevens CE, Zang EA, Harley EJ, Kellner A. A
controlled clinical trial of the efficacy of the hepatitis B vaccine
(Heptavax B): a final report. Hepatology 1981; 1: 377-385 [PMID:
7030902 DOI: 10.1002/hep.1840010502]
McAleer WJ, Buynak EB, Maigetter RZ, Wampler DE, Miller
WJ, Hilleman MR. Human hepatitis B vaccine from recombinant
yeast. Nature 1984; 307: 178-180 [PMID: 6318124 DOI:
10.1038/307178a0]
Stephenne J. Development and production aspects of a
recombinant yeast-derived hepatitis B vaccine. Vaccine 1990; 8
Suppl: S69-S73; discussion S79-S80 [PMID: 2139287]
Availability of hepatitis B vaccine that does not contain thimerosal
as a preservative. MMWR Morb Mortal Wkly Rep 1999; 48:
780-782
Young MD, Schneider DL, Zuckerman AJ, Du W, Dickson B,
Maddrey WC. Adult hepatitis B vaccination using a novel triple
antigen recombinant vaccine. Hepatology 2001; 34: 372-376
[PMID: 11481622 DOI: 10.1053/jhep.2001.26167]
Mahoney FJ, Woodruff BA, Erben JJ, Coleman PJ, Reid EC,
Schatz GC, Kane MA. Effect of a hepatitis B vaccination program
on the prevalence of hepatitis B virus infection. J Infect Dis 1993;
167: 203-207 [PMID: 8418167 DOI: 10.1093/infdis/167.1.203]
Rendi-Wagner P, Kundi M, Stemberger H, Wiedermann G,
Holzmann H, Hofer M, Wiesinger K, Kollaritsch H. Antibodyresponse to three recombinant hepatitis B vaccines: comparative
evaluation of multicenter travel-clinic based experience. Vaccine
2001; 19: 2055-2060 [PMID: 11228377 DOI: 10.1016/S0264410X(00)00410-2]
Abraham B, Parenti D. Antibody production in response to
hepatitis B surface antigen in a combination hepatitis A/hepatitis
B vaccine. J Infect Dis 2000; 182: 1005-1006 [PMID: 10950809
DOI: 10.1086/315745]
Jackson Y, Chappuis F, Mezger N, Kanappa K, Loutan L. High
immunogenicity of delayed third dose of hepatitis B vaccine in
travellers. Vaccine 2007; 25: 3482-3484 [PMID: 17306910 DOI:
10.1016/j.vaccine.2006.12.053]
Greenberg DP. Pediatric experience with recombinant hepatitis B
vaccines and relevant safety and immunogenicity studies. Pediatr
Infect Dis J 1993; 12: 438-445 [PMID: 8327313 DOI: 10.1097/000
06454-199305000-00037]
Hoofnagle JH. Toward universal vaccination against hepatitis B

WJG|www.wjgnet.com

24
25
26

27

28

29

30

31

32

33

34

35
36

37

38

39

7080

virus. N Engl J Med 1989; 321: 1333-1334 [PMID: 2529440 DOI:
10.1056/NEJM198911093211910]
Hepatitis B. Available from: URL: http://www.who.int/media
centre/factsheets/fs204/en/
Immunization Coverage. Available from: URL: http://www.who.
int/mediacentre/factsheets/fs378/en/
Lee C, Gong Y, Brok J, Boxall EH, Gluud C. Hepatitis B
immunisation for newborn infants of hepatitis B surface antigenpositive mothers. Cochrane Database Syst Rev 2006; (2): CD004790
[PMID: 16625613 DOI: 10.1002/14651858.CD004790.pub2]
Ni YH, Huang LM, Chang MH, Yen CJ, Lu CY, You SL, Kao JH,
Lin YC, Chen HL, Hsu HY, Chen DS. Two decades of universal
hepatitis B vaccination in taiwan: impact and implication for
future strategies. Gastroenterology 2007; 132: 1287-1293 [PMID:
17433322 DOI: 10.1053/j.gastro.2007.02.055]
Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS,
Liang DC, Shau WY, Chen DS. Universal hepatitis B vaccination
in Taiwan and the incidence of hepatocellular carcinoma in
children. Taiwan Childhood Hepatoma Study Group. N Engl
J Med 1997; 336: 1855-1859 [PMID: 9197213 DOI: 10.1056/
NEJM199706263362602]
Chang MH, You SL, Chen CJ, Liu CJ, Lee CM, Lin SM, Chu
HC, Wu TC, Yang SS, Kuo HS, Chen DS. Decreased incidence
of hepatocellular carcinoma in hepatitis B vaccinees: a 20-year
follow-up study. J Natl Cancer Inst 2009; 101: 1348-1355 [PMID:
19759364 DOI: 10.1093/jnci/djp288]
Ni YH, Chang MH, Wu JF, Hsu HY, Chen HL, Chen DS.
Minimization of hepatitis B infection by a 25-year universal vacci
nation program. J Hepatol 2012; 57: 730-735 [PMID: 22668640
DOI: 10.1016/j.jhep.2012.05.021]
Viviani S, Jack A, Hall AJ, Maine N, Mendy M, Montesano R, Whittle
HC. Hepatitis B vaccination in infancy in The Gambia: protection
against carriage at 9 years of age. Vaccine 1999; 17: 2946-2950
[PMID: 10462228 DOI: 10.1016/S0264-410X(99)00178-4]
van der Sande MA, Waight P, Mendy M, Rayco-Solon P, Hutt P,
Fulford T, Doherty C, McConkey SJ, Jeffries D, Hall AJ, Whittle
HC. Long-term protection against carriage of hepatitis B virus
after infant vaccination. J Infect Dis 2006; 193: 1528-1535 [PMID:
16652281 DOI: 10.1086/503433]
McMahon BJ, Bulkow LR, Singleton RJ, Williams J, Snowball M,
Homan C, Parkinson AJ. Elimination of hepatocellular carcinoma
and acute hepatitis B in children 25 years after a hepatitis B
newborn and catch-up immunization program. Hepatology 2011;
54: 801-807 [PMID: 21618565 DOI: 10.1002/hep.24442]
McMahon BJ, Dentinger CM, Bruden D, Zanis C, Peters H,
Hurlburt D, Bulkow L, Fiore AE, Bell BP, Hennessy TW. Antibody
levels and protection after hepatitis B vaccine: results of a 22-year
follow-up study and response to a booster dose. J Infect Dis 2009;
200: 1390-1396 [PMID: 19785526 DOI: 10.1086/606119]
Daniels D, Grytdal S, Wasley A. Surveillance for acute viral
hepatitis - United States, 2007. MMWR Surveill Summ 2009; 58:
1-27 [PMID: 19478727]
Ng KP, Saw TL, Baki A, Rozainah K, Pang KW, Ramanathan
M. Impact of the Expanded Program of Immunization against
hepatitis B infection in school children in Malaysia. Med Microbiol
Immunol 2005; 194: 163-168 [PMID: 15834754 DOI: 10.1007/
s00430-004-0231-4]
Bonanni P, Pesavento G, Bechini A, Tiscione E, Mannelli
F, Benucci C, Nostro AL. Impact of universal vaccination
programmes on the epidemiology of hepatitis B: 10 years of
experience in Italy. Vaccine 2003; 21: 685-691 [PMID: 12531340
DOI: 10.1016/S0264-410X(02)00580-7]
Mele A, Tosti ME, Mariano A, Pizzuti R, Ferro A, Borrini B, Zotti
C, Lopalco P, Curtale F, Balocchini E, Spada E. Acute hepatitis B
14 years after the implementation of universal vaccination in Italy:
areas of improvement and emerging challenges. Clin Infect Dis
2008; 46: 868-875 [PMID: 18269332 DOI: 10.1086/528687]
Stramer SL, Wend U, Candotti D, Foster GA, Hollinger FB,
Dodd RY, Allain JP, Gerlich W. Nucleic acid testing to detect HBV
infection in blood donors. N Engl J Med 2011; 364: 236-247 [PMID:

June 21, 2015|Volume 21|Issue 23|

Tajiri K et al . HBV vaccination

40

41
42

43

44

45

46

47

48

49

50

51

52

53

54

55

21247314 DOI: 10.1056/NEJMoa1007644]
Lai MW, Lin TY, Tsao KC, Huang CG, Hsiao MJ, Liang KH, Yeh
CT. Increased seroprevalence of HBV DNA with mutations in the
s gene among individuals greater than 18 years old after complete
vaccination. Gastroenterology 2012; 143: 400-407 [PMID:
22580098 DOI: 10.1053/j.gastro.2012.05.002]
Wu TW, Lin HH, Wang LY. Chronic hepatitis B infection in
adolescents who received primary infantile vaccination. Hepatology
2013; 57: 37-45 [PMID: 22858989 DOI: 10.1002/hep.25988]
Averhoff F, Mahoney F, Coleman P, Schatz G, Hurwitz E,
Margolis H. Immunogenicity of hepatitis B Vaccines. Implications
for persons at occupational risk of hepatitis B virus infection.
Am J Prev Med 1998; 15: 1-8 [PMID: 9651632 DOI: 10.1016/
S0749-3797(98)00003-8]
Albayrak A, Ertek M, Tasyaran MA, Pirim I. Role of HLA allele
polymorphism in chronic hepatitis B virus infection and HBV vaccine
sensitivity in patients from eastern Turkey. Biochem Genet 2011; 49:
258-269 [PMID: 21188498 DOI: 10.1007/s10528-010-9404-6]
Mert G, Sengul A, Gul HC, Karakas A, Eyigun CP. The role
of human leukocyte antigen tissue groups in hepatitis B virus
vaccination in Turkey. J Microbiol Immunol Infect 2014; 47: 9-14
[PMID: 23523043 DOI: 10.1016/j.jmii.2013.01.004]
Vitaliti G, Praticò AD, Cimino C, Di Dio G, Lionetti E, La Rosa M,
Leonardi S. Hepatitis B vaccine in celiac disease: yesterday, today
and tomorrow. World J Gastroenterol 2013; 19: 838-845 [PMID:
23430309 DOI: 10.3748/wjg.v19.i6.838]
Yoon JH, Shin S, In Jw, Chang JY, Song EY, Roh EY. Association
of HLA alleles with the responsiveness to hepatitis B virus
vaccination in Korean infants. Vaccine 2014; 32: 5638-5644 [PMID:
25148772 DOI: 10.1016/j.vaccine.2014.08.007]
L i Z K , N i e J J , L i J , Z h u a n g H . T h e e ff e c t o f H L A o n
immunological response to hepatitis B vaccine in healthy people:
a meta-analysis. Vaccine 2013; 31: 4355-4361 [PMID: 23887040
DOI: 10.1016/j.vaccine.2013.06.108]
Wang C, Tang J, Song W, Lobashevsky E, Wilson CM, Kaslow
RA. HLA and cytokine gene polymorphisms are independently
associated with responses to hepatitis B vaccination. Hepatology
2004; 39: 978-988 [PMID: 15057902 DOI: 10.1002/hep.20142]
Duan Z, Chen X, Liang Z, Zeng Y, Zhu F, Long L, McCrae MA,
Zhuang H, Shen T, Lu F. Genetic polymorphisms of CXCR5 and
CXCL13 are associated with non-responsiveness to the hepatitis
B vaccine. Vaccine 2014; 32: 5316-5322 [PMID: 25077417 DOI:
10.1016/j.vaccine.2014.07.064]
Kim HN, Harrington RD, Van Rompaey SE, Kitahata MM.
Independent clinical predictors of impaired response to hepatitis
B vaccination in HIV-infected persons. Int J STD AIDS 2008; 19:
600-604 [PMID: 18725550 DOI: 10.1258/ijsa.2007.007197]
del Pozo Balado Mdel M, Leal M, Méndez Lagares G, Mata RC,
López-Cortés LF, Viciana P, Pacheco YM. Increased regulatory
T cell counts in HIV-infected nonresponders to hepatitis B virus
vaccine. J Infect Dis 2010; 202: 362-369 [PMID: 20560766 DOI:
10.1086/653707]
Shi L, Wang JM, Ren JP, Cheng YQ, Ying RS, Wu XY, Lin SM,
Griffin JW, Li GY, Moorman JP, Yao ZQ. KLRG1 impairs CD4+ T
cell responses via p16ink4a and p27kip1 pathways: role in hepatitis
B vaccine failure in individuals with hepatitis C virus infection.
J Immunol 2014; 192: 649-657 [PMID: 24337749 DOI: 10.4049/
jimmunol.1302069]
Wang JM, Ma CJ, Li GY, Wu XY, Thayer P, Greer P, Smith AM,
High KP, Moorman JP, Yao ZQ. Tim-3 alters the balance of IL-12/
IL-23 and drives TH17 cells: role in hepatitis B vaccine failure
during hepatitis C infection. Vaccine 2013; 31: 2238-2245 [PMID:
23499521 DOI: 10.1016/j.vaccine.2013.03.003]
Tan KL, Goh KT, Oon CJ, Chan SH. Immunogenicity of
recombinant yeast-derived hepatitis B vaccine in nonresponders
to perinatal immunization. JAMA 1994; 271: 859-861 [PMID:
8114241 DOI: 10.1001/jama.1994.03510350069039]
Rangel MC, Coronado VG, Euler GL, Strikas RA. Vaccine
recommendations for patients on chronic dialysis. The Advisory
Committee on Immunization Practices and the American Academy

WJG|www.wjgnet.com

56

57

58

59

60

61

62

63

64

65

66

67

68

69

7081

of Pediatrics. Semin Dial 2000; 13: 101-107 [PMID: 10795113
DOI: 10.1046/j.1525-139x.2000.00029.x]
McDermott AB, Cohen SB, Zuckerman JN, Madrigal JA.
Hepatitis B third-generation vaccines: improved response and
conventional vaccine non-response--evidence for genetic basis
in humans. J Viral Hepat 1998; 5 Suppl 2: 9-11 [PMID: 9857354
DOI: 10.1046/j.1365-2893.1998.0050s2009.x]
Krawczyk A, Ludwig C, Jochum C, Fiedler M, Heinemann
FM, Shouval D, Roggendorf M, Roggendorf H, Lindemann M.
Induction of a robust T- and B-cell immune response in non- and
low-responders to conventional vaccination against hepatitis B
by using a third generation PreS/S vaccine. Vaccine 2014; 32:
5077-5082 [PMID: 24975813 DOI: 10.1016/j.vaccine.2014.06.076]
Hellström UB, Madalinski K, Sylvan SP. PreS1 epitope
recognition in newborns after vaccination with the third-generation
Sci-B-Vac vaccine and their relation to the antibody response to
hepatitis B surface antigen. Virol J 2009; 6: 7 [PMID: 19154574
DOI: 10.1186/1743-422X-6-7]
Sylvan SP, Madalinski K, Hellström UB. Anti-preS responses
influence the anti-HBs response in newborns after vaccination with
the third generation Sci-B-Vac vaccine. Vaccine 2009; 28: 446-451
[PMID: 19874926 DOI: 10.1016/j.vaccine.2009.10.023]
Lankarani KB, Talebzadeh M, Eshraghian A, Malek-Hosseini
SA. Granulocyte colony stimulating factor adjuvant role on the
immunological response to hepatitis B vaccine in patients with
cirrhosis: a double blind randomized placebo controlled trial.
Hepat Mon 2014; 14: e15447 [PMID: 24910704 DOI: 10.5812/
hepatmon.15447]
Lin C, Zhu J, Zheng Y, Chen Y, Wu Z, Chong Y, Gao Z. Effect of
GM-CSF in combination with hepatitis B vaccine on revacination
of healthy adult non-responders. J Infect 2010; 60: 264-270 [PMID:
20138189 DOI: 10.1016/j.jinf.2010.01.011]
Fabrizi F, Ganeshan SV, Dixit V, Martin P. Meta-analysis: the
adjuvant role of granulocyte macrophage-colony stimulating factor
on immunological response to hepatitis B virus vaccine in endstage renal disease. Aliment Pharmacol Ther 2006; 24: 789-796
[PMID: 16918882 DOI: 10.1111/j.1365-2036.2006.03035.x]
Overton ET, Sungkanuparph S, Klebert M, Royal M, DemarcoShaw D, Powderly WG, Aberg JA. GM-CSF Fails to Improve
Immune Responses to Booster Hepatitis B Vaccination in HIVInfected Individuals. Open Virol J 2011; 5: 109-113 [PMID:
22043256 DOI: 10.2174/1874357901105010109]
Jungers P, Devillier P, Salomon H, Cerisier JE, Courouce AM.
Randomised placebo-controlled trial of recombinant interleukin-2
in chronic uraemic patients who are non-responders to hepatitis
B vaccine. Lancet 1994; 344: 856-857 [PMID: 7916403 DOI:
10.1016/S0140-6736(94)92829-0]
Mauri JM, Vallès M. Effects of recombinant interleukin-2 and
revaccination for hepatitis B in previously vaccinated, nonresponder, chronic uraemic patients. Collaborative Group of
Girona. Nephrol Dial Transplant 1997; 12: 729-732 [PMID:
9141002 DOI: 10.1093/ndt/12.4.729]
Fabrizi F, Dixit V, Martin P, Messa P. Hepatitis C virus and the
immunological response to hepatitis B virus vaccine in dialysis
patients: meta-analysis of clinical studies. J Viral Hepat 2011; 18:
871-876 [PMID: 22093033 DOI: 10.1111/j.1365-2893.2011.01459.
x]
Alavian SM, Tabatabaei SV. Effects of oral levamisole as an
adjuvant to hepatitis B vaccine in adults with end-stage renal
disease: a meta-analysis of controlled clinical trials. Clin Ther 2010;
32: 1-10 [PMID: 20171406 DOI: 10.1016/j.clinthera.2010.01.005]
Tong NK, Beran J, Kee SA, Miguel JL, Sánchez C, Bayas JM,
Vilella A, de Juanes JR, Arrazola P, Calbo-Torrecillas F, de Novales
EL, Hamtiaux V, Lievens M, Stoffel M. Immunogenicity and
safety of an adjuvanted hepatitis B vaccine in pre-hemodialysis
and hemodialysis patients. Kidney Int 2005; 68: 2298-2303 [PMID:
16221232 DOI: 10.1111/j.1523-1755.2005.00689.x]
Kong NC, Beran J, Kee SA, Miguel JL, Sánchez C, Bayas JM,
Vilella A, Calbo-Torrecillas F, López de Novales E, Srinivasa K,
Stoffel M, Hoet B. A new adjuvant improves the immune response

June 21, 2015|Volume 21|Issue 23|

Tajiri K et al . HBV vaccination

70

71

72

73

74

75

76

77

78

79

80

81

82

83
84

to hepatitis B vaccine in hemodialysis patients. Kidney Int 2008;
73: 856-862 [PMID: 18160963 DOI: 10.1038/sj.ki.5002725]
Tielemans CL, Vlasak J, Kosa D, Billiouw JM, Verpooten GA,
Mezei I, Ryba M, Peeters PC, Mat O, Jadoul MY, Polakovic V,
Dhaene M, Treille S, Kuriyakose SO, Leyssen M, Houard SA,
Surquin M. Immunogenicity and safety of an investigational
AS02(v)-adjuvanted hepatitis B vaccine in patients with renal
insufficiency who failed to respond or to maintain antibody
levels after prior vaccination: results of two open, randomized,
comparative trials. Vaccine 2011; 29: 1159-1166 [PMID: 21167859
DOI: 10.1016/j.vaccine.2010.12.009]
Yasumura S, Shimizu Y, Yasuyama T, Hiroki O, Okada K,
Tsukishiro T, Tsuchida T, Higuchi K, Watanabe A. Intradermal
hepatitis B virus vaccination for low- or non-responded health-care
workers. Acta Med Okayama 1991; 45: 457-459 [PMID: 1838229]
Das HS, Sawant P, Shirhatti RG, Vyas K, Vispute S, Dhadphale S,
Patrawalla V, Desai N. Efficacy of low dose intradermal hepatitis B
vaccine: results of a randomized trial among health care workers.
Trop Gastroenterol 2002; 23: 120-121 [PMID: 12693152]
Fabrizi F, Andrulli S, Bacchini G, Corti M, Locatelli F. Intradermal
versus intramuscular hepatitis b re-vaccination in non-responsive
chronic dialysis patients: a prospective randomized study with
cost-effectiveness evaluation. Nephrol Dial Transplant 1997; 12:
1204-1211 [PMID: 9198052 DOI: 10.1093/ndt/12.6.1204]
Playford EG, Hogan PG, Bansal AS, Harrison K, Drummond D,
Looke DF, Whitby M. Intradermal recombinant hepatitis B vaccine
for healthcare workers who fail to respond to intramuscular
vaccine. Infect Control Hosp Epidemiol 2002; 23: 87-90 [PMID:
11894838 DOI: 10.1086/502012]
Levitz RE, Cooper BW, Regan HC. Immunization with highdose intradermal recombinant hepatitis B vaccine in healthcare
workers who failed to respond to intramuscular vaccination. Infect
Control Hosp Epidemiol 1995; 16: 88-91 [PMID: 7759824 DOI:
10.2307/30140948]
Ghebrehewet S, Baxter D, Falconer M, Paver K. Intradermal
recombinant hepatitis B vaccination (IDRV) for non-responsive
healthcare workers (HCWs). Hum Vaccin 2008; 4: 280-285 [PMID:
18398298 DOI: 10.4161/hv.4.4.5687]
Fabrizi F, Dixit V, Messa P, Martin P. Intradermal vs intramuscular
vaccine against hepatitis B infection in dialysis patients: a metaanalysis of randomized trials. J Viral Hepat 2011; 18: 730-737
[PMID: 20819147 DOI: 10.1111/j.1365-2893.2010.01354.x]
Barraclough KA, Wiggins KJ, Hawley CM, van Eps CL,
Mudge DW, Johnson DW, Whitby M, Carpenter S, Playford
EG. Intradermal versus intramuscular hepatitis B vaccination
in hemodialysis patients: a prospective open-label randomized
controlled trial in nonresponders to primary vaccination. Am J
Kidney Dis 2009; 54: 95-103 [PMID: 19481320 DOI: 10.1053/
j.ajkd.2009.03.010]
Chanchairujira T, Chantaphakul N, Thanwandee T, Ong-Ajyooth
L. Efficacy of intradermal hepatitis B vaccination compared to
intramuscular vaccination in hemodialysis patients. J Med Assoc
Thai 2006; 89 Suppl 2: S33-S40 [PMID: 17044452]
Whitaker JA, Rouphael NG, Edupuganti S, Lai L, Mulligan MJ.
Strategies to increase responsiveness to hepatitis B vaccination in
adults with HIV-1. Lancet Infect Dis 2012; 12: 966-976 [PMID:
23174382 DOI: 10.1016/S1473-3099(12)70243-8]
Leonardi S, Praticò AD, Lionetti E, Spina M, Vitaliti G, La Rosa M.
Intramuscular vs intradermal route for hepatitis B booster vaccine
in celiac children. World J Gastroenterol 2012; 18: 5729-5733
[PMID: 23155313 DOI: 10.3748/wjg.v18.i40.5729]
Filippelli M, Lionetti E, Gennaro A, Lanzafame A, Arrigo T,
Salpietro C, La Rosa M, Leonardi S. Hepatitis B vaccine by
intradermal route in non responder patients: an update. World J
Gastroenterol 2014; 20: 10383-10394 [PMID: 25132754 DOI:
10.3748/wjg.v20.i30.10383]
Wu JS, Hwang LY, Goodman KJ, Beasley RP. Hepatitis B
vaccination in high-risk infants: 10-year follow-up. J Infect Dis
1999; 179: 1319-1325 [PMID: 10228050 DOI: 10.1086/314768]
Zanetti AR, Mariano A, Romanò L, D’Amelio R, Chironna M,

WJG|www.wjgnet.com

85

86

87

88

89

90

91

92
93

94

95

96
97

98

99

7082

Coppola RC, Cuccia M, Mangione R, Marrone F, Negrone FS,
Parlato A, Zamparo E, Zotti C, Stroffolini T, Mele A. Long-term
immunogenicity of hepatitis B vaccination and policy for booster:
an Italian multicentre study. Lancet 2005; 366: 1379-1384 [PMID:
16226616 DOI: 10.1016/S0140-6736(05)67568-X]
Chaves SS, Fischer G, Groeger J, Patel PR, Thompson ND, Teshale
EH, Stevenson K, Yano VM, Armstrong GL, Samandari T, Kamili S,
Drobeniuc J, Hu DJ. Persistence of long-term immunity to hepatitis
B among adolescents immunized at birth. Vaccine 2012; 30:
1644-1649 [PMID: 22245310 DOI: 10.1016/j.vaccine.2011.12.106]
Lu CY, Ni YH, Chiang BL, Chen PJ, Chang MH, Chang LY, Su
IJ, Kuo HS, Huang LM, Chen DS, Lee CY. Humoral and cellular
immune responses to a hepatitis B vaccine booster 15-18 years
after neonatal immunization. J Infect Dis 2008; 197: 1419-1426
[PMID: 18444799 DOI: 10.1086/587695]
Jan CF, Huang KC, Chien YC, Greydanus DE, Davies HD, Chiu
TY, Huang LM, Chen CJ, Chen DS. Determination of immune
memory to hepatitis B vaccination through early booster response
in college students. Hepatology 2010; 51: 1547-1554 [PMID:
20209603 DOI: 10.1002/hep.23543]
Wiström J, Ahlm C, Lundberg S, Settergren B, Tärnvik A. Booster
vaccination with recombinant hepatitis B vaccine four years after
priming with one single dose. Vaccine 1999; 17: 2162-2165 [PMID:
10367949 DOI: 10.1016/S0264-410X(99)00012-2]
Propst T, Propst A, Lhotta K, Vogel W, König P. Reinforced
intradermal hepatitis B vaccination in hemodialysis patients is
superior in antibody response to intramuscular or subcutaneous
vaccination. Am J Kidney Dis 1998; 32: 1041-1045 [PMID:
9856522 DOI: 10.1016/S0272-6386(98)70081-2]
Are booster immunisations needed for lifelong hepatitis B
immunity? European Consensus Group on Hepatitis B Immunity.
Lancet 2000; 355: 561-565 [PMID: 10683019 DOI: 10.1016/
S0140-6736(99)07239-6]
Wachs ME, Amend WJ, Ascher NL, Bretan PN, Emond J, Lake
JR, Melzer JS, Roberts JP, Tomlanovich SJ, Vincenti F. The risk of
transmission of hepatitis B from HBsAg(-), HBcAb(+), HBIgM(-)
organ donors. Transplantation 1995; 59: 230-234 [PMID: 7839446
DOI: 10.1097/00007890-199501270-00014]
Zanetti AR, Tanzi E, Manzillo G, Maio G, Sbreglia C, Caporaso N,
Thomas H, Zuckerman AJ. Hepatitis B variant in Europe. Lancet 1988;
2: 1132-1133 [PMID: 2460710 DOI: 10.1016/S0140-6736(88)90541-7]
Carman WF, Zanetti AR, Karayiannis P, Waters J, Manzillo G,
Tanzi E, Zuckerman AJ, Thomas HC. Vaccine-induced escape
mutant of hepatitis B virus. Lancet 1990; 336: 325-329 [PMID:
1697396 DOI: 10.1016/0140-6736(90)91874-A]
Ogata N, Zanetti AR, Yu M, Miller RH, Purcell RH. Infectivity and
pathogenicity in chimpanzees of a surface gene mutant of hepatitis
B virus that emerged in a vaccinated infant. J Infect Dis 1997; 175:
511-523 [PMID: 9041321 DOI: 10.1093/infdis/175.3.511]
Hsu HY, Chang MH, Ni YH, Lin HH, Wang SM, Chen DS.
Surface gene mutants of hepatitis B virus in infants who develop
acute or chronic infections despite immunoprophylaxis. Hepatology
1997; 26: 786-791 [PMID: 9303514 DOI: 10.1002/hep.510260336]
Zuckerman AJ. Effect of hepatitis B virus mutants on efficacy of
vaccination. Lancet 2000; 355: 1382-1384 [PMID: 10791517 DOI:
10.1016/S0140-6736(00)02132-2]
Hsu HY, Chang MH, Ni YH, Chen HL. Survey of hepatitis B
surface variant infection in children 15 years after a nationwide
vaccination programme in Taiwan. Gut 2004; 53: 1499-1503
[PMID: 15361503 DOI: 10.1136/gut.2003.034223]
Hsu HY, Chang MH, Ni YH, Chiang CL, Chen HL, Wu JF,
Chen PJ. No increase in prevalence of hepatitis B surface antigen
mutant in a population of children and adolescents who were fully
covered by universal infant immunization. J Infect Dis 2010; 201:
1192-1200 [PMID: 20210630 DOI: 10.1086/651378]
Luongo M, Critelli R, Grottola A, Gitto S, Bernabucci V, Bevini
M, Vecchi C, Montagnani G, Villa E. Acute hepatitis B caused
by a vaccine-escape HBV strain in vaccinated subject: sequence
analysis and therapeutic strategy. J Clin Virol 2015; 62: 89-91
[PMID: 25542480 DOI: 10.1016/j.jcv.2014.11.029]

June 21, 2015|Volume 21|Issue 23|

Tajiri K et al . HBV vaccination
100 Wilson JN, Nokes DJ, Carman WF. The predicted pattern of
emergence of vaccine-resistant hepatitis B: a cause for concern?
Vaccine 1999; 17: 973-978 [PMID: 10067705 DOI: 10.1016/
S0264-410X(98)00313-2]
101 Kramvis A, Kew M, François G. Hepatitis B virus genotypes.
Vaccine 2005; 23: 2409-2423 [PMID: 15752827 DOI: 10.1016/
j.vaccine.2004.10.045]
102 Miyakawa Y, Mizokami M. Classifying hepatitis B virus
genotypes. Intervirology 2003; 46: 329-338 [PMID: 14688448
DOI: 10.1159/000074988]
103 Kurbanov F, Tanaka Y, Mizokami M. Geographical and genetic
diversity of the human hepatitis B virus. Hepatol Res 2010; 40:
14-30 [PMID: 20156297 DOI: 10.1111/j.1872-034X.2009.00601.x]
104 Matsuura K, Tanaka Y, Hige S, Yamada G, Murawaki Y, Komatsu
M, Kuramitsu T, Kawata S, Tanaka E, Izumi N, Okuse C, Kakumu
S, Okanoue T, Hino K, Hiasa Y, Sata M, Maeshiro T, Sugauchi F,
Nojiri S, Joh T, Miyakawa Y, Mizokami M. Distribution of hepatitis
B virus genotypes among patients with chronic infection in Japan
shifting toward an increase of genotype A. J Clin Microbiol 2009;
47: 1476-1483 [PMID: 19297602 DOI: 10.1128/JCM.02081-08]

105 Cassidy A, Mossman S, Olivieri A, De Ridder M, Leroux-Roels
G. Hepatitis B vaccine effectiveness in the face of global HBV
genotype diversity. Expert Rev Vaccines 2011; 10: 1709-1715
[PMID: 22085174 DOI: 10.1586/erv.11.151]
106 Hamada-Tsutsumi S, Iio E, Watanabe T, Murakami S, Isogawa
M, Iijima S, Inoue T, Matsunami K, Tajiri K, Ozawa T, Kishi
H, Muraguchi A, Joh T, Tanaka Y. Validation of cross-genotype
neutralization by hepatitis B virus-specific monoclonal antibodies
by in vitro and in vivo infection. PLoS One 2015; 10: e0118062
[PMID: 25693196 DOI: 10.1371/journal.pone.0118062]
107 Chen HL, Lin LH, Hu FC, Lee JT, Lin WT, Yang YJ, Huang FC,
Wu SF, Chen SC, Wen WH, Chu CH, Ni YH, Hsu HY, Tsai PL,
Chiang CL, Shyu MK, Lee PI, Chang FY, Chang MH. Effects of
maternal screening and universal immunization to prevent motherto-infant transmission of HBV. Gastroenterology 2012; 142:
773-781.e2 [PMID: 22198276 DOI: 10.1053/j.gastro.2011.12.035]
108 Shi Z, Li X, Ma L, Yang Y. Hepatitis B immunoglobulin injection
in pregnancy to interrupt hepatitis B virus mother-to-child
transmission-a meta-analysis. Int J Infect Dis 2010; 14: e622-e634
[PMID: 20106694 DOI: 10.1016/j.ijid.2009.09.008]
P- Reviewer: Chiu KW, Frider B S- Editor: Qi Y L- Editor: A
E- Editor: Ma S

WJG|www.wjgnet.com

7083

June 21, 2015|Volume 21|Issue 23|

World J Gastroenterol 2015 June 21; 21(23): 7084-7088
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i23.7084

© 2015 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Novel therapeutic approaches for hepatitis B virus
covalently closed circular DNA
Motoko Ohno, Motoyuki Otsuka, Takahiro Kishikawa, Takeshi Yoshikawa, Akemi Takata, Kazuhiko Koike
(cccDNA), which persists in hepatocyte nuclei. As HBV
cccDNA is a viral transcription template, novel therapeutic
approaches to directly target HBV cccDNA are necessary
to completely eradicate persistent HBV infections.
HBV cccDNA levels in HBV-infected human liver cells
are extremely low; thus, more reliable and simple
measurement methods are needed to correctly monitor
their levels during therapeutic treatment. Although
reverse transcription-polymerase chain reaction or
Southern blot procedures are currently used in research
studies, these methods are not completely reliable and
are also time-consuming and labor-intensive. Genome
editing technologies, such as zinc finger nucleases,
transcription activator-like effector nucleases, and
the clustered regularly interspaced short palindromic
repeats/Cas9 (CRISPR/Cas9) system, which are designed
to target specific DNA sequences, represent highly
promising potential therapeutic tools. In particular, the
CRISPR/Cas9 system is an easily customizable sequencespecific nuclease with high flexibility and may be the
most feasible approach to target HBV cccDNA. Further
research to develop easier, safer, and more effective
protocols should be pursued.
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Core tip: Hepatitis B virus (HBV) infection is a global
health problem. Because current therapeutic approaches
do not eliminate HBV nuclear covalently closed circular
DNA (cccDNA), novel therapeutics to target cccDNA
are needed to eradicate HBV infection. Genome editing
technologies are expected to be promising therapeutic
options against HBV cccDNA. In particular, the clustered
regularly interspaced short palindromic repeats/Cas9
system is an easily customizable sequence-specific
nuclease with great flexibility and may be the most
feasible approach to target HBV cccDNA, as further
research studies develop more effective protocols.

Abstract
Hepatitis B virus (HBV) infection is a major global health
problem. Although current therapies, such as the use of
nucleos(t)ide analogs, inhibit HBV replication efficiently,
they do not eliminate covalently closed circular DNA
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Hepatitis B virus (HBV) infection is a major global health
problem, despite the availability of effective vaccines.
Approximately 2 billion people are infected with HBV,
[1]
and over 350 million patients are chronic HBV carriers .
Chronic hepatitis B leads to a risk of liver cirrhosis
and hepatocellular carcinoma, and more than 700000
[2]
people die from HBV-associated diseases each year .
Nucleos(t)ide analogs and interferon (IFN) are the
currently available treatments for chronic hepatitis B.
Although nucleos(t)ide analogs efficiently inhibit HBV
replication, they do not completely eliminate HBV, and
stopping treatment can result in viral relapse, which
is why patients must be administered nucleos(t)ide
analog for life once treatment has begun. Moreover,
HBV can develop resistance to drugs over the long
term. High-dose INF-α may help degrade nuclear
[3]
viral DNA , but the effect is limited, and the adverse
systemic events of high doses are not well tolerated by
most patients. Therefore, novel therapeutic options to
completely eradicate HBV infection are needed.

Pre C

DR2
Polymerase
X

Figure 1 Hepatitis B virus genome. Hepatitis B virus is of the Hepadnaviridae
family and has a 3.2 kb partially double-stranded relaxed circular DNA (rcDNA)
as its genome. The genome consists of four genes: C, P, S and X, which
partially overlap. The genes encode core protein, DNA polymerase (reverse
transcriptase), surface envelope protein, and X protein.

MEASURING CCCDNA LEVELS
The cccDNA levels in HBV-infected human liver cells
[4]
are low, ranging from 1 to 50 copies per hepatocyte .
Therefore, stable and simple methods to measure
cccDNA are necessary to evaluate HBV infection
status and to assess the effects of antiviral treatment.
Two methods are mainly used to measure cccDNA
levels. Real-time polymerase chain reaction (PCR)
amplification with specific primers detects cccDNA.
However, PCR amplification can also include noise
derived from other co-extracted viral DNA, leading to
unreliable results. Southern blotting detects cccDNA
directly and can distinguish cccDNA from other viral
[5,6]
DNAs via the migration distance in electrophoresis .
However, Southern blotting is not convenient and is
time-consuming. Furthermore, supercoiled cccDNA may
be nicked during the DNA extraction procedure, which
can change the cccDNA structure and its electrophoretic
pattern; thus, the extraction step must be performed
carefully. These procedures are frequently utilized in
research, but they need to be refined to establish more
reliable and convenient protocols.

HBV LIFE CYCLE
HBV is a DNA virus with a 3.2 kb-long partially
double-stranded relaxed circular DNA (rcDNA) as its
genome (Figure 1). Covalently closed circular DNA
(cccDNA) is formed from the conversion of rcDNA
after HBV infection. HBV cccDNA exists persistently
in hepatocyte nuclei in an episomal state, where it
acts as a viral transcription template. Transcribed
RNA, known as pregenomic RNA (pgRNA), serves as
mRNA for the viral proteins or serves as a template for
the viral genome DNA through reverse transcription.
Cytoplasmic pgRNA and the P protein (viral reverse
transcriptase) are co-packaged into viral envelope
proteins, and rcDNA is produced from the reverse
transcription of pgRNA. Nucleocapsids containing
rcDNA are released from the host cell as virions or are
converted to cccDNA in the nucleus (Figure 2).
Nucleos(t)ide analogs, the primary drugs that are
currently used to treat patients with chronic hepatitis
B, restrain HBV replication by inhibiting pgRNA
reverse transcription into rcDNA. However, they do
not eliminate nuclear cccDNA, which is responsible for
the persistence of an HBV infection. Therefore, novel
therapeutic approaches to target HBV cccDNA are
urgently needed.
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IMMUNE-BASED THERAPIES
Immune-based therapies have been applied to
eradicate persistent HBV infections. IFN-α exerts
immunomodulatory and antiviral effects leading
to HBeAg seroconversion or normalization of ALT.
However, its effect is limited and associated with
many adverse events, such as flu-like symptoms,
bone marrow suppression, fatigue, impaired glucose
tolerance, and depression. A recent study reported
that IFN-α and lymphotoxin(LT)-β receptor activation
pathways can degrade cccDNA through deamination
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Figure 2 Life cycle of hepatitis B virus. After hepatitis B virus (HBV) virions infect hepatocytes, relaxed circular DNA (rcDNA) enters the nucleus and is converted
to covalently closed circular HBV DNA (cccDNA). HBV cccDNA persists in the nucleus as a mini-chromosome. HBV pregenomic RNA (pgRNA) is transcribed from
cccDNA and acts as the viral protein mRNA. HBV pgRNA is co-packaged with reverse transcriptase in capsids and is reverse-transcribed into rcDNA. Nucleocapsids
containing rcDNA are released from the host cell as virions.

by APOBEC3A and 3B, and the LT-β receptor agonist is
[3]
effective at low doses without toxicity . These results
indicate that cytokines or cytokine receptor agonists
that can induce cccDNA deamination and degradation
may be potential therapeutic candidates against HBV
with minimal side effects.

The CRISPR/Cas system has rapidly developed
as a novel genome editing tool, which is more easily
[8]
customizable than ZFNs and TALENs . It is derived
from the acquired immune system of bacteria and
archaea against invading foreign DNA. The type
Ⅱ CRISPR/Cas system of Streptococcus pyogenes
has been utilized for research. It consists of a Cas9
nuclease and a single guide RNA (sgRNA), which
leads Cas9 to the target site. A 20-nt complementary
sequence to the target DNA is positioned at the 5′
end of the sgRNA, which is adjacent to the 5′ part
of a proto spacer adjacent motif (PAM) matching
the 5′-NGG sequence. The Cas9/sgRNA complex is
guided to the target site via RNA-DNA complementary
base pairing, and induces site-specific double-strand
breaks (Figure 3). This system can be used flexibly by
designing sgRNA to any sequences with the PAM form.
Although the CRISPR/Cas9 system has been
simulated using mathematical models as a therapeutic
[14]
option against HBV cccDNA
and is being used
to target various sites of cccDNA in some recent
[15-17]
reports
, the protocols need to be improved. The
efficiency is still limited, as the appropriate methods
to deliver the nuclease into target cells have not been
established. Delivery methods via viral vectors, plasmid
DNA expressing Cas9 and sgRNAs, in vitro transcribed
[18]
Cas9 mRNA and sgRNAs are currently used .
However, the conventional transfection methods of
plasmid DNA or mRNA, such as electroporation or
cationic lipids, are inefficient, transient, and confined
to certain cell lines. Viral vectors, including adenoviral
and lentiviral vectors, can more efficiently deliver the
nucleases compared to the transfection methods. Up to
now, some studies targeting cccDNA via the CRISPR/

GENOME EDITING TECHNOLOGIES
For the complete eradication of HBV, it is necessary to
target persistent cccDNA. Genome editing technologies,
such as zinc finger nucleases (ZFNs), transcription
activator-like effector nucleases (TALENs), and the
clustered regularly interspaced short palindromic
repeats/CRISPR associated (CRISPR/Cas) system,
have attracted attention as potential therapeutic
[7-9]
tools . ZFNs and TALENs are engineered chimeric
nucleases with sequence-specific binding domains
and Fok1 nuclease domains that function as dimers
and induce DNA double-strand breaks at specific
target sites. These technologies have been used in
genetic engineering in various fields, including HBV
therapeutics, although certain limitations remain. ZFN
specificity can be altered by context-dependent effects
caused by interactions among neighboring zinc fingers
[10]
of the DNA binding domain . TALENs are better than
ZFNs in regard to DNA specificity, but the large size of
TALENs is a disadvantage, that makes delivery by viral
[11]
vectors difficult . ZFNs and TALENs have been used
to target HBV cccDNA and have yielded some favorable
[12,13]
effects
. However, both of ZFNs and TALENs
require a pair of site-specific nucleases for each target,
and thus, substantial efforts are needed to produce
customized proteins.
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therapeutic options using genome editing technology.
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To eradicate HBV infections, we should develop
novel therapeutics to target cccDNA, which works
as a reservoir of virus within nuclei. Genome editing
technologies, which can cleave specific DNA sequences,
have recently emerged and are expected to be potential
therapeutic utilities. Among them, the CRISPR/Cas9
system may be the most feasible approach for targeting
HBV cccDNA. It is necessary to further improve the
strategy to maximize the effects and minimize toxicity
in the future.
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2015 Advances in Irritable Bowel Syndrome

Food allergy in irritable bowel syndrome: the case of non-celiac
wheat sensitivity
Pasquale Mansueto, Alberto D’Alcamo, Aurelio Seidita, Antonio Carroccio
with IBS attribute their symptoms to adverse food
reactions. We review the role of diet in the pathogenesis
of IBS and the importance of dietary factors in the
management of these patients. The MEDLINE electronic
database (1966 to Jan 2015) was searched using
the following keywords: “food”, “diet”, “food allergy”,
“food hypersensitivity”, “food intolerance”, “IBS”,
“epidemiology”, “pathogenesis”, “pathophysiology”,
“diagnosis”, “treatment”. We found 153 eligible papers;
80 were excluded because: not written in English,
exclusive biochemical and experimental research, case
reports, reviews, and research otherwise not relevant to
our specific interest. We selected 73 papers: 43 original
papers, 26 reviews and 4 letters to the editor. These
papers focused on IBS pathogenesis, the association
between IBS and atopy, and between IBS and food
allergy, the relationship between IBS and non-celiac
wheat sensitivity, the role of diet in IBS. Pending further
scientific evidence, a cautious approach is advisable
but the concept of food allergy should be included as a
possible cause of IBS, and a dietary approach may have
a place in the routine clinical management of IBS.
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Core tip: starting from the late evidences about the
non-celiac wheat sensitivity, we reviewed the role of
diet in the pathogenesis of irritable bowel syndrome and
the importance of dietary factors in the management of
these patients. We found 183 papers about the matter,
selecting 73 for review. We concluded that food allergy
could be a possible cause of irritable bowel syndrome,
and a dietary approach should be implemented in
clinical practice.

Abstract
Irritable bowel syndrome (IBS) is one of the most
common gastrointestinal disorders, having a prevalence
of 12%-30% in the general population. Most patients
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controversial
. This represents a glaring gap that
needs to be addressed.

Mansueto P, D’Alcamo A, Seidita A, Carroccio A. Food allergy
in irritable bowel syndrome: the case of non-celiac wheat
sensitivity. World J Gastroenterol 2015; 21(23): 7089-7109
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i23/7089.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i23.7089

METHODOLOGY OF THE REVIEW
Recently published data on the relationship between
gastrointestinal functional disorders (including IBS)
and adverse food reactions showed that the number
of studies has increased since 2000: from 54 to 77
publications per 2.5-year interval for “adverse food
reactions”, and from 454 to 991 for “food allergy”, up
[24]
to June 2013 . The present review aims to elucidate
the role of diet in the pathogenesis of IBS and the
importance of dietary factors in the management of
these patients. We searched the MEDLINE electronic
database (1966 to Jan 2015) using the following
keywords alone and in different combinations: “food”,
“diet”, “food allergy”, “food hypersensitivity”, “food
intolerance”, “IBS”, “epidemiology”, “pathogenesis”,
“pathophysiology”, “diagnosis”, and “treatment”. The
search was restricted to papers published in English
or at least having an abstract in English. We retrieved
potentially relevant articles and reviewed their
reference lists to identify studies missed by our search
strategy. At the end of our search, we found a total
of 153 eligible papers; 80 were excluded because:
not written in English, exclusive biochemical and
experimental research, case reports, reviews reporting
data of the same original studies, and research
otherwise not relevant to our specific interest (i.e.,
matching error). In the end we selected 73 papers,
specifically 43 original papers, 26 reviews, and 4
letters to editor.

INTRODUCTION
With prevalence ranging from 12%-30% of the general
population, and even if it is only 5%-10% using recent
diagnostic criteria, irritable bowel syndrome (IBS) is one
of the most common gastrointestinal disorders. The
disease is usually diagnosed in younger patients (i.e.,
[1,2]
< 50 years of age) and is more common in women .
It has always been counted among the chronic
functional gastrointestinal disorders, characterized by
abdominal discomfort or pain, abnormal bowel habits,
and often bloating and abdominal distension. Symptom
patterns remain the cornerstone of diagnosis and
classification of functional gut disorders (i.e., the Rome
Ⅲ criteria). They may be categorized as diarrheapredominant (D-IBS), constipation-predominant
(C-IBS), mixed diarrhea and constipation (M-IBS), and
[3,4]
unclassified (U-IBS) IBS . Although IBS does not
seem to be associated with the development of serious
diseases or mortality, it reduces the patient’s quality of
life considerably. Symptom severity varies in different
patients, from tolerable to severe, interfering with daily
activity, causing an impairment similar to some major
chronic diseases, such as congestive heart failure,
[5,6]
hepatic cirrhosis, renal insufficiency, and diabetes .
Data from an international survey on 1966 responding
IBS patients (83% female, 91% white, 78% United
States/Canada), stressed the relevance of impaired
health status: restriction of 73 d/year of activity on
average, poor health-related quality of life, particularly
with dietary restrictions, mood disturbance, and
interference with daily activity. To receive treatment
that would make them symptom-free, patients would
give up 25% of their remaining life (average 15 years),
[7]
and 14% would risk a 1/1000 chance of death .
In addition, this condition represents an economic
burden to society as a result of the low productivity
of IBS patients and the excessive use of healthcare
[8,9]
resources . Conventional IBS treatment consists
of antispasmodics, antidepressants, and medications
modifying bowel habit, depending on whether diarrhea
or constipation is the predominant disorder. The
notorious long-term inadequacies of current drug
therapy lead to much patient dissatisfaction, and a
tendency for patients to seek a variety of alternative
[10,11]
remedies, especially of a dietary nature
, because
20%-65% of them attribute their symptoms to
[12-14]
adverse food reactions
. However, there are
surprisingly few studies focusing on the relationship
between IBS symptoms and diet, thus this issue is still
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IBS PATHOGENESIS: NOT ONLY
A SOMATIZATION DISORDER
To date IBS pathogenesis remains uncertain, even
though multiple factors, such as altered small bowel
and/or colonic motility (slow, fast or uncoordinated),
visceral hypersensitivity (“visceral hyperalgesia”),
imbalance in neurotransmitters, genetic factors,
psychological dysfunction, infections, and inflammation,
may lead to the development and maintenance of
[25,26]
symptoms
.
The evidence of a correlation between IBS and the
microorganisms that reside in the gut in physiological
or pathological conditions has been highlighted in an
IBS patient subgroup. Some authors point to a small
intestinal bacterial overgrowth (SIBO)-like condition
as one possibility, whose diagnosis is often based on
indirect measures (lactulose breath test), leading to
symptoms due to fermentation and gas production
[27,28]
in the small intestine
. In this context, some IBS
patients describe acute onset of persistent symptoms
after an episode of gastroenteritis, characterized by at
least two of the following: fever, vomiting, diarrhea,
or positive stool culture. New IBS onset develops after
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infective gastroenteritis in 4%-31% of people, and
the odds of developing IBS seem to be significantly
higher in subjects with prior gastroenteritis compared
[29-34]
to controls
. These data are confirmed by the
prevalence of post-infection IBS among patients
[35,36]
with IBS that ranges between 3% and 35%
.
Nevertheless, a simple explanation of post-infection
IBS does not yet exist, but enteric infections surely
affect gut physiology, causing a persistent low-grade
[37]
mucosal inflammation in some patients .
Colon mucosa histology of patients with IBS who
did not describe any pre-existing acute infection
gastroenteritis found similar low-grade inflammatory
changes on post-infection patients, suggesting a
[38,39]
more general “inflammatory hypothesis” for IBS
.
Furthermore, this mucosal inflammation could be a
clue for a role of food allergy in an IBS subgroup;
histology can be characterized by increased numbers
[40-47]
of jejunum and terminal ileal mucosa mast cells
,
[46,48,49]
eosinophils
, T lymphocytes [T helper (TH)2 and
[47,49-51]
[52]
TH17]
, B lymphocytes and plasma cells . This
inflammatory infiltrate causes typical abnormalities on
the intestinal nerve plexus and nociceptive structures: i.e.,
association of mast cells to enteric and colonic visceralnociceptive sensory neurons, unmyelinated nerves
in the lamina propria at the ileo-caecal junction, and
[53-56]
substance-P positive nerves
, and direct T cell-neural
interaction, lymphocyte infiltration in the myenteric
[57]
plexus , and increased circulating gut-homing
[58]
lymphocytes expressing β7 integrin . Obviously, an
intense pattern of expression of pro-inflammatory and
neuro-stimulating molecules support such substantial
change in the normal intestinal mucosa morphostructural
framework. Specific histopathology staining has found
increased tissue concentration of histamine (and H1R
[59-61]
[62,63]
and H2R receptors)
, serotonin
, substance P,
[64]
vasoactive intestinal peptide , inducible nitric oxide
[65,66]
synthase (iNOS)
, pro-inflammatory cytokines [i.e.,
interferon (IFN)-γ, interleukin (IL)-1β, tumor necrosis
factor (TNF)-α, IL-4 and IL-13 [(the latter are TH2
cytokines, leading to up-regulation of transforming
growth factor (TGF)-β and increased cyclooxygenase-2
and prostaglandin E2 expression within smooth muscle)],
chemotactic chemokines [i.e., monocyte chemotactic
protein-1 (CCL2), macrophage inflammatory protein-1β
[67,68]
(CCL4), and CXCL16]
, and a high TNF-producer/low
[69]
IL-10-producer cell phenotype . Strengthening the role
of inflammation, increased fecal levels of IgE, tryptase,
eosinophil cationic protein and eosinophil protein X
[70-74]
have also been found
. All these quantitative data
suffer from a great overlap between IBS patients and
controls; however, it is generally accepted that the
mucosal immune system seems to be activated in at
least a subset of patients suffering from IBS. In these
subjects it is noteworthy that mucosal inflammation
and local activation of the immune system can be
attributable to either exogenous factors, including food
antigens and changes in the resident microbial flora,
or endogenous chemical irritants, such as bile salts.
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Mucosal immune cell activation results in changes in
the function of submucosal and myenteric neurons,
linking these two effector systems in the genesis of
gastrointestinal function disorders (e.g., intestinal
permeability, secretion, absorption, blood flow, visceral
[33,38,39,74,75]
sensitivity, and motility)
.
On the other hand, the classical pathogenic
hypothesis is that IBS represents a disturbance of
the “brain-gut axis”, referring to the bi-directional
communication between the gut (luminal wall and
enteric nervous system) and the central nervous
system, including the hypothalamic-pituitary axis.
In this context female gender, family history of IBS,
history of physical or sexual abuse, and co-morbid
psychiatric disorders are strong IBS risk factors. In
addition, up to 70% of the patients referred to tertiary
centers with IBS meet diagnostic criteria for anxiety or
[76-78]
depression
. However, a link between this “classical
pathogenesis” and inflammation exists. Some studies
sustain that stressful early life events and/or psychiatric
co-morbidity mediate low-level inflammation and
mast cell and lymphocyte infiltration of the bowel.
Many studies on IBS link the events observed at the
cellular level to anxiety and depression. Increased
gastrointestinal symptoms, due to stronger intestinal
cell immune activity, are directly linked to anxiety
and depression. Furthermore, a certain correlation
has been shown between inflammatory cytokine
release (IL-1β, IL-6, and TNF-α,) and mood. These
data support the histopathology evidence promoting
the idea of a three-way relationship between IBS (as
well as other functional gastrointestinal disorders),
[79-81]
mood disturbance, and immune dysregulation
.
Further complicating this framework is the established
existence of a complex immune response system, which
cannot be reduced only to TH1 and TH2 responses, but
includes several pathways described as a mosaic of
overlapping TH1/TH2 responses mediated by TH17 and
[82]
TH22 cells .

ATOPY AND IBS
It has been suggested that IBS, and its related lowgrade inflammation, can be the expression of a
systemic allergic (or “atopic”) disorder induced by
foods (food allergy or food hypersensitivity). Several
lines of evidence support this hypothesis (Table
1). An increased airway responsiveness to inhaled
methacholine and/or reversibility with bronchodilators
has been shown in IBS patients with no clinical
evidence of asthma or other atopic disease compared
to control groups (i.e., positive disease controls with
[83,84]
inflammatory bowel disease and healthy controls)
.
Nevertheless, contrasting data come from a study
on 42 IBS patients and 42 matched healthy controls
that does not confirm increased bronchial hyper[85]
responsiveness .
Analysis of this same issue from the opposite point
of view has evidenced that patients with bronchial
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Table 1 Summary of studies on irritable bowel syndrome and atopy
Ref.

Study design

White et al[83], 1991

Case-control
observational
study

Yazar et al[84], 2001

Case-control
observational
study

Jun et al[85], 2005

Case-control
observational
study
Case-control
observational
study

Roussos et al[86], 2003

Ozol et al[87], 2006

Case-control
observational
study

Powell et al[88], 2007

Retrospective
study

Cole et al[89], 2007

Nested casecontrol study

Huerta et al[90], 2002

Population-based
cohort study

Panicker et al[91], 2008

Case-control
observational
study

Hunskar et al[92], 2012

Cohort study

Tobin et al[93], 2008

Prospective study

Jones et al[94], 2014

Retrospective
study

Olén et al[96], 2014

Birth cohort study

Smith et al[97], 1985

Prospective study
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Patients

Topic

Main results

11 IBS patients
IBS and
FEV1 reduction induced by methacholine in IBS patients was
11 healthy
bronchial hyper- significantly greater than that observed in healthy subjects. FEV1
controls
responsiveness
decrease in patients with organic disease was not different from
11 organic gut
that in normal subjects
diseases patients
133 IBS patients IBS and asthma
Twenty-one (15.8%) IBS patients and 2 (1.45%) patients from the
137 healthy
control group had the diagnosis of asthma. FEV1, flow after 50% of
controls
the vital capacity has been exhaled, peak expiratory flow rate, and
maximal mid-expiratory flow rate were significantly different
42 IBS patients
IBS and
No statistical difference was found between the two groups with
42 healthy
bronchial hyperrespect to FEV1, FVC, FVC/FEV1, and FEF(25-75)
controls
responsiveness
150 asthma
IBS and asthma
IBS prevalence was significantly higher in asthmatics (62/150,
patients
41.3%) than in subjects with other pulmonary disorders (29/130,
130 other
22.3%) and healthy controls (25/120, 20.8%). None of the asthma
pulmonary
medications were associated with increased or decreased likelihood
disease patients
of IBS
120 healthy
controls
125 asthma
IBS and asthma IBS was found in 29.6% and 12.7% (P < 0.005) respectively of asthma
patients
patients and healthy controls. Food allergy was reported in 7.2%
95 healthy
and 2.1% (P > 0.05) respectively for the two groups. No significant
controls
association between asthma related parameters, IBS, and food
allergy could be found
7235 patients
IBS, asthma and IBS was more common in patients with asthma (9.9%) and allergic
attending a
allergic rhinitis rhinitis (7.9%) compared to patients with chronic diseases (4.9%, P <
general practice
0.002 and 4.9%, P < 0.05 respectively) or the remaining non-asthmatic
population (5.5%, P < 0.001 and 5.5%, P < 0.02 respectively)
91237 people with IBS and asthma Incidence of IBS among people with asthma was 20% higher than
asthma
in non-asthmatic patients; no association was found between oral
24518 people
steroid intake and IBS among people with asthma
without asthma
50000 people with IBS and asthma IBS incidence in the asthma cohort was 2.5 per 1000 persons/years
asthma
and 2.0 in the general population, with a RR of 1.3. In the asthma
50000 people
cohort, oral steroid users had RR of 0.5 for developing IBS, without
without asthma
any difference between short- and long-term users
138 asthma
IBS and asthma
A large proportion (39.13%) of asthmatics had IBS compared to
patients
controls (7.93%) (P < 0.001). IBS was reported in 87% of cases using
145 healthy
inhalers, and in 13% with additional oral theophylline (P < 0.001).
controls
As many as 66.6% cases, had IBS with relatively short duration of
asthma (1-5 yr, P < 000)
817 subjects
Post-infection
IBS was found in 47.8% of subjects with asthma compared with
exposed to giardia IBS and asthma
45.3% in those without asthma (P = 0.662) in the giardia exposed
1128 subjects not
group. For controls, corresponding percentages were 23.9% and
exposed to giardia
12.2% (P < 0.001)
125 consecutive:
IBS and atopic
The likelihood of IBS was significantly higher in patients with
allergy/
diseases
seasonal allergic rhinitis (2.67 times; P = 0.03), allergic eczema (3.85
immunology
times; P = 0.001), and depression (2.56 times; P = 0.04). Patients
(n = 39),
reporting atopic symptoms (seasonal allergic rhinitis, asthma, and
gastroenterology
allergic eczema) were 3.20 times (95%; P = 0.02) more likely to fulfill
(n = 36)
IBS criteria
general medicine
(n = 50)
30000 patients FGIDs and atopic In patients suffering from IBS alone, functional dyspepsia alone
from primary care
diseases
and multiple functional gastrointestinal disorders, there was higher
medical records
asthma prevalence compared to controls (OR = 1.43, 1.41 and 1.92
respectively)
2610 children
Recurrent
237 (9%) children reported abdominal pain when 12 yr old. Asthma
abdominal
in the first two years of life and food allergy at age 8 yr were
pain and atopic
significantly associated with abdominal pain at 12 yr (P < 0.001).
diseases in
There was an increased risk of abdominal pain at 12 yr in children
children
sensitized to food allergens at 4 or 8 yr
29 patients with
Self17 (60%) of the 26 patients were positive to skin prick tests to
perceived food
reported food
inhalant allergens
hypersensitivity hypersensitivity
and allergy
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Lillestøl et al[98], 2010

Prospective study

Berstad et al[99], 2012

Prospective study

Lind et al[100], 2013

Case-control
observational
study

McKee et al[12], 1987

Observational
study

Heizer et al[17], 2009

Review

Zar et al[101], 2005

Prospective study

Atkinson et al[102], 2004

Randomized trial

Bolin[103], 1980

Randomized trial

Paganelli L et al[104], 1990

Prospective study

Lunardi et al[105], 1991
Stefanini et al[106], 1992

Double-blind
cross-over trial
Prospective study

Stefanini et al[107], 1995

Multicenter trial

Leri et al[108], 1997

Randomized
study

71 patients with Self-reported food
66 (93%) patients suffered from IBS and 43 (61%) had atopic
perceived food
hypersensitivity diseases (predominantly rhinoconjunctivitis). Atopic patients had
hypersensitivity
and allergy
increased density of IgE-bearing cells and intestinal permeability
but gastrointestinal symptoms did not differ between groups (P =
0.02). IgE-positive cells and intestinal permeability did not differ
between patients who were sensitized to inhalants and those who
were only sensitized to food
84 patients with Self-reported food 83 patient were diagnosed with IBS, 58% with severe symptoms.
perceived food hypersensitivity,
85% reported symptoms suggestive of chronic fatigue and 71%
hypersensitivity
IBS, chronic
fibromyalgia. These symptoms could not be explained either by
fatigue and
IgE-mediated food allergy or by organic pathology
fibromyalgia
38 patients with Self-reported food FIS scores were higher in patients (median 85.0, interquartile range
self-reported food hypersensitivity, 36.8-105.3) than in controls (median 14.0, interquartile range 3.0-29.0,
allergy
IBS, fatigue
P ≤ 0.0001)
42 healthy
controls
40 IBS patients
IBS and
Patients received an antigen-exclusion. 15% showed improvement
elimination diet
in their IBS-symptoms. A further 12.5% reported increased wellbeing but this did not seem to be related to the exclusion of any
particular food. The diarrhea prevalent subgroup responded the
best (3/8) whereas the constipation subgroup consistently failed to
improve
NA
IBS and
25% of IBS patients reported their symptoms may be caused or
elimination diet exacerbated by one or more dietary components. Diet restricted in
fermentable, poorly absorbed carbohydrates, including fructose,
fructans, sorbitol, and other sugar alcohols seemed to be beneficial
25 IBS patients
IBS and
Patient IgG4 antibodies to milk, eggs, wheat, beef, pork and
elimination diet
lamb were measured, and were commonly elevated. Significant
improvement was reported in pain severity (P < 0.001), pain
frequency (P = 0.034), bloating severity (P = 0.001), satisfaction with
bowel habits (P = 0.004) and effect of IBS on life in general (P = 0.008)
at 3 and 6 mo of elimination diet
150 IBS patients
IBS and
Patients received either a diet excluding all foods to which they had
elimination diet raised IgG antibodies or a sham diet for 3 mo. The true diet resulted
in a 10% (26% in fully compliant) greater reduction in symptom
score than the sham diet
20 patients
IBS and DSCG
18 patients reported significant improvement in diarrhea while
suffering from
taking sodium cromoglycate and this did not correlate with the
persistent
presence of other atopic diseases, history of food intolerance, or
diarrhea
lactase deficiency
14 IBS patients
IBS, elimination
7 (50%) patients improved after elimination diet with (5/7) and
diet and DSCG
without (2/5) DSCG
20 IBS patients
IBS and DSCG
18 patients completed the study; analysis of patients' diary card
scores showed a statistically significant difference in favor of DSCG
101 IBS patients
IBS, atopy and Patients were then tested for 48 commercial alimentary antigens by
(diarrhea type)
DSCG
SPT and underwent 8 wk of oral DSCG. Symptom improvement
was observed in 67% of the 74 SPT-positive patients, whereas only
in 41% of the 27 SPT-negative patients
428 IBS patients IBS, elimination IBS symptoms improved in 60% of patients treated with elimination
(diarrhea type)
diet and DSCG diet and in 67% of those treated with DSCG. In both groups clinical
results were significantly better in the patients positive to the skin
prick test than in the negative ones
120 IBS patients IBS, elimination
66 patients had positive SPT; they were randomly treated with
(diarrhea type)
diet and DSCG elimination diet (30) or with elimination diet plus DSCG. 18 (60%)
of the 30 patients that had received the only exclusion diet reported
symptom improvement, whereas 32 of the 36 patients (89%) who
had undergone both dietary and DSCG treatments showed an
improvement that was clinically and statistically significant (P =
0.01)

DSCG: Disodium cromoglycate; FCV: Forced vital capacity; FEF: Forced expiratory flow; FEV1: Forced expiratory volume in 1 s; FGIDs: Functional
gastrointestinal disorders; FIS: Fatigue impact scale; IBS: Irritable bowel syndrome; RR: Relative risk; SPT: Skin prick test; NA: Not available.
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asthma and allergic rhinitis (or other atopic disease)
have higher prevalence of IBS compared to patients
suffering from other pulmonary disorders and healthy
[86,87]
[88]
subjects
. For example, Powell et al , in a
retrospective case control study of more than 7000
patients in a general practice setting in the United
Kingdom, demonstrated an excess of IBS among
patients with general practitioner-diagnosed allergic
conditions (bronchial asthma and allergic rhinitis).
The odds ratio (OR) for IBS among bronchial asthma
patients was two-fold that of controls, indicating a
[88]
substantial association between these conditions .
[89]
Cole et al found a similar pattern for IBS prevalence
in asthmatics; no association was found in this study
with the asthma therapy (e.g., use of oral steroids),
but another study showed reduction of risk of IBS
development in asthma patients by use of oral steroids.
These findings could suggest a beneficial effect of
steroid treatment in IBS, thus entailing a possible role
[90]
of inflammation in IBS pathogenesis . Their findings
[91]
were replicated by Panicker et al , who reported an
OR for IBS of almost 3 in an allergy out-patient sample
[92]
in Kuwait, and afterwards by Hunskar et al
in
[93]
Norway. In 2008, a prospective study by Tobin et al
used structured questionnaires administered to 125
consecutive patients admitted to allergy/immunology,
gastroenterology, and general medicine clinics to
confirm this evidence. The allergy/immunology clinic
reported a significantly higher rate of IBS than the
general medicine clinic, and surprisingly similar to that
reported in the gastroenterology department. Patients
reporting atopic symptoms (seasonal allergic rhinitis,
asthma, and allergic eczema) were 3.20 times more
likely (95%CI: 1.20-8.50, P = 0.02) to fulfill the criteria
for IBS. Therefore, the authors defined a subgroup
of IBS patients (“atopic IBS”) who have typical IBS
symptoms in association with atopic manifestations.
Significantly, the likelihood of IBS was significantly
[93]
higher in patients also suffering from depression .
[94]
More recently, Jones et al
examined the matching
of IBS, functional dyspepsia, and chronic idiopathic
constipation diagnosis, with 4 atopic conditions (allergic
rhinitis/hay fever, conjunctivitis, eczema and bronchial
asthma) from 30000 primary care medical records in
the United Kingdom, using the Health Improvement
Network (THIN), over a minimum 5 year period. The
validity of gastrointestinal disorder diagnoses has been
shown, and the diagnostic records in THIN have been
[95]
validated . The authors considered factors known
to be involved in functional gastrointestinal disorders,
including age, gender and mood disorders (i.e., anxiety
and depression) to determine whether these factors
may explain the association. Atopic conditions were
found in excess among all functional gastrointestinal
disorder groups compared to controls. In particular, in
the groups with IBS alone, functional dyspepsia alone,
and multiple functional gastrointestinal disorders, there
was higher asthma prevalence compared to controls.
The excess was generally highest among patients
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with multiple functional gastrointestinal disorders,
and was only partly explained by the “three-way
interconnection” among functional gastrointestinal
[94]
disorders, atopic conditions and mood disorders .
[96]
In a birth cohort study of 2610 children, Olén et al
examined the association between allergy-related
diseases (asthma, allergic rhinitis, eczema and food
allergy) or sensitization (i.e., allergen-specific IgE
detection) and recurrent abdominal pain of functional
origin, a specific phenotype of IBS in children. The
authors showed that all allergy-related diseases were
associated with concurrent abdominal pain and that
the risk increased with increasing number of allergyrelated diseases. Asthma in the first two years of life
and food allergy at age 8 years were significantly
associated with abdominal pain at 12 years. There
was an increased risk of abdominal pain at 12 years
in children sensitized to food allergens at 4 or 8 years,
but in stratified analyses, this was confined to children
whose parents had not reported food allergy at the
[96]
time of sensitization .
Another interesting field of study includes the
patients with self-reported food allergy. In a study
performed in patients with self-reported food allergy
there was an increased prevalence of both IBS
and atopic disease (e.g., bronchial asthma and
rhinoconjunctivitis) compared to healthy subjects.
These authors studied a small group composed of
29 patients with perceived food allergy and IBS, and
found a high prevalence of atopic disease: about
60%, as defined by 3 or more positive skin prick tests
[97]
(SPT) to inhalant allergens . More recently, Lillestøl
[98]
et al
explored the association between atopic
diseases, gastrointestinal symptoms, and possible
gastrointestinal manifestations of atopic disease in
71 adult patients with gastrointestinal complaints
self-attributed to food allergy. The authors evaluated
symptoms, SPT, serum markers of allergy (total and
specific IgE, tryptase, and eosinophil cationic protein),
intestinal permeability, IgE- and tryptase-positive cells
and eosinophils in duodenal biopsies. The diagnosis
of food allergy was based on double-blind placebocontrolled food challenges (DBPCFC), the method
which is considered the gold standard in adverse
food reaction diagnosis (see below). The authors
demonstrated that 93% of the patients suffered
from IBS and 61% patients had atopic diseases
(predominantly rhinoconjunctivitis). Atopic patients
had increased density of IgE-bearing cells (mainly
mast cells) and intestinal permeability compared to
non-atopic patients, but gastrointestinal symptoms
(i.e., IBS-like presentation) did not differ between
groups. IgE-sensitization was mainly against inhalants
and pollen-associated food allergens. The numbers
of IgE-positive cells and the intestinal permeability
did not differ between patients who were sensitized
to inhalants and those who were only sensitized to
food. However, DBPCFC were negative in most of
the patients, and the clinical significance of such
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sensitization was uncertain. In the article, however, the
DBPCFC challenge method was not described and this
[98]
limits the opportunity to evaluate the results . In this
context, it has been also demonstrated that perceived
food allergy in IBS patients may be associated with
[99]
more severe and debilitating illness. Berstad et al
in a prospective study enrolling 84 patients referred
for perceived food allergy assessed the severity of
their intestinal and extra-intestinal symptoms. All
but 1 patient were diagnosed with IBS, according to
the Rome Ⅲ criteria. The large majority of subjects
reported extra-intestinal symptoms; 85% reported
symptoms suggestive of chronic fatigue, and 71%
fibromyalgia. These symptoms could not be explained
either by IgE-mediated food allergy or by organic
pathology. The authors conclude that comorbidity (the
triad of IBS, chronic fatigue, and musculoskeletal pain)
demonstrated in 71% of examined patients, might
[99]
be caused by a common underlying cause . Lind et
[100]
al
reported similar results, validating a Norwegian
translation of the Fatigue Impact Scale (FIS); the
impact of fatigue among 38 patients with self-reported
food allergy and IBS was greater than among the 42
healthy controls.
Finally, to strengthen the possible pathogenic
association between food allergy and IBS, several
studies demonstrated a positive response to elimination
[12,17,101-108]
diets and disodium cromoglycate (DSCG)
,
suggesting that in a subset of IBS patients, symptoms
can be attributed to food allergy.

symptoms and quality of life. All of the 197 adult IBS
patients completed questionnaires on food allergy,
IBS symptoms, somatic symptoms, depression and
general anxiety, gastrointestinal-specific anxiety,
and quality of life. 84% of them reported symptoms
related to at least one food, and over 70% noted
symptoms after intake of food items with incompletely
absorbed carbohydrates, i.e., Fermentable Oligo-, Di-,
and Monosaccharides and Polyols (FODMAP), dairy
products, beans/lentils, apple, flour, and plum. Patients
also experienced gastrointestinal symptoms from foods
rich in biogenic amines, i.e., histamine and tyramine,
such as tuna, salami, cheese, and wine/beer (58%),
or histamine-releasing foods: pork, milk, and wine/
beer (43%). More than half (52%) of IBS patients also
considered fried and fatty foods as possible symptom
triggers. The authors concluded that self-reported
food allergy was associated with reduced quality of
[120]
life (sleep, physical status and social interactions) .
[121]
Similarly, Carlson et al
studied perceived food
allergy in 25 child-parent pairs through a questionnaire
and focus groups. The majority of children participating
were classified as either having IBS or abdominal
migraine. The median number of foods identified as
producing gastrointestinal symptoms was 11, and
the top 3 self-identified trigger foods were spicy
foods, pizza and cow’s milk. Children identified coping
strategies, including eating smaller portions, modifying
foods, or avoiding the food altogether. Interestingly,
all of them reported a certain degree of impairment in
[121]
school performance, sports, and social activities .
Such evidence indicates a certain selectivity in
dietary intake in IBS patients with perceived food
allergy, but no difference was detected between them
[122-126]
and community health controls by dietary survey
.
On the other hand, a Norwegian population-based
cross-sectional study on food allergy and IBS showed
that 70% of subjects perceived a food allergy (mean
4.8 food items related to symptoms), 62% limited
or excluded food items from their daily intake (mean
2.5 food items reduced or eliminated), and 12%
made drastic changes in their diet potentially causing
nutritional deficiencies in the long run. However, no
association was pointed out among perceived food
allergy, food allergy diagnostic tests (i.e., serum total
IgE and food-specific IgE, IgA antibodies against
lactalbumin, lactoglobulin, casein and ovalbumin, total
IgA, IgA and IgG against gliadin and gluten), and
[127]
lactose malabsorption (H2 and CH4 breath test)
.
Data that are fairly consistent in the already mentioned
studies, and in many others, confirm the lower
consumption of spaghetti, pasta, couscous, and rice in
IBS than in controls. The first three are products made
using durum wheat, which tend to be high in gluten
[128,129]
and FODMAP, while rice tends to be low
. Another
common belief is that lactose could be the main cause
of IBS symptoms. Therefore these patients consume
[128,130-132]
less milk and other dairy products
, but it
must be remembered that dairy products represent

FACTS: DIET IN IBS PATIENTS
Most patients with IBS believe that diet plays a
significant role in their symptoms, and 63% desire to
know what kind of foods they should avoid (15-23).
The current medical diagnostic methods allow
diagnosis of food allergy only in 1%-3% of them.
This discrepancy is a major source of frustration
both for patients and for health care professionals,
who are unable to provide appropriate answers and
[109-112]
support
. Nevertheless, several studies agree
in reporting that 60% of IBS patients worsen their
symptoms following food ingestion; 28% within
15 min after eating and 93% within 3 h. Many IBS
patients identify specific foods as responsible for their
symptoms, most commonly implicating wheat products
(pasta, bread, pizza), cow’s milk and milk-derived
products, tomato, eggs, certain meats, fish/shellfish,
cabbage, peas/beans, onion, hot spices, garlic, apple,
peach, citrus, fried food, smoked products, fats, food
additives, walnuts, hazelnuts, chocolate, alcohol, and
[13,72,113-119]
caffeine
. Table 2 summarizes the data of the
literature about the frequency of the different foods
acting as trigger factors in IBS.
[120]
Böhn et al
examined which food groups and
specific food items IBS patients report causing
gastrointestinal symptoms, and investigated the
association between gastrointestinal and psychological
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Table 2 Identification of foods triggering symptoms in irritable bowel syndrome patients
Ref.

Patients

Diagnostic methods

Foods

Comment

91 of 200 IBS patients
reported symptomatic
improvement after 3 wk
of elimination diet

Open challenge

73 of the 91 improved patients were able to
identify one or more foods responsible for
their symptoms in the open challenge. All
except one remained well on clinical followup

Carroccio et al[71], 2011

160 IBS patients

DBPCFC to wheat
and milk

Cheese 35.2%
Onions 35.2%
Milk 31.9%
Wheat 29.7%
Chocolate 27.5%
Butter 25.3%
Yoghurt 24.7%
Coffee 24.2%
Eggs 23.3%
Nuts 18.0%
Others 34.1%
Wheat and milk 18.75%
Only milk 3.75%
Only wheat 2.5%

Dainese et al[112], 1999

128 IBS patients

Self-reported
intolerance
questionnaires vs
SPT

Locke et al[115], 2000

76 IBS patients of 643
subjects from Olmsted
County general
population

Self-reported
intolerance
questionnaires

Farah et al[116], 1985

13 of 49 patients
suspected of food
intolerance after
elimination diet
25 children suffering
from gastrointestinal
disorders and their
parents

DBPCFC

Nanda et al[13], 1989

Carlson et al[121], 2014

Böhn et al[126], 2013

197 IBS patients
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Milk (28.8% vs 3%)
Wheat (17.5% vs 1.5%)
Pepper (2.5% vs 6%)
Peanut (6.3% vs 6%)
Pear (5% vs 7.5%)
Tomato (12.5% vs 9%)
Onion (3.8% vs 9%)
Celery (2.5% vs 9%)
Banana (2.5% vs 9%)
Carrot (0% vs 10.5%)
Garlic (0% vs 10.5%)
Parsley (0% vs 16%)
Walnut (6.3% vs 18%)
Apple (10% vs 18%)
Beans 22.3%
Chocolate 23.6%
Dairy products 52.6%
Eggs 21.0%
Nuts 23.6%
Onions 57.8%
Spicy food 81.5%
1/13 peas
1/13 coffee
1/13 eggs

Child-reported
intolerance
questionnaires vs
parent- reported
intolerance
questionnaires

Spicy food 68% vs 60%
Pizza 52% vs 48%
Cow’s milk 56% vs 48%
Fired foods 48% vs 36%
Fast Foods 40% vs 40%
Sodas 40% vs 36%
Cheese 40% vs 36%

Self-reported
intolerance
questionnaires

Dairy products 49.2%
Beans 36.0%
Apple 27.9%
Wheat 24.4%
Fried foods 52.3%
Plum 23.4%
Peas 19.3%
Chocolate 16.8%
Foods rich in biogenic amines
(58%)
Histamine-releasing foods
(43%)

7096

40 (25%) patients were found to suffer from
food hypersensitivity. These patients had
increased levels of fecal eosinophil cationic
protein and tryptase, indicating that they
might cause inflammation in patients with
IBS
More than 50% of IBS patients were found
sensitized to some food or inhalant without
any symptom. There is a substantial lack
of correlation between self-perceived food
intolerance and SPT sensitization

Among the 643 subjects, IBS symptoms were
reported by 12% (76). IBS was significantly
associated with use of analgesics, food allergy
or sensitivity

After DBPCFC 3 patients were confirmed to
suffer from food intolerance. Authors found
that 10 patients reacted to placebo, suggesting
a psychogenic cause for their disturbances
Specific foods are perceived to exacerbate
gastrointestinal symptoms in children
with functional gastrointestinal disorders.
No differences were found in severity or
frequency of symptoms with ingestion of
the foods between children and parents with
respect to the 10 most frequent foods/food
types
Most IBS patients believe that certain foods
could be triggers of their symptoms. They
identified FODMAP containing foods,
histamine-releasing foods, fried foods and
foods rich in biogenic amines as the main
culprits. Self-reported food intolerance seems
to be associated with high symptom burden
and reduced quality of life
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Monsbakken et al[127], 2006

84 IBS patients

Parker et al[130], 2001

122 IBS patients

Yang et al[131], 2013

Dainese et al[132], 2014

Carroccio et al[145], 2010

60 IBS patients vs 60
controls

51 IBS patients

Self-reported
intolerance
questionnaires

Milk 41.7%
Cheese 14.3%
Eggs 11.9%
Peas 21.4%
Onions 35.7%
Cabbage 34.5%
Wheat 14.3%
Coffee 26.2%
Chocolate 25.0%
Beer 16.9%
LHBT, lactose
33/122 (27%) positive to LHBT
elimination diet
9/33 (27.7%) improved on
and DBPCFC (with
lactose elimination diet
5/10/15 g of lactose)
5/9 (55.5%) worsened on
DBPCFC with 15 g of lactose
LHBT and self18% vs 3% with 10 g LHBT
reported lactose
47% vs 22% with 20 g LHBT
intolerance
85% vs 68% with 40 g LHBT
63% vs 22% with self- reported
intolerance
LHBT (50 g) and
21/51 (41.1%) self-perceived
self-reported lactose
lactose intolerance
intolerance
24/51 (47%) positive LHBT
14/51 (27.4%) reported
symptoms during LHBT

70% of subjects perceived a food intolerance
(mean 4.8 food items related to symptoms),
62% limited or excluded food items from their
daily intake (mean 2.5 food items reduced or
eliminated), and 12% made drastic changes
in their diet potentially causing nutritional
deficiencies in the long run

Lactose intolerance was demonstrated in IBS
patients with positive (33/122) or negative
(13/122) LHBT. DBPCC were inconclusive

The risk of lactose intolerance is related to the
dose ingested and is higher in IBS patients
than in controls. Self-reported intolerance is
associated with avoidance of dairy products

Patients who experienced symptoms during
LHBT had more severe IBS symptoms and
higher anxiety, depression, and fatigue scores.
Increase in hydrogen production and in the
severity of IBS influenced the symptoms of
lactose intolerance during LHBT
24/120 IBS patients who DBPCFC and flow12.5% cow milk only on
Flow-CAST had higher sensitivity than
underwent DPBCFC
CAST
DBPCFC
serum total IgE and serum food-specific IgE,
after elimination diet
8.3% wheat only on DBPCFC
both in the diagnosis of cow’s milk allergy
79.1% both cow milk and wheat
and wheat protein allergy. Flow-CAST
on DBPCFC
diagnostic accuracy proved higher than the
86.3% cow milk on Flow-CAST
two traditional techniques both for cow’s
85.7% wheat on Flow-CAST
milk allergy and for wheat protein allergy
diagnoses

DBPCFC: Double blind place controlled food challenge; FODMAP: Fermentable Oligo-, Di-, and Monosaccharides And Polyols; IBS: Irritable bowel
syndrome; LHBT: Lactose hydrogen breath test; SPT: Skin prick tests.

[135,136]

population
.
In conclusion, the total intake of calories, carbohy
drates, proteins and fat does not seem to differ in IBS
and the general population, whereas the former tend
to avoid certain food items rich in gluten and FODMAP,
even if the higher consumption of some FODMAPrich fruits and vegetables remains questionable. Such
dietary restrictions could be responsible for their
low calcium, phosphorus, vitamin B2, and vitamin A
intake.

the most important daily-required dietary source
of calcium (50%-75%), phosphorus (20%-30%),
and vitamin B2 (riboflavin) (30%) in the Western
[133]
world . Trying to compensate for this restriction, IBS
patients are counted among the major consumers of
[128,134]
alternative milk products (soy, rice and oat milk)
,
but despite such replacement, IBS patients were
found to have a low intake of calcium, phosphorus and
[128,134]
vitamin B2
. Furthermore, IBS patients reported
a lower consumption of certain vegetables (tomatoes,
raw vegetables, raw broccoli, cabbage, mushrooms,
[128,134]
green beans, onion, leeks, garlic, and paprika)
.
This is most likely the reason for the significantly lower
intake of retinol (vitamin A) equivalent, β-carotene
[128,134]
and magnesium observed in these patients
.
Controversially, they report a higher consumption
of pears, peach, grapes, melon, mango, and plums;
these fruits and vegetables are rich in FODMAP and
[128,134]
documented as possible symptom trigger factors
.
Finally, due to self-reported intolerance to various
alcoholic beverages, lower alcohol consumption was
found in IBS subjects, and as many as 12% either limit
[117,127,128]
or avoid such beverages
. However, this latter
evidence does not enjoy complete agreement among
physicians. Two studies reported equal or higher
alcohol intake in IBS patients than in the general
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FOOD ALLERGY AND IBS
IgE-mediated allergic food reactions

There is no consistent evidence and only conflicting
data for a role of IgE-mediated allergic response in
IBS, perhaps especially in patients with concomitant
atopy. Among the first studies evaluating a possible
[137]
association, Petitpierre et al
analyzed 24 IBS
patients, 12 atopic (i.e., allergy prone) and 12 nonatopic, who underwent total serum IgE test, SPT,
radioallergosorbent test (RAST) to various food
allergens, and 3 wk of low-allergenic diet followed by
open challenge. Responders underwent blind dietary
provocation. In 14 patients one or more foods and food
additives produced the typical IBS symptoms. Nine

7097

June 21, 2015|Volume 21|Issue 23|

Mansueto P et al . Food allergy in non-celiac wheat sensitivity
of these, all from the atopy group, had elevated total
serum IgE and positive SPT, which suggest systemic
[137]
IgE-mediated food allergy
. In another study, 10
IBS patients with atopy were included, and exposed
by SPT to common food allergens; food allergy was
demonstrated in 6 of them, whose symptoms improved
on an open elimination diet. However, subsequent
rechallenge with the offending food allergens failed to
[138]
[139]
produce IBS symptoms
. Barau et al
examined
the intestinal permeability of 17 children with clinical
symptoms of IBS, analyzing the differential urinary
elimination of lactulose and mannitol, orally ingested at
the same dosage. Patients were tested first in fasting
condition, then after specific food ingestion (selected
on a suggestive clinical history or positive SPT and
RAST). Nine patients had modification of intestinal
permeability after food ingestion. All had a personal
and/or family history of allergy and/or high total IgE,
[139]
[140]
and responded to food exclusion
. André et al
showed increased IgE fragment crystallizable (Fc) in
fecal extracts of 236/312 food allergy patients (73%)
whose diagnosis was based on history, positive SPT
and RAST. In contrast, all the 95 healthy subjects had
undetectable fecal IgE Fc. In the subgroup analysis
of IBS patients, 22 of the 32 (68.8%) were found to
have detectable IgE Fc in feces. The simultaneous
measurement of α-1-antitrypsin in the serum and
feces excluded the possibility of plasma protein
(including IgE) extravasation as responsible for these
[140]
findings .
[14]
Bischoff et al
examined 375 adult patients in
a gastroenterology outpatient clinic by history, SPT,
measurements of laboratory parameters, and intestinal
provocation with food allergens by colonoscopy. Thirtytwo percent of subjects complained of abdominal
symptoms as a consequence of an adverse food
reaction. According to clinical signs of atopic disease,
elevated total IgE, specific IgE against food allergens,
eosinophilia and responsiveness to DSCG, 14.4% of
them were suspected of suffering from a food allergy.
The diagnosis was confirmed in 3.2% by endoscopic
allergen provocation (see below), and/or elimination
[14]
diet and rechallenge . A different approach to show
IgE involvement in IBS was applied by Simonato
[141]
et al
, who examined the sera of 20 patients,
previously diagnosed as suffering from IBS and
complaining of symptoms after wheat ingestion (with
symptom improvement on elimination diet and their
re-appearance after open wheat challenge). Even
though only 50% of them were positive for wheatspecific IgE detection by SPT and ImmunoCAP system,
immunoblotting analysis established that all had IgE
binding to soluble and insoluble wheat proteins. The
authors concluded that conventional methods used
for the diagnosis of IgE-mediated hypersensitivity
are inadequate for the allergological screening of this
subgroup of patients. Two hypotheses were proposed
to explain these results: (1) low serum specific IgE
levels; and (2) inadequate allergenic preparations
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currently used for SPT and CAP for the diagnosis of
food allergy to wheat. If correct, such hypotheses
would explain why wheat IgE-mediated enteropathy
has been rarely reported, opening a new perspective
[141]
on the prevalence of food allergy in IBS patients
.
[112]
Conflicting data come from Dainese et al
, who
demonstrated self-reported adverse reactions to one or
more foods in 62.5% of 128 consecutive IBS patients,
but with significant discrepancy between the reported
food allergy and sensitization test findings (i.e., SPT).
[142]
The same discrepancy was found by Jun et al , who
evaluated the results of the SPT for foods and inhalant
allergens in 105 subjects forming three different target
groups: treated group, undergoing treatment for
IBS due to more severe symptoms, untreated group
whose IBS symptoms did not require treatment, and
control group with no IBS symptoms. SPT results
were positive in 38.6% of treated IBS patients, 16.1%
of untreated IBS patients, and 3.3% of controls (P
< 0.01). Patients reported being intolerant to dairy
products, raw foods, spicy foods, coffee, and alcohol.
On the contrary, SPT were positive for saury (a fish
belonging to Scomberesocidae), rice, mackerel, buckwheat, sweet potatoes, celery, onions, and trumpet
shell, so no correlation was found between patient’s
[142]
allergy and SPT results . A Brazilian study, by Soares
[143]
et al , examined the cutaneous response to 9 food
allergens in 43 volunteers (students and employees
of the School of Medicine of Universidade Federal
Fluminense). Participants were divided into 3 groups
according to Rome Ⅱ criteria: group Ⅰ (IBS), group Ⅱ
(functional dyspepsia), and group Ⅲ (healthy controls).
SPT were positive in 19.4% of group Ⅰ, 2.3% of group
Ⅱ, and 4% of group Ⅲ, with significant differences
between the number of positive responses obtained
in group Ⅰ (IBS) and the other 2 groups. However,
none of the volunteers with IBS reported allergy to
any isolated food. Authors concluded that higher
reactivity to food antigens in group Ⅰ suggests that
intestinal permeability may be greater in patients with
[143]
[144]
IBS . Uz et al , who evaluated SPT to 11 common
allergens, total IgE, eosinophilic cationic protein and
eosinophil counts in 100 Turkish patients satisfying
the Rome Ⅱ criteria and 25 healthy controls, obtained
similar results in a completely different geographic
area. IBS patients were divided according to their main
clinical feature (53 had constipation predominant, 19
had diarrhea predominant, and 28 had alternating type
IBS). The authors found that SPT positivity, mean IgE,
and eosinophilic cationic protein were more common in
patients than in controls, but no statistically significant
difference could be shown between IBS subgroups.
SPT are positive with foods rich in dietary fiber (such
as cereals, fruits and vegetables), gas-producing
agents (such as cereals and onion), or foods containing
significant amounts of carbohydrates (i.e., fructose or
sorbitol), which may be incompletely absorbed (such
[144]
as apple, banana, and strawberry) .
The inadequacy of the conventional methods
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(SPT and serum food allergen-specific IgE levels) to
identify IgE-mediated responses in IBS patients could
[145]
probably explain our results in a recent study
.
We evaluated the efficacy of an in vitro basophil
activation assay in the diagnosis of food allergy in 120
consecutive IBS patients. In addition, we included as
control groups 40 healthy subjects, and 40 patients
suffering from gastrointestinal disorders other than
IBS. Flow cytometric basophil activation test (FlowCAST) is a diagnostic allergological technique based on
the demonstration of altered membrane phenotypes
on allergen-activated basophils, with up-regulation,
surface expression, and cytofluorometric detection
[146]
of CD63
. Severity of symptoms and possible selfperceived food allergy were assessed by 2 predesigned
questionnaires. All the enrolled patients underwent
preliminary serum total and food allergen-specific IgE
determination, together with the Flow-CAST, and then
underwent a 4-wk elimination diet, with the exclusion
of wheat, cow’s milk, eggs, tomato, chocolate, and any
other self-reported food intolerance. Patients reporting
symptom improvement after elimination diet (44/120,
26%) underwent DBPCFC with wheat and cow’s milk
(1 wk wash-out interval between the two challenges).
The 24 patients who had positive DBPCFC (3 only to
cow’s milk, 2 only to wheat, and 19 to both cow’s milk
and wheat) were diagnosed as suffering from IBS and
food allergy. Comparing the results of immunologic
assays in the different groups we found a higher
sensitivity of Flow-CAST vs serum total IgE and serum
food-specific IgE, both in the diagnosis of cow’s milk
allergy and wheat protein allergy. Similarly, diagnostic
accuracy of Flow-CAST proved higher than the two
traditional techniques both for cow’s milk allergy and
wheat protein allergy diagnoses. We concluded that as
already shown for some inhalant IgE-mediated allergic
[146-148]
reactions
, this diagnostic test might supplement
or better replace routine allergy tests (SPT and serum
total and allergen-specific IgE) for the diagnosis of
[145]
IgE-mediated food allergy
. Unfortunately, even if
promising, this diagnostic technique has limitations
since its effectiveness is quite variable. In particular,
some years after our first study, we compared the
diagnostic accuracy of two different methods of in
vitro basophil activation tests: we used the first in
the previous mentioned study, which was performed
on blood samples after centrifugation and leukocyte
separation, while the second was performed on whole
blood samples. We found that in food allergy diagnosis,
basophil activation test on separate leukocytes had a
sensitivity of 86% and a specificity of 91%, whereas
the test on whole blood had a sensitivity of 15%-20%
and a specificity of 73% (P < 0.0001 compared to the
[149]
other method) .

IBS and IgE-mediated food allergy by using SPT
for serum food-specific IgE detection. Therefore,
the question remains open. In addition, some data
suggest a different mechanism from the classic type-1
hypersensitivity reactions in intestinal IgE-mediated
food allergy in IBS patients. It has been proposed
that an IgE-mediated reaction could be localized and
limited to the intestinal mucosa.
[150]
In 1997 Bischoff et al
questioned this hypothesis,
performing the colonoscopic allergen provocation
(COLAP) test on 70 adult patients with abdominal IBSlike symptoms, suspected of being related to food
allergy, and 5 healthy volunteers. Food allergens were
selected according to the patient’s history of food
allergy and presence of specific IgE in serum. In the
5 healthy volunteers a standard set of three allergens
(milk, wheat, hazelnut) was used for challenge. All
enrolled subjects underwent colonoscopy during which
3 food allergens were injected into the cecal mucosa.
The mucosal wheal and flare reaction were semiquantitatively classified 20 min after challenge using
a 0-4 scale and reaction was classified as positive
for grade ≥ 2. In 74% of subjects with a putative
diagnosis of IBS, COLAP test was positive in response
to at least one food allergen. In contrast, no reaction
was detected in the 5 healthy volunteers. Biopsies
from the positive test site showed both mast cell and
eosinophil activation. Consequently, COLAP positive
subjects underwent 3 mo of dietary elimination of
suspected food allergens; 89% reported a significant
clinical response. COLAP results strongly correlated
with positive history of food allergy, but poorly with
SPT results and specific serum IgE levels. These
findings strengthen the idea of a local IgE mediated
mechanism, which can be identified by the COLAP
test but not by SPT and measurement of specific
[150,151]
[152]
serum IgE
. Similarly, Lidén et al
evaluated
the mucosal response (i.e., nitric oxide production and
myeloperoxidase release, measured using the mucosal
patch technique) to a rectal challenge with cow’s milk
protein (CMP) in 21 patients with primary Sjogren’s
syndrome and 18 healthy controls. An inflammatory
response after CMP challenge was identified in
38% of patients as a sign of CMP sensitivity not
linked to serum IgE or IgG/IgA antibodies to milk
proteins. All CMP sensitive patients suffered from
IBS, diagnosed according to Rome Ⅲ criteria. Half
of the positive patients had already suspected that
their gastrointestinal symptoms could be induced
[152]
by CM intake
. In three different studies Arslan
[153-155]
et al
, used endosonography, transabdominal
ultrasonography and magnetic resonance imaging to
visualize local intestinal reactions in response to direct
intraduodenal administration of suspected allergens
(luminal provocation). The challenge caused a rapid
intestinal reaction, characterized by thickening of the
intestinal wall, increased peristalsis, and influx of large
amounts of fluid into the lumen. Notably, the latter

Is there a role for local IgE-mediated reactions in IBS?

To our knowledge, no other study since 2007 has
investigated the possible relationships between
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event is a typical feature of immediate IgE-mediated
food allergy responses, due to degranulation and
[156]
release of mediators from mucosal mast cells
. In
[157]
the same way, Fritscher-Ravens et al
examined
structural/functional changes of intestinal mucosa after
food challenge in 36 IBS patients with suspected food
allergy, and in 10 patients with Barrett’s esophagus
(controls without IBS symptoms), using confocal laser
endomicroscopy (CLE), for real-time visualization.
Diluted food allergens (wheat, soy, cow’s milk, and
yeast) were directly administered to the duodenal
mucosa through the endoscope working channel. CLE
showed a real-time response (i.e., epithelial breaks/
leaks/gaps forming, inter-villous space widening
[possibly results in increased permeability], and IEL
+
increase) in 22 of 36 patients (CLE ); the remaining
14 patients (CLE ) and controls had no response to
the challenge. Symptom scores improved more than
+
50% in CLE patients after a 4-wk exclusion diet
and increased up to 74% at 12 mo; as expected,
[157]
symptoms continued in CLE patients
. This might
exclude a possible placebo effect of the exclusion diet
because classic placebo-controlled studies have shown
that in IBS the placebo effect is generally shorter[158]
lived
. In addition, considering that many of the
examined patients had known non-gastrointestinal
atopic disease, it is likely they could have a high
density of IgE-armed mast cells in their duodenal
mucosa; thus, a local IgE-mediated reaction seems
an even more reasonable explanation of the visualized
[98]
changes . A demonstration of in situ induction
of IgE without systemic IgE responses has been
suggested by the evidence of a localized mucosal upregulation of IL-4 and ε germline transcripts in food
[159]
allergy. Coëffier et al
suggest in their study that
circulating immunoglobulin analysis may provide
misleading insights into genuine mucosal allergic
responses. Further uncertainty is added by findings on
abdominal ultrasound assessment following duodenal
allergen challenge, which suggest the unreliability
of DBPCFC in identifying genuine intestinal allergic
responses. Abnormal findings of duodenal wall swelling
and fluid exudation were seen not only in patients
with positive DBPCFC, but also in several DBPCFC
negative symptomatic patients. It is thus possible that
organic symptoms due to genuine mast cell-mediated
mucosal allergic responses may be misdiagnosed as
[154]
psychologically-mediated in at least some patients .

are synthesized under the influence of TH2 cytokines
and might induce histamine release, exactly like IgE
[160,161]
antibodies
. This concept, however, seems to be
unclear and controversial. Although several studies
suggested that IgG and IgG4 production may be
part of a normal immunologic response to dietary
[162-168]
antigens
, other studies reported that serum IgG
and IgG4 levels are higher in patients with IBS and
food allergy history, perhaps related to an inflamed
or “leaky” gut. Therefore, these patients might have
selective gut permeability to food allergens and the
increase of food-specific IgG and IgG4 titers could be
a specific reaction, rather than a non-specific response
[101,102,169-174]
to increased gut mucosal permeability
.
However, due to the low sensitivity or specificity of
tests used to support this hypothesis, their clinical use
[167,175-181]
has been proposed with conflicting results
.
[169]
Finn et al
were the pioneers in this field, demon
strating an increased prevalence of serum IgG
antibodies against dietary proteins in 58 IBS patients
compared to 46 controls, and suggesting that IgG food
antibodies may have some role in IBS. Afterwards, el
[170]
Rafei et al
compared specific IgG4 and IgE levels
to DBPCFC in 25 patients with suspected food allergy.
They observed increased serum IgG4 or IgE levels in
63% of patients with a positive history of food allergy
and either IgG4 or IgE in 91% of diagnosed patients.
These results suggest that the combination of specific
IgG4 and IgE antibodies to food allergens may be
useful in evaluating patients with suspected food
[170]
allergy .
[102]
Atkinson et al
assessed the therapeutic
potential of dietary elimination based on the presence
of IgG antibodies to food. Authors selected 150 IBS
outpatients who were randomized to receive either an
elimination diet or a sham diet for 12 wk, excluding
the same number of foods but not those to which
they had antibodies. After 12 wk, the IgG based
elimination diet resulted in a 10% greater reduction
in IBS symptom severity score than the sham diet.
The data were significantly higher (26%) considering
only fully compliant patients. Reduction in symptoms
was higher in patients exhibiting a greater number
of sensitivities, as determined by the IgG test, if
they adhered to the true diet but not the sham diet.
Following reintroduction of foods, more patients in the
IgG based elimination diet group showed worsening
of global rating than the sham diet group. The authors
concluded that many patients with IBS would prefer
a dietary solution to their problem rather than having
to take medication, and the economic benefits of this
approach to health services are obvious. It is well
known that patients spend large sums of money on
a variety of unsubstantiated tests in a vain attempt
to identify dietary allergies. The results of this study
suggest that “assay of IgG antibodies to food may
have a role in helping patients identify candidate
[102]
foods”
. However, the study was strongly criticized

Non IgE-mediated allergic food reactions in IBS: a role
for IgG

Although there is no general agreement, this type of
hypersensitivity reaction may play a role in causing IBS
symptoms in a subset of patients. Different antibody
classes (i.e., IgG) seem to be of some importance in
food-related allergies in IBS. In particular, the IgG4
subclass, which is found to be involved in some specific
pathologic entities (e.g., autoimmune pancreatitis),
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both for including imbalanced groups and because
IgG food antibodies were not compared between IBS
[177,182]
patients and healthy control individuals
.
[101]
Zar et al
examined 25 patients with IBS and their
IgG4 titers to 16 foods (milk, eggs, cheese, wheat, rice,
potatoes, chicken, beef, pork, lamb, soya bean, fish,
shrimps, yeast, tomatoes and peanuts), evaluating the
effect of a food-specific IgG4 antibody-guided exclusion
diet on symptoms and rectal compliance. IgG4
antibodies to milk, eggs, wheat, beef, pork and lamb
were commonly elevated, and foods were excluded for
6 mo. Significant improvement was reported in pain
severity, pain frequency, bloating severity, satisfaction
with bowel habits, and effect of IBS on life in general.
Rectal compliance increased significantly, but the
thresholds for urge to defecate/discomfort were
unchanged. This study also suffers from the great flaw
[101]
of control group absence . In a small open label pilot
[171]
study, Drisko et al
enrolled 20 patients with IBS,
who had failed standard medical therapies, treating
them with food elimination diets based on the results
of serum IgG food and mold panels, followed by
controlled food challenge. Authors obtained a sustained
clinical response and significant improvement in
[171]
overall well-being and quality of life . Similar results
were recently obtained in a Chinese trial. A group
of 77 D-IBS patients and 26 healthy controls were
tested for specific serum IgG antibodies against 14
common food allergens. Food-specific IgG antibodies
were identified in 50.6% patients and 15.3% controls.
Thirty-five patients with D-IBS and food allergy (as
identified by specific IgG antibody positivity) agreed
to consume diets that excluded the identified food for
12 wk. After 4 wk of dietary therapy, most symptoms
of D-IBS had improved, and by 12 wk, all symptom
scores (abdominal pain, bloating level and frequency,
abdominal distension, diarrhea frequency, stool shape,
general feelings of distress, and total symptom score)
[172]
decreased significantly compared to the baseline
.
A double-blind, randomized, controlled, cross-over
clinical trial, composed of baseline (usual diet), first
diet (elimination or provocation diets), and second
diet (interchange of elimination or provocation diet)
phases, involved 21 patients diagnosed with migraine
and IBS. It was demonstrated that food elimination
based on IgG antibodies in this specific subgroup
of IBS patients may effectively reduce symptoms
from both disorders with possible positive impact on
the quality of life, as well as potential savings to the
[173]
health-care system . Finally, a systematic review of
7 clinical trials showed a 15%-71% response rate to
diet exclusion, and the most commonly incriminated
foods included milk, wheat, eggs, potatoes, and celery.
However, all studies had major limitations in their
trial designs, including inadequate patient selection,
appropriateness and duration of exclusion diets, and
[174]
methods of food challenge .
The uncertainty in the measurement of IgG and
IgG4 to identify possible food allergy is further
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increased by the discrepancy in the studies by the
[179]
authors above. For example, Zar et al
examined
108 IBS patients (52 D-IBS, 32 C-IBS, and 24 M-IBS)
and 43 controls, measuring IgG4 and IgE titers
and SPT to 16 common foods including milk, eggs,
cheese, wheat, rice, potatoes, chicken, beef, pork,
lamb, fish, shrimps, soya bean, yeast, tomatoes,
and peanuts. IgG4 titers to wheat, beef, pork, and
lamb were significantly higher in IBS patients than
controls, whereas the antibody titers to potatoes, rice,
fish, chicken, yeast, tomato, and shrimp were not
significantly different. In addition, IgE titers showed
no significant difference between the groups. SPT was
positive for only a single antigen in 5 of 56 patients
tested with the same panel of foods. Nevertheless, no
correlation could be found between the IgG4 antibody
[179]
elevation pattern and patient symptoms . Similarly,
[180]
Zuo et al
found higher titers for some food-specific
IgG antibodies (crab, egg, shrimp, soybean, and
wheat), in 37 Chinese subjects with IBS compared
to 20 controls, and no significant correlation between
symptom severity and IgG antibody titers. As in the
[179]
Zar et al
study the positivity of food allergen-specific
IgE antibodies of the two groups did not show any
[180]
[181]
significant difference
. Ligaarden et al
designed
a case control study, including 269 subjects with IBS
and 277 control subjects, which, after correction for
subject characteristics and diet, demonstrated no
significant differences in food-specific IgG and IgG4
antibody levels between groups. Of some interest was
the evidence of lower IgG values against egg and beef,
and higher values against chicken were associated
with more severe symptoms. The authors suggested
that subjects with severe IBS symptoms may consume
lower quantities of egg and beef (often reported as
offending food items) and higher quantities of chicken
(that seems to be better tolerated) when symptoms
are severe and may subsequently have lower levels
of IgG against egg and beef and higher levels of IgG
[181]
antibodies against chicken .

OVERALL CONSIDERATIONS ABOUT
FOOD ALLERGY AND IBS STUDIES
Summarizing, several studies demonstrated a variable
response rate to exclusion diets in IBS patients,
ranging from 15%-71%; the lack of standardized
protocols, which may influence validity of studies,
might explain this wide range of response rate.
Elimination diets and subsequent DBPCFC identified
problematic foods in 6%-58% of cases, with wheat,
milk, and eggs being the most commonly implicated
foods. Noteworthy: lactose or other carbohydrate
intolerance and celiac disease were not always
excluded in these studies, so they potentially could
be the cause of symptoms. Diarrhea-predominant
IBS patients had a higher symptomatic response
rate compared to other subgroups, with response to
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diet persisting even at 1-year follow-up. However,
inadequate patient selection, poor compliance,
appropriateness and duration of exclusion diets, and
methods of food challenge were major limitations
common in almost all trial designs. The potential for
macro- and micronutrient deficiencies resulting from
elimination diets, may also limit their usefulness in IBS
[23,136,183,184]
patients
.

headache and depression, joint and muscle pain, leg
or arm numbness, dermatitis (eczema or skin rash),
[188,190,193,199]
or anemia
. IBS-like symptoms are usually
more frequent than extraintestinal ones, but most
patients usually report having experienced at least 2
of the extraintestinal manifestations, primarily foggy
[188,190,193,199]
mind and fatigue
.
Probably the main issue concerning NCWS is its
possible pathophysiology. Wheat, and in particular
one of its components: gliadin, is known to induce
both autoimmune and allergic responses (Ig-E
mediated allergic reactions), in CD and wheat
[187,200-204]
allergy, respectively
. On the contrary, NCWS
pathogenesis is still largely unknown. Among several
pathogenic mechanisms, we might mention (1)
activation of innate immunity mechanisms by amylasetrypsin inhibitors (ATI); these are plant-derived
proteins that inhibit enzymes of common parasites in
wheat. In vitro and in vivo studies suggest that wheat
ATI induce innate immune responses that involve
[205]
monocytes, macrophages, and dendritic cells
; (2)
gastrointestinal neuromuscular abnormalities, leading
to smooth muscle hyper-contractility, and indirectly a
rise in luminal water content; this mechanism could
[206,207]
be linked to an HLA-restricted predisposition
;
(3) high FODMAP content leading to increased motility
and gas production; and (4) non IgE-mediated wheat
[188,190,193]
allergy
. Recently we retrospectively reviewed
the features of a large group of IBS-like patients,
fulfilling the NCWS criteria. Data of 206 patients,
previously diagnosed as NCWS and cow’s milk protein
intolerant, who self-reported multiple food allergy,
and 50 IBS patients were reviewed. Patients were
diagnosed by undergoing a standard 4-wk elimination
diet with the exclusion of wheat, cow’s milk, eggs,
tomato, chocolate and any other self-reported food
intolerance, followed by a DBPC wheat and cow milk
challenge, at an interval of at least 4 wk from each
other and always when the patients were completely
asymptomatic. Notably, a history of food allergy
in infancy was more frequently reported in NCWS
patients (40/206, 19%) than in IBS controls (2/50, 4%,
P = 0.01), as was the coexistence of an atopic disease
(73/206, 35% and 3/50, 6% respectively; P = 0.0001).
Similar results suggesting the hypothesis of multiple
food allergy in such subgroups of NCWS patients,
are: positive serum anti-gliadin IgG (134/206, 65%
vs 7/50, 14% in IBS controls; P = 0.0001), positive
serum anti-betalactoglobulin IgG (80/206, 39% vs
7/50, 14% in IBS controls; P = 0.001), positive in vitro
basophil activation assay (166/206, 80% vs 2/50,
4% in IBS controls; P = 0.0001) and Intraepithelial
eosinophil infiltration in the colon mucosa (154/206,
75% vs 0/50 in IBS controls; P = 0.0001). These
data made us conclude that patients with NCWS and
multiple food allergy have several clinical, laboratory,
and histological characteristics suggesting a non-IgE[186,188]
mediated food allergy
.

NON-CELIAC WHEAT SENSITIVITY AND
IBS
The importance of food components as possible
triggers of IBS has been particularly stressed for
[185-188]
[189]
wheat
. Mullin et al
recently reviewed the
dietary management of IBS patients, pointing out how
wheat may act as symptom inducer for several reasons:
high fructans content and other members of the family
of highly fermentable FODMAP; autoimmune (e.g.,
celiac) disorder trigger; high IgE and non IgE-mediated
allergenicity (among the top 8 food allergens).
In this context, gaining more attention day by day,
is the new nosological entity known as “non-celiac
[190]
gluten sensitivity” (NCGS)
. NCGS patients usually
present with IBS-like symptoms, often associated
with extra-intestinal manifestations, which disappear
on a gluten-free diet. However, to date there is no
consensus about which components of wheat might
be responsible, and because there is no definite proof
that gluten is really the culprit, we have suggested
[191]
the term “non-celiac wheat sensitivity” (NCWS)
.
NCWS represents an extremely widespread problem,
whose prevalence ranges between 0.55% to 6% of
the general United States population. Currently NCWS
is mainly defined by “negative” criteria: physicians
consider the diagnosis in all cases that lack the key
CD criteria (presence of anti-tissue transglutaminase
(anti-tTG) antibodies, and endoscopic or histologically
significant enteropathy, i.e., Marsh 3, do not satisfy
the criteria for IgE-mediated wheat allergy, but
respond to wheat elimination diet (implemented in a
blinded fashion to avoid a possible placebo/nocebo
[190,192-198]
effect)
. Its onset is reported in the third-fourth
decades of life and a study by our group, including
the largest series of NCWS patients in the literature,
[188]
showed a median age of 28 years
, and a higher
prevalence in females (male to female ratio ranging
[188,190,193,199]
between 1:2.5 and 1:4)
. Symptoms and
signs that usually characterize NCWS occur soon after
gluten ingestion, improving or disappearing (within
hours or a few days) on gluten withdrawal and relapsing
following its reintroduction. Clinical presentation is a
combination of gastrointestinal disorders and systemic
[186,187]
manifestations
. In particular, gastrointestinal
involvement consists of IBS-like symptoms, such as
abdominal pain, bloating, and bowel habit abnormalities
(either diarrhea and/or constipation), whereas systemic
manifestations range from fatigue to foggy mind,
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Finally, there is a reasonable overlap between
NCWS and IBS and several patients classified in
one of the two groups could be better included in
the other. The prospective for the future is a better
understanding of the pathophysiological background
(similarities and differences) of the two nosological
entities, which could facilitate the physician’s clinical
management and improve the patient’s quality of life.

5
6

7

CONCLUSION
IBS affects a large proportion of the general population
and it can significantly affect quality of life. This aspect
is a financial burden to the national health system for
both direct costs (estimated in the United States from
$1562 to $7547 per year in 2013) and indirect costs
(ranging from $791 to $7737 per year). Its etiology
still remains elusive. The individual’s perception of
illness, chronicity, and diagnostic uncertainty, based on
symptom criteria alone, force physicians to undertake
extensive and often negative investigations. Recently,
food allergy has re-emerged as involved in many
chronic disorders, including IBS; thus, it must be
considered in diagnosis and management. For the
first time, a pathophysiological basis for IBS is being
discovered, but further work is needed to advance
current understanding of the exact mechanisms by
which the gastrointestinal immune system handles food
and microbial antigens in health and disease. However,
pending further scientific evidence, a cautious approach
is advisable, and it should include the concept of food
allergy as a possible cause of IBS; a dietary approach
can find a place in routine clinical management of IBS.
Taken together, the reported findings suggest that
clinical management of patients with gastrointestinal
complaints self-attributed to food should be inter
disciplinary, attending to the gastroenterological,
allergological, psychological, as well as dietary
aspects of the condition. Guidance concerning food
management, which includes individualized restriction of
wheat and certain FODMAP-rich food items, may reduce
IBS symptoms. However, additional research is required
for accurate IBS diagnosis and treatment strategies.
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Abstract
Cereal crops and cereal consumption have had a vital
role in Mankind’s history. In the recent years gluten
ingestion has been linked with a range of clinical
disorders. Gluten-related disorders have gradually
emerged as an epidemiologically relevant phenomenon
with an estimated global prevalence around 5%.
Celiac disease, wheat allergy and non-celiac gluten
sensitivity represent different gluten-related disorders.
Similar clinical manifestations can be observed in
these disorders, yet there are peculiar pathogenetic
pathways involved in their development. Celiac disease
and wheat allergy have been extensively studied,
while non-celiac gluten sensitivity is a relatively novel
clinical entity, believed to be closely related to other
gastrointestinal functional syndromes. The diagnosis
of celiac disease and wheat allergy is based on a
combination of findings from the patient’s clinical history
and specific tests, including serology and duodenal
biopsies in case of celiac disease, or laboratory and
functional assays for wheat allergy. On the other hand,
non-celiac gluten sensitivity is still mainly a diagnosis
of exclusion, in the absence of clear-cut diagnostic
criteria. A multimodal pragmatic approach combining
findings from the clinical history, symptoms, serological
and histological tests is required in order to reach
an accurate diagnosis. A thorough knowledge of the
differences and overlap in clinical presentation among
gluten-related disorders, and between them and other
gastrointestinal disorders, will help clinicians in the
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process of differential diagnosis.

according to their primary structures into alpha/beta,
gamma and omega types) and the poorly soluble
glutenins, which are divided into high-molecularweight (HMW) and low-molecular-weight (LMW)
[8]
subunits . Homologous proteins have been found in
rye and barley. In celiac disease (CD) a T-cell mediated
autoimmune reaction is triggered by gluten-derived
[9]
peptides . The autoimmune inflammatory cascade
is localised in the small bowel, where it leads to the
classical enteropathy and malabsorption syndrome.
Among the gluten-related disorders CD is the best
known one to date: patients’ genetic predisposition,
the association with other autoimmune disorders, CD
complications have all been extensively studied.
Wheat allergy (WA) represents another type of
adverse immunologic reaction to proteins contained
in wheat and related grains, with different clinical
presentations depending on the route of exposure.
In this setting, Immunoglobulin E (IgE) antibodies
mediate the inflammatory response to several
allergenic proteins [alpha-amylase/trypsin inhibitor,
non-specific lipid transfer protein (nsLTP), gliadins,
[10]
HMW glutenins] .
A third type of symptomatic responses to gluten
ingestion is the so-called Non-Celiac Gluten Sensitivity
(NCGS). Patients affected by NCGS usually report a
wide range of intestinal and extra-intestinal symptoms
arising shortly after the ingestion of gluten-containing
[1,10]
food in the absence of CD or WA
. Although the
pathogenetic mechanisms leading to the onset of NGCS
are far from being clearly understood, the current
opinion is that there is a non-autoimmune non-allergic
[11]
process . To date, a complete definitive diagnostic
flowchart for gluten-related disorders has yet to be
established.

Key words: Celiac disease; Gluten sensitivity; Wheat
sensitivity; Allergy; Gluten-free diet
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gluten-related disorders (celiac disease, wheat
allergy and non-celiac gluten sensitivity) have emerged
as an epidemiologically relevant phenomenon with an
estimated global prevalence close to 5%. Although
they are characterised by peculiar pathogenetic
pathways involved in their development, they share
similar clinical manifestations making their differential
diagnosis challenging. A multimodal pragmatic
approach combining findings from the patient’s clinical
history, symptoms, serological and histological tests, as
described in the present manuscript, is required for an
accurate diagnosis.
Elli L, Branchi F, Tomba C, Villalta D, Norsa L, Ferretti F,
Roncoroni L, Bardella MT. Diagnosis of gluten related disorders:
Celiac disease, wheat allergy and non-celiac gluten sensitivity.
World J Gastroenterol 2015; 21(23): 7110-7119 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i23/7110.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i23.7110

INTRODUCTION
Cereal crops and cereal consumption have had a vital
role in the history of Mankind but in the recent years
gluten ingestion has been found linked with a wide
range of clinical disorders. Gluten-containing cereals,
such as wheat, rye and barley, have always been a
main component of people’s diet in Western countries,
but their consumption is increasing in Eastern countries
as well, owing to the progressive adoption of Western
lifestyles. In this context, gluten-related disorders
have gradually emerged as an epidemiologically
relevant phenomenon with a global prevalence that is
[1-4]
estimated around 5% , drawing the attention of the
scientific community. Surveys conducted among the
general population confirm that increasing numbers
of consumers worldwide avoid gluten-containing
food, irrespective of the presence of a known illness
[5,6]
or allergy . Switching to a gluten-free diet (GFD)
is often viewed as a lifestyle change rather than a
proper dietary treatment. Accordingly, the market for
gluten-free products is constantly growing, with the
latest European reports estimating a compound annual
[7]
growth rate of 10.4% between 2014 to 2019 .
Different mechanisms are involved in the patho
genesis of gluten-related disorders. Gluten is the main
structural protein of wheat, composed of two main
fractions depending on their solubility in aqueous
alcohols: the monomeric soluble gliadins (classified
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GLUTEN RELATED DISORDERS IN
ADULTS
Celiac disease

Epidemiological studies estimate a worldwide pre
valence of CD of approximately 1:100 individuals,
with a considerable proportion of patients remaining
[12,13]
undiagnosed and untreated
. The ingestion of gluten
in genetically predisposed individuals carrying HLA
type Ⅱ DQ2/DQ8 alleles can arouse a T-cell mediated
immune reaction against tissue transglutaminase,
an enzyme of the extracellular matrix, leading
to mucosal damage and eventually to intestinal
[14,15]
villous atrophy
. Gliadins are supposed to be the
active fractions of gluten; in fact, they content the
immunogenic peptides (especially the 33mer) and are
[16,17]
able to exert a direct cytotoxic effect on the cell
.
The clinical manifestations of CD are heterogeneous
and range from the so-called “classical” syndrome with
diarrhea, weight loss and malnutrition, to selective
malabsorption of micronutrients (iron, vitamin B12,
calcium). Non-classical features include irritable-bowel-
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type symptoms, hypertransaminasemia, cerebellar
[18]
ataxia and peripheral neuropathy . In the past, most
patients diagnosed with CD were children with severe
organic manifestations, but in more recent years there
has been an increase in diagnosis of adults and pauci[10]
symptomatic patients . CD can be associated with
other disorders, such as autoimmune diseases in
25% of CD patients (type-Ⅰ diabetes in 3% of cases,
autoimmune thyroiditis in 10%, autoimmune hepatitis
in less than 1% etc.), less frequently infertility and
[9]
dermatitis herpetiformis . The history of CD can be
rarely complicated by refractory celiac disease or
malignancies including lymphoproliferative disorders
[19-24]
and carcinoma of the small bowel
.
To date, the only available therapy for CD is a life[18,25]
long GFD
. The adherence to a restrictive GFD
leads to the resolution of symptoms and to the gradual
[26]
healing of histological abnormalities
even if the
complete recovery of the intestinal mucosa is rare
and low-grade mucosal inflammation seems to persist
in many treated celiac patients as shown by follow[27]
up duodenal biopsies . However, there is strong
interest among both patients and physicians in the
development of alternative treatments for CD, with
the aim of achieving mucosal healing and symptoms
resolution in those patients with incomplete response
[28]
or inadequate compliance to the GFD . Many options
are currently under investigation through clinical trials,
including oral proteases, zonulin-inhibitors, gluten[17,29]
binding agents and desensitization strategies
.
The diagnosis of CD is classically based on a
combination of findings from a patient’s clinical
history, serologic testing and gastroscopy by means
of duodenal biopsies. Even in the absence of clinical
symptoms, the screening for CD should be considered
among the first-degree relatives of celiac patients,
patients with type-Ⅰ diabetes mellitus and patients
with Down’s syndrome, given the high prevalence of
[12,18,30]
CD in these and other at risk groups
.
Due to the low costs and high reproducibility,
the preferred serologic test for the detection of CD
in subjects above 2 years of age is the anti-transg
lutaminase IgA antibody (TTG), which shows a
[31]
specificity and sensibility of around 95% . TTG test
has a wide diffusion as enzyme linked immunosorbent
assay or radioimmunoassay commercial kits and
gained an important efficiency since the introduction of
human recombinant substrates. The anti-endomysium
antibody (EMA) has a higher specificity (around 99%)
and can be used as a confirmatory test in cases
[32]
of uncertain diagnosis in high-risk populations .
However, EMA test is expensive (monkey esophagus
or human umbilical cord are used as substrates)
and operator dependent due to the interpretation of
[32]
immunofluorescent pattern . Deamidated gliadin
peptide (DGP) IgA and IgG, substituting the anti
gliadin antibodies, are used in combination with TTG
[33]
IgA in children who are less than 2 years old .
Multiple biopsies of the duodenum (at least four) are
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recommended as a critical component of the diagnostic
evaluation and represent the gold standard in adults.
CD damage in the duodenal mucosa is not uniformly
distributed so multiple biopsies are necessary to
[34]
reduce the probability of false negative results . The
signs of gluten-related enteropathy out of duodenal
biopsy range from an increase in the intraepithelial
lymphocytes to villous atrophy, as staged by Marsh
[14]
[35]
et al
and successively by Oberhuber et al .
However, the lymphocytic infiltration of the intestinal
epithelium in the absence of villous atrophy (Marsh 1)
is considered a non-specific finding, warranting further
[36]
investigations .
In view of its high negative predictive value, the
genetic testing for HLA DQ2/DQ8 is suggested in order
to rule out CD in select clinical situations, as in the
cases of patients at high risk of CD but already on GFD
(as mentioned above), equivocal histologic findings
in seronegative patients, or discrepancies between
[18]
histology and serology . Given that around 95%
celiac patients carry the HLA-DQ2 heterodimer and the
remaining 5% are HLA DQ8 carriers, a negative HLA
genotyping can effectively exclude the presence of
[37-39]
CD
.
In fact the diagnosis of CD is not always clearcut: the available international guidelines suggest
some strategies to achieve the correct diagnosis in
particular cases. It is recommended to rule out IgA
deficiency, a condition which is present in up to 2%
celiac patients and leads to false negative results; in
[40]
those cases TTG IgG should be tested . Moreover,
other causes of villous atrophy, such as common
variable immunodeficiency, autoimmune and chronic
inflammatory disorders, drugs and neoplasia,
Giardiasis have to be excluded in all patients with
[41,42]
particular attention in case of negative serology
.
It is recommended to assess serology and
duodenal histology while the patient is still on a
[18]
gluten-containing diet . Patients with suspected but
unproven CD who are already on a GFD at the time of
referral, may not show histologic changes or antibody
titers consistent with CD due to the improvement
of the standard diagnostic tests caused by the GFD
[43]
itself . In order to diagnose CD accurately, such
individuals should be tested for the presence of
HLA DQ2/DQ8 and, if positive, gluten should be reintroduced under medical supervision via the socalled “gluten challenge” before planning any serologic
[43]
testing and duodenal biopsies . Still unclear are:
what daily intake of gluten is adequate and how long
the gluten challenge should last in order to achieve
a correct diagnosis. For a long time, the guidelines
have recommended to prescribe 10 grams of gluten
[44]
per day for a duration of 6-8 wk . However, some
recent studies have showed that lower doses of gluten
over shorter periods (3 g per day for 2 wk) determine
diagnostic changes in histology and/or serology in up
[43]
to 90% subjects . The new proposed low-dose 14
d long gluten challenge has shown higher compliance
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and tolerability. The added diagnostic sensitivity of
extending the low-dose challenge from 2 to 8 wk is yet
to be known.

wheat flour SPT solutions differ in protein content
showing that the improvement and standardization of
[53]
SPT for wheat is highly recommended . SIgE in vitro
assays are more sensitive (about 75%-80%) than
SPT but less specific (about 60%), mainly due to the
[54]
cross-reactivity with grass pollens . The identification
of molecular allergens for laboratory methods has
profoundly changed the diagnostic approach to allergic
diseases in the recent years. Molecular-based allergy
(MA) diagnostics could overcome some limitations of
sIgE in vitro assays using wheat flour extracts. Unfor
tunately, until now only omega-5 gliadin (Tri a 19) and
nsLTP (Tri a 14) are available in the ImmunoCAP™ assay,
whereas the alpha-amylase/trypsin inhibitor (Tri a aA/
TI) is available only in the microarray ISAC™ assay.
The sIgE to omega-5 gliadin assay is highly reliable
and now widely used to identify the patients with
[55]
WDEIA . However, the test is estimated to miss
[55]
approximately 20% cases . On the other hand,
the sIgE to alpha-amylase/trypsin and sIgE to nsLTP
inhibitors have resulted useful for both the diagnosis
[56]
of FA and baker’s asthma . If SPT and the sIgE
assays with flour extracts or molecular allergens are
inconclusive, functional assays are required. They are
considered the gold standard for the diagnosis but are
accompanied by a risk of severe induced reactions and
are impractical in busy practice settings. Functional
tests include a bronchial challenge test in baker’s
asthma and a double-blind placebo-controlled food
challenge or an open oral food challenge in FA. In
the recent years a flow cytometry-assisted basophil
activation test (BAT) has been introduced as an in
vitro functional test for the diagnosis of immediatetype allergy, and it seems a good alternative for those
patients at risk of severe anaphylactic reactions or with
contradictory test results. Some authors have recently
showed the usefulness of BAT for the diagnosis of WA
and in particular its ability to discriminate tolerant vs.
[57,58]
allergic subjects among hypersensitized people
.
Although BAT is more expensive and technically
challenging compared to conventional in vitro tests, its
use has been gradually increasing in clinical practice.
In conclusion, WA is not easily diagnosed with
conventional SPT or sIgE assays using wheat flour
extracts, since their diagnostic predictivity is unsatis
factory. Challenge tests remain the gold standard for
WA diagnosis, but they are cumbersome and potentially
dangerous. MA diagnostics and BAT represent new
useful tools for the in vitro diagnosis of WA and in some
cases may effectively replace the in-vivo functional
tests.

Wheat allergy

Depending on the route of allergen exposure, WA is
classified into occupational asthma (baker’s asthma)
and rhinitis; food allergy (FA), affecting the skin, the
gastrointestinal tract or the respiratory tract; wheatdependent exercise-induced anaphylaxis (WDEIA)
and contact urticaria. Ingested wheat can cause IgEmediated wheat allergies in both children and adults.
Although the sensitization to wheat assessed by
serum IgE is more prevalent in adults, WA shows
[45,46]
greater prevalence in children
. Immediate wheat
allergy is mainly seen in children who commonly
outgrow it by school-age, the same as with egg or milk
[47,48]
allergy
. The majority of wheat allergic children
suffer from moderate-to-severe atopic dermatitis
and wheat ingestion may elicit typical IgE mediated
reactions, including urticaria, angioedema, bronchial
obstruction, nausea and abdominal pain, or in severe
[47]
cases systemic anaphylaxis . In adults FA to ingested
wheat is infrequent: the most common variant in
adults is the WDEIA, where symptoms result from
the combination of causative food intake and physical
exercise (as well as non-steroidal anti-inflammatory
drugs or alcohol). In adults, FA gastrointestinal
symptoms could be mild and difficult to recognize, the
most common are diarrhea and bloating.
Known since the times of the Roman Empire, baker’
s asthma and rhinitis are well-characterized allergic
responses to the inhalation of wheat flours, affecting
up to 10%-15% bakers, millers and pastry factory
[49]
workers . Some patients may develop symptoms
also after eating meals contaminated by uncooked
wheat flour, otherwise no problems are usually
[50]
reported after the ingestion of cooked wheat .
[51]
Many allergenic proteins are involved in WA
and
the latest updated version of the WHO/IUIS Allergen
Nomenclature Database describes 21 different wellclassified wheat allergens. Although some allergens
seem mainly associated with respiratory symptoms
[alpha-amylase/trypsin inhibitor), FA (non-specific lipid
transfer protein (nsLTP), gliadins], WDEIA (omega-5
gliadin), or contact urticaria (HMW glutenins), there
is a clear overlap between the ranges of proteins
[2,52]
responsible for different clinical conditions
.
The diagnosis of WA is classically based on skin
prick tests (SPT), in vitro specific Immunoglobulin E
(sIgE) assays and functional assays. SPTs and sIgE
in vitro assays are the first-level diagnostics for WA.
However, they are affected by a low predictive value.
In particular, their low sensitivity can be explained
by the fact that the commercial test reagents are
mixtures of water/salt-soluble wheat proteins that
lack allergens from the insoluble gluten fraction. In
addition, some authors have showed that commercial
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Non celiac gluten sensitivity

“Non-celiac gluten sensitivity” is the proposed
definition for the condition in which gastrointestinal
and extra-intestinal symptoms are triggered by
gluten consumption, in the absence of celiac-specific
antibodies and villous atrophy as well as of any allergy
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[1]

[68,69]

related processes . The earliest descriptions of
sensitivity to gluten appeared in the literature during
[59]
the 1980’s . Nowadays, the overall prevalence
of the condition is difficult to estimate. According
to a study performed by the National Health and
Nutrition Examination Survey in the United States, the
prevalence of self-prescribed GFD in an unselected
population of subjects aged 6 years or older was
[60]
0.5% . The self-reported prevalence of NCGS was
13% in a United Kingdom population questionnairebased survey, with less than 1% subjects having a
[5]
medical diagnosis of the condition . When explored
in a selected setting of patients affected by irritable
bowel syndrome (IBS), the prevalence of GS, as
proved through a double-blind placebo-controlled
[61]
challenge, was up to 28% . Even in the absence
of identified risk factors, the condition seems to be
associated with the female gender and young/middle
[3,5,60]
age
.
The clinical presentation of NCGS includes
gastrointestinal symptoms, such as abdominal pain,
bloating and altered bowel habit, and systemic
symptoms, such as fatigue, headache, bone or joint
pain, mood disorders and skin manifestations (e.g.
[1,3,62]
eczema or rash)
. Symptoms usually closely follow
the consumption of gluten and disappear after gluten
withdrawal.
Contrary to CD and wheat allergy, there are no
clear serologic or histopathologic criteria for clinicians
to confirm the diagnosis of NCGS. The accurately CD
detecting antibodies, namely TTG and EMA IgA, are
constantly negative in NCGS. However, the presence
of antigliadin IgG has been reported in up to 50%
patients, while antigliadin IgA antibodies rarely
[3,63,64]
occur (7%)
. As far as any intestinal damage is
concerned, an increase in the number of lymphocytes
infiltrating the epithelium has been described in a
[64]
subset of NCGS patients . The frequency of NCGS is
higher in first-degree relatives of celiac patients and
HLA-DQ2 and DQ8 genotypes are observed in 50%
NCGS patients, which finding is mildly elevated in
[62]
comparison with the general population .
To date, NCGS is mainly a “diagnosis of exclusion”
made after other wheat-related and non-wheat-related
disorders have been ruled out. In fact, NCGS has
often been described as an IBS-like entity, given the
apparently functional nature of both syndromes and
[65]
the evident overlap of symptoms . Moreover, it has
been observed that both patients with self-reported
NCGS and IBS improve after the dietary reduction of
FODMAPs (fermentable, oligo-, di-, monosaccharides,
[66]
and polyols)
and that IBS patients, especially those
with the IBS-D (diarrhea) subtype, benefit from a
[67]
GFD . The recent evidence about the efficacy of a
low-FODMAPs diet in this subsets of patients suggests
the hypothesis that some components of wheat
other than gluten may be responsible for triggering
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symptoms
. In fact, oligosaccharides like fructans,
contained in wheat and related grains, have been
proven able to exert an osmotic effect in the intestinal
lumen and increase gas production from bacterial
[70,71]
fermentation
. Other plant proteins contained
in wheat, such as lectins, agglutinins and amylasetrypsin inhibitors, may have a role in the development
of symptoms after the ingestion of cereals by
[72-74]
triggering the innate immune response
. For these
reasons, and given the scattered data regarding the
pathogenesis of NCGS, it has been suggested that the
“non-celiac wheat sensitivity” definition may be more
[75,76]
appropriate
.
[77]
In a recent study by Biesiekierski et al
the
concept of NCGS as a syndrome has been questioned.
In that study, patients with self-reported NCGS on a
GFD showed further improvement when placed on a
low FODMAP diet and blinded gluten re-introduction
led to no specific or dose-dependent effect. However,
in those patients the reintroduction of both gluten and
whey protein probably had a nocebo effect similar in
all groups, which might have concealed the true effect
of gluten/wheat re-introduction.
A more appropriate standard for the confirmation
of NCGS would be an elimination diet followed by
[62]
double-blind placebo-controlled gluten challenge .
This method can be particularly useful in order to
[61]
differentiate NCGS from IBS .
[78]
Recently Kabbani et al
have proposed a
diagnostic algorithm based on the combination of
absence or presence of various clinical, serologic and
histological markers with the purpose of identifying
NCGS and distinguishing it from CD. This algorithm
may prove a useful tool in clinical practice because
it provides suggestions for the effective evaluation
of patients with gluten-related symptoms already
undertaking a GFD, for whom the exclusion of CD and
[78]
confirmation of NCGS may be a cumbersome task .
According to this algorithm, a negative HLADQ2 and DQ8 genotype can be useful to rule out
[5]
CD even in the absence of serology , although this
would only exclude half the patients with NCGS: in
such a case a gluten challenge followed by serology
[78]
and duodenal biopsies is warranted . In patients
with suspected NCGS, a short-term low-dose gluten
challenge as discussed above can turn out to be a
more suitable pragmatic approach than the traditional
[43]
8 wk long approach . It has been calculated that the
application of this diagnostic approach in secondarycare gastrointestinal practice would result in the
identification of CD in 7% patients referred for
suspected NCGS, while the remaining 93% would
[5]
receive the confirmation of NCGS .
Nowadays, due to the absence of any reliable
biomarker for NCGS diagnosis, a double-blind placebocontrolled gluten challenge could be considered a
possible gold standard to compare other algorithms or
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Patient with suspected
gluten related disorder

On a gluten
free diet

HLA typing for
celiac disease
predisposition
and SPTs/sIgE

+

-

HLA and SPTs/sIgE

+

+

HLA and SPTs/sIgE

-

TTG (exclude IgA
deficiency)
SPTs/sIgE if not already
tested

Consider wheat allergy
and if possible perform
gluten challenge to
exclude celiac disease

+

HLA and SPTs/sIgE

-

On a gluten
containing diet

Start gluten challenge (at least
3 gr per day for 2 wk)

-

Start a strict gluten free
diet for at least 3 wk

Symptoms
improved

Start blind gluten
challenge

Symptomatic relapse
during blind gluten
ingestion

Other
investigations/
treatment for celiac
disease and/or
wheat allergy

-

Consider
wheat allergy

HLA and SPTs/sIgE

+

-

+

Consider trial
with low FODMAP
diet or further
investigations

-

+
Non celiac gluten
sensitivity confirmed

Figure 1 Diagnostic flowchart in case of suspected gluten related disorder. HLA: Human leukocyte antigen; SPTs/sIgE: Skin prick tests/specific
Immunoglobulin E.

markers.

the case of positive serology, the current guidelines
suggest to follow two different paths for the diagnostic
confirmation. In the presence of clinical symptoms,
TTG antibody levels at least 10 times higher than the
cut-off and positive EMA, the diagnosis of CD can be
established by the documentation of HLA compatibility
and clinical remission after 6 mo on GFD. If these
criteria are not met, similarly as in adult patients, an
upper endoscopy with duodenal biopsies should be
performed to confirm the presence of histological signs
[33]
of enteropathy .

GLUTEN RELATED DISORDERS IN
CHILDHOOD
Celiac disease

The diagnostic pathway of CD in children has been
recently modified by the Guidelines of the European
[33]
Society of Pediatric Gastroenterology and Nutrition .
The clinical suspicion of CD should be raised in children
with unexplained chronic gastrointestinal symptoms,
as well as extraintestinal manifestations such as
growth retardation, iron deficiency anemia, weight
loss, chronic fatigue, delayed puberty, amenorrhea,
recurring bone fractures or alterations of liver
function tests. Children and adolescents with Down’s
syndrome, Turner‘s syndrome, Williams syndrome, IgA
deficiency, autoimmune thyroiditis, type-1 diabetes,
or autoimmune disorders of the liver, first-degree
relatives of celiac patients, should also be given blood
[18,33]
tests for the diagnosis of CD
.
The serological tests used in children older than 2
[33]
years are TTG and EMA . The combination of TTG and
DGP, however, shows a better performance in younger
[79]
children . Only in the case of primary or secondary
IgA deficiency, additional testing with IgG antibodies
[80]
is recommended (TTG IgG, DGP IgG, EMA IgG) . In
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Non celiac gluten sensitivity

The literature on NCGS in children is scarce. Two
studies, both published in 2012 by Tanpowpong et
[81]
al
deal with gluten avoidance in children in New
[6,81]
Zealand
. In the first study, the prevalence of gluten
avoidance in a cohort of children was reported to be
[6]
five time higher than that of actual CD (5% vs 1%) .
In the second one, several clinical features such
as irritability, poor temper, diarrhea, weight issues,
pervasive developmental disorder and family history of
CD were found to be independent predictors of gluten
[81]
avoidance . The relationship between autism and
gluten has also been broadly studied, with a single
double-blind cross-over study not demonstrating
any GFD benefit in autistic children who were not
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Table 1 Diagnostic tests for gluten related disorders
Serology
Celiac disease

Wheat allergy

Genetic

Anti transglutaminase IgA
HLA typing
plus IgA dosage are used as
is useful to
screening test
exclude celiac
Anti endomysium as
disease
confirmatory test
The research of IgE against the
Not used
suspected allergens is sensitive

Non celiac gluten Anti gliadin IgG positive in 50%
sensitivity
of cases

Not used

Histology

Skin tests

Challenges

Presence of duodenal
atrophy is considered
the gold standard in
adulthood

Not used

Gluten challenge is used in
case of genetically predisposed
patients following a gluten free
diet

Not strictly indicated

Skin reactions against
allergens have a low
sensitivity especially in case
of wheat due to the absence
of specific components in
commercial reagents
Not strictly indicated;
Not used
a mild duodenal
intraepithelial
lymphocytosis is
possible in up to 50%
of suspected cases

[82]

affected by CD . To date, the only paper dealing with
the subject of NCGS in children advises to evaluate
symptomatic children, tested negative for CD and WA,
[83]
for NCGS . The suggested approach is similar to the
adults, recommending a gluten challenge after at least
[83]
8 wk on GFD . Due to the lack of evidence, however,
no guidelines are available on NCGS in children.

Double blind challenge with
gluten could be considered the
gold standard for diagnosis

the GFD. An expanding body of evidence sustains
the on-going debate on the appropriateness of
gluten elimination from the diet in the absence of
CD or WA. A thorough knowledge of the differences
and overlap in clinical presentations among glutenrelated disorders, and between them and other
gastrointestinal disorders, can help clinicians in the
process of differential diagnosis following a correct
flowchart (Figure 1). A multimodal pragmatic approach
combining the findings from the clinical history,
symptoms, serological and histological tests (Table
1) is strongly required in order to reach an accurate
diagnosis.

Wheat allergy

Epidemiological studies report a prevalence of WA in
[84]
children of around 0.4% . A United States study
estimated the resolution rates of pediatric wheat
allergy at: 29% by the age of 4 years, 56% by the age
[48]
of 8% and 65% by the age of 12 . The guidelines
published in 2010 by the American National Institute
of Allergy and Infectious Disease recommend that
food allergies including WA should be considered in
those individuals presenting with anaphylaxis or a
combination of clinical symptoms occurring within
minutes to hours after ingesting food, especially in
young children or if it is the second episode after
the ingestion of specific food. A SPT enables the
identification of food categories responsible for
triggering IgE-mediated allergic reactions, but a
[85]
positive SPT alone cannot be considered diagnostic .
Similarly, the sole presence of allergen-specific IgE in
the serum is not sufficient to confirm the diagnosis of
WA. The reference standard for the diagnosis of food
allergies is the double-blind placebo-controlled food
challenge (as for NCGS). However, a single-blind or
an open-food challenge may be considered diagnostic
if the challenge elicits objective symptoms, according
to the patient’s medical history and with support from
[85]
laboratory tests .

REFERENCES
1

2
3

4

5

CONCLUSION
Gluten-related disorders are emerging as a relevant
clinical entity along with the increasing popularity of

WJG|www.wjgnet.com

Challenges with the suspected
allergens are still considered
the gold standard although
potentially dangerous for the
patient

6

7116

Catassi C, Bai JC, Bonaz B, Bouma G, Calabrò A, Carroccio A,
Castillejo G, Ciacci C, Cristofori F, Dolinsek J, Francavilla R, Elli
L, Green P, Holtmeier W, Koehler P, Koletzko S, Meinhold C,
Sanders D, Schumann M, Schuppan D, Ullrich R, Vécsei A, Volta
U, Zevallos V, Sapone A, Fasano A. Non-Celiac Gluten sensitivity:
the new frontier of gluten related disorders. Nutrients 2013; 5:
3839-3853 [PMID: 24077239 DOI: 10.3390/nu5103839]
Inomata N. Wheat allergy. Curr Opin Allergy Clin Immunol 2009; 9:
238-243 [PMID: 19318930 DOI: 10.1097/ACI.0b013e32832aa5bc]
Volta U, Bardella MT, Calabrò A, Troncone R, Corazza GR. An
Italian prospective multicenter survey on patients suspected of
having non-celiac gluten sensitivity. BMC Med 2014; 12: 85 [PMID:
24885375]
Buscarini E, Conte D, Cannizzaro R, Bazzoli F, De Boni M, Delle
Fave G, Farinati F, Ravelli P, Testoni PA, Lisiero M, Spolaore
P. White paper of Italian Gastroenterology: delivery of services
for digestive diseases in Italy: weaknesses and strengths. Dig
Liver Dis 2014; 46: 579-589 [PMID: 24913902 DOI: 10.1016/
j.dld.2014.02.019]
Aziz I, Lewis NR, Hadjivassiliou M, Winfield SN, Rugg N,
Kelsall A, Newrick L, Sanders DS. A UK study assessing the
population prevalence of self-reported gluten sensitivity and
referral characteristics to secondary care. Eur J Gastroenterol
Hepatol 2014; 26: 33-39 [PMID: 24216570 DOI: 10.1097/01.
meg.0000435546.87251.f7]
Tanpowpong P, Ingham TR, Lampshire PK, Kirchberg FF, Epton
MJ, Crane J, Camargo CA. Coeliac disease and gluten avoidance

June 21, 2015|Volume 21|Issue 23|

Elli L et al . Diagnosis of gluten related disorders

7
8

9
10

11

12

13

14

15

16
17
18

19
20
21

22

23

24

in New Zealand children. Arch Dis Child 2012; 97: 12-16 [PMID:
22075107 DOI: 10.1136/archdischild-2011-300248]
Gluten-Free Products Market worth $6839.9 Million by 2019.
Available from: URL: http://www.marketsandmarkets.com/
PressReleases/gluten-free-products.asp
Shewry PR, Halford NG, Belton PS, Tatham AS. The structure
and properties of gluten: an elastic protein from wheat grain.
Philos Trans R Soc Lond B Biol Sci 2002; 357: 133-142 [PMID:
11911770 DOI: 10.1098/rstb.2001.1024]
Rubio-Tapia A, Murray JA. Celiac disease. Curr Opin
Gastroenterol 2010; 26: 116-122 [PMID: 20040864 DOI: 10.1097/
MOG.0b013e3283365263]
Ludvigsson JF, Leffler DA, Bai JC, Biagi F, Fasano A, Green PH,
Hadjivassiliou M, Kaukinen K, Kelly CP, Leonard JN, Lundin KE,
Murray JA, Sanders DS, Walker MM, Zingone F, Ciacci C. The
Oslo definitions for coeliac disease and related terms. Gut 2013;
62: 43-52 [PMID: 22345659 DOI: 10.1136/gutjnl-2011-301346]
Aziz I, Hadjivassiliou M, Sanders DS. Self-reported gluten
sensitivity: an international concept in need of consensus? Am
J Gastroenterol 2014; 109: 1498-1499 [PMID: 25196880 DOI:
10.1038/ajg.2014.205]
Fasano A, Berti I, Gerarduzzi T, Not T, Colletti RB, Drago S,
Elitsur Y, Green PH, Guandalini S, Hill ID, Pietzak M, Ventura A,
Thorpe M, Kryszak D, Fornaroli F, Wasserman SS, Murray JA,
Horvath K. Prevalence of celiac disease in at-risk and not-at-risk
groups in the United States: a large multicenter study. Arch Intern
Med 2003; 163: 286-292 [PMID: 12578508]
Volta U, Bellentani S, Bianchi FB, Brandi G, De Franceschi L,
Miglioli L, Granito A, Balli F, Tiribelli C. High prevalence of
celiac disease in Italian general population. Dig Dis Sci 2001; 46:
1500-1505 [PMID: 11478502]
Marsh MN. Gluten, major histocompatibility complex, and the
small intestine. A molecular and immunobiologic approach to the
spectrum of gluten sensitivity (‘celiac sprue’). Gastroenterology
1992; 102: 330-354 [PMID: 1727768]
Sollid LM, Markussen G, Ek J, Gjerde H, Vartdal F, Thorsby E.
Evidence for a primary association of celiac disease to a particular
HLA-DQ alpha/beta heterodimer. J Exp Med 1989; 169: 345-350
[PMID: 2909659]
Elli L, Dolfini E, Bardella MT. Gliadin cytotoxicity and in vitro
cell cultures. Toxicol Lett 2003; 146: 1-8 [PMID: 14615062]
Schuppan D, Junker Y, Barisani D. Celiac disease: from
pathogenesis to novel therapies. Gastroenterology 2009; 137:
1912-1933 [PMID: 19766641 DOI: 10.1053/j.gastro.2009.09.008]
Rubio-Tapia A, Hill ID, Kelly CP, Calderwood AH, Murray JA.
ACG clinical guidelines: diagnosis and management of celiac
disease. Am J Gastroenterol 2013; 108: 656-676; quiz 677 [PMID:
23609613 DOI: 10.1038/ajg.2013.79]
Freeman HJ. Lymphoproliferative and intestinal malignancies
in 214 patients with biopsy-defined celiac disease. J Clin
Gastroenterol 2004; 38: 429-434 [PMID: 15100523]
Catassi C, Bearzi I, Holmes GK. Association of celiac disease and
intestinal lymphomas and other cancers. Gastroenterology 2005;
128: S79-S86 [PMID: 15825131]
Bardella MT, Elli L, De Matteis S, Floriani I, Torri V, Piodi L.
Autoimmune disorders in patients affected by celiac sprue and
inflammatory bowel disease. Ann Med 2009; 41: 139-143 [PMID:
18777226 DOI: 10.1080/07853890802378817]
Elli L, Bonura A, Garavaglia D, Rulli E, Floriani I, Tagliabue G,
Contiero P, Bardella MT. Immunological comorbity in coeliac
disease: associations, risk factors and clinical implications. J Clin
Immunol 2012; 32: 984-990 [PMID: 22526595]
Rostami K, Steegers EA, Wong WY, Braat DD, SteegersTheunissen RP. Coeliac disease and reproductive disorders: a
neglected association. Eur J Obstet Gynecol Reprod Biol 2001; 96:
146-149 [PMID: 11384797]
Elli L, Contiero P, Tagliabue G, Tomba C, Bardella MT. Risk of
intestinal lymphoma in undiagnosed coeliac disease: results from a
registered population with different coeliac disease prevalence. Dig
Liver Dis 2012; 44: 743-747 [PMID: 22677003]

WJG|www.wjgnet.com

25

26

27

28
29

30

31

32
33

34

35

36

37

38

39
40

7117

Elli L, Discepolo V, Bardella MT, Guandalini S. Does gluten
intake influence the development of celiac disease-associated
complications? J Clin Gastroenterol 2014; 48: 13-20 [PMID:
24072075 DOI: 10.1097/MCG.0b013e3182a9f898]
Lee SK, Lo W, Memeo L, Rotterdam H, Green PH. Duodenal
histology in patients with celiac disease after treatment with a
gluten-free diet. Gastrointest Endosc 2003; 57: 187-191 [PMID:
12556782 DOI: 10.1067/mge.2003.54]
Lanzini A, Lanzarotto F, Villanacci V, Mora A, Bertolazzi S,
Turini D, Carella G, Malagoli A, Ferrante G, Cesana BM, Ricci
C. Complete recovery of intestinal mucosa occurs very rarely in
adult coeliac patients despite adherence to gluten-free diet. Aliment
Pharmacol Ther 2009; 29: 1299-1308 [PMID: 19302264 DOI:
10.1111/j.1365-2036.2009.03992.x]
Aziz I, Evans KE, Papageorgiou V, Sanders DS. Are patients with
coeliac disease seeking alternative therapies to a gluten-free diet? J
Gastrointestin Liver Dis 2011; 20: 27-31 [PMID: 21451794]
Lähdeaho ML, Kaukinen K, Laurila K, Vuotikka P, Koivurova
OP, Kärjä-Lahdensuu T, Marcantonio A, Adelman DC, Mäki M.
Glutenase ALV003 attenuates gluten-induced mucosal injury
in patients with celiac disease. Gastroenterology 2014; 146:
1649-1658 [PMID: 24583059 DOI: 10.1053/j.gastro.2014.02.031]
Bardella MT, Elli L, Velio P, Fredella C, Prampolini L, Cesana B.
Silent celiac disease is frequent in the siblings of newly diagnosed
celiac patients. Digestion 2007; 75: 182-187 [PMID: 17848794
DOI: 10.1159/000107979]
van der Windt DA, Jellema P, Mulder CJ, Kneepkens CM, van
der Horst HE. Diagnostic testing for celiac disease among patients
with abdominal symptoms: a systematic review. JAMA 2010; 303:
1738-1746 [PMID: 20442390 DOI: 10.1001/jama.2010.549]
Leffler DA, Schuppan D. Update on serologic testing in celiac
disease. Am J Gastroenterol 2010; 105: 2520-2524 [PMID: 21131921
DOI: 10.1038/ajg.2010.276]
Husby S, Koletzko S, Korponay-Szabó IR, Mearin ML, Phillips
A, Shamir R, Troncone R, Giersiepen K, Branski D, Catassi C,
Lelgeman M, Mäki M, Ribes-Koninckx C, Ventura A, Zimmer KP.
European Society for Pediatric Gastroenterology, Hepatology, and
Nutrition guidelines for the diagnosis of coeliac disease. J Pediatr
Gastroenterol Nutr 2012; 54: 136-160 [PMID: 22197856 DOI:
10.1097/MPG.0b013e31821a23d0]
Ravelli A, Villanacci V, Monfredini C, Martinazzi S, Grassi V,
Manenti S. How patchy is patchy villous atrophy?: distribution
pattern of histological lesions in the duodenum of children with
celiac disease. Am J Gastroenterol 2010; 105: 2103-2110 [PMID:
20372112]
Oberhuber G, Granditsch G, Vogelsang H. The histopathology
of coeliac disease: time for a standardized report scheme for
pathologists. Eur J Gastroenterol Hepatol 1999; 11: 1185-1194
[PMID: 10524652]
Aziz I, Evans KE, Hopper AD, Smillie DM, Sanders DS. A
prospective study into the aetiology of lymphocytic duodenosis.
Aliment Pharmacol Ther 2010; 32: 1392-1397 [PMID: 21050242
DOI: 10.1111/j.1365-2036.2010.04477.x]
Megiorni F, Mora B, Bonamico M, Barbato M, Montuori M,
Viola F, Trabace S, Mazzilli MC. HLA-DQ and susceptibility
to celiac disease: evidence for gender differences and parent-oforigin effects. Am J Gastroenterol 2008; 103: 997-1003 [PMID:
18177450 DOI: 10.1111/j.1572-0241.2007.01716.x]
Thomas HJ, Ahmad T, Rajaguru C, Barnardo M, Warren BF,
Jewell DP. Contribution of histological, serological, and genetic
factors to the clinical heterogeneity of adult-onset coeliac disease.
Scand J Gastroenterol 2009; 44: 1076-1083 [PMID: 19593686
DOI: 10.1080/00365520903100473]
Kaukinen K, Partanen J, Mäki M, Collin P. HLA-DQ typing in the
diagnosis of celiac disease. Am J Gastroenterol 2002; 97: 695-699
[PMID: 11922565 DOI: 10.1111/j.1572-0241.2002.05471.x]
Villalta D, Alessio MG, Tampoia M, Tonutti E, Brusca I, Bagnasco
M, Pesce G, Bizzaro N. Diagnostic accuracy of IgA anti-tissue
transglutaminase antibody assays in celiac disease patients with
selective IgA deficiency. Ann N Y Acad Sci 2007; 1109: 212-220

June 21, 2015|Volume 21|Issue 23|

Elli L et al . Diagnosis of gluten related disorders

41

42
43

44

45

46

47
48

49

50
51
52
53

54

55

56
57

58

[PMID: 17785308 DOI: 10.1196/annals.1398.025]
Pallav K, Leffler DA, Tariq S, Kabbani T, Hansen J, Peer A,
Bhansali A, Najarian R, Kelly CP. Noncoeliac enteropathy: the
differential diagnosis of villous atrophy in contemporary clinical
practice. Aliment Pharmacol Ther 2012; 35: 380-390 [PMID:
22145590 DOI: 10.1111/j.1365-2036.2011.04938.x]
Edling L, Rathsman S, Eriksson S, Bohr J. Celiac disease and
giardiasis: a case report. Eur J Gastroenterol Hepatol 2012; 24:
984-987 [PMID: 22617359]
Leffler D, Schuppan D, Pallav K, Najarian R, Goldsmith JD,
Hansen J, Kabbani T, Dennis M, Kelly CP. Kinetics of the
histological, serological and symptomatic responses to gluten
challenge in adults with coeliac disease. Gut 2013; 62: 996-1004
[PMID: 22619366 DOI: 10.1136/gutjnl-2012-302196]
Rostom A, Murray JA, Kagnoff MF. American Gastroenterological
Association (AGA) Institute technical review on the diagnosis
and management of celiac disease. Gastroenterology 2006; 131:
1981-2002 [PMID: 17087937 DOI: 10.1053/j.gastro.2006.10.004]
Vierk KA, Koehler KM, Fein SB, Street DA. Prevalence of selfreported food allergy in American adults and use of food labels.
J Allergy Clin Immunol 2007; 119: 1504-1510 [PMID: 17451802
DOI: 10.1016/j.jaci.2007.03.011]
Matricardi PM, Bockelbrink A, Beyer K, Keil T, Niggemann
B, Grüber C, Wahn U, Lau S. Primary versus secondary
immunoglobulin E sensitization to soy and wheat in the MultiCentre Allergy Study cohort. Clin Exp Allergy 2008; 38: 493-500
[PMID: 18269671 DOI: 10.1111/j.1365-2222.2007.02912.x]
Ramesh S. Food allergy overview in children. Clin Rev Allergy
Immunol 2008; 34: 217-230 [PMID: 17990125 DOI: 10.1007/
s12016-007-8034-1]
Keet CA, Matsui EC, Dhillon G, Lenehan P, Paterakis M, Wood
RA. The natural history of wheat allergy. Ann Allergy Asthma
Immunol 2009; 102: 410-415 [PMID: 19492663 DOI: 10.1016/
S1081-1206(10)60513-3]
Salvatori N, Reccardini F, Convento M, Purinan A, Colle R, De
Carli S, Garzoni M, Lafiandra D, De Carli M. Asthma induced by
inhalation of flour in adults with food allergy to wheat. Clin Exp
Allergy 2008; 38: 1349-1356 [PMID: 18510695 DOI: 10.1111/
j.1365-2222.2008.03023.x]
Brisman J. Baker’s asthma. Occup Environ Med 2002; 59:
498-502; quiz 502, 426 [PMID: 12107305]
Tatham AS, Shewry PR. Allergens to wheat and related cereals.
Clin Exp Allergy 2008; 38: 1712-1726 [PMID: 18823308 DOI:
10.1111/j.1365-2222.2008.03101.x]
Salcedo G, Quirce S, Diaz-Perales A. Wheat allergens associated
with Baker’s asthma. J Investig Allergol Clin Immunol 2011; 21:
81-92; quiz 94 [PMID: 21462797]
Sander I, Merget R, Degens PO, Goldscheid N, Brüning T, RaulfHeimsoth M. Comparison of wheat and rye flour skin prick test
solutions for diagnosis of baker’s asthma. Allergy 2004; 59: 95-98
[PMID: 14674940 DOI: 10.1046/j.1398-9995.2003.00349.x]
Sander I, Raulf-Heimsoth M, Düser M, Flagge A, Czuppon
AB, Baur X. Differentiation between cosensitization and crossreactivity in wheat flour and grass pollen-sensitized subjects. Int
Arch Allergy Immunol 1997; 112: 378-385 [PMID: 9104794]
Matsuo H, Dahlström J, Tanaka A, Kohno K, Takahashi H,
Furumura M, Morita E. Sensitivity and specificity of recombinant
omega-5 gliadin-specific IgE measurement for the diagnosis of
wheat-dependent exercise-induced anaphylaxis. Allergy 2008; 63:
233-236 [PMID: 18186814 DOI: 10.1111/j.1398-9995.2007.01504.
x]
Quirce S, Diaz-Perales A. Diagnosis and management of graininduced asthma. Allergy Asthma Immunol Res 2013; 5: 348-356
[PMID: 24179680 DOI: 10.4168/aair.2013.5.6.348]
Chinuki Y, Kaneko S, Dekio I, Takahashi H, Tokuda R, Nagao
M, Fujisawa T, Morita E. CD203c expression-based basophil
activation test for diagnosis of wheat-dependent exercise-induced
anaphylaxis. J Allergy Clin Immunol 2012; 129: 1404-1406 [PMID:
22464646 DOI: 10.1016/j.jaci.2012.02.049]
Tokuda R, Nagao M, Hiraguchi Y, Hosoki K, Matsuda T, Kouno

WJG|www.wjgnet.com

59
60

61

62

63

64

65

66
67

68

69

70

71

72

73

7118

K, Morita E, Fujisawa T. Antigen-induced expression of CD203c
on basophils predicts IgE-mediated wheat allergy. Allergol Int
2009; 58: 193-199 [PMID: 19240377 DOI: 10.2332/allergolint.08OA-0023]
Cooper BT, Holmes GK, Ferguson R, Thompson RA, Allan RN,
Cooke WT. “Gluten-sensitive diarrhea without evidence of celiac
disease”. Gastroenterology 1981; 81: 192-194 [PMID: 7239119]
DiGiacomo DV, Tennyson CA, Green PH, Demmer RT.
Prevalence of gluten-free diet adherence among individuals
without celiac disease in the USA: results from the Continuous
National Health and Nutrition Examination Survey 2009-2010.
Scand J Gastroenterol 2013; 48: 921-925 [PMID: 23834276]
Biesiekierski JR, Newnham ED, Irving PM, Barrett JS, Haines
M, Doecke JD, Shepherd SJ, Muir JG, Gibson PR. Gluten causes
gastrointestinal symptoms in subjects without celiac disease:
a double-blind randomized placebo-controlled trial. Am J
Gastroenterol 2011; 106: 508-514; quiz 515 [PMID: 21224837]
Sapone A, Bai JC, Ciacci C, Dolinsek J, Green PH, Hadjivassiliou
M, Kaukinen K, Rostami K, Sanders DS, Schumann M, Ullrich
R, Villalta D, Volta U, Catassi C, Fasano A. Spectrum of
gluten-related disorders: consensus on new nomenclature and
classification. BMC Med 2012; 10: 13 [PMID: 22313950]
Volta U, Tovoli F, Cicola R, Parisi C, Fabbri A, Piscaglia M,
Fiorini E, Caio G. Serological tests in gluten sensitivity (nonceliac
gluten intolerance). J Clin Gastroenterol 2012; 46: 680-685 [PMID:
22138844]
Carroccio A, Mansueto P, Iacono G, Soresi M, D’Alcamo A,
Cavataio F, Brusca I, Florena AM, Ambrosiano G, Seidita A,
Pirrone G, Rini GB. Non-celiac wheat sensitivity diagnosed by
double-blind placebo-controlled challenge: exploring a new clinical
entity. Am J Gastroenterol 2012; 107: 1898-1906; quiz 1907 [PMID:
22825366]
Verdu EF, Armstrong D, Murray JA. Between celiac disease and
irritable bowel syndrome: the “no man’s land” of gluten sensitivity.
Am J Gastroenterol 2009; 104: 1587-1594 [PMID: 19455131 DOI:
10.1038/ajg.2009.188]
Shepherd SJ, Halmos E, Glance S. The role of FODMAPs in
irritable bowel syndrome. Curr Opin Clin Nutr Metab Care 2014; 17:
605-609 [PMID: 25255126 DOI: 10.1097/MCO.0000000000000116]
Vazquez-Roque MI, Camilleri M, Smyrk T, Murray JA, Marietta
E, O’Neill J, Carlson P, Lamsam J, Janzow D, Eckert D, Burton
D, Zinsmeister AR. A controlled trial of gluten-free diet in patients
with irritable bowel syndrome-diarrhea: effects on bowel frequency
and intestinal function. Gastroenterology 2013; 144: 903-911.e3
[PMID: 23357715 DOI: 10.1053/j.gastro.2013.01.049]
Shepherd SJ, Parker FC, Muir JG, Gibson PR. Dietary triggers of
abdominal symptoms in patients with irritable bowel syndrome:
randomized placebo-controlled evidence. Clin Gastroenterol
Hepatol 2008; 6: 765-771 [PMID: 18456565 DOI: 10.1016/
j.cgh.2008.02.058]
Gibson PR, Shepherd SJ. Evidence-based dietary management of
functional gastrointestinal symptoms: The FODMAP approach. J
Gastroenterol Hepatol 2010; 25: 252-258 [PMID: 20136989 DOI:
10.1111/j.1440-1746.2009.06149.x]
Gibson PR, Shepherd SJ. Food choice as a key management
strategy for functional gastrointestinal symptoms. Am J
Gastroenterol 2012; 107: 657-666; quiz 667 [PMID: 22488077
DOI: 10.1038/ajg.2012.49]
Murray K, Wilkinson-Smith V, Hoad C, Costigan C, Cox E,
Lam C, Marciani L, Gowland P, Spiller RC. Differential effects
of FODMAPs (fermentable oligo-, di-, mono-saccharides and
polyols) on small and large intestinal contents in healthy subjects
shown by MRI. Am J Gastroenterol 2014; 109: 110-119 [PMID:
24247211 DOI: 10.1038/ajg.2013.386]
Junker Y, Zeissig S, Kim SJ, Barisani D, Wieser H, Leffler
DA, Zevallos V, Libermann TA, Dillon S, Freitag TL, Kelly CP,
Schuppan D. Wheat amylase trypsin inhibitors drive intestinal
inflammation via activation of toll-like receptor 4. J Exp Med 2012;
209: 2395-2408 [PMID: 23209313 DOI: 10.1084/jem.20102660]
Haas H, Falcone FH, Schramm G, Haisch K, Gibbs BF, Klaucke

June 21, 2015|Volume 21|Issue 23|

Elli L et al . Diagnosis of gluten related disorders

74

75

76
77

78

79

J, Pöppelmann M, Becker WM, Gabius HJ, Schlaak M. Dietary
lectins can induce in vitro release of IL-4 and IL-13 from human
basophils. Eur J Immunol 1999; 29: 918-927 [PMID: 10092096
DOI: 10.1002/(SICI)1521-4141(199903)29]
Dalla Pellegrina C, Perbellini O, Scupoli MT, Tomelleri C, Zanetti
C, Zoccatelli G, Fusi M, Peruffo A, Rizzi C, Chignola R. Effects
of wheat germ agglutinin on human gastrointestinal epithelium:
insights from an experimental model of immune/epithelial cell
interaction. Toxicol Appl Pharmacol 2009; 237: 146-153 [PMID:
19332085 DOI: 10.1016/j.taap.2009.03.012]
Carroccio A, Rini G, Mansueto P. Non-celiac wheat sensitivity
is a more appropriate label than non-celiac gluten sensitivity.
Gastroenterology 2014; 146: 320-321 [PMID: 24275240 DOI:
10.1053/j.gastro.2013.08.061]
Sanders DS, Aziz I. Non-celiac wheat sensitivity: separating the
wheat from the chat! Am J Gastroenterol 2012; 107: 1908-1912
[PMID: 23211856 DOI: 10.1038/ajg.2012.344]
Biesiekierski JR, Peters SL, Newnham ED, Rosella O, Muir JG,
Gibson PR. No effects of gluten in patients with self-reported nonceliac gluten sensitivity after dietary reduction of fermentable,
poorly absorbed, short-chain carbohydrates. Gastroenterology
2013; 145: 320-8.e1-320-8.e3 [PMID: 23648697 DOI: 10.1053/
j.gastro.2013.04.051]
Kabbani TA, Vanga RR, Leffler DA, Villafuerte-Galvez J, Pallav
K, Hansen J, Mukherjee R, Dennis M, Kelly CP. Celiac disease or
non-celiac gluten sensitivity? An approach to clinical differential
diagnosis. Am J Gastroenterol 2014; 109: 741-746; quiz 747
[PMID: 24619056 DOI: 10.1038/ajg.2014.41]
Aberg AK, Olcén P. Serologic screening for celiac disease in
children: a comparison between established assays and tests with
deamidated gliadin-derived peptides plus conjugates for both IgA
and IgG antibodies. APMIS 2009; 117: 808-813 [PMID: 19845531

80

81

82

83

84

85

DOI: 10.1111/j.1600-0463.2009.02541.x]
McGowan KE, Lyon ME, Butzner JD. Celiac disease and IgA
deficiency: complications of serological testing approaches
encountered in the clinic. Clin Chem 2008; 54: 1203-1209 [PMID:
18487281 DOI: 10.1373/clinchem.2008.103606]
Tanpowpong P, Broder-Fingert S, Katz AJ, Camargo CA.
Predictors of gluten avoidance and implementation of a gluten-free
diet in children and adolescents without confirmed celiac disease.
J Pediatr 2012; 161: 471-475 [PMID: 22484356 DOI: 10.1016/
j.jpeds.2012.02.049]
Elder JH, Shankar M, Shuster J, Theriaque D, Burns S, Sherrill L.
The gluten-free, casein-free diet in autism: results of a preliminary
double blind clinical trial. J Autism Dev Disord 2006; 36: 413-420
[PMID: 16555138 DOI: 10.1007/s10803-006-0079-0]
Francavilla R, Cristofori F, Castellaneta S, Polloni C, Albano V,
Dellatte S, Indrio F, Cavallo L, Catassi C. Clinical, serologic, and
histologic features of gluten sensitivity in children. J Pediatr 2014; 164:
463-467.e1 [PMID: 24252792 DOI: 10.1016/j.jpeds.2013.10.007]
Zuidmeer L, Goldhahn K, Rona RJ, Gislason D, Madsen C,
Summers C, Sodergren E, Dahlstrom J, Lindner T, Sigurdardottir
ST, McBride D, Keil T. The prevalence of plant food allergies: a
systematic review. J Allergy Clin Immunol 2008; 121: 1210-1218.
e4 [PMID: 18378288 DOI: 10.1016/j.jaci.2008.02.019]
Boyce JA, Assa’ad A, Burks AW, Jones SM, Sampson HA, Wood
RA, Plaut M, Cooper SF, Fenton MJ, Arshad SH, Bahna SL, Beck
LA, Byrd-Bredbenner C, Camargo CA, Eichenfield L, Furuta GT,
Hanifin JM, Jones C, Kraft M, Levy BD, Lieberman P, Luccioli
S, McCall KM, Schneider LC, Simon RA, Simons FE, Teach
SJ, Yawn BP, Schwaninger JM. Guidelines for the diagnosis and
management of food allergy in the United States: report of the
NIAID-sponsored expert panel. J Allergy Clin Immunol 2010; 126:
S1-S58 [PMID: 21134576 DOI: 10.1016/j.jaci.2010.10.007]

P- Reviewer: Boros M, Bohr J, Gassler N, Miheller P S- Editor: Qi Y
L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

7119

June 21, 2015|Volume 21|Issue 23|

World J Gastroenterol 2015 June 21; 21(23): 7120-7133
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i23.7120

© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Useful strategies to prevent severe stricture after
endoscopic submucosal dissection for superficial
esophageal neoplasm
Kaname Uno, Katsunori Iijima, Tomoyuki Koike, Tooru Shimosegawa
in the study population and surveillance duration.
A post-ESD ulceration of greater than three-fourths
of esophageal circumference was advocated as an
important risk factor for refractory strictures that
require several sessions of dilation therapy. Most of the
preoperative conditions are asymptomatic, but dilatation
treatment for dysphagia associated with the stricture has
potential risks of severe complications and a worsening
of quality of life. Possible mechanisms of dysphasia were
demonstrated based on dysmotility and pathological
abnormalities at the site: (1) delayed mucosal healing;
(2) severe inflammation and disorganized fibrosis with
abundant extracellular matrices in the submucosa;
and (3) atrophy in the muscularis proper. However,
reports on the administration of anti-scarring agents,
preventive dilation therapies, and regenerative medicine
demonstrated limited success in stricture prevention,
and there were discrepancies in the study designs
and protocols of these reports. The development and
consequent long-term assessments of new prophylactic
technologies on the promotion of wound healing and
control of the inflammatory/tumor microenvironment
will require collaboration among various research fields
because of the limited accuracy of preoperative staging
and high-risk of local recurrence.
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Core tip: The number of cases of refractory postendoscopic submucosal dissection (ESD) strictures will
increase as the indications for ESD expand. Dysphagia
related to the stricture is primarily treated using repeated
dilatation treatments, which risk complications and a
diminished quality of life. Dysmotility and inflammationassociated disorders at the site may reflect the me

Abstract
The minimal invasiveness of endoscopic submucosal
dissection (ESD) prompted us to apply this technique
to large-size early esophageal squamous cell carcinoma
and Barrett’s adenocarcinoma, despite the limitations
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chanisms of dysphasia. However, anti-scarring agent
administration, endoscopic modalities, and regenerative
medicine have limited effects. The development and
subsequent long-term assessment of new technologies
for the prevention and control of carcinogenesis will be
required based on the limited accuracy of preoperative
staging and the risk of local recurrence.

SM1 using the same criteria for gastric cancer or ESCC
[13]
remains controversial . Therefore, further prospective
studies using large numbers of subjects and long-term
surveillance are required to confirm the usefulness and
safety of ESD.
Many studies have suggested that strictures
after endoscopic treatment for large-sized SENs
might be refractory to dilation therapy (Figure 1).
The occurrence of refractory strictures after nonsurgical treatments was significantly higher than
the occurrence after surgery, but the overall rates
of strictures after esophagogastrectomy, chemoradiation therapy (CRT), and endoscopic resection
were 1.6%-25%, 3.3%-40%, and 6.0%-18%,
[1,7,15,21-23]
respectively
. Most strictures that occurred
after endoscopic treatment were classified as complex
strictures, e.g., (1) a simple stricture that is a short,
focal, and symmetric stenosis with a luminal diameter
that allows the passage of a standard endoscope;
and (2) complex strictures that are defined as having
one or more of the following features: a severely
narrowed luminal diameter ≤ 12 mm, length ≥ 20
[24,25]
mm, angulation, or asymmetry
. Therefore, it is
important to prevent severe stricture of the esophagus
from occurring after endoscopic treatment. Several
retrospective single-center studies identified more
than three-fourths of the circumferential extent of a
mucosal defect following endoscopic treatment using
“(sub)circumferential resection” or pathological tumor
staging deeper than the LPM as important predictors
of severe stricture (Table 1). The stricture rate after
esophageal (sub)circumferential ESD was reported
to be 88% to 100%, which was higher than the 86%
[1,7,22,27-29]
and 66% reported using CRT and EMR
.
The length of the stricture may also be related to its
[25,30,31]
[25]
severity
. Takahashi et al
revealed that the
average length of strictures that needed more than
10 sessions of dilation was greater than strictures
that required less than 10 sessions (53 mm vs 39
mm, respectively). A study at Nagasaki University
Hospital showed that patients with at least two of
the following risk factors might be at a higher risk to
develop stricture: mucosal defect of more than threefourths of the circumference, a longitudinal tumor
[31]
diameter greater than 40 mm, or cervical location .
Consequently, the length, circumference, location,
and pathological depth of SENs should be taken
into account when considering ESD as a treatment
strategy.
(Sub)circumferential ESD was performed in the
clinical setting in patients who were unwilling to
undergo esophagectomy or patients with severe
[13,14,31]
comorbidities
. Thereafter, most of these patients
required several sessions of dilation because of severe/
refractory dysphasia, although their preoperative
conditions were asymptomatic. Instead, repeated
dilatation has the potential risk of tears/perforation,
which results in potentially lethal complications and a

Uno K, Iijima K, Koike T, Shimosegawa T. Useful strategies to
prevent severe stricture after endoscopic submucosal dissection
for superficial esophageal neoplasm. World J Gastroenterol 2015;
21(23): 7120-7133 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i23/7120.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7120

INTRODUCTION
The management of superficial esophageal neoplasms
(SENs) has shifted from surgery to endoscopic
treatment with recent developments in endoscopic
technologies because of minimal invasiveness and
[1,2]
positive outcomes . Notably, endoscopic submucosal
dissection (ESD) achieves optimal histopathological
staging using en bloc resection compared to conven
[3-5]
tional endoscopic mucosal resection (EMR) . Recently,
ESD was successfully applied worldwide in large early
esophageal squamous cell carcinoma (ESCC) and
[6-12]
Barrett’s adenocarcinoma
.
However, there are no established criteria for
curability of ESD for larger-sized ESCC and Barrett’
s adenocarcinoma. Existing treatment guidelines
state that ESCC that are limited to intraepithelial or
lamina propria mucosae (LPM) with nominal lymph
node metastasis are candidates for endoscopic
[13]
treatment , but the rates of lymph node metastases
of ESCC invading the muscularis mucosae (MM) or the
upper third of the submucosa (SM1) were 9% or 19%,
[14]
respectively . Previous retrospective studies have
demonstrated that the curability of ESD for large-sized
high-grade intraepithelial neoplasms of the esophagus
or superficial ESCC were equivalent to surgical
[7,15]
resection
, which expanded the indication for
[16,17]
endoscopic treatment of SENs
. However, successful
resection of these lesions using ESD was reported
in relatively small numbers of subjects with limitedterm surveillance. EMR followed by radiofrequency
ablation therapy is mainly performed in patients with
early stage Barrett’s-associated adenocarcinoma, as
an alternative to esophagectomy in Western countries
[18,19]
with promising results
. EMR has limitations in
resectable size, which results in a higher risk of local
[13]
recurrence , and ESD has been used to remove large
carcinomatous lesions concomitant with background
[9,10,20]
Barrett’s mucosa with malignant potential
.
However, whether it is reasonable to evaluate the
curability for Barrett’s adenocarcinoma that invades
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Figure 1 Representative endoscopic imaging of a stricture after circumferential endoscopic submucosal dissection for a large-sized superficial
esophageal squamous cell carcinoma. A: Lugor chromoendoscopy imaging; B: Circumferential post-ESD ulceration; C: ESD specimen; D: Endoscopic imaging of
post-ESD stricture 3 mo after ESD. ESD: endoscopic submucosal dissection.
[32,33]

[34]

worsening of quality of life (QOL)
. The relatively
high risk of recurrence after endoscopic treatment for
SENs may occur because severe strictures after ESD
may mask recurrent lesions that are hidden in the
blind spots of the surveillance endoscopic inspection
[20]
and disturb their endoscopic treatment procedure .
Therefore, the control of these refractory strictures
with symptomatic dysphagia after (sub)circumferential
ESD is an urgent task for broader acceptance of
ESD as a treatment strategy for SEN. We review
recent achievements in the preventive and treatment
strategies of esophageal strictures after endoscopic
resection and the mechanism of their development.

fibers . A cascade of inflammatory cytokines and
reactive oxygen species is activated immediately after
injury, and inflammation continues until the process
[35,36]
is complete
. The following three pathological
characteristics that are unique to the process of
stricture formation after esophageal EMR/ESD were
demonstrated: (1) delayed mucosal healing; (2)
severe inflammation, which results in deeper ulceration
and extensive fibrosis, in the submucosa; and (3)
[37-40]
atrophy in the muscularis proper
. These factors
may be induced by deep thermal injury because of
the electric current effect of endoscopic therapy or
the prolonged loss of the esophageal epithelium as a
barrier against the external environment, including
exogenous material, saliva, food, microorganisms
[29,41-43]
or refluxate
. Our immunohistochemical study
of esophageal specimens surgically obtained from
patients with post-ESD strictures revealed rich collagen
fibers with inflammatory cells in the submucosa and
atrophic changes in the muscularis proper (Figure
2). Collagen fibers are the major components of
connective tissue, which provide structural support
in scars, and their disordered orientation may
be associated with the elasticity and strength of
[38,44]
esophageal tissue
. Previous studies suggested
that the atrophy of muscle fibers might originate from
passive fiber atrophy or a dynamic alteration of the
muscle fibers into myofibroblasts, activated fibroblasts,
which are deeply associated with inflammation, and
carcinogenesis. The disorganized fibrosis and the

Mechanism of the symptomatic/
mechanical stricture after ESD
We include mechanical stricture and esophageal
dysmotility as major causes of post-ESD dysphasia.
First, we discuss the mechanisms of mechanical
stricture development. In general, wound healing
occurs by way of the following series of events: (1)
induction of inflammatory response and organization
of granulation tissue; (2) proliferation of epithelial cells
in the border of the wound and the covering of the
wound with granulation; (3) growth of subepithelial
granulation; and (4) scar formation and contraction
after remodeling, such as dedifferentiation from
fibroblasts into fiber cells or contraction of collagen
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Table 1 Risk factors of esophageal stricture formation after endo-therapy
Ref.

Setting

Study design Patients (n ) Mechanical stenosis and/or
symptom(dysphasia)

Ono et al[15]

Single center

Retrospective

65

Shi et al[26]

Single center

Retrospective

362

Takahashi et al[25]

Single center

Retrospective

76

Risk factor

Necessity of EBD

More than three-fourths of
circumferential extension of
mucosal defect (OR = 44.2;
95%CI: 4.4-443.6) histologic
depth to the LPM cancer (OR
= 14.2; 95%CI: 2.7-74.2)
Failure to pass a standard
More than three-fourths of
endoscope (11 mm-diameter) circumferential extension of
mucosal defect (OR = 44.2,
95%CI: 4.4-443.6) depth of
invasion above the LPM
cancer (OR = 14.2, 95%CI:
2.7-74.2)
Failure of both symptomatic More than three-fourths of
relief of dysphagia and
the circumferential extent of
the passage of a standard mucosal defect (OR = 305.9;
endoscope (9.2 mm or 9.0
95%CI: 89.387-1046.8)
mm-diameter) without any
resistance 4-wk after the last
session

Additional
therapy of
chemo/
radiation

Follow-up
period (mo)

Excluded

Unknown

Excluded

41 (16-77)

Excluded

Stricture
group: 30.0
(5-142)
nonstricture
group: 45.0
(6-174)

EBD: Endoscopic balloon dilation.

A

especially when swallowing a large mass of food. Bu
[45]
et al
demonstrated that ineffective esophageal
motility after esophageal ESD was related to dysphasia
symptoms using a high-resolution manometry system
and a published symptomatic scoring system. These
results suggested that the ESD procedure itself can
induce a dysmotility related to irreversible symptomatic
dysphagia without mechanical stricture. However, no
study revealed the relationship between symptomatic
dysphasia and esophageal dysmotility in pre- or postESD patients.

B

Therapeutic strategy for post
ESD-strictures of the esophagus

Figure 2 Representative histological findings of specimens surgically
obtained from patients with post-endoscopic submucosal dissection
strictures of the esophagus (magnification × 40). A: Hematoxylin-Eosin
staining; B: Elastica-Masson staining. These results indicated rich collagen
fibers with inflammatory cells in the submucosa and atrophic changes in
muscularis proper at the stricture site.

Endoscopic dilation therapy

Currently, endoscopic balloon dilation (EBD) is the
preferred method to achieve mechanical dilation of
the strictures. EBD includes possible complications of
[24,25,32,49]
perforation, massive bleeding, and bacteremia
.
Notably, the potential risk of perforation from
dilation therapies for post-EMR/ESD strictures of the
esophagus is slightly higher than peptic or anastomotic
[24,25,50]
strictures
. We demonstrated in detail that
the perforation rate in total EBD procedures for
post-ESD strictures was 1.02%, which was slightly
greater than the 0.4% rate that was reported in a
[29]
retrospective survey for peptic strictures . Takahashi
[25]
et al
identified two independent risk factors for
perforation using Maloney and Savary wire-guided
bougienage, i.e., multiple dilations (OR = 1.185;
95%CI: 1.038-1.353; P = 0.012), and location in the

abundant production of extracellular matrices in the
submucosa and atrophy in the muscularis propria are
key factors in post-ESD strictures.
Second, we should consider the possible roles
of esophageal dysmotility in the occurrence of sym
ptomatic dysphagia. Previous studies also suggested
that dysphagia associated with gastroesophageal reflux
disease, caustic esophageal burns and mucosal damage
by endoscopic photodynamic therapy may be caused by
[45-48]
the underlying esophageal dysmotility
. Practically,
some post-ESD patients complain of sporadic dysphagia
without mechanical strictures on endoscopic findings,
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Figure 3 Representative endoscopic images of refractory strictures of the esophagus. A: Endoscopic images immediately after 10-cm long circumferential
ESD; B: Images 3 mo after ESD followed by repeated EBD with steroid injection; C: ERIC procedure with IT-2 knife (Olympus, Tokyo, Japan); D: Severe stricture 1 mo
after ERIC. ESD: endoscopic submucosal dissection; ERIC: endoscopic radial incision and cutting; EBD: endoscopic balloon dilation.

lower esophagus, which is an area with a relative lack
of muscle and/or surrounding supportive tissues (OR
[25]
= 12.763; 95%CI: 1.089-149.563; P = 0.043) .
Moreover, the dilation effect of endoscopic dilation
therapies is uncertain, and suboptimal improvements
in symptoms may occur. Repeated dilations can
worsen scarring, which results in the recurrence of
[25,51]
more refractory strictures
. Therefore, a carefully
planned strategy for dilation treatment is also needed
for patients with strictures.

appropriate indications for ERIC and overcome these
limitations.

Stent use

Metallic esophageal stents were initially used for
minimally invasive and permanent treatment of fistulas
and unresectable malignant stenosis. The use of stents
resulted in complications, such as granulation tissue
hyperplasia, pain, stent displacement, and esophageal
[30,53,54]
ulceration
. Improvements in removable stents,
such as temporary self-expandable metallic stents
and biodegradable stents, gradually increased the use
of stent implantation as a new treatment option for
[55-57]
refractory benign esophageal strictures
.
Some studies that reported the usefulness of
temporary self-expandable metallic stents for the
treatment of esophageal benign stenosis noted their
major advantages, including a sustained dilatation effect
[55,58,59]
[60]
and ease of removal
. Matsumoto et al reported
that a patient with refractory stenosis 1 mo after ESD
was cured by a 7-d implantation of a stent that caused
no complications and no recurrence during the 1-mo
[61]
follow-up. Wen et al
performed a single-center
randomized controlled trial (RCT) and showed that
the stricture rate and number of additional dilatations
during a short-term follow-up period were significantly
lower in subjects treated by stent placement for 8-wk
immediately after ESD than patients who were not
treated with stents. However, other studies noted that
the long-term treatment effect and complication rates
[55,62]
were not as satisfactory as expected
.

Endoscopic radial incision and cutting method

Recently, the endoscopic radial incision and cutting
method (ERIC) method was developed to directly
remove/slice the fibrotic tissue of a stricture using
[52]
ESD-oriented devices. Minamino et al demonstrated
the usefulness and safety of ERIC in two patients
with refractory strictures of the esophagus after
subcircumferential ESD followed by repeated EBD
concomitant with locoregional steroid injections.
However, the indication for and possible complications
of this technique are uncertain because of the lack of
studies using a large number of subjects and longterm surveillance. Actually, we experienced one case
of stricture after a 10-cm long circumferential ESD
that was too severe to be cured using repeated EBD
with steroid injections followed by ERIC. It was very
hard to perform the incision and slice during the
procedure because the stricture was too tight to enable
manipulation of the devices (Figure 3). Therefore,
further studies will be required to determine the
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[66]

Biodegradable stents were developed to overcome
the drawbacks of metallic/plastic stents for benign
strictures. Two case reports with short-term (up to 6
mo) surveillance demonstrated the usefulness and
safety of polylactide biodegradable stents for stenosis
after esophageal ESD that were greater than seven[63,64]
eighth of the circumference
. Further studies
will be needed to clarify the long-term outcome, but
hyperplastic regenerative changes might make it
difficult to distinguish between inflammatory changes
and neoplastic residues during the surveillance.

approaches in stricture prevention is expected .
[67]
Corticosteroids possess anti-inflammatory activity ,
inhibit collagen synthesis and enhance the breakdown
of collagen fibers, thereby preventing the cross-linking
[68]
of collagen fibers in the stricture formation . Nonaka
[37]
et al
used a pig model and demonstrated that
steroid injection after circumferential ESD might modify
the arrangement and proliferation of spindle-shaped
myofibroblasts during the healing process in a normal
or near-normal way. Recently, endoscopic injection or
systemic administration of steroids was primarily used
in clinical studies.

Preventive strategies for post-ESD
strictures

Endoscopic intralesional injections of steroids:
The use of triamcinolone acetonide (TA) in the
[68-70]
endoscopic field was proposed previously
.
[71]
Hashimoto et al used TA injection into the site on the
rd
th
th
3 /7 /10 days after ESD at a dose of 18 to 62 mg for
each session in a single-center retrospective study and
demonstrated that the stricture rate in patients with
TA was significantly lower than in patients without TA
(19% vs 75%, respectively). In another single-center
[72]
prospective study, Hanaoka et al
used a single local
injection of 100 mg of TA immediately after ESD, which
resulted in a 10% stricture rate and 0 in the median
number of EBD sessions in TA subjects compared
with 66% and 2%, respectively, in their historical
control without TA. However, some patients who were
treated using (sub)circumferential ESD followed by
steroid injection with EBD still suffered from refractory
[31,52,73]
strictures
.
The results of previous studies exhibit discre
[37,38]
pancies
. Some studies noted that the use of local
steroid injections did not prevent strictures, but it
induced serious complications, such as periesophageal
[28,74,75]
abscess/perforation
. Several studies suggested
the following causal factors of these discrepancies.
First, the delay in wound healing processes by steroid
treatment exhibits bifacial effects. Instead of delayed
scar formation, delayed epithelialization might facilitate
bacterial infection and the subsequent extension of
inflammation, which results in a worsening of the
[38,49]
healing process and deepening of fibrotic changes
.
Second, local steroid administration may induce an
excessive inhibition of fibrosis during an early phase
of the healing process, which results in a weakening
[49]
of the wall . Eventually, a deep ulceration and
subsequent perforation can be induced by TA injection,
especially when the muscle fibers are missing (Figure
[75]
4) . These changes are associated with a relatively
higher risk of perforation from EBD in post-ESD
patients who received steroid therapy than in patients
[75]
who underwent EBD alone . Third, this method has
critical/technical limitations in the certainty of drug
[76]
delivery . Actually, we often encountered situations
in which many of submucosal TA injections leaked out
during/immediately after the injection session, which
means that the injected agent may not be as evenly

No strategy for the prevention of post-ESD strictures
has been established. Previous studies have reported
the usefulness of the local/systemic administration of
anti-scarring agents, preventive EBD, and regenerative
medicine in the prevention of strictures, albeit with
limited success (Table 2). A relatively small number of
subjects can result in a type Ⅱ error. Moreover, there
are differences in study designs (basic or clinical),
definitions of esophageal stricture and symptomatic
dysphasia after endoscopic resection, the indication/
method/devices of EBD, follow-up period after the
treatment, the treatment history of additional therapies
before/after endoscopic treatment, and pathological
tumor staging of SENs. Notably, the circumferential
extent of post-ESD ulceration can be easily affected
by the extent of esophageal wall expansion due to the
inflated air amount on endoscopic examination or by
shrinkage of the residual mucosa after ESD. Therefore,
it is difficult to make direct comparisons to clarify the
best choice of prophylactic strategies for strictures.
Further prospective, randomized, double-blinded,
controlled investigations of a larger number of subjects
are required.

Preventive EBD

Previous studies demonstrated that preventive EBD
was scheduled immediately after endoscopic resection,
which may be useful for the prevention of post[41]
EMR/ESD strictures . However, patients with largesized lesions underwent > 13 sessions of preventive
EBD after sub-circumferential ESD or > 30 sessions
after circumferential ESD, which worsens their QOL
and increases the severity of the stricture and the
[5,29,41,65]
.
occurrence of EBD-associated complications
Therefore, the development of new strategies to
reduce the numbers of EBD sessions is needed.

Anti-inflammatory agents

The earlier administration of anti-inflammatory agents
might have an impact on the initial inflammation,
subsequent hyperplasia of granulation and fibrosis in the
submucosa. However, the efficacy of anti-inflammatory

WJG|www.wjgnet.com

7125

June 21, 2015|Volume 21|Issue 23|

WJG|www.wjgnet.com

Circumference of
the mucosal defect

7126

PGA: Polyglycolic acid; ESD: Endoscopic submucosal dissection; EBD: Endoscopic balloon dilation.

Iizuka et al[107]

Sakaguchi et al[106]

Ohki et al[98]

Sato et al[77]

Yamaguchi et al[65]

Hanaoka et al[72]

Included

Excluded

Excluded

Excluded

Additional
therapy of
chemo/radiation
No passage of an
endoscope (φ11
mm)
Vomiting at least
once a week +
no passage of an
endoscope (φ10.8
mm)
No passage of an
endoscope (φ9.8
mm)

Difinition of
stenosis

Persistent
dysphagia to
regular solid
meal
Complaint of
dysphagia

Dysphagia to
regular solid
meal

Complaint of
dysphagia

Dysphasia
(symptom)

Stenosis

Complaint of
dysphasia/no
passage of an
endoscope (φ11.4
mm)
Local injection Cohort study, 59
T1a-T1b
Subcircumference
Included
Dysphagia to
Dysphagia to
of steroid
prospective
(> 3/4)
(chemotherapy) some solids/no some solids
passage of an
endoscope (φ9.2
mm)
Systemic
Cohort study, 41 T1a-T1b (SM1) Subcircumference
Excluded
Unclear
Complaint of
administration retrospective
(> 3/4)
dysphagia
of steroid
-circumference
Systemic
Cohort study, 23 T1a-T1b (SM3)
Circumference
Included
Resistence/
administration retrospective
failure to pass an
of steroid +
endoscope (φ9.9
EBD
mm)
Autologous
Single-arm
9
Unknown
Subcircumference
Unknown
No definition
oral mucosal
(> 2/3)
epithelial cell
sheets
PGA
Case series,
8 T1a-T1b (SM2) Subcircumference
Unknown
Failure to pass a Symptoms of
prospective
(> 3/4)
endoscope (φ9.8
dysphasia
mm)
PGA
Case series, 15 T1a-T1b (SM2) Subcircumference
Excluded
Unclear
Unclear
prospective
(> 1/2)

41 T1a-T1b (SM3) Subcircumference
(> 3/4)

Local injection Case-control,
of steroid
retrospective

Hashimoto et al[71]

Case-control,
prospective

T1a-T1b

Tumor stage

Subcircumference
(> 3/4)
-circumference
31 T1a-T1b (SM1) Subcircumference
(> 3/4)
-circumference of
the lesion

41

n

Fully covered Cohort study, 22 T1a-T1b (SM1) Subcircumference
metalic stent
prospective
(> 3/4)
-circumference

Preventive
EBD +
tranilast

Uno et al[29]

Case series,
retrospective

Study design

Subjects

Wen et al[61]

Preventive
EBD

Preventive
strategy

Ezoe et al[41]

Ref.

Table 2 Results of previous studies on preventive strategies for esophageal stricture after endo-therapy

-

-

+

-

-

+

-

-

+

-

Dysphasia
score

Device

Follow-up
period

Unclear

Mechanical

Mechanical

Mechanical

Symptomatic

Symptomatic

Mechanical

Mechanical

8 wk

Unclear

12 wk

-

-

-

5.30%

10%

19.00%

18.20%

33.30%

59%

Stenosis
rate

Outcome

CRE
No definition 37.5 %
balloon
(about 28
(12-18 mm)
POD)
EBD
6 wk
7.70%
(unclear)

Unclear

CRE
3 mo
6-12 mo
balloon
(15-18 mm)
CRE baloon No fininition
(15-18 mm)

Unclear

CRE
balloon
(unclear)

SavaryGilliard
dilator

CRE
Median 84
balloon
mo
(four size)
Mechanical +
CRE
24.3 ± 7.4 mo
symptomatic
balloon
(15-18 mm)

Mechanical/
symptomatic

Indication

Dilation therapy

5

0.8 ± 1.2

2.33 (0-21)

13.8 ± 6.9

1.7 (0-7)

0 (0-2)

1.7 (0-15)

0.45 (0-3)

0.0 (0.0-1.75)

4.5 (0-35)

Therapeutic
ED number
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dysphagia or re-stenosis without serious complications
in 5 patients. MMC has an anti-proliferative effect
on fibroblasts in strictures, but the reproducibility of
[76,81]
these results was poor
. In contrast, MMC may
cause critical adverse events, such as delayed mucosal
healing, ulcer formation, perforation, and secondary
[82,83]
malignancy
.
N-acetylcysteine (NAC) is also expected to prevent
esophageal strictures because of the efficacy of NAC
against pulmonary fibrosis and restructuring after EBD
for intestinal strictures of Crohn’s disease or coronary
[84-86]
angioplasty
. NAC is an antioxidant compound with
antifibrotic effects, which primarily occur through the
inhibition of transforming growth factor-β signaling,
and anti-inflammatory effects that occur via the downregulation of tumor necrosis factor-α, interleukin-6
[87-90]
[91]
and interleukin-8 synthesis
. Barret et al demon
strated that the systemic administration of NAC
after circumferential ESD did not exhibit a significant
benefit on the occurrence of esophageal fibrosis and
subsequent esophageal stricture one month after
ESD in a pig model, which had the special condition of
continuous acid aggression in the esophagus, compared
[91]
to other models . We performed a prospective,
stratified-randomized, open-label trial in humans and
demonstrated the efficacy and safety of preventive EBD
combined with the commercially available oral agent
NAC Tranilast for the prevention of esophageal strictures
after 5 circumferential or 26 near-circumferential
ESD cases (Figure 5). We demonstrated that the
percentage of post-ESD strictures and the median
numbers of additional EBD sessions and published
dysphagia score 16 and 24 wk after ESD in subjects
with preventive EBD concomitant with Tranilast intake
were significantly lower than patients without Tranilast
intake (33.3%, 0.0%, 0.0%, 0.0%, vs 68.8%, 4.0%,
[29]
5.0%, 3.0%, respectively) . A previous study
suggested that combination therapy involving NAC and
[92]
other treatments may exhibit synergy effects , and
we are currently performing a randomized controlled
trial to elucidate the synergistic effect of NAC on the
preventive effect of oral steroid administration.

Figure 4 Representative image of esophageal perforation 2 d after
local injection of triamcinolone acetonide for endoscopic submucosal
dissection ulceration.

distributed as we intended. Therefore, it can be difficult
to measure/establish the precise/optimal amount
of the drug that was actually delivered because no
studies used tracing modalities for the injected drugs.
Further studies are needed to establish a stable drug
delivery system and define the optimal dose, duration,
and timing of steroid administration for stricture
prevention.
[65]

Systemic steroid therapy: Yamaguchi et al
demonstrated the efficacy of systemic steroid therapy
for stricture prevention. Oral prednisolone was
initiated 2 d after ESD at a dose of 30 mg/d, and
the dose was gradually tapered in decrements of 5
mg/d every 2 wk for 1 mo followed by decrements of
5 mg/d every week for the next 4 wk for 8 wk after
ESD. A comparison of the stricture rate of 19 patients
with systemic steroid therapy with 22 patients with
preventive EBD alone revealed that the rate in the
former group was significantly lower than that in the
latter group (5.3% vs 31.8%, respectively). Sato
[77]
et al
also reported that early, rather than late,
administration of systemic steroid therapy concomitant
with therapeutic EBD was more effective than
therapeutic EBD alone in the prevention of esophageal
strictures after circumferential ESD. However, we
should consider that there were only limited effects of
steroids on stricture prevention, especially after longlength (sub)circumferential ESD or circumferential
ESD, before extrapolating these results from study
[73,78]
settings to practical clinical settings
. We should
also pay careful attention to the adverse effects of
systemic administration, such as immune suppression,
psychiatric disturbances, diabetes, and peptic
[65]
ulceration . One case report described that systemic
steroid therapy after esophageal ESD may have
[79]
caused disseminated nocardiosis .

Regenerative medicine approaches

Tissue engineering approaches and scaffold-based
therapy/cell-based therapy are based on the concept
that transplanted tissue with/without supportive
materials can induce early repair and replace damaged
tissues.
Cell-based therapies: Transplanted cells are
expected to induce an early repair of wounds
through their interaction with the host tissue, but
their efficacies were demonstrated in only some
[93]
animal studies. Sakurai et al
demonstrated the
effect of autologous keratinocyte implantation in the
prevention of scar formation 2 wk after EMR, but
there was no significant difference in inflammatory

Potential drugs to target fibrotic formation:
[80]
Machida et al
demonstrated that local injection of
mitomycin C (MMC) into the site improved recurrent
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after ESD

16 wk
after ESD

Figure 5 Representative image of the ulcer healing process after circumferential endoscopic submucosal dissection of the esophagus. A: 3 wk after ESD of
patient without Tranilast intake; B: 16 wk after ESD of patient without Tranilast intake; C: 3 wk after ESD of patient with Tranilast intake; D: 16 wk after ESD of patient
with Tranilast intake. ESD: endoscopic submucosal dissection.
[93]

[33]

cell infiltration . Zuercher et al
demonstrated that
stricture formation with circumferential transmural
fibrosis 6 mo after a 6-cm long circumferential EMR
of sheep esophagus was inhibited by the injection
of autologous keratinocytes into the sites. The
further development of regenerative medicine will
be achieved by the use of adipose-derived stem cells
(ADSCs), which are easily obtained from adipose
tissue, for the targeted prevention of esophageal
strictures. ADSCs exhibit biological features that are
similar to those of bone marrow-derived stem cells,
which enhance early wound healing through humoral
factor secretion, differentiation into multiple cell-types,
suppression of inflammatory cells, and the promotion
[94-96]
[39]
of angiogenesis
. Honda et al
demonstrated
that local injection of autologous ADSCs after postEMR ulceration prevented esophageal strictures in
a canine model, but no investigations of surface
markers, multi-potentiality, or cell proliferation during
the healing process were performed.
However, other studies noted possible difficulties
in the engraftment of transplanted cells at the site
because of their low viability and difficulty in confirming
their injection into the targeted site. Whether the
injected cells can really form a regenerating epithelial
layer or facilitate epithelial cells of the ulcer edge to
cover the site remains unclear because of the difficulty
in tracing the cells.
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Technology of autologous oral mucosal epithelial
cell sheets: A breakthrough system for epithelial cell
sheets on temperature-responsive culture inserts was
[97]
developed at Tokyo Women’s Medical University , and
the cell membrane proteins and cell-to-cell junctions in
these sheets can be directly grafted to the site without
suturing or the use of any adhesive materials. Sheet
transplantation to mucosal defects immediately after
ESD promoted re-epithelization in an animal/clinical
[40,43,98,99]
model
. Transplantation of cell sheets prevented
esophageal strictures after hemi-circumferential to subcircumferential ESD in 8 of 9 cases in a clinical study,
and mucosal healing was rapidly completed within 3
[98]
to 5 wk. Only one case required 21 sessions of EBD .
These results suggested that cell sheets promote
epithelial healing and prevent stricture formation.
However, the transplantation of these sheets may be
disturbed by esophageal wall motion, the passage of
intakes, or gravity, depending on the location of the
site. Therefore, further studies of the development of
devices that facilitate stable sheet transplantation are
warranted to confirm the usefulness and safety of this
therapy.
Scaffold-based therapies: Temporary scaffolds
developed from biodegradable materials may provide
key proteins to establish a microenvironment that
is suitable to facilitate cell adhesion and migration/
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[100]

proliferation, which results in early wound repair .
Previous studies have suggested that the extrace
llular matrix plays an important role in the prevention
[101]
of strictures. Badylak et al
found that stents
combined with extracellular matrix and autologous
muscle tissues enabled the reconstruction of esophageal
structures and the recovery of function without stricture
[102]
formation in a canine model. Nieponice et al
de
monstrated that implantation of a temporary stent
wrapped with an extracellular matrix biological scaffold
composed of porcine-derived small intestinal submucosa
macroscopically/microscopically prevented esophageal
stenosis even after a long-length circumferential EMR of
the esophagus in another canine model.
Commercially available biological scaffold sheets
composed of polyglycolic acid (PGA), poly-L-lactic
acid (PLLA), or human amniotic membrane (AM)
are expected to minimize scar contracture in various
[64,103,104]
clinical fields
. PGA/PLLA are widely used as
biodegradable suture materials because they are
synthetic compounds that are completely degraded
[104]
into nontoxic products in physiological conditions
.
A recent case-series/report applied PGA sheets for
[105-107]
. Sakaguchi
the prevention of post-ESD stricture
[106]
et al
demonstrated that the use of sheets after
ESD with mucosal defects of more than threequarters of the esophageal circumference resulted in a
[107]
stricture rate of 37.5% 4 wk after ESD. Iizuka et al
demonstrated a stricture rate of 7.7% 6 wk after ESD
with more than half of the mucosal defects. Saito et
[64]
al demonstrated the usefulness of biological scaffolds
composed of PLLA as temporary stent supports for
stricture prevention in 2 cases. AM grafts, which
consist of an avascular stroma and a monostratified
[108]
cylinder cell epithelium with very few antigens , are
used clinically in the field of ophthalmology. However,
[108-110]
Barret et al
demonstrated that AM grafts had
only limited benefit in preventing strictures in a swine
[111]
model. More recently, Schomisch et al
revealed
that no commercially available biological mesh with
stent prevented esophageal stricture after 5-10-cm
long circumferential ESD in a swine model. Therefore,
the usefulness of ‘clinically available’ biological scaffold
sheets in stricture prevention remains controversial.
Technical difficulties in the delivery of cell sheets to
the esophageal wall also remain. Delivery using overthe-scope applications using clips or through-thescope applications using dilation balloons or temporary
self-expandable stents are time-consuming, and hole
defects after ESD remain uncovered by the sheets in
some cases. Instead, the patched sheets easily drop
off, probably due to peristaltic esophageal wall motions
or gravity depending on the anatomical location. Uno
[29]
[107]
et al
and Iizuka et al
demonstrated that the
sheets remained in place 1 wk after ESD in 86.7%
of the patients and 2 wk after ESD in 40% of the
patients, although a much longer time was needed
for complete healing. Moreover, these sheets exhibit
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potential adverse events, such as local recurrences
and infections, because the scaffold itself provides a
good environment for the engraftment of malignant
cells or microorganisms in the esophageal lumen and
oral cavity.
Therefore, these biological scaffold-based approaches
that target the control of the tissue microenvironment
will shed new light on the development of new
technologies for the prevention of strictures. However,
sufficiently stable and firm covering technologies
without adverse effects have not been developed.

Perspective
Previous studies have suggested that each of these
preventive strategies might reduce the risk of
esophageal stricture after (sub)circumferential ESD
from 88%-100% to 5.3%-59%. However, these
strategies have a reduced or no effect on prevention in
some cases, such as circumferential mucosal defects
after ESD and sub-circumferential mucosal defects of a
longitudinal length longer than 50 mm (Table 2).
Further studies using a combination of the
published strategies, rather than a single strategy, are
warranted as the first step to overcome this issue.
The establishment of accurate, consistent, and safe
methods to deliver agents through an endoscope is
one of the most important topics in this field. Recent
developments in stent technologies, such as recyclable
covered stents, drug-eluting stents, anti-displacement
stents, and biodegradable stents, promote future
improvements in stents with an adherent substance
that contains release agents/nanoparticles, which
may enable a more reliable and feasible drug delivery
system.
Another approach is the development of tran
splanting engineered tissues. The rationale for this
idea is that tissue engineering approaches have the
ability to create a temporary mechanical barrier and
promote epithelial re-growth because of their antiinflammatory and anti-fibrotic properties. Future
prospects in tissue engineering approaches have
great potential to cause damaged tissues to exhibit
(near-) normal physiological functions. However,
there remain concerns about possible complications
from the existing technologies, such as local infection,
immunological responses, and tumorigenesis, remain
because some previous studies included patients with
large-sized SENs in which the pathological assessment
of the ESD specimens revealed submucosal invasion or
positive vertical margins. Myofibroblasts are a major
component of the microenvironment, and these cells
might play a central role in the wound healing process
and the development of carcinogenesis. Therefore,
further works that focus on the control of fibroblast
activity, such as stable wound-covering stent/cell
sheets with biological agents/nanoparticles with
anti-fibrotic activity, could provide a big step in the
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development of new modalities.

9

CONCLUSION
We reviewed the recent achievements in preventive
strategies for post-ESD strictures of the esophagus,
which demonstrated only limited success. The
limitations of preoperative staging accuracy and the
relatively high risk of local recurrence during the
surveillance support the establishment of preventive
strategies as an urgent task to maintain prognosis
and improve QOL. Therefore, the strengthening of
the unity of knowledge of the biological/physiological
mechanisms of post-ESD strictures in various research
fields, such as basic/clinical medical research,
nanotechnology, and medical engineering, is required
to establish new strategies to promote wound healing
and control the tumor/inflammatory microenvironment
in carcinogenesis. After the efficacy and safety of
these new strategies are confirmed in long-term
careful assessments, (sub)circumferential ESD of the
esophagus will be accepted more broadly as the major
treatment strategy for SENs.
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MINIREVIEWS

Review of a challenging clinical issue: Intrahepatic
cholestasis of pregnancy
Sebiha Ozkan, Yasin Ceylan, Orhan Veli Ozkan, Sule Yildirim
reversible pregnancy-specific cholestatic condition
characterized by pruritus, elevated liver enzymes,
and increased serum bile acids. It commences usually
in the late second or third trimester, and quickly
resolves after delivery. The incidence is higher in South
American and Scandinavian countries (9.2%-15.6%
and 1.5%, respectively) than in Europe (0.1%-0.2%).
The etiology is multifactorial where genetic, endocrine,
and environmental factors interact. Maternal outcome
is usually benign, whereas fetal complications such
as preterm labor, meconium staining, fetal distress,
and sudden intrauterine fetal demise not infrequently
lead to considerable perinatal morbidity and mortality.
Ursodeoxycholic acid is shown to be the most efficient
therapeutic agent with proven safety and efficacy.
Management of ICP consists of careful monitoring of
maternal hepatic function tests and serum bile acid
levels in addition to the assessment of fetal well-being
and timely delivery after completion of fetal pulmonary
maturity. This review focuses on the current concepts
about ICP based on recent literature data and presents
an update regarding the diagnosis and management of
this challenging issue.
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Core tip: Intrahepatic cholestasis of pregnancy (ICP) is
a unique hepatic disorder in pregnancy characterized
by pruritus, elevated liver enzymes, and serum bile
acids. It usually appears in the third trimester and
dissolves rapidly after delivery. The incidence is variable
between 0.1%-15.6% in different geographic regions
of the world. Genetic, hormonal, and environmental
factors interact in its etiopathogenesis. A considerable
incidence of perinatal morbidity-mortality makes it
one of the most concerning obstetric entities for obste
tricians and critical care specialists. Timely diagnosis
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Intrahepatic cholestasis of pregnancy (ICP) is a
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and expert multidisciplinary management of pregnant
women with ICP is mandatory to ensure a favorable
maternal-fetal outcome.

ETIOLOGY AND PATHOGENESIS
The etiology of ICP is multifactorial, and involves
[3,4,14,16]
genetic, hormonal, and environmental factors
.
Estrogens and progesterone metabolites have been
demonstrated to have role in the pathogenesis of ICP.
The disease usually appears in the third trimester
of pregnancy when estrogen production reaches its
maximum levels. The prevalence of ICP is five times
greater in multiple pregnancies, which are associated
with higher levels of estrogens in comparison with
[5]
singleton pregnancies . ICP is similar to the cholestatic
situation which has been shown to occur in some
women using oral contraceptives with high estrogen
content. A high level of estrogen in geneticallypredisposed individuals may be inducing intrahepatic
cholestasis by impaired sulfation and the transport of
[6]
bile acids .
The role of progesterone with respect to the patho
genesis of ICP seems to be still unclarified. Patients
with ICP might have been presenting a selective defect
in the secretion of sulfated progesterone metabolites
into bile due to the genetic polymorphism of canalicular
[17]
transporters for steroid sulfates or their regulation .
Family clustering, presence of ethnic and geogra
phic variations, and recently demonstrated mutations
in gene coding for hepatobiliary transport proteins
[5,18]
indicate a genetic predisposition in ICP
.
ICP-associated gene has been reported to be
[19]
located in the p23 region of chromosome 2 .
Genetic predisposition may lead to altered cell mem
brane composition of bile ducts and hepatocytes, as
well as the subsequent dysfunction of biliary canalicular
[9]
transporters . Mutations in the hepatic phospholipid
transporter (MDR3/ABCB4), aminophospholipid
transporter (ATP8B1/FIC1), and bile salt export pump
(BSEP/ABCB11) have been found in patients with
[2,5,6,8,9,18,20-24]
ICP
.
Class Ⅲ multidrug resistance P-glycoproteins
(MDR3/ABCB4) are canalicular phospholipid translo
cators acting in biliary phosphatidylcholine excretion.
ABCB4 mutations subsequent to loss of canalicular
MDR3 protein are associated with low levels of
phospholipids in bile and a high biliary cholesterol
[24]
saturation index .
The bile salt export pump (BSEP/ABCB11) is a
member of the ATP-binding cassette superfamily and
the major transporter responsible for bile salt secretion
[24]
from hepatocytes into bile in humans .
High GGT levels were shown in the majority of ICP
subjects with MDR3 mutations, while BSEP mutations
[25]
were postulated in low GGT cases . Combined
variants of MDR3 and BSEP mutations may be
associated with severe phenotypic expression of ICP.
Genetic variation in ATP8B1 which encodes
phosphatidylserine flippase FIC1 has been identified in
[5]
a small number of ICP cases .
Placental expression of other bile acid transporters
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INTRODUCTION
Intrahepatic cholestasis of pregnancy (ICP) is a unique
hepatic disorder in pregnancy characterized by mild to
[1-6]
severe pruritus and disturbed liver function tests .
ICP is a reversible form of cholestasis (impaired bile
flow) appearing mainly in the late second or third
trimester of pregnancy, and tends to dissolve rapidly
[3,7,8]
after delivery
. Incidence varies geographically
[3,9-11]
between 0.1%-15.6%
. It is the second most
frequent cause of jaundice in pregnancy following
[12]
viral hepatitis . Etiology seems to be multifactorial,
with a combination of hormonal and environmental
[13]
factors superimposing on a genetic predisposition .
Maternal prognosis is usually good, with intractable
pruritus and a higher predisposition to postpartum
bleeding being the leading causes of maternal
morbidity. On the other hand, ICP is associated with
increased fetal morbidity and mortality, particularly
with regards to preterm delivery, fetal distress, and
[12,14]
sudden intrauterine fetal death
. It appears to be
of utmost importance to establish a clinical awareness
with respect to the potential adverse fetal outcome in
ICP and consider it as a high-risk pregnancy disorder.
An early and accurate diagnosis with an appropriate
medical intervention is mandatory for an improved
fetal prognosis. The present article reviews the recent
literature data and current concepts for ICP, and
provides a 2014 update regarding the diagnosis and
management of this challenging issue.

EPIDEMIOLOGY
ICP is significantly more frequent in South Asian
(0.8%-1.46%) and South American populations (e.g.,
[8]
Chile and Bolivia) (9.2%-15.6%) . In Europe, the
prevalence has been estimated to be 0.1% to 0.2%,
with a higher incidence in Scandinavian countries
[9]
(1.5% in Sweden) . Advanced maternal age (> 35
years), multiparity, family clustering (e.g., the higher
prevalence in the Mapuche), ICP history in previous
pregnancy, and a history of oral contraceptive use are
found to be associated with an increased incidence
[3,11,15]
of ICP
. The recurrence rate has been reported
to be between 40%-60% and varying in intensity in
[2,15,16]
subsequent pregnancies in a random manner
.
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(e.g., OATP1A2, OATP1B1, and OATP1B3) were also
found to be downregulated in ICP, indicating a potential
[26]
role in the pathogenesis of ICP .
Placental gene expression profiles of ICP cases also
revealed that the core regulatory genes were mainly
included in immune response, the VEGF signaling
pathway, and G-protein coupled receptor signaling,
implying essential roles for immune response and
[27]
angiogenesis in the pathophysiology of ICP .
[25]
Floreani et al
suggested that the GABA system
had an active role in the pathophysiology of ICP upon
finding GABRA2 gene upregulation in those cases. The
same researchers demonstrated the downregulation
of KIFC as a potentially protective mechanism to
[25]
counteract increased bile salts .
ICP-associated single nucleotide polymorphisms in
the xenobiotic receptor, pregnane X receptor (encoded
[5]
by NR1I2), were identified in South American women .
Bile acid homeostasis and transport in hepatocytes are
found to be tightly regulated by the nuclear hormone
receptor, farnesoid X receptor, encoded by NR1H4. Four
rare heterozygous variants in farnesoid X receptor have
[5]
been described in ICP .
Recent advancements in the detection of fetal DNA
in maternal plasma uncovered emerging evidence
regarding the correlation of this fetal DNA in maternal
blood with a number of obstetric complications.
[28]
Yi et al
demonstrated that elevated circulating
hypermethylated RAS-association domain family 1,
isoform A (RASSF1A) gene sequences might be used
[28]
as a diagnostic marker for ICP .
Environmental factors, such as geographic and
seasonal conditions, may induce ICP in genetically[6]
susceptible individuals . A higher number of cases
in January may suggest a higher incidence of ICP in
[6,7]
winter . Seasonal variations of the disease have
been attributed to dietary factors related with high
maternal levels of copper and low levels of selenium
[17]
and zinc . In spite of some data pointing out a
potential role of long chain monounsaturated fatty
acid erucic acid and low selenium levels regarding the
etiopathogenesis of ICP, as well as selenium acting
as a co-factor of a number of enzymes in oxidative
metabolism in the liver, the definite role of selenium
in bile secretion has yet to be elucidated, thus further
[15,17,29,30]
research is required
.
ICP is shown to be associated with poor perinatal
outcome and increased risk of preterm labor, fetal
distress, and sudden intrauterine fetal death. Although
the pathophysiology of fetal risk has yet to be clarified,
an elevation in maternal-fetal bile acid flow and a
reduced fetal capacity to eliminate bile acids through
the immature fetal liver, in addition to altered placental
function, appear to be responsible for impaired
[5]
fetal-maternal bile acid transport in ICP . Those
phenomena contribute to an excess accumulation of
hydrophobic bile acids that are hepatotoxic in the fetal
compartment. Impaired fetal-maternal transport of
bile acids across the placenta and the inability of the
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fetus to excrete cholic acid leads to an accumulation
of bile acids and fetal cardiotoxicity, thus causing fetal
[31]
dysrhythmia and sudden intrauterine fetal demise .
Transplacental passage of excess bile acids in
ICP may be related with intrauterine fetal death in
terms of inducing oxidative stress in the placenta and
[32]
impaired fetal cardiomyocyte function . Autopsy
findings of fetuses lost in ICP cases have been found
to be consistent with acute anoxia, but with no signs of
chronic anoxia. A major increase in meconium staining
of the amniotic fluid is an additional finding of acute
anoxia. Cholic acid infusion in sheep has been shown
to stimulate meconium passage, which is subsequently
[7]
associated with acute umbilical vein constriction . Bile
acids, especially cholic acid, have been found to induce
vasoconstriction in human placental chorionic veins
in vitro and umbilical vein constriction. Those findings
related with meconium passage and vasoconstriction of
umbilical veins might explain fetal hypoxia, meconium
[5-7]
inhalation, and even neonatal death in those cases .
Adequate birthweights and normal Doppler findings
of those fetuses in ICP suggest that fetal death is not
the consequence of chronic placental insufficiency.
Additionally, taurocholic acid has been shown to
decrease rat cardiomyocyte contractions, thus causing
loss of synchronous beating. These acquired data may
be indicating a direct effect of bile acids with respect to
[5-7]
sudden intrauterine fetal demise in ICP . It appears
to be a satisfactory conclusion that acute fetal hypoxia
subsequent to a placental ischemic event or umbilical
vasoconstriction is mediated by pathophysiological
phenomena induced by bile acids.
The etiopathogenetic mechanism of premature
[1]
labor in ICP still remains to be elucidated . Elevated
levels of bile acids have been suggested to stimulate
myometrial contractions and increase oxytocin
[11,33]
bioactivity triggering preterm labor
. Additionally,
increased prostaglandin secretion and modified
synthesis (transformation of 16α-hydroxylate dehydro
epiandrosterone into estradiol) may be related with
labor induction.
Hemorrhagic complications due to vitamin K defi
ciency may contribute to fetal mortality.
Since it is difficult to predict fetal outcome via
standard fetal cardiac monitoring tests, it is best to
deliver the fetus as soon as fetal pulmonary maturity
is confirmed.

CLINICAL FEATURES
ICP is characterized by mild to severe pruritus starting
th
after the 30 week of gestation, which usually dissolves
[12]
within 48 h following the delivery of the fetus . It is
frequently generalized on the palms and soles, and
gets worse at night. Skin rash is characteristically
lacking, with the exception of excoriations due to
[5-7]
scratching . Jaundice is uncommon in ICP, but may
develop 1-4 wk after the onset of pruritus, with an
[1]
incidence of 14%-25% . Insomnia, fatigue, anorexia,
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malaise, weight loss, epigastric discomfort, steatorrhea
due to malabsorption of fat, and dark urine are the
[15,29,34]
other symptoms and signs associated with ICP
.
The diagnosis of ICP requires the exclusion of other
clinical entities which are included in the differential
diagnosis of cholestasis and hepatic disease. Viral
hepatitis, autoimmune liver disease, gall bladder
stones, tumors of the hepatobiliary tract, and a
number of causes with elevated hepatic enzymes
specified to pregnancy (e.g., namely preeclampsia,
HELLP syndrome, and acute fatty liver) should be
[15,29,35]
considered in the differential diagnosis
.
ICP is associated with elevated total bile acid levels
of up to 10- to 25-fold, which may be the first, or
[3,13,15,35]
indeed only, laboratory abnormality observed
.
A significant rise in cholic acid and a decline in
chenodeoxycholic acid levels leading to a marked
elevation in the cholic/chenodeoxycholic acid ratio
may be detected. A reduced glycine/taurine ratio
[4,36]
may also be present
. A serum bile acid profile
presenting increased total bile acids (> 11 µmol/L),
enhanced cholic acid percentage (> 42%), and
decreased glycine/taurine bile acid ratio to < 1 are
[5-7]
used in the differential diagnosis . A mild elevation
in liver enzymes may be detected in up to 60% of
[1]
the subjects . Alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels rarely exceed
[8,11]
two times the upper limits of normal pregnancy
.
GGT levels are found to be increased in less than 1/3
of the cases, indicating a greater impairment of hepatic
[20]
function . Hyperbilirubinemia, which rarely reaches
6 mg/dL, may be another laboratory finding with an
[3,11]
incidence of 25%
. Serum alkaline phosphatase
(AP) levels may be elevated up to 4-fold, but does not
contribute much to the diagnosis, as AP increase in
[8]
pregnancy is already expected physiologically . A liver
biopsy, although not recommended for the diagnosis,
would just show a normal hepatic parenchyma with
widening of the bile canaliculi, pure centrilobular
cholestasis without inflammation, bile plugs in the
hepatocytes, and canaliculi predominantly present in
[3,15,35,36]
ZONE 3
. Liver biopsy is indicated in cases of
jaundice with no pruritus, the beginning of symptoms
before 20 wk of gestation, and sustained abnormal
[36]
laboratory findings beyond 8 wk after delivery .

to persistent cholestasis may result in vitamin K
deficiency, leading to intrapartum and postpartum
[36]
hemorrhage . Thus rest, mild sedation, and a low
fat diet may be recommended alongside parenteral
[37]
administration of vitamin K .
Pruritus is usually relieved within 48 h after delivery
of the fetus, accompanied by normalization of serum
bile acid concentrations and other liver enzyme
levels. The recurrence rate is high (45%-70%), but
not inevitable. If pruritus and elevated liver enzymes
continue beyond a month after the delivery, chronic
liver diseases such as primary biliary cirrhosis, primary
sclerosing cholangitis, or chronic hepatitis should be
[35]
considered . In spite of the presence of hormonal
issues in the pathogenesis, the use of combined
oral contraceptives in women with a past history of
ICP is not contraindicated after the normalization
[6,12,35]
of biochemical tests following the delivery
.
[35]
Breastfeeding is not contraindicated .
Those women with a history of ICP deserve a
close clinical follow-up, since they are found to be
significantly more likely to be diagnosed with gall
bladder stones, pancreatitis, cirrhosis, or another
[15,37,38]
disorder of the hepatobiliary tract in the future
.

FETAL OUTCOME
ICP poses a significant risk for the fetus in terms of
perinatal morbidity-mortality, preterm delivery, fetal
[11,35,39]
distress, and meconium staining
. The rates of
fetal malformations and abortions are not shown to
be increased, and fetal birthweight for gestational age
[11]
appears to be adequate in ICP .
The incidence of meconium staining of amniotic
fluid is 25% to 45%, whereas acute fetal distress,
preterm delivery, and intrauterine fetal death have
been demonstrated to occur in 22%, 44%, and 2% of
[2,12]
the patients, respectively
.
Fetal prognosis was not shown to be correlated
[27]
with the severity of maternal signs and symptoms .
However, some studies have suggested that higher
serum levels of bile acids might be related with
[10]
increased fetal mortality. Glantz et al
have reported
a significant correlation between higher serum bile acid
levels (≥ 40 µmol/L) and adverse fetal outcome. Since
they determined no increase in fetal complications
in cases of serum bile acid levels < 40 μmol/L, they
[10]
proposed expectant management for those cases .
Although essential, close monitoring of bile acid serum
levels and liver enzymes does not definitely prevent
acute fetal distress and sudden intrauterine fetal
[12]
death .
[34]
Fagan
suggested a weekly non-stress test,
estimation of amniotic fluid volume, and umbilical
artery Doppler ultrasonographic examination, together
with regular growth scans from 30 wk of gestation to
delivery in ICP cases. Maternal liver tests (bile acids
and liver enzymes) and blood clotting tests should be
[34]
studied weekly .

MANAGEMENT OF ICP
The mainstays of managing ICP cases appear to
be reducing the maternal symptoms and offering
satisfactory obstetric care in order to avoid fetal
distress and sudden intrauterine fetal demise.

MATERNAL OUTCOME
Maternal outcome is usually benign. In addition
to pruritus treatment, proper attention should be
provided for fatigue, anxiety, and malabsorption
of fat and fat-soluble vitamins. Malabsorption due
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Table 1 Pharmacologic treatment of intrahepatic cholestasis of pregnancy is summarized
Pharmacologıc agent
Ursodeoxycholıc acid

Cholestyramıne

S-adenosyl methionine

Dexamethasone
Phenobarbital

Anti-histaminics

Mechanism of action

Dosing

Hydrophilic bile acid that replaces more 15 mg/kg per day
cytotoxic bile acids
or 500 mg twice a
day
Protects bile ducts by detoxifying
hydrophobic bile acids
Binds bile salts and cuts off their
8-16 g/d
enterohepatic circulation and increases
their fecal excretion
Affects the composition and fluidity of
1000 mg/d
hepatocyte membranes
Increases methylation and biliary
excretion of hormone metabolites
Suppresses fetal production of estrogen
12 mg/d
reducing bile acid levels
Induces hepatic enzymes to reduce the 2-5 mg/kg per day
bile acids
orally
Manages pruritus by antihistaminic
effects

25-50 mg/d

The general agreement suggests that delivery
should not be delayed after 37-38 wk of gestation in
[8,11,12,19,29,40-45]
patients with ICP
. In spite of widespread
acceptance of active management of ICP in terms
of delivering the fetus < 39 wk of gestation, not all
obstetric professionals agree with the concept of active
[41]
management in ICP . Unfortunately, randomized
clinical trials to support active management with
labor induction to prevent intrauterine fetal demise
and consensus for obstetric management in ICP are
[29,46,47]
lacking
. Due to the absence of evidence-based
recommendations, the decision to induce labor should
be established individually after comparing the risk
of prematurity and morbidity with that of intrauterine
fetal demise. The Royal College of Obstetricians
and Gynecologists does not endorse routine active
management in ICP, since they have reported that
there has been no evidence to support or refute the
practice of active management, and instead suggested
individualized management for those women in
[48]
2006 . On the other hand, the American College
of Obstetricians and Gynecologists supports active
[49]
[48]
management protocols in ICP . Henderson et al
conducted a systematic review involving 16 articles
published between 1986 and 2011 regarding this
obstetric controversy, and were unable to find evidence
supporting the practice of active management of ICP.
They have recommended individualized management
that provides informed decision-making guidance for
the patient, rather than the routine implementation of
an active management protocol. Scientific evidence,
including the risks and benefits of the available
management options, should be presented to the
patient in a clear manner by the health care providers.
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Clinical effects

Pregnancy risk

Improves pruritus, decreases elevated liver
enzymes and bile acid levels, improves fetal
outcome
Safe use in pregnancy, no side effects

C

Decreases pruritus with no effect on
biochemical parameters and fetal outcome
Non-palatable, constipation
Fat-soluble vitamin deficiency
Treats pruritus variably

C

Less effective in decreasing pruritus and bile
acid levels
Decreases pruritus 50%, no beneficial effects
regarding the laboratory tests, no change in
fetal outcome
Decreases pruritus, no effect on liver enzymes
and fetal outcome

B

C

C

C

PHARMACOLOGIC TREATMENT
The aim of the pharmacologic treatment in ICP
is to reduce the maternal symptoms and prevent
fetal distress or sudden fetal death. Pharmacologic
treatment of ICP is summarized in Table 1.
Recently, ursodeoxycholic acid (UDCA) (500 mg
twice a day or 15 mg/kg per day) has been suggested
[10,35,50,51]
to be the most efficient treatment for ICP
.
UDCA is a naturally hydrophilic bile acid. It stimulates
the detoxification of hydrophobic bile acids and
protects the bile ducts. UDCA decreases high cholic
acid levels while increasing chenodeoxycholic acid
[9,10]
levels, restoring the reduced glycine/taurine ratio
.
UDCA reduces cholic acid and chenodeoxycholic acid
levels in the amniotic fluid by repairing maternalplacental bile acid transport. It displays a protective
role for hepatocytes and cholangiocytes against
[22]
the toxic effects of bile acids , and is shown to be
cardioprotective for the fetus against the toxic effects
[8]
of bile acids . No maternal or fetal adverse effects
have been reported regarding the use of UDCA in ICP,
[34,52]
thus indicating its safe use in the third trimester
.
Protection against injury of bile ducts by hydrophobic
bile acids, replacement of hepatotoxic bile acids,
immune modulation, cytoprotection by preventing
apoptosis, choleretic activity, and stimulated secretion
of potentially hepatotoxic compounds by the liver
(thereby inhibiting the absorption of more cytotoxic
bile acids) have been suggested as the mechanisms of
[5-7,22]
action that UDCA presents
.
Cholestyramine binds bile salts, cuts off their
enterohepatic circulation, and increases their fecal
excretion. Clinical data from a variable number of
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studies have pointed out that, in spite of an improved
maternal morbidity rate, cholestyramine does not
correct the impaired biochemical parameters and
[53]
provide a better fetal outcome . It is not palatable,
requires frequent dosing (8-16 g/d), and causes
constipation. Cholestyramine may cause malabsorption
of dietary lipids and fat-soluble vitamins, especially
vitamin K, thus leading to a potential risk of antepartum
[53]
and postpartum maternal bleeding . Vitamin K (10
mg/d) should be used throughout pregnancy in order
[36]
to avoid those hemorrhagic complications .
S-Adenosyl-L-methionine is the principal glutathione
precursor and methyl group donor involved in the
synthesis of phosphatidylcholine. It not only influences
the composition and fluidity of hepatocyte plasma
membranes, but also increases the methylation and
biliary excretion of hormone metabolites. It has been
shown variably treating pruritus (1000 mg/d), with a
[35,54]
drop-off for jaundice
.
Phenobarbital was once considered to be an
alternative therapeutic option for ICP, but could
relieve pruritus in only 50% of the cases and did not
show beneficial effects with respect to laboratory
[9]
parameters .
High-dose dexamethasone (12 mg/d) has been
demonstrated to act in the correction of cholestatic
[55]
symptoms and laboratory findings . It has been
shown to be less effective in reducing bile acids and
[55]
bilirubin, and is ineffective in relieving pruritus .
Antihistamines (e.g., hydroxyzine, 25-50 mg/d,
promethazine, chlorpheniramine, and terfenadine)
may be used to relieve pruritus through their sedating
[36]
effects, especially in case of nocturnal itching .
Aqueous cream with 1% menthol may help
[14]
alleviating pruritus .
Rifampin has been shown as an effective agent in
alleviating pruritus in 77% of cases in a recent meta[56]
analysis .
Plasmapheresis has been suggested to be useful in
treating severe cholestasis, but was unresponsive to
[15,57]
medical treatment in a few case reports
.

pruritus and restoring abnormal levels of serum bile
acids and hepatic function tests. Prompt and correct
diagnosis with appropriate medical intervention is
mandatory for improved fetal prognosis. Further largescale clinical trials with rigorous scientific design are
required to raise a comprehensive evidence-based
approach to establishing management strategies for
ICP.
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MINIREVIEWS

Molecular aspects of intestinal calcium absorption
Gabriela Diaz de Barboza, Solange Guizzardi, Nori Tolosa de Talamoni
2+

steps: the entrance of Ca across the brush border
2+
membranes (BBM) of enterocytes through epithelial Ca
2+
channels TRPV6, TRPV5, and Cav1.3; Ca movement
from the BBM to the basolateral membranes by binding
2+
proteins with high Ca affinity (such as CB 9k); and
2+
2+
Ca extrusion into the blood. Plasma membrane Ca
ATPase (PMCA1b) and sodium calcium exchanger
2+
(NCX1) are mainly involved in the exit of Ca from
enterocytes. A novel molecule, the 4.1R protein, seems
to be a partner of PMCA1b, since both molecules colocalize and interact. The paracellular pathway consists
2+
of Ca transport through transmembrane proteins of
tight junction structures, such as claudins 2, 12, and 15.
There is evidence of crosstalk between the transcellular
2+
and paracellular pathways in intestinal Ca transport.
When intestinal oxidative stress is triggered, there is
a decrease in the expression of several molecules of
2+
both pathways that inhibit intestinal Ca absorption.
Normalization of redox status in the intestine with drugs
such as quercetin, ursodeoxycholic acid, or melatonin
2+
return intestinal Ca transport to control values.
Calcitriol [1,25(OH)2D3] is the major controlling hormone
2+
of intestinal Ca transport. It increases the gene and
protein expression of most of the molecules involved
in both pathways. PTH, thyroid hormones, estrogens,
prolactin, growth hormone, and glucocorticoids
2+
apparently also regulate Ca transport by direct action,
indirect mechanism mediated by the increase of renal
1,25(OH)2D3 production, or both. Different physiological
conditions, such as growth, pregnancy, lactation, and
2+
aging, adjust intestinal Ca absorption according to
2+
Ca demands. Better knowledge of the molecular
2+
details of intestinal Ca absorption could lead to the
development of nutritional and medical strategies for
2+
optimizing the efficiency of intestinal Ca absorption
and preventing osteoporosis and other pathologies
2+
related to Ca metabolism.
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Abstract
2+

Intestinal Ca absorption is a crucial physiological
2+
process for maintaining bone mineralization and Ca
homeostasis. It occurs through the transcellular and
paracellular pathways. The first route comprises 3
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non-saturable and passive transport that occurs across
the majority of the intestine and is a linear function
2+
[6]
of luminal Ca concentration . Recently, it has
2+
been demonstrated that Ca transport through the
[1]
paracellular shunt is also significantly regulated .
2+
The total Ca absorbed depends on the amount
2+
of Ca consumed, the sojourn time in the various
segments of the small and large intestine, and the
2+
amount of soluble Ca available for absorption, which
is mainly determined by the pH in each segment. The
acidic environment of the stomach dissolves calcium
2+
salts into Ca ions. However, the pH of stomach is
less relevant than that of the other segments, as
2+
Ca is absorbed in the small and large intestine. The
average pH is 7.3 in the small intestine and 6.6 in the
colon. When pH increases, Ca solubility decreases.
Nevertheless, the duodenum seems to be the site with
the maximum solubility of Ca, as the average pH is 6.0,
[7]
which is the lowest in the entire gut .

Core tip: Intestinal Ca 2+ absorption occurs through
transcellular and paracellular pathways. Apparently,
novel proteins, such as Cav1.3 and 4.1R, are involved
2+
in the Ca transcellular pathway. Proteins involved
in tight junction structures, such as claudins 2, 12,
and 15, participate in the paracellular pathway. There
is evidence of crosstalk between the transcellular
and paracellular pathways. Better knowledge of the
2+
molecular details of intestinal Ca absorption could
lead to the development of nutritional and medical
strategies for optimizing the efficiency of intestinal
2+
Ca absorption and preventing osteoporosis and other
2+
pathologies related to Ca metabolism.
Diaz de Barboza G, Guizzardi S, Tolosa de Talamoni N.
Molecular aspects of intestinal calcium absorption. World J
Gastroenterol 2015; 21(23): 7142-7154 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i23/7142.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i23.7142

TRANSCELLULAR PATHWAY
2+

The transcellular pathway of intestinal Ca absorption
2+
comprises 3 steps: the entrance of Ca across the
brush border membranes (BBM) of enterocytes
2+
2+
through epithelial Ca channels; Ca movement
from the BBM to the basolateral membranes (BLM) by
2+
binding to proteins with high Ca affinity [(calbindins
2+
(CB)]; and Ca extrusion into the blood via plasma
2+
2+
membrane Ca -ATPase (PMCA1b/Ca pump) and the
+
2+
[5]
Na /Ca exchanger (NCX1) .

INTRODUCTION
2+

The Ca ion plays an important role during human
2+
life. The accumulation of Ca in the first decades
of life allows for the achievement of optimal peak
bone mass and, later in life, the maintenance of
bone mass. It is a key constituent of many essential
physiological processes, from intracellular signals to
[1]
the mineralization of bone . It is well known that
2+
Ca is involved in nerve impulse transmission, muscle
contraction, blood coagulation, secretory activity,
cell death, cell differentiation, immune response,
[2]
2+
and enzyme activation . The dysregulation of Ca
homeostasis is associated with bone disorders,
[3]
metabolic diseases , and an increase in the risk of
[4]
epithelial cancers .
The intestine, kidney, bone, and parathyroid glands
2+
work together to maintain serum Ca within a narrow
2+
range. Intestinal Ca absorption is a crucial process
2+
for the maintenance of Ca balance and bone health.
It occurs through two main mechanisms: transcellular,
metabolically driven transport, and a passive non[5]
saturable route called the paracellular pathway . Both
pathways are regulated by hormones, nutrients, and
other factors. There has been much research work
dedicated to ascertaining the regulation mechanisms
of these factors due to their high relevance in the
prevention of osteoporosis and other pathologies
2+
related to Ca metabolism.
2+
The transcellular pathway implicates Ca
movement from the mucosal-to-serosal side of the
intestinal barrier that occurs against a concentration
gradient. It is an active saturable process that
predominates in the duodenum and jejunum, and
is regulated by nutritional and physiological factors,
mainly vitamin D. The paracellular mechanism is a
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Epithelial Ca2+ channels
2+

Two epithelial Ca channels seem to be involved
2+
2+
with Ca entry to enterocytes: the epithelial Ca
channel transient receptor potential vanilloid 6 (TRPV6;
previously named ECaC2 and CaT1) and TRPV5
(previously named ECaC1 and CaT2). Both molecules
are co-expressed in the human kidney and intestine,
but TRPV6 is highly expressed in the intestine and
TRPV5 is the major isoform in the kidney. High levels
of TRPV6 have been detected in the duodenum and
[8-10]
colon of humans, rats, and mice
. Although TRPV6
2+
is one of the key players in human intestinal Ca
absorption, its precise role needs to be investigated. In
-/2+
TRPV6 mice, a considerable amount of Ca transport
still occurs, which suggests that some other channels
2+
or molecules contribute significantly to intestinal Ca
[11]
absorption . TRPV6 and TRPV5 are also present
in other organs, such as the pancreas, prostate,
[11]
mammary glands, sweat, and salivary glands . Both
channels can be combined to form heterotetrameric
[12]
channel complexes with different properties . They
originate from two genes juxtaposed on human
chromosome 7q35, have 75% homology, but differ
in the N and C terminal tails. They are regulated
2+
by calcitriol, estrogen, and dietary Ca . However,
2+
the inactivation of both by intracellular Ca shows
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different kinetics, and the response to ruthenium red
is also different. Ruthenium red is a potent blocker
2+
of epithelial Ca channel activity. However, TRPV6
has a 100-fold lower affinity for ruthenium red (IC50
[12]
9 ± 1 μm) than TRPV5 (IC50 121 ± 13 nm) . In
vitro studies demonstrate that a negatively charged
amino acid (D) within the putative pore region of
mouse TRPV6 (position 541 in mice; position 542 in
2+
humans) is critical for Ca permeation of the channel.
[13]
Woudenberg-Vrenken et al
analyzed the role of
2+
TRPV6 in transepithelial Ca transport in vivo by using
D541A/D541A
D541A/
a TRPV6
knock-in mouse model. TRPV6
D541A
2+
mice showed significantly impaired intestinal Ca
uptake compared with wild-type mice, and duodenal
TRPV5 expression was increased, but insufficient to
2+
correct the diminished Ca absorption. Since intestinal
2+
Ca absorption was not totally abolished in the
D541A/D541A
TRPV6
mice, the authors suggest that other
transport mechanisms, either paracellular or an as yet
unidentified transcellular transport mechanism, were
functioning.
Cav1.3 is an L-type channel, located in the apical
2+
membrane, capable of active, transcellular Ca
absorption in the intestine. It has been hypothesized
that TRPV6 and Cav1.3 have complementary roles in
2+
Ca entry. TRPV6 plays a dominant role under the
polarizing conditions between meals. Overnight or
during starvation, the BBM repolarize and the intestine
2+
gradually atrophies, so the Ca lost into the lumen by
desquamation must be recovered. TRPV6 is activated
by apical membrane repolarization and upregulated
2+
by vitamin D to avoid massive loss of Ca from the
body. In contrast, Cav1.3 plays a dominant role under
depolarizing conditions, such as during digestion,
2+
mainly when diet and Ca are plentiful. Glucose,
amino acids, and peptides may activate Cav1.3 and
inhibit TRPV6. The general distribution of TRPV6 and
Cav1.3 is in line with the aforementioned hypothesis.
TRPV6 levels are higher in the duodenum, which has
a polarizing environment and decreases through the
jejunum to the ileum. In contrast, Cav1.3 levels are low
in the duodenum, but high from the proximal jejunum
to the mid-ileum. The interplay of TRPV6 and Cav1.3
2+
maintains the tight control of free Ca concentration in
the extracellular space at any time of day. TRPV6 and
Cav1.3 would have independent and complementary
actions through activation by repolarization or
depolarization between digestive periods or during
[14]
digestion, respectively .
TRPV6 transcripts were detected in the duodenum,
but not in the ileum of human intestinal biopsies. The
duodenal expression of TRPV6 in men was vitamin
D dependent, whereas in elderly women TRPV6 and
vitamin D receptor (VDR) expressions were low and
not vitamin D dependent. This might explain, at least
2+
in part, the lower intestinal Ca absorption in elderly
[15]
post-menopausal women . In mice, the basal levels
of Trpv6 protein in the duodenum, ileum, and colon
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have been found in the rank order of duodenum
> colon (72% of duodenum) > ileum (25% of
[16]
duodenum) .

Calbindins

Traditionally, calbindins (CB) were proteins considered
2+
to be responsible for carrying Ca from the apical side
of the enterocyte to the BLM of the cell. CB9k (human
gene symbol: S100G) is present in the intestine of
mammals and CB28k (Mr ≈ 29 kDa; human gene
[17]
symbol: CALB1) in the intestine of avian species .
CB9k is the smallest protein with four alpha-helical
regions, which form an EF-hand pair consisting of a
canonical and non-canonical/pseudo EF-hand domain,
2+
joined by a linker region. Two Ca ions bind the EF[18]
hand domains with positive cooperativity . CB28k has
six EF-hand domains, but only the four medium/high
2+
[19]
affinity sites are considered Ca -specific .
2+
CBs not only carry Ca from the apical side to the
2+
BLM of enterocytes, but also buffer Ca maintaining
2+
-7
intracellular Ca concentrations below 10 mol/L,
which prevents premature cell death by apoptosis.
2+
Excess Ca resulting from a downregulation of CBs
[20]
may trigger apoptosis in the epithelial cells . It is
2+
known that a high concentration of free Ca provokes
apoptosis in many different cell types. CB28k is able to
[21]
inhibit apoptosis in osteoblastic cells
and in germ
[22,23]
cells from Robertsonian mice
. In the kidney,
2+
CB28k acts as a dynamic buffer which regulates Ca
concentration in the vicinity to the TRPV5 pore by
[24]
direct association with the channel . The possibility
that these mechanisms occur in the intestine and other
2+
tissues with important fluctuations of intracellular Ca
should be explored.
The regulation of human intestinal CB9k is not
completely elucidated. CB9k is actively expressed
in enterocytes, which are the predominant cells of
the duodenal mucosa, and its expression decreases
along the gastrointestinal tract until finally reaching
undetectable levels in the distal ileum and large
[25]
intestine . It is quite intriguing that intestinal CB9k
nd
expression increases with age in the bulb and 2
2+
portion of the duodenum, whereas the plasma Ca
[26]
levels decrease . In rodents, CB9k is regulated at
the transcriptional and post-transcriptional levels by
1,25-dihydroxyvitamin D3 [1,25(OH)2D3 (calcitriol)],
[27-29]
with the hormonal form derived from vitamin D
.
It has been observed in mice that TRPV6 and CB9k
are similarly regulated. Both proteins are induced at
weaning or under low Ca diet and after 1,25(OH)2D3
administration. It is important to note that the
induction of these proteins occur before the peak of
2+
[30]
[31]
intestinal Ca absorption . Christakos et al
have
suggested that CB9k and TRPV6 are associated, with
the function of CB9k being to facilitate TRPV6-mediated
2+
2+
Ca influx by preventing Ca channel inactivation, but
this requires further evidence to be proven.
[32]
Hwang et al have demonstrated that an ablation
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of CB9k alters the expression of paracellular tight
junction (TJ) genes. The compensatory expression
of paracellular TJ genes in the duodenum was
associated with transcellular CB9k, but not CB28k. This
crosstalk between the transcellular and paracellular
pathways might partially explain the variety of gut
2+
responses to the absorption of Ca under different
pathophysiological conditions.

reviews ignoring it as another molecule involved in the
2+
exit of Ca from the intestine. In contrast, NCX1 is
critical for Ca² regulation in cardiac muscle, vascular
smooth muscle, and nerve fibers, and most of the
[42-44]
literature about NCX1 refers to these organs
.
+
2+
NCX electrogenically exchanges Na and Ca across
the plasma membrane, depending on membrane
[45]
potential and ion gradients . This exchanger has
+
2+
a stoichiometry of 3 Na :1 Ca , and can operate
2+
in either a forward mode (Ca extrusion) or in a
2+
reversed mode (Ca entry), which depends on the
+
2+
Na and Ca gradients and the potential across the
[46,47]
plasma membrane
. The expression and activity of
NCX1 are quite similar between mature and immature
enterocytes from chick duodenum, but are slightly
[36]
higher in the villus tip cells .

Ca2+ pump and Na+/Ca2+ exchanger
2+

Ca extrusion from enterocytes is performed by two
proteins: PMCA1 and NCX1. PMCA1 was first detected
in erythrocyte membranes and found to have a high
2+[33]
affinity for Ca
. There are four PMCA isoforms
(PMCA1 to 4) that are in turn divided into several
subtypes by alternative splicing. In mammals, four
different genes encode PMCA, which in humans are
located on four different chromosomes. For the four
genes, two splice sites have been characterized, which
are positioned either close to or within the regulatory
regions of the pump, giving rise to many spliced
[34]
isoforms . PMCA1 is known as the housekeeping
isoform because its mRNA is found in all tissues, but
this concept is now questionable due to several factors
[35]
involved in its regulation . The predominant form in
the intestine is the isoform PMCA1b, the expression
and activity of which is higher in enterocytes from
the villus tip in comparison with those from the villus
[36]
crypt . This finding agrees with the idea that mature
enterocytes have the greatest capacity for transcellular
2+
Ca movement. In chick intestine, vitamin D deficiency
decreases the expression and activity of PMCA1b,
which can be partially reversed by a single large dose of
[37]
cholecalciferol .
2+
PMCAs can be activated by Ca /calmodulin, acidic
phospholipids, and serine/threonine phosphorylation,
[38]
and can interact with numerous molecules . The
novel protein 4.1R seems to be a partner of PMCA1b,
2+
which could have a crucial role in the transcellular Ca
pathway. The protein 4.1R was first identified in the
erythrocyte membrane skeleton, and is expressed in
the epithelia of the intestine and other epithelia. So far,
[39]
its physiological function is not well known. Liu et al
found that 4.1R co-localizes with PMCA1b. They also
found that 4.1R KO mice exhibit impairment in intestinal
2+
Ca absorption and decreased expression of PMCA1b
in enterocytes. The association between PMCA1b and
4.1R involves the membrane-binding domain of 4.1R,
as well as the second intracellular loop and C-terminus
of PMCA1b. The finding that the protein 4.1R binds to
PMCA1b suggests that protein 4.1R may regulate the
2+
function of PMCA1b and, consequently, intestinal Ca
absorption.
PMCA1b is the main protein involved in the exit
2+
[40]
of Ca from enterocytes . In contrast, NCX1 is
2+
only responsible for about 20% of Ca extrusion
[41]
from the intestine to plasma . Because of that, this
exchanger has received little attention, with some
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PARACELLULAR PATHWAY
The movement of molecules and ions through this
pathway is regulated by the TJ, which are specialized
membrane domains mostly positioned in the apical
region of enterocytes. TJ are intercellular structures
where plasma membranes of adjacent cells have
very close contact. These junctions are composed of
transmembrane proteins, cytoskeleton components,
[48]
and cytoplasmic plaques . The transmembrane
proteins of TJ structures are synthesized in adjacent
cells and include occludin (Ocln) and claudins (Cldns).
These proteins close intercellular junctions and
restrict the free movement of materials through the
paracellular space. Cldn 2, 12, and 15 are responsible
2+
[49,50]
for transporting Ca in the intestine
. Cldn 1
and Cldn 5 have clear sealing functions that might
2+
also affect Ca transport, as they influence general
[51,52]
paracellular permeability
. The involvement of Ocln
2+
in intestinal Ca absorption remains to be determined.
Ocln is a tetraspan transmembrane protein, but its
[32]
precise function is not well established . Cytoplasmic
plaques, such as zona occludens (ZO) proteins, contain
[53]
a binding domain for transmembrane proteins .
ZO-1, a cytoplasmic protein with the ability to bind
[54]
with both occludin and claudins , is associated with
the structure and formation of the TJ, and possibly
[55]
with paracellular ion transport . Although it is not
clear whether ZO-1 has a physiological role in intestinal
2+
Ca transport, the increase in ZO-1 expression in the
intestine of rats with 21-d chronic metabolic acidosis
suggests that this protein might be implicated in
2+
[56]
intestinal Ca absorption .
2+
Ca transport through the TJ is a passive process
which depends on the concentration and electric
gradient across the epithelium. The process is nonsaturable transport that predominates in the jejunum
2+
[57]
and ileum when Ca intake is adequate or high .
2+
This route becomes important when Ca intake is
high, because the sojourn time in the intestine is short
and there is a downregulation of proteins involved in
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Figure 1 Schematic representation of intestinal Ca2+ absorption. ADP: Adenosine monophosphate; ATP: Adenosine triphosphate; Cldns: Claudins; NCX1:
Intestinal Na+/Ca2+ exchanger; PMCA1b: Plasma membrane Ca2+- ATPase 1b; TJ: Tight junctions; TrpV6: Transient receptor potential vanilloid 6; TRPV5: Transient
receptor potential vanilloid 5; VDR: Vitamin D receptor; 1,25(OH)2D3: Calcitriol.
[58]

the transcellular pathway (Figure 1).
As previously mentioned, it seems that there is
crosstalk between the transcellular and paracellular
2+
pathways involved in intestinal Ca absorption. The
expression of most TJ genes in the duodenum was
significantly increased in CB9k KO mice compared to
wild-type animals under a normal diet. A deficiency
2+
in dietary Ca or vitamin D decreased TJ gene
expression in CB9k KO mice. The data indicate that
the expression of paracellular TJ genes is regulated by
transcellular CB proteins, which suggests that active
2+
and passive Ca transport pathways may function
[32]
cooperatively . More research work is necessary to
clarify the network of transcellular and paracellular
2+
pathways for intestinal Ca absorption.
Intestinal redox status is critical for both trans
2+
cellular and paracellular pathways of intestinal Ca
[59]
absorption. Xiao et al
have demonstrated that a
duodenal oxidation state induced by a high fat diet
could significantly downregulate the expression
of CB9k, PMCA1b, and NCX, as well as inhibiting
intestinal calcium absorption. We have recently
demonstrated that type Ⅰ diabetes mellitus transiently
2+
inhibits intestinal Ca absorption. Inhibition is
accompanied by oxidative stress, which alters the
gene and protein expression of molecules involved
in the transcellular and paracellular pathways. When
insulin is administered, the duodenal redox state
2+
returns to the control values, while intestinal Ca
[60]
absorption normalizes . Similarly, oxidant drugs such
as menadione, DL-buthionine-S,R-sulfoximine, and
sodium deoxycholate decrease intestinal glutathione
content, thereby affecting mainly the gene and protein
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expression of molecules involved in the transcellular
2+
pathway of intestinal Ca absorption. Normalization
of redox status with drugs such as quercetin,
ursodeoxycholic acid, and melatonin returns intestinal
2+
[61-65]
Ca transport to control values
.

Molecular mechanisms of 1,25(OH)2D3-mediated
intestinal Ca2+ absorption

1,25 (OH)2D3 is the major controlling hormone of
2+
intestinal Ca absorption. It causes changes in the
[66,37]
structure and function of enterocytes
, which
2+
enhance Ca transport across the intestine. The
action of calcitriol is mediated by genomic and nongenomic mechanisms after binding VDR. This receptor,
located mainly in the nucleus, is a transcription
factor that mediates the cellular effects of vitamin
D by binding the vitamin D response elements of
[67]
target genes . The critical role of VDR and its
2+
ligand in intestinal Ca absorption was confirmed
in VDR KO mice in the third week of life. At birth,
VDR KO mice are indistinguishable from their normal
littermates. Alterations in growth and mineral ion
[68]
homeostasis begin later , which is consistent with
2+
the observation that intestinal Ca absorption is
vitamin D independent in rodents in the first weeks of
[69]
life . Ten-week-old VDR KO mice showed a dramatic
2+
decrease in duodenal Ca absorption, which was
associated with impaired expression of TRPV6, TRPV5,
[70]
2+
and CB9k . Beyond VDR function in intestinal Ca
absorption, a recent proteomic approach has revealed
that VDR is also an important factor for controlling cell
proliferation, migration, and stress response in the
[71]
small intestine .
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Most studies related to the effect of calcitriol on
2+
intestinal Ca absorption have been focused on the
2+
transcellular Ca pathway. All molecules presumably
involved in this route are increased by calcitriol in
[72-75]
experimental animals, and even in humans
.
Cyp24a1 is a major VDR-responsive gene that
metabolizes 1,25(OH)2D3 into 1,24,25-trihydroxyvitamin
[76]
D3 and 25(OH)D3 into 24,25-dihydroxyvitamin D3 ,
while Cyp27b1 is the gene involved in the synthesis of
[77]
1,25(OH)2D3, which is mainly located in the kidney ,
but is also expressed in other tissues, such as the
[78]
[79]
intestine
and parathyroid gland . Both genes
are regulated by 1,25(OH)2D3 levels. Their temporal
profiles and those from other VDR responsive genes
were analyzed in the intestine and other tissues of
mice after single and multiple dosing of 1,25(OH)2D3.
Due to the lipophilic nature of the compound, a rapid
distribution of 1,25(OH)2D3 into tissues was observed,
regardless of variation in VDR abundance in different
tissues. The maximal induction of VDR target genes
such as TRPV6 and Cyp24a1 mRNA expression in the
intestine were similar after single vs multiple dosing,
with a peak between 3 and 9 h post-injection, whereas
the peak of 1,25(OH)2D3 concentration in the ileum
occurred at 0.5-1 h. This lag time was the result of
the time required for translocation of the VDR into the
nucleus in order to heterodimerize with the RXR to
initiate the transcription. An increase in ileal VDR levels
was also observed, as well as an attenuation of serum
PTH and a decrease in renal Cyp27b1 expression after
a time delay in VDR activation. The data revealed that
exogenous 1,25(OH)2D3 enters the intestine, rapidly
equilibrates, and then VDR target genes respond
2+
quickly. Consequently, plasma Ca levels increase as a
2+
[16]
result of enhanced intestinal Ca absorption .
2+
1,25(OH)2D3-enhanced Ca transport in mice was
reported to be inhibited by fibroblast growth factor-23
2+
(FGF-23), as well as Ca transport in colon cancer
Caco-2 cells. FGF-23 produced an abolishment of
2+
enhanced transcellular active Ca fluxes and a modest
2+
[80]
downregulation of the paracellular Ca route .
VDR null mice adapt to pregnancy by the upre
2+
gulation of duodenal TRPV6 and intestinal Ca
absorption. These mice lactate normally and fully
restore bone mineral content after weaning. Therefore,
VDR seems not to be required for skeletal adaptation
[81]
during pregnancy, lactation, and after weaning .
2+
In the elderly, there is a decrease in intestinal Ca
2+
absorption, and thus higher Ca intake is needed.
2+
2+
Increasing Ca intake via dairy products and Ca fortified food is a much better option than supplements.
It has been estimated a 30% reduction in fractures for
elderly individuals is possible by using the simple and
inexpensive strategy of a daily vitamin D intake of 800
2+
[82]
IU, together with a total Ca intake of 1000 mg/d .
2+
The paracellular pathway of intestinal Ca absorption
has been demonstrated to also be increased by
1,25(OH)2D3, predominantly in the jejunum and
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absorption

ileum . It has been found that 1,25(OH)2D3 significantly
enhanced Cldn- 2 and Cldn-12 mRNA levels in colon
cancer Caco-2 cells. The mRNA and protein levels for
these proteins were lower at 12 wk in the jejunum
of VDR KO mice in comparison with wild-type mice,
2+
and siRNA against these Cldns diminished Ca
[84]
permeability in Caco-2 cells . Cadherin-17 and
aquaporin-8 have been reported to be downregulated
[85,86]
by 1,25(OH)2D3 in the intestine
. Cadherin-17 is
involved in cell-to-cell contact, and its decrease might
in turn increase intestinal permeability. A decrease
in channel aquaporin-8 might influence TJ selectivity
2+
towards cations. The data indicate that Ca movement
through TJ is regulated and supports the regulation of
2+
[31]
the paracellular Ca transport route by 1,25(OH)2D3 .

Evidence for the regulation of Ca2+ absorption by other
hormones
2+

PTH acts indirectly on intestinal Ca absorption by the
stimulation of renal Cyp27b1 and, therefore, increases
2+
1,25(OH)2D3-dependent Ca absorption. A direct
2+
effect of PTH on intestinal Ca absorption has not
been demonstrated, but some direct effects of PTH on
2+
Ca uptake by enterocytes from rat duodenum were
reported. PTH/PTHrP receptors have been localized
[87]
in intestinal epithelial cells along the villus . It has
been suggested that an in vivo model would need
to be generated with targeted deletion of intestinal
PTH receptor 1 in order to test if PTH directly affects
2+
[88]
intestinal Ca absorption .
With regard to thyroid hormones, it has been
reported that they produce a cooperative effect with
2+
vitamin D for intestinal Ca transport. Apparently, thyroid
hormones increase the genomic action of 1,25(OH)2D3
[89]
[90]
in the intestine . Kumar et al
demonstrated that
2+
2+
hyperthyroid rats show higher Ca uptake and Ca
efflux from enterocytes than hypothyroid rats. They
have also observed that NCX1 activity was highly
increased by thyroid hormones, presumably via the
[91]
cAMP-mediated pathway. Orihuela
has analyzed
the effect of different statuses of thyroid hormones
on the inhibitory effect of aluminum (Al) on intestinal
2+
Ca absorption by using a rodent model. Mucosa-to2+
serosa Ca fluxes in Al-exposed rats declined as thyroid
hormones levels increased, thereby showing a trend
opposite to that seen in non-Al-treated control rats.
Growth hormone (GH) has a major role in linear
2+
bone growth and bone Ca deposition during childhood
and adolescence. GH has proliferative effects upon the
[92]
intestinal epithelium , and can also stimulate intestinal
2+
Ca absorption, which would occur indirectly by
[93]
increasing serum 1,25(OH)2D3 concentration .
However, it has also been shown that GH treatment
2+
increases intestinal Ca absorption and duodenal
CB9k levels in aged rats without increasing serum
[94]
2+
1,25(OH)2D3 levels . In adult men, Ca absorption
has been shown to be positively correlated with IGF-1,
and age-related declines in IGF-1 have a negative
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2+

2+

impact on Ca absorption that could not be explained
[95]
by a decrease in serum 1,25(OH)2D3 .
2+
Most estrogen studies related to intestinal Ca
absorption were performed in ovariectomized
(OVX) animals. This ablation significantly decreases
endogenous estrogen, but not totally, since adrenal
[96]
androgens can be aromatized to estrogen . An
estradiol replacement in OVX rats has been reported to
2+
increase intestinal Ca absorption without stimulation
[97]
[98]
of circulating 1,25(OH)2D3 levels . van Abel et al
found increased duodenal gene expression of TRPV5,
TRPV6, CB9k, and PMCA1b in OVX rats treated with
estradiol. They used Cyp27b1 KO mice to analyze
the calcitriol dependency of the stimulatory effects of
2+
estradiol on intestinal Ca absorption, and found that
estradiol treatment increased mRNA levels of duodenal
TRPV6. Cell culture studies suggest that estrogen
2+
corrects the decline in the efficiency of intestinal Ca
[99]
absorption at the onset of menopause , but the
mechanisms that underlie this effect remain unknown.
Estrogen receptor alpha (ERα) KO mice showed a
decrease in duodenal TRPV6 mRNA expression, while
CB9k, PMCA1b, and VDR levels were not modified.
Therefore, it seems that the genomic effects of
[100]
estrogen on mice are mainly mediated by ERα
.
In addition to estrogen, prolactin, a hormone that is
elevated during pregnancy and lactation, has been
2+
shown to stimulate active intestinal Ca transport in
[101]
vitamin D deficient rats . A direct effect of prolactin
2+
[102]
on active duodenal Ca transport was shown
.
Some data indicate that prolactin can regulate
intestinal TRPV6 and cooperate with 1,25(OH)2D3 in
regulating TRPV6 and CB9k. Prolactin also has a direct
effect on the transcription of the Cyp27b1 gene, thus
enhancing Cyp27b1 protein expression and increasing
levels of 1,25(OH)2D3 during lactation when there is an
2+
[103]
increased Ca requirement for the neonate . It has
been suggested that prolactin also has an effect on
2+
the paracellular pathway of intestinal Ca absorption
[104]
through an upregulation of Cldn 15 . Some authors
indicate that there is enough evidence that prolactin
could be considered the cardinal calciotropic hormone
[105]
in pregnancy and lactation .
2+
Although reduced intestinal Ca absorption seems
to be part of the pathogenesis of glucocorticoid[106]
induced osteoporosis
, the mechanisms triggered
by GCs in the intestine remain unclear. Shortterm GC treatment in young animals does not alter
2+
the expression of genes involved in intestinal Ca
[107]
absorption, such as TRPV6, CB9k and PMCA1b
,
but sustained dexamethasone suppresses mouse
[108]
[109]
duodenal CB9k expression . Kim et al
found that
gene regulation in the intestine by dexamethasone is
complex in mice. It provokes an increase of duodenal
TRPV6, CB9k, and PMCA1b 24 h after administration,
which was followed by a decrease in a 5-d treatment.
Ten days of prednisolone treatment decreases rat
2+
intestinal Ca absorption through a diminished
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expression of the active Ca transporters, which is
[110]
independent of 1,25(OH)2D3
(Figure 2).

Intestinal calcium absorption under different
physiological conditions
2+

Intestinal Ca absorption changes according to
the physiological conditions of individuals. When
2+
needs are high and/or dietary Ca is low, intestinal
2+
Ca absorption becomes more efficient. Growth,
2+
pregnancy, lactation, dietary Ca deficiency, and
2+
high physical activity enhance the Ca demands that
2+
promote intestinal Ca absorption. During pregnancy,
2+
Ca absorption is higher than before conception or
after delivery. The enhancement occurs in early-to-mid
2+
pregnancy, and precedes the increased Ca demand
from the fetus for skeletal growth. This alteration
2+
in Ca absorption during pregnancy may be due to
increased serum calcitriol, with little alteration in serum
[111]
PTH or calcitonin .
The maternal adaptation for the enhancement of
2+
intestinal Ca absorption in pregnancy and lactation is
very important for fetal development and lactogenesis.
2+
Intestinal Ca absorption in pregnant adolescents
has been shown to be higher in the third trimester of
[112]
pregnancy than in the early postpartum period .
Vitamin D seems to play an important role during
[113]
pregnancy. Yamagishi et al
found in pregnant rats
that vitamin D deficiency produces severe hypocalcemia
2+
due to reduced intestinal Ca absorption and elevated
fetal demand for cation. It has been shown in mice
that serum calcitriol was enhanced five-fold during
pregnancy, whereas vitamin D binding protein levels
were unchanged. A 30-fold higher expression of
Cyp27b1 in maternal kidneys vs placenta suggests
that the increase in calcitriol comes from the kidneys.
Apparently, PTH is not required to upregulate Cyp27b1
[114]
expression during pregnancy
. A custom-designed
cDNA microarray validated by quantitative real
time PCR has found in rats that several duodenal
transporters, such as TRPV6, are upregulated during
[115]
pregnancy . In addition, when the plasma estradiol
levels are increased in pregnancy, intestinal CB9k gene
expression is concomitantly enhanced, which suggests
that the CB9k gene is involved in the compensatory
2+
induction of other Ca transporter genes in duodenal
[116]
[117]
epithelial cells
. Zhu et al
have found that both
PMCA1 and CB mRNA levels were increased 2- to 3-fold
in rats at 21 d of gestation. These levels of PMCA1 and
CB mRNA remained elevated at 7 d of lactation.
Recently, in an animal model of preeclampsia,
2+
disturbance of Ca metabolism in the placenta,
intestine, and kidney has been observed. A decrease
2+
in Ca transporting genes (TRPV5, TPRV6, PMCA1,
and CB9k) has been detected in all these organs. In the
duodenum, there was a slight recovery after calcium
supplementation, whereas, in the kidney, these
alterations were reverted to the control levels by the
[118]
supplements .
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↑ Transcellular
pathway

↑ TRPV6, CB, PMCA1b,
NCX1 mRNAs, proteins
and activities

↑ Paracellular
pathway

↑ Cldn 2, 12 and 15
mRNAs and proteins

absorption

Calcitriol

↑ 1,25(OH)2D3-dependent Ca2+ absorption indirectly
↑ Enterocyte Ca2+ influx

PTH

↑ Genomic actions of 1,25(OH)2D3
↑ NCX1 activity

TH

Intestinal
2+
Ca
absorption

↑ Duodenal TRPV5, TRPV6, CB9k and
PMCA1b gene expression

Estrogen

2+
During pregnancy and lactation ↑ intestinal Ca transport by
PI3K, PKC and ROCK signaling pathways
↑ Transcellular pathway: ↑ TRPV6, CB9k expression
↑ Paracellular pathway: ↑ Cldn 15 expression

PRL

GC

↑ 1,25(OH)2D3-dependent Ca2+ absorption
↑ CB9k level

GH/IGF1

↓ Transcellular pathway
Regulates duodenal TRPV6, CB9k and PMCA1b
expression

Figure 2 Hormonal regulation of intestinal calcium absorption. CB: Calbindin; Cldn: Claudin; GC: Glucocorticoids; GH: Growth hormone; IGF1: Insulin-like
growth factor 1; NCX1: Intestinal Na+/Ca2+ exchanger; PI3K: Phosphoinositide 3-kinase C; PKC: Protein kinase C; PMCA1b: Plasma membrane Ca2+- ATPase 1b;
PRL: Prolactin; PTH: Parathyroid hormone; ROCK: RhoA-associated coiled-coil-forming kinase; TH: Thyroid hormones; TrpV6: Transient receptor potential vanilloid 6.
2+

[123]

The mechanisms by which intestinal Ca absorption
is induced in lactation are not quite clear. One possible
adaptive mechanism includes hypertrophy and
hyperplasia of the intestinal villi, as shown in lactating
[119,120]
mammals such as rodents, pigs, and sheep
.
[121]
Wongdee et al
have also demonstrated that
intestinal hypertrophy in lactating rats is associated with
an upregulation of Cldn 15 protein expression. It has
been shown in rats that the suckling-induced transient
2+
prolactin surge increases intestinal Ca transport
during lactation, an effect that occurs through signaling
pathways involving phosphoinositide 3-kinase C (PI3K),
as well as two serine/threonine kinases, such as protein
kinase C (PKC) and RhoA-associated coiled-coil-forming
[122]
kinase (ROCK) .
2+
In newborn rats, intestinal Ca absorption is
largely passive non-saturable, and not dependent on

WJG|www.wjgnet.com

calcitriol . This lack of responsiveness to calcitriol at
earlier stages is explained by the undetectable levels
[69]
of VDR within enterocytes at 7 and 14 d after birth .
Human data indicate that, in neonates, intestinal
absorption is initially a passive process, which is
favored by milk lactose. Later, it becomes a calcitriol
dependent active process, but the hormone’s role can
2+
be bypassed by high dietary Ca content or parenteral
2+
[124]
Ca administration .
2+
Ca supplied in human milk during infancy is primarily
derived from maternal bone, which is rapidly replenished
[125]
2+
during and after weaning . The optimization of Ca
intake is crucial in adolescents to maximize calcium
retention, acquire a good peak of bone mass, and
prevent osteoporosis later in life. At early puberty, there
2+
is an association between an increase in both Ca
2+
absorption and bone Ca deposition. In girls, bone
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2+

Ca deposition reaches a maximum shortly before
menarche, with the deposition rate being approximately
five times that of adulthood. After menarche, bone
2+
2+
Ca deposition, as well as intestinal Ca absorption,
[125]
gradually declines
. In boys aged 11-14 years on
their usual diets, it has been shown that adolescents
2+
absorbed 31% of their dietary Ca intake and retained
2+
2+
20% of their total Ca intake, but their dietary Ca
[126]
intake failed to meet recommended values . During
puberty, polymorphisms of the Fok Ⅰ site in the VDR
2+
gene have been significantly associated with Ca
[127]
absorption and bone mineral density .
Aging has been associated with lower intestinal
2+
[128]
Ca absorption , with an additional decrease at the
time of menopause that is reversible with estrogen
[129]
therapy . This decrease might occur by a declination
in serum calcitriol levels and a resistance to the actions
[130]
of calcitriol in the intestine
. It has been reported
that low levels of VDR in mouse heterozygotes for the
2+
VDR gene KO produce a resistance of intestinal Ca
absorption to 1,25(OH)2D3. This resistance seems to
be generated by the low translation of CB9k, which
[131]
is mediated by binding VDR with the ligand
. A
post hoc analysis of dual isotope studies in postmenopausal women has identified associations of
2+
several factors with intestinal Ca absorption. The data
indicate that age, 1,25(OH)2D3, and dietary calcium
2+
and fat are associated with Ca absorption, whereas
serum 25(OH)D levels are not. The authors claim that
this study has unique findings, as the dietary intake
of kilocalories, carbohydrates, and potassium are also
2+
associated with intestinal Ca absorption, suggesting
2+
that beyond the traditional focus on Ca and vitamin
2+
D, some other factors also influence intestinal Ca
[129]
absorption in post-menopausal women .

absorption in order to develop nutritional or medical
strategies to optimize the efficiency of intestinal
2+
Ca absorption and prevent osteoporosis and other
2+
pathologies related to Ca metabolism.
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Abstract
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METHODS: Sprague-Dawley male rats underwent
BDL and sham-operated animals were used as healthy
controls. The BDL rats were divided into two groups
which received sterilized PBS or bicyclol (100 mg/kg
per day) orally for two consecutive weeks. Serum, urine
and bile were collected for biochemical determinations.
Liver tissues were collected for histological analysis
and a whole genome oligonucleotide microarray assay.
Reverse transcription-polymerase chain reaction and
Western blotting were used to verify the expression of
liver fibrosis-related genes.

AIM: to evaluate the protective effect of bicyclol
against bile duct ligation (BDL)-induced hepatic fibrosis
in rats.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: Treatment with bicyclol significantly reduced
liver fibrosis and bile duct proliferation after BDL.
The levels of alanine aminotransferase (127.7 ± 72.3
vs 230.4 ± 69.6, P < 0.05) and aspartate amino
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transferase (696.8 ± 232.6 vs 1032.6 ± 165.8, P <
0.05) were also decreased by treatment with bicyclol
in comparison to PBS. The expression changes of
45 fibrogenic genes and several fibrogenesis-related
pathways were reversed by bicyclol in the microarray
assay. Bicyclol significantly reduced liver mRNA and/
or protein expression levels of collagen 1a1, matrix
metalloproteinase 2, tumor necrosis factor, tissue
inhibitors of metalloproteinases 2, transforming growth
factor-b1 and α-smooth muscle actin.

protein generation and its inhibitory effect on matrix
protein removal. TGF-β plays a pivotal role in the
[3,5-7]
development of hepatic fibrosis and cirrhosis
;
therefore, the inhibition of TGF-β has been used in
several therapeutic approaches to prevent hepatic
fibrosis. However, no clinically effective treatment for
liver fibrosis is available and an effective therapeutic
approach that blocks the development of hepatic
fibrosis is needed.
Although much has been learned in recent decades
about the molecular basis of cholestasis and the
pathophysiology of hepatic fibrosis, the mechanisms
that underlie the development of cholestatic liver
disease have not been well elucidated and new
[8]
therapeutic approaches have been limited . Few
effective treatments for cholestasis are currently
approved by the Food and Drug Administration; these
treatments include ursodeoxycholic acid (UDCA) which
achieves limited benefits during the early stages of
primary biliary cirrhosis. Alternative therapies, including
the combination of UDCA with immunomodulatory
drugs, have been attempted but have not been
[9]
successful in limited clinical trials . Therefore, new
therapeutic agents are needed for these chronic
[10,11]
cholestatic diseases
.
Bicyclol (4,4′-dimethoxy-5,6,5′,6′-dimethy
lenedioxy-2-hydroxymethyl-2′-carbonyl biphenyl) is a
synthetic drug that was developed by Chinese scientists
and is widely used in the clinic to treat patients with
[12-14]
chronic hepatitis B and C
. Pharmacologically,
bicyclol exhibits anti-hepatitis virus activity in duck
viral hepatitis and in the 2.2.15 cell line. Furthermore,
bicyclol also exhibits a protective effect against liver
[13,15-17]
injury induced by hepatotoxins in mice and rats
.
Recent studies demonstrated that bicyclol markedly
attenuates experimental liver fibrosis induced by
chemical toxins, including carbon tetrachloride (CCl4)
and dimethylnitrosamine, in mice and significantly
protects against chemotherapeutic agent-induced liver
[18-20]
damage in elderly patients with cancer
. These
results suggest that bicyclol has a chemopreventive
effect on liver injury and fibrogenesis. Therefore, the
present study was designed to investigate the effect
of bicyclol on cholestatic liver fibrosis induced by bile
duct ligation (BDL) and the possible mechanisms that
underlie this effect in rats.

CONCLUSION: Bicyclol significantly attenuates BDLinduced liver fibrosis by reversing fibrogenic gene
expression. These findings suggest that bicyclol might
be an effective anti-fibrotic drug for the treatment of
cholestatic liver disease.
Key words: Bicyclol; Rat; Bile duct ligation; Liver fibrosis;
Gene expression profile
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cholestasis often fails to respond to medical
therapy, resulting in liver necrosis, fibrosis, cirrhosis and
subsequent liver failure. Bicyclol has significant liver
protective effects but little is known about the effect
of this drug on cholestatic liver fibrosis. Therefore, the
present study was designed to investigate the protective
effects of bicyclol in a rat model of liver fibrosis induced
by bile duct ligation (BDL). Bicyclol can improve liver
function after BDL and decrease bile duct proliferation,
inflammation and fibrosis. Bicyclol might be an effective
anti-fibrotic drug for the treatment of cholestatic liver
disease.
Zhen YZ, Li NR, He HW, Zhao SS, Zhang GL, Hao XF, Shao
RG. Protective effect of bicyclol against bile duct ligationinduced hepatic fibrosis in rats. World J Gastroenterol 2015;
21(23): 7155-7164 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i23/7155.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7155

INTRODUCTION
Biliary obstruction is characterized by portal tract
expansion, bile duct proliferation, hepatic stellate cell
activation, extracellular matrix accumulation, liver
fibrosis and subsequent cirrhosis. Cirrhosis, which
is the end stage of progressive fibrosis, is a major
health problem worldwide and is characterized by
the accumulation of extracellular matrix proteins and
the distortion of the hepatic architecture. Current
evidence suggests that the process of hepatic fibrosis
[1-4]
is driven by a complex network of cytokines . In
particular, the fibrogenic cytokine transforming growth
factor-beta (TGF-β) is central to the development
of cirrhosis due to its stimulating effect on matrix

WJG|www.wjgnet.com

MATERIALS AND METHODS
Materials

Bicyclol was purchased from Beijing Union Phar
maceutical Factory (Beijing, China). Antibodies that
target TGF-β1/2 were purchased from Epitomics
(Burlingame, CA). Antibodies specific for α-smooth
muscle actin (α-SMA) and GAPDH were purchased
from Sigma-Aldrich (St. Louis, MO). The TaqMan realtime polymerase chain reaction (RT-PCR) master mix
was purchased from Roche (Indianapolis, IN). ABI
TaqMan primer/probes were purchased from Applied
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Biosystems (Foster City, CA).

process using Cy3/Cy5 labeling kits (Genesphere
Inc., Hatfield, PA) according to the manufacturer’s
instructions. The labeled DNA was hybridized with the
microarrays (Phanlanx, Taiwan) overnight at 45 ℃.
After hybridization and subsequent washing, the arrays
were analyzed using a LuxScan 10K/A dual channel
laser scanner (CapitalBio, Beijing). The data were
normalized using the Lowess method and only those
genes that exhibited a consistent alteration tendency
(both ≥ 1.5-fold) in both microarrays were selected
as differentially expressed genes. Fibrogenesis-related
genes were selected from the differentially expressed
genes (Ratio ≥ 1.5) by searching in PubMed using the
gene description/symbol and liver fibrosis as keywords.

Animal experiments

Male adult Sprague-Dawley rats weighing 180-220
g were purchased from the Institute of Laboratory
Animal Science (Chinese Academy of Medical Sciences,
Beijing, China). The rats were maintained in a
temperature-controlled room (22 ± 2 ℃) with a 12 h
light/dark cycle and a relative humidity of 40%-60%.
The rats were given access to food and water ad
libitum. All animal experiments were approved by
the Institutional Animal Care and Use Committee of
Hebei United University and the animal protocol was
designed to minimize the pain and discomfort of the
animals. For experiments using BDL, the rats were
randomly divided into three groups of six animals.
Each day, six animals underwent BDL and three shamoperated animals were used as a healthy control.
Twenty-four hours after surgery, the BDL animals were
randomly assigned to receive a daily gavage consisting
of PBS (i.e., the treatment control and solvent) or 100
mg/kg of bicyclol suspended in PBS for 14 d. The sham
controls also received PBS by gavage. All BDL rats
received 0.1 mL of vitamin K (100 μg/mL) every other
day via subcutaneous injection. The body weight was
measured daily. The animals were sacrificed in random
order between 9:00 am and 11:00 am after an
overnight fast. Samples of serum, bile (from bile duct
cysts in BDL animals), urine (the urine of each rat was
collected during an overnight fast using a metabolic
cage) and liver were collected for further analyses, as
[21]
described previously .

Quantitative RT-PCR

Total RNA from each animal was extracted from the
liver tissue using TRIzol (Invitrogen, Carlsbad, CA,
United States) and purified using the NucleoSpin RNA
clean-up kit (Macherey-Nagel, Duren, Germany).
cDNA was generated using the AffinityScript multiple
temperature cDNA synthesis kit (Agilent Technologies,
Santa Clara, CA) and the relative expression of specific
genes was determined using the TaqMan real-time PCR
master mix (Roche) with TaqMan probe/primer mixes
(ABI) in an ABI 7500 Fast Real-Time PCR System.
The Gapdh gene was used as an endogenous control
to normalize for differences in the amount of total
RNA present in the samples. All of the animals were
assayed. Calculations were then made and statistical
analysis was performed between the groups.

Western blot analysis

Serum biochemistry and liver histology

The homogenized liver tissues were lysed in RIPA
buffer (50 mmol/L Tris-HCl, pH 7.5, 1% NP-40, 0
mmol/L NaCl, 1 mg/mL of aprotinin, 1 mg/mL of
leupeptin, 1 mmol/L Na3VO4 and 1 mmol/L NaF)
for 30 min at 4 ℃. Cell debris was removed by
centrifugation at 12000 × g for 20 min at 4 ℃. Protein
concentrations were determined using the BCA assay.
Equal amounts of lysate were resolved via SDSpolyacrylamide gel electrophoresis and transferred
to a PVDF membrane (Millipore, Bedford, MA). The
membranes were blocked with 5% nonfat milk in
TBS-T buffer at room temperature for 1 h and then
incubated for 2 h or overnight with primary antibodies.
After three 10 minute washes with 0.1% TBS-T buffer,
the membranes were incubated for 1 h at room
temperature with a species-specific horseradishperoxidase-linked secondary antibody (Cell Signaling
Technology). After three washes with 0.1% TBS-T
buffer, the membranes were soaked in enzyme-linked
chemiluminescence detection reagent (Millipore) and
protein bands were visualized using the Fluorchem HD2
imaging system (Protein simple, Santa Clara, CA).

Serum alanine transaminase (ALT), aspartate tran
saminase (AST), total cholesterol, high-density
lipoprotein (HDL) cholesterol and low-density lipoprotein
(LDL) cholesterol, total bile acid and total bilirubin of
serum, bile and urine were analyzed using a Hitachi
7170 chemistry analyzer and kits from Zhongsheng
Beikong Biotechnology (Beijing, China). Formalin-fixed
liver tissue was embedded in paraffin and sections
were stained with hematoxylin and eosin and Sirius
red. Histological evaluation of the liver sections was
performed by a single pathologist who assessed for
bile duct proliferation, inflammation and fibrosis on a
1 to 4+ scale in a blinded manner. Hydroxyproline was
evaluated using a kit from Nanjing Jiancheng Company
(Nanjing, China) according to the manufacturer’s
instructions.

Whole genome oligonucleotide microarray analysis

Total RNA was isolated from the liver tissues using
the TRIzol reagent (Invitrogen) and purified using
the NucleoSpin RNA clean-up kit (Macherey-Nagel,
Germany). An RNA sample for each group was obtained
by mixing the same amount of total RNA from each
animal in the group. The samples were then labeled
with Cy3 and Cy5 during the reverse transcription

WJG|www.wjgnet.com

Statistical analysis

The data are presented as the mean ± sd. The
significance of differences between experimental groups
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parenchymal necrosis and ductal proliferation, including
bridging of the portal tracts, were observed in the BDL
group. Portal inflammation and ductal proliferation were
markedly reduced in the bicyclol-treated group compared
to the BDL group. A blinded assessment also revealed
significantly lower scores for bile duct proliferation and
inflammation in the bicyclol-treated groups compared to
the BDL group (Figure 1B).

Table 1 Serum, urine and bile biochemistry of bile duct
ligation rats
Sham-PBS
(n = 6)
Serum ALT (U/L)
Serum AST (U/L)
Serum total bilirubin
(μmol/L)
Serum total cholesterol
(mmol/L)
Serum LDL (mmol/L)
Serum HDL (mmol/L)
Serum total bile acid
(μmol/L)
Urine total bile acid
(μmol/L)
Urine total bilirubin
(μmol/L)
Bile total bile acid
(μmol/L)
Bile total bilirubin
(μmol/L)

BDL-PBS
(n = 6)

29.3 ± 3.8
230.4 ± 69.6a
98.3 ± 18.1 1032.6 ± 165.8a
0.1 ± 0.2
161.5 ± 19.2a

BDL-Bic100
(n = 6)
127.7 ± 72.3a,c
696.8 ± 232.6a,c
152.4 ± 41.8a

1.5 ± 0.5

3.0 ± 0.6a

3.1 ± 0.7a

0.2 ± 0.0
0.9 ± 0.2
8.0 ± 3.0

1.5 ± 0.3a
0.3 ± 0.2a
173.0 ± 38.0a

1.8 ± 0.3a
0.3 ± 0.1a
172.6 ± 39.1a

3.4 ± 1.5

247.2 ± 30.9a

246.5 ± 59.6a

0.3 ± 0.7

100.4 ± 27.5a

105.8 ± 58.0a

Not
applicable
Not
applicable

3183.5 ± 908.6

3261.0 ± 488.8

96.3 ± 35.9

126.3 ± 46.9

Bicyclol reduces the level of liver fibrosis in BDL rat
livers

After Sirius red staining, liver damage was visualized
based on the hyperplasia of the lattice fibers and
collagenous fibers in the portal area; this damage
extended outwards in BDL group rats. These liver
histopathological changes were improved in bicycloltreated rats (Figure 2A). A blinded assessment also
revealed significantly lower scores for the level of
fibrosis in the bicyclol-treated groups compared to the
BDL group. This finding was further confirmed using a
hydroxyproline assay (Figure 2B and C).

In the sham group, rats underwent laparotomy. In the bile duct ligation
(BDL) and bicyclol groups, rats were submitted to undergo BDL operative
manipulation and treated with PBS or bicyclol for two weeks. The levels
of alanine aminotransferase (ALT), aspartate aminotransferase (AST) in
serum were expressed as U/L. The levels of total bilirubin, total bile acid
in serum, urine and bile were expressed as mmol/L. The levels of total
cholesterol, LDL, HDL in serum were expressed as mmol/L. Data were
expressed as mean ± SD of 6 animals per group. aP < 0.05 vs Sham group;
c
P < 0.05 vs BDL group.

Whole genome analysis of the effect of bicyclol on liver
fibrosis

To analyze genome-wide alterations in gene expression,
total RNA was extracted from sham, BDL and bicycloltreated group rat livers for whole genome microarray
experiments. For our analysis, a 1.5-fold alteration in
the signal intensity was regarded as a significant change
in mRNA expression. We found that 1060 genes were
down-regulated and 1334 genes were up-regulated
in BDL rat livers compared with sham rat livers. In
addition, 236 genes were down-regulated and 149
genes were up-regulated in bicyclol-treated rat livers
compared with BDL rat livers (Figure 3A). We found
that a total of 180 genes were included in both sets of
significantly changed genes. In addition to analyzing
the effects of bicyclol treatment, we performed a
gene functional enrichment analysis using the DAVID
[22,23]
Bioinformatics Resources
to further characterize
those 180 genes. The results demonstrated that these
genes are related to ECM-receptor interactions, fatty
acid metabolism, the PPAR signaling pathway, focal
adhesion, the biosynthesis of unsaturated fatty acids,
oxidation/reduction and the integrin signaling pathway,
among other processes (Table 2). We also observed
that among those 180 genes, 45 genes were reported
to be associated with liver fibrosis, including Spp1,
collagen 1a1 (Col1a1), matrix metalloproteinase 2
(Mmp2), α-smooth muscle actin (α-Sma, Acta2)
and other genes (Figure 3B).

was assessed using the two-tailed Student’s t-test. The
value of statistical significance was set at p < 0.05.

RESULTS
Effect of bicyclol on the serum, urine and bile
biochemistry of BDL rats

The results of the serum, urine and bile biochemistry
are shown in Table 1. The activities of ALT and AST
in the sham-operated rats remained within control
values. Serum levels of ALT and AST were increased
by approximately eight- and ten-fold, respectively,
after bile duct ligation in comparison to the values of
sham-operated rats. A 100 mg/kg dose of bicyclol in
BDL rats significantly reduced these values.
The concentration of serum total cholesterol and
LDL, total bilirubin and total bile acid in the serum,bile
and urine were significantly increased after 2 wk of
BDL. In addition, the concentration of HDL in the
serum was reduced. These changes are classical
markers of cholestasis in BDL animals. Unexpectedly,
pharmacological treatment with bicyclol failed to change
the levels of these markers (Table 1).

Bicyclol represses the expression of liver fibrogenic
genes

Bicyclol significantly improves the hepatic morphology
of BDL rat livers

To verify the anti-fibrotic effects of bicyclol and the
microarray data, some fibrogenic genes were assayed
using TaqMan real-time PCR and/or Western blot.
Our results demonstrated that bicyclol significantly

After hematoxylin and eosin staining, the histological
structure of the liver was observed to be normal in the
sham group, as shown in Figure 1A. Portal inflammation,
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Figure 1 Effects of bicyclol on liver histology of bile duct ligation rats. bile duct ligation (BDL) group consisted of animals submitted to undergo BDL operative
manipulation and sham-operated animals were used as healthy control. BDL rats were divided into two groups, which orally received sterilized PBS or bicyclol [100
mg/(kg•d)] for consecutive 14 d. Representative HE liver histology (magnification × 200) (A) and blinded quantitative assessment of liver bile duct ligation (B). Data are
expressed as mean ± SD of 6 animals per group. aP < 0.05 vs Sham group; cP < 0.05 vs BDL group. Sham: Sham group; BDL: BDL group; BDL-Bic: Bicyclol group.
[24]

causing hepatocellular injury . Cholestasis has been
shown to stimulate hepatic stellate cells to express
collagen, leading to the accumulation of extracellular
matrix protein and progressive fibrogenesis. Chronic
cholestasis eventually results in liver fibrosis, cirrhosis
[25]
and subsequent liver failure .
In this report, we assessed the therapeutic effects
of bicyclol in a BDL cholestatic rat model. Our results
demonstrated that bicyclol significantly protects against
BDL-induced liver injury and fibrosis, as evidenced by
the reduction of elevated serum AST and ALT activities
and the reduction of liver inflammation, fibrosis and bile
duct proliferation.
The presence of cirrhosis indicates a perturbation
of liver homeostasis and the intracellular release
of cytokines and signaling molecules occurs during

reduces liver mRNA expression of Col1a1, Mmp2,
tumor necrosis factor (Tnf) and tissue inhibitors of
metalloproteinases 2 (Timp2). Bicyclol also reduced
the mRNA levels of Spp1, Timp1 and Tgf-β1, but these
differences failed to reach statistical significance (Figure
4A). Based on Western blots, the levels of TGF-β1/2
and α-SMA were increased in the BDL group and
decreased in the bicyclol-treated groups (Figure 4B).

DISCUSSION
Cholestasis is caused by dysfunction of the hepatobiliary
system which results from either a functional defect
in bile formation or an impairment in bile secretion
and flow, leading to the intracellular accumulation of
bilirubin, toxic bile salts and cholesterol in the blood
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Figure 2 Effects of bicyclol on liver fibrosis of bile duct ligation rats. bile duct ligation (BDL) group consisted of animals submitted to undergo BDL operative
manipulation and sham-operated animals were used as healthy control. BDL rats were divided into two groups, which orally received sterilized PBS or bicyclol [100
mg/(kg·d)] for consecutive 14 d. Liver sections were stained by Sirius red-stained sections (magnification × 200) (A) and quantified by blinded assessment (B).
Hydroxyproline was assayed with frozen liver tissues (C). Data are expressed as mean ± SD of 6 animals per group. aP < 0.05 vs Sham group; cP < 0.05 vs BDL
group. Sham: Sham group; BDL: BDL group; BDL-Bic: Bicyclol group.

and deposition of collagen, leading to progressive
[33-37]
scarring and the loss of organ function
. Thus,
a reduction in TGF-β indicates a reduction in liver
damage and the down-regulation of α-Sma indicates
the inactivation of HSCs. The results of our whole
genome oligonucleotide microarray revealed that some
fibrosis-related pathways are regulated by bicyclol.
These pathways include ECM-receptor interactions,
the PPAR signaling pathway, focal adhesion, oxidation/
reduction, the integrin signaling pathway and other
pathways. Interestingly, fatty acid metabolism and
the biosynthesis of unsaturated fatty acids were also
regulated in this assay; this finding indicates that
bicyclol might improve fatty acid metabolism in some
types of liver disease, such as non-alcoholic fatty liver
disease. The microarray data also demonstrated that

the development of cirrhosis. The mechanisms that
underlie the development of cholestatic liver disease
are not well understood. Current evidence suggests that
the process of hepatic fibrosis is driven by a complex
[26-30]
network of cytokines
. TGF-β1 was demonstrated
to play an important role in the progression of liver
[31,32]
fibrosis
. The release of TGF-β1 may be one of
the first signals to activate quiescent hepatic stellate
cells (HSCs), resulting in the transdifferentiation of
these cells into proliferative, fibrogenic and contractile
myofibroblasts. Activated HSCs, which express
myogenic markers such as α-Sma, are considered
to be central extracellular matrix (ECM)-producing
cells within the injured liver. Concomitant with
the increased activity of TGF-β that occurs during
liver fibrogenesis, HSCs increase the production
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Figure 3 Microarray analysis of rat liver tissues. Total RNA was isolated from the liver tissues, then each group of total RNA was mixed with the same amount of
total RNA from each animal, then labeled with Cy3/Cy5 and measured by microarray assay. Red: increase in gene expression; green: decrease in gene expression; A:
Number of genes significant changed in microarray assays; B: 45 fibrogenesis related genes reversed by bicyclol treatment.

numerous fibrogenic genes are reversed by bicyclol;
some of these genes are potential anti-fibrotic targets,
[38,39]
[40,41]
including Spp1
, Fgfr2
and others.
RT-PCR and Western blot verified that bicyclol
significantly down-regulates the mRNA and/or protein
expression of liver fibrogenic genes, such as Col1a1,
Mmp2, Tnf, Timp2 and the protein level of TGF-b1 and
α-SMA.
Although our study demonstrated that bicyclol
has a protective effect against bile duct ligation
(BDL)-induced hepatic injury in rats, pharmacological
treatment with bicyclol has no effect on total bile
acid and total bilirubin in the serum, urine and bile.
Microarray assays also demonstrated that bicyclol
failed to regulate the bile acid synthesis pathway and
transport protein expression; these findings were
consistent with the data obtained from biochemical

WJG|www.wjgnet.com

assays that indicated that bicyclol represses liver
fibrosis through fibrogenesis-related pathways or
targets but not through bile acid-related pathway or
targets. This drug has the potential to repress liver
fibrogenesis in the context of most types of chronic
liver injury.
In summary, we demonstrated that bicyclol
treatment improves liver condition in vivo in BDL rats.
We also reported the whole genome mRNA expression
profile of bicyclol-treated rat livers, which was verified
using Taqman real-time PCR and Western blot. These
findings suggest that bicyclol might be a potential
therapy for liver fibrosis in patients with chronic
cholestatic disorders. Further research is needed to
clarify the molecular targets and related pathways of
bicyclol. Such studies might identify potential novel
therapeutic targets for liver fibrosis.
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Table 2 Bile duct ligation-induced pathways reversed by bicyclol treatment
Pathway

P value

Relate genes

ECM-receptor interaction
Fatty acid metabolism
PPAR signaling pathway
Focal adhesion
Biosynthesis of unsaturated fatty acids
Oxidation reduction
Integrin signaling pathway
Retinol metabolism

Lamc1, Col4a2, Spp1, Col3a1, Col1a1, Lamb2, Col4a1, Agrn, Itgb4, Thbs1
Acadsb, Ehhadh, Cyp4a3/4a2, Acsl1, Cpt1a, Acaa1b
Ehhadh, Scd, Cyp4a3/4a2, Acsl1, Cpt1a, Acaa1b
Lamc1, Col4a2, Spp1, Col3a1, Col1a1, Lamb2, Col4a1, Itgb4, Thbs1
Scd1, Acot2, Scd, Acaa1b
Acadsb, Dhcr24, Gpx3, Scd, Rdh2, Akr1b1, Cyp4a3/4a2, Steap4, Cyp3a23/3a1, Loxl1, Ehhadh, Scd1,
Aldh1a2, Hsd17b6
Lamc1, Col4a2, Col3a1, Col1a1, Lamb2, Col4a1, Itgb4, Col12a1
Cyp3a23/3a1, Ugt2a3, Cyp4a3/4a2, Aldh1a2

0.0000003
0.00012
0.00017
0.00192
0.00267
0.00575
0.00793
0.03196

ECM: Extracellular matrix.
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Figure 4 Effects of bicyclol on the fibrogenic gene expression. The mRNA expression levels were assayed by reverse transcription quantitative-polymerase
chain reaction with TaqMan gene expression kits (A), Western blot analysis of α-smooth muscle actin (α-SMA) and transforming growth factor (TGF)-β1/2 expression
in each bile duct ligation (BDL) rat liver (B) and normalized against Gapdh. Data are expressed as mean ± SD of 6 animals per group. aP < 0.05 vs Sham group; cP < 0.05
vs BDL group. Sham: Sham group; BDL: BDL group; BDL-Bic: Bicyclol group.
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COMMENTS
COMMENTS
Background

3

Liver fibrosis is a histological hallmark of liver injury characterized by abnormal
deposition of extracellular matrix with subsequent destruction of the normal
liver architecture, which has become an important target for pre-cancer
prevention and treatment of liver diseases. There are a variety of pathogens
that can trigger liver fibrogenesis, including cholestasis, hepatic viral infection,
nonalcoholic steatohepatitis and drug toxicity. Among these pathogens,
cholestasis is the major cause of liver fibrosis in children and can be induced
by bile duct ligation (BDL) in animal models. Current studies have shown that
a synthetic drug bicyclol has effective anti-hepatitis virus activity and improves
liver injury and fibrogenesis induced by hepatotoxins and chemical toxins.
However, no previous studies have evaluated whether bicyclol has any effects
on cholestatic liver fibrosis. In this report, we assessed the therapeutic effect of
bicyclol after BDL and verified this effect.

4
5

6

Research frontiers

Considerable progress has been made in the research of cholestatic
liver diseases. Pharmacological therapy for cholestasis is limited and
ursodeoxycholic acid is the only Food and Drug Administration approved
medicine for disease-modifying therapy with evidence of efficacy. So, exploring
and screening effective and reliable drugs and therapies is urgent.

7

Innovations and breakthroughs

No studies have previously evaluated the influence of bicyclol on cholestatic
liver injury in BDL rats and the molecular targets or related pathways. This
study is the first to investigate and confirm the protective effect of bicyclol
after BDL. These results indicate that bicyclol is a potential anti-fibrotic drug.
Furthermore, this study demonstrated the bicyclol attenuates BDL-induced liver
injury by reversing fibrogenic gene expression but not bile acid synthesis and
transport. This provides a guide for further exploring molecular targets and/or
mechanisms that underlie this effect.

8
9

Applications

The study results suggest that bicyclol significantly protected against BDLinduced liver injury and fibrosis, as evidenced by the reduction of elevated
serum aspartate transaminase and alanine transaminase activities and reducing
liver inflammation, necrosis and bile duct proliferation. The chemopreventive
effect of bicyclol is by repressing fibrogenesis-related markers but it failed to
regulate bile acid metabolism. It implies that bicyclol might be a potential antifibrotic drug for treatment of cholestatic liver disease.

10

11

Terminology

BDL is an established animal model of cholestasis, with complete biliary
obstruction and accumulation of multiple primary bile acids, bilirubin and
circulating endotoxins, parallel to those that occur in humans with cholestasis.
Chronic cholestasis can result in bile duct proliferation, liver fibrosis, cirrhosis
and eventually liver failure. Therefore, BDL was used to screen and evaluate
drugs for cholestatic liver diseases. Bicyclol is a synthetic drug and is widely
used in the clinic to treat patients with chronic hepatitis B and C due to its antihepatitis virus activity. Besides, bicyclol exhibits a chemopreventive effect on
liver injury and fibrogenesis induced by hepatotoxins and chemical toxins.

12
13

14

Peer-review

The authors evaluated the protective effect of bicyclol on bile duct ligationinduced hepatic fibrosis in rats. The authors report that 14 d post-BDL, rats
treated with 100 mg/kg bicyclol had significantly less liver fibrosis and bile duct
proliferation. Liver function was partially restored and liver fibrosis was reversed
by down-regulation of fibrogenic genes assessed by real-time polymerase chain
reaction and microarray assay. This report is well written, the experiments were
well done and they corroborate the effect of bicyclol in a different animal model.
Minor language polishing is needed.

15

16
17

REFERENCES
1

2

Nieto JC, Sánchez E, Román E, Vidal S, Oliva L, Guarner-Argente
C, Poca M, Torras X, Juárez C, Guarner C, Soriano G. Cytokine
production in patients with cirrhosis and TLR4 polymorphisms.
World J Gastroenterol 2014; 20: 17516-17524 [PMID: 25516666
DOI: 10.3748/wjg.v20.i46.17516]
Mitra A, Satelli A, Yan J, Xueqing X, Gagea M, Hunter CA,
Mishra L, Li S. IL-30 (IL27p28) attenuates liver fibrosis through

WJG|www.wjgnet.com

18
19
20

7163

inducing NKG2D-rae1 interaction between NKT and activated
hepatic stellate cells in mice. Hepatology 2014; 60: 2027-2039
[PMID: 25351459 DOI: 10.1002/hep.27392]
Yang Y, Kim B, Park YK, Koo SI, Lee JY. Astaxanthin prevents
TGFβ1-induced pro-fibrogenic gene expression by inhibiting
Smad3 activation in hepatic stellate cells. Biochim Biophys
Acta 2015; 1850: 178-185 [PMID: 25450180 DOI: 10.1016/
j.bbagen.2014.10.014]
Puche JE, Saiman Y, Friedman SL. Hepatic stellate cells and liver
fibrosis. Compr Physiol 2013; 3: 1473-1492 [PMID: 24265236
DOI: 10.1002/cphy.c120035]
Lee JH, Jang EJ, Seo HL, Ku SK, Lee JR, Shin SS, Park SD, Kim
SC, Kim YW. Sauchinone attenuates liver fibrosis and hepatic
stellate cell activation through TGF-β/Smad signaling pathway.
Chem Biol Interact 2014; 224C: 58-67 [PMID: 25451574 DOI:
10.1016/j.cbi.2014.10.005]
Huang W, Li L, Tian X, Yan J, Yang X, Wang X, Liao G, Qiu G.
Astragalus and Paeoniae radix rubra extract inhibits liver fibrosis
by modulating the transforming growth factor‑β/Smad pathway
in rats. Mol Med Rep 2015; 11: 805-814 [PMID: 25373883 DOI:
10.3892/mmr.2014.2868]
Reyes-Gordillo K, Segovia J, Shibayama M, Tsutsumi V, Vergara
P, Moreno MG, Muriel P. Curcumin prevents and reverses
cirrhosis induced by bile duct obstruction or CCl4 in rats: role
of TGF-beta modulation and oxidative stress. Fundam Clin
Pharmacol 2008; 22: 417-427 [PMID: 18705752 DOI: 10.1111/
j.1472-8206.2008.00611.x]
Hohenester S, Oude-Elferink RP, Beuers U. Primary biliary
cirrhosis. Semin Immunopathol 2009; 31: 283-307 [PMID:
19603170 DOI: 10.1007/s00281-009-0164-5]
Silveira MG, Lindor KD. Treatment of primary biliary cirrhosis:
therapy with choleretic and immunosuppressive agents. Clin Liver
Dis 2008; 12: 425-443; x-xi [PMID: 18456189 DOI: 10.1016/
j.cld.2008.02.008]
Chapman R, Fevery J, Kalloo A, Nagorney DM, Boberg KM,
Shneider B, Gores GJ. Diagnosis and management of primary
sclerosing cholangitis. Hepatology 2010; 51: 660-678 [PMID:
20101749 DOI: 10.1002/hep.23294]
Zein CO, Lindor KD. Latest and emerging therapies for primary
biliary cirrhosis and primary sclerosing cholangitis. Curr
Gastroenterol Rep 2010; 12: 13-22 [PMID: 20425480 DOI:
10.1007/s11894-009-0079-2]
Tang Y, Hu W, Li Y, Zhang CZ. [Synthesis of metabolites of
bicyclol]. Yaoxue Xuebao 2007; 42: 1054-1057 [PMID: 18229611]
Xie W, Shi GF, Zhang HF, Zhao GM, Yu ZJ, Lang ZW, Zhao H,
Yan J, Cheng J. A randomized, multi-central, controlled study of
patients with hepatitis B e antigen-positive chronic hepatitis B
treated by adefovir dipivoxil or adefovir dipivoxil plus bicyclol.
Hepatol Int 2012; 6: 441-448 [PMID: 21773778 DOI: 10.1007/
s12072-011-9294-7]
Liu GT. Bicyclol: a novel drug for treating chronic viral hepatitis
B and C. Med Chem 2009; 5: 29-43 [PMID: 19149648]
Li M, Liu GT. Inhibition of Fas/FasL mRNA expression and TNFalpha release in concanavalin A-induced liver injury in mice by
bicyclol. World J Gastroenterol 2004; 10: 1775-1779 [PMID:
15188504]
Zhao D, Liu G. [Protective effect of bicyclol on concanavalin
A-induced liver nuclear DNA injury in mice]. Zhonghua Yixue
Zazhi 2001; 81: 844-848 [PMID: 11702677]
Yu HY, Wang BL, Zhao J, Yao XM, Gu Y, Li Y. Protective
effect of bicyclol on tetracycline-induced fatty liver in mice.
Toxicology 2009; 261: 112-118 [PMID: 19427351 DOI: 10.1016/
j.tox.2009.04.058]
Hu QW, Liu GT. Effects of bicyclol on dimethylnitrosamine-induced
liver fibrosis in mice and its mechanism of action. Life Sci 2006; 79:
606-612 [PMID: 16603200 DOI: 10.1016/j.lfs.2006.02.025]
Gu Y, Zhao J, Yao XM, Li Y. Effects of bicyclol on immunological
liver fibrosis in rats. J Asian Nat Prod Res 2010; 12: 388-398
[PMID: 20496196 DOI: 10.1080/10286021003789047]
Li XY, Zhou JF, Chen SC, Guan M, Wang YY, Zhao L, Ying HY,

June 21, 2015|Volume 21|Issue 23|

Zhen YZ et al . Bicyclol improves cholestatic liver fibrosis

21

22

23

24
25

26

27

28

29
30

Zhou YP. Role of bicyclol in preventing chemotherapeutic agentinduced liver injury in patients over 60 years of age with cancer. J
Int Med Res 2014; 42: 906-914 [PMID: 24903556 DOI: 10.1177/0
300060514527058]
He H, Mennone A, Boyer JL, Cai SY. Combination of retinoic acid
and ursodeoxycholic acid attenuates liver injury in bile duct-ligated
rats and human hepatic cells. Hepatology 2011; 53: 548-557 [PMID:
21274875 DOI: 10.1002/hep.24047]
Huang DW, Sherman BT, Tan Q, Kir J, Liu D, Bryant D, Guo
Y, Stephens R, Baseler MW, Lane HC, Lempicki RA. DAVID
Bioinformatics Resources: expanded annotation database and
novel algorithms to better extract biology from large gene lists.
Nucleic Acids Res 2007; 35: W169-W175 [PMID: 17576678 DOI:
10.1093/nar/gkm415]
Huang da W, Sherman BT, Lempicki RA. Systematic and
integrative analysis of large gene lists using DAVID bioinformatics
resources. Nat Protoc 2009; 4: 44-57 [PMID: 19131956 DOI:
10.1038/nprot.2008.211]
Maillette de Buy Wenniger L, Beuers U. Bile salts and
cholestasis. Dig Liver Dis 2010; 42: 409-418 [PMID: 20434968
DOI: 10.1016/j.dld.2010.03.015]
Jüngst C, Berg T, Cheng J, Green RM, Jia J, Mason AL, Lammert
F. Intrahepatic cholestasis in common chronic liver diseases. Eur J
Clin Invest 2013; 43: 1069-1083 [PMID: 23927644 DOI: 10.1111/
eci.12128]
Pérez-Vargas JE, Zarco N, Shibayama M, Segovia J, Tsutsumi V,
Muriel P. Hesperidin prevents liver fibrosis in rats by decreasing
the expression of nuclear factor-κB, transforming growth factor-β
and connective tissue growth factor. Pharmacology 2014; 94:
80-89 [PMID: 25226844 DOI: 10.1159/000366206]
Li L, Wu T, Huang J, Ma K, Xu L, Wang H, Fan X, Tao R, Ai G,
Ning Q. Expression of heat shock protein 47, transforming growth
factor-beta 1, and connective tissue growth factor in liver tissue
of patients with Schistosoma japonicum-induced hepatic fibrosis.
Parasitology 2015; 142: 341-351 [PMID: 25111595 DOI: 10.1017/
S0031182014001115]
Mori T, Kawara S, Shinozaki M, Hayashi N, Kakinuma T, Igarashi
A, Takigawa M, Nakanishi T, Takehara K. Role and interaction of
connective tissue growth factor with transforming growth factorbeta in persistent fibrosis: A mouse fibrosis model. J Cell Physiol
1999; 181: 153-159 [PMID: 10457363]
Friedman SL. Mechanisms of hepatic fibrogenesis.
Gastroenterology 2008; 134: 1655-1669 [PMID: 18471545 DOI:
10.1053/j.gastro.2008.03.003]
Chen N, Geng Q, Zheng J, He S, Huo X, Sun X. Suppression of the
TGF-β/Smad signaling pathway and inhibition of hepatic stellate cell
proliferation play a role in the hepatoprotective effects of curcumin
against alcohol-induced hepatic fibrosis. Int J Mol Med 2014; 34:

31
32
33

34

35

36
37
38

39

40

41

1110-1116 [PMID: 25069637 DOI: 10.3892/ijmm.2014.1867]
Leask A, Abraham DJ. TGF-beta signaling and the fibrotic
response. FASEB J 2004; 18: 816-827 [PMID: 15117886 DOI:
10.1096/fj.03-1273rev]
Dooley S, ten Dijke P. TGF-β in progression of liver disease. Cell
Tissue Res 2012; 347: 245-256 [PMID: 22006249 DOI: 10.1007/
s00441-011-1246-y]
Duval F, Moreno-Cuevas JE, González-Garza MT, RodríguezMontalvo C, Cruz-Vega DE. Liver fibrosis and protection
mechanisms action of medicinal plants targeting apoptosis of
hepatocytes and hepatic stellate cells. Adv Pharmacol Sci 2014;
2014: 373295 [PMID: 25505905 DOI: 10.1155/2014/373295]
Fang L, Huang C, Meng X, Wu B, Ma T, Liu X, Zhu Q, Zhan S, Li J.
TGF-β1-elevated TRPM7 channel regulates collagen expression
in hepatic stellate cells via TGF-β1/Smad pathway. Toxicol Appl
Pharmacol 2014; 280: 335-344 [PMID: 25150141 DOI: 10.1016/
j.taap.2014.08.006]
Choi SS, Sicklick JK, Ma Q, Yang L, Huang J, Qi Y, Chen W, Li
YX, Goldschmidt-Clermont PJ, Diehl AM. Sustained activation of
Rac1 in hepatic stellate cells promotes liver injury and fibrosis in
mice. Hepatology 2006; 44: 1267-1277 [PMID: 17058265 DOI:
10.1002/hep.21375]
Lee UE, Friedman SL. Mechanisms of hepatic fibrogenesis. Best
Pract Res Clin Gastroenterol 2011; 25: 195-206 [PMID: 21497738
DOI: 10.1016/j.bpg.2011.02.005]
Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005; 115:
209-218 [PMID: 15690074 DOI: 10.1172/JCI24282]
Whitington PF, Malladi P, Melin-Aldana H, Azzam R, Mack
CL, Sahai A. Expression of osteopontin correlates with portal
biliary proliferation and fibrosis in biliary atresia. Pediatr
Res 2005; 57: 837-844 [PMID: 15845635 DOI: 10.1203/01.
PDR.0000161414.99181.61]
Lorena D, Darby IA, Gadeau AP, Leen LL, Rittling S, Porto LC,
Rosenbaum J, Desmoulière A. Osteopontin expression in normal
and fibrotic liver. altered liver healing in osteopontin-deficient
mice. J Hepatol 2006; 44: 383-390 [PMID: 16221502 DOI:
10.1016/j.jhep.2005.07.024]
Böhm F, Speicher T, Hellerbrand C, Dickson C, Partanen JM,
Ornitz DM, Werner S. FGF receptors 1 and 2 control chemically
induced injury and compound detoxification in regenerating
livers of mice. Gastroenterology 2010; 139: 1385-1396 [PMID:
20603121 DOI: 10.1053/j.gastro.2010.06.069]
Nakamura I, Zakharia K, Banini BA, Mikhail DS, Kim TH, Yang
JD, Moser CD, Shaleh HM, Thornburgh SR, Walters I, Roberts
LR. Brivanib attenuates hepatic fibrosis in vivo and stellate
cell activation in vitro by inhibition of FGF, VEGF and PDGF
signaling. PLoS One 2014; 9: e92273 [PMID: 24710173 DOI:
10.1371/journal.pone.0092273]
P- Reviewer: Atta H, Gorrell MD, Panduro A S- Editor: Ma YJ
L- Editor: Roemmele A E- Editor: Liu XM

WJG|www.wjgnet.com

7164

June 21, 2015|Volume 21|Issue 23|

World J Gastroenterol 2015 June 21; 21(23): 7165-7171
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i23.7165

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Activated rat hepatic stellate cells influence Th1/Th2 profile

in vitro

Zhi-Zhi Xing, Liu-Ye Huang, Cheng-Rong Wu, Hong You, Hong Ma, Ji-Dong Jia
Zhi-Zhi Xing, Liu-Ye Huang, Cheng-Rong Wu, Department
of Gastroenterology, Yantai Yuhuangding Hospital Affiliated
to Medical College of Qingdao University, Yantai 264000,
Shandong Province, China
Hong You, Hong Ma, Ji-Dong Jia, Liver Research Center,
Beijing Friendship Hospital, Capital Medical University, Beijing
100050, China

Telephone: +86-10-63138727
Fax: +86-10-83165944
Received: October 29, 2014
Peer-review started: October 30, 2014
First decision: December 11, 2014
Revised: January 8, 2015
Accepted: April 9, 2015
Article in press: April 9, 2015
Published online: June 21, 2015

Author contributions: Xing ZZ and Jia JD designed the
research; Xing ZZ, Huang LY, Wu CR and Ma H performed the
research; Jia JD and You H contributed new reagents/analytical
tools; Huang LY and You H analyzed the data; and Xing ZZ, You
H and Jia JD wrote the paper; all the authors approved the final
version of the manuscript.

Abstract
AIM: To investigate the effects of activated rat hepatic
stellate cells (HSCs) on rat Th1/Th2 profile in vitro .

Supported by Major State Basic Research Development
Program of China, No. 2007CB512802; and the National Natural
Science Foundation of China, No. 30500425.

METHODS: Growth and survival of activated HSCs and
+
CD4 T lymphocytes cultured alone or together was
+
assessed after 24 or 48 h. CD4 T lymphocytes were
then cultured with or without activated HSCs for 24 or
+
48 h and the proportion of Th1 [interferon (IFN)-γ ]
+
and Th2 [interleukin (IL)-4 ] cells was assessed
by flow cytometry. Th1 and Th2 cell apoptosis was
assessed after 24 h of co-culture using a caspase-3
staining procedure. Differentiation rates of Th1 and
+
Th2 cells from CD4 T lymphocytes that were positive
for CD25 but did not express IFN-γ or IL-4 were also
assessed after 48 h of co-culture with activated HSCs.
Galectin-9 expression in HSCs was determined by
immunofluorescence and Western blotting. ELISA was
performed to assess galectin-9 secretion from activated
HSCs.

Ethics approval: The study was reviewed and approved by the
Yan Tai Yu Huang Ding Hospital Review Board.
Institutional animal care and use committee: All animal
experiments were carried out in accordance with the National
Institute of Health Guide for the Care and Use of Laboratory
Animals and approved by the Institutional Animal Care and Use
Committee of China Academy of Chinese Medical Sciences.
Conflict-of-interest: The authors declare that they have no
conflicts of interest to this work.
Data sharing: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Co-culture of CD4 + T lymphocytes with
activated rat HSCs for 48 h significantly reduced the
proportion of Th1 cells compared to culture-alone
conditions (-1.73% ± 0.71%; P < 0.05), whereas the
proportion of Th2 cells was not altered; the Th1/Th2
ratio was significantly decreased (-0.44 ± 0.13; P <
0.05). In addition, the level of IFN-γ in Th1 cells was
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decreased (-65.71 ± 9.67; P < 0.01), whereas the
level of IL-4 in Th2 cells was increased (82.79 ± 25.12;
P < 0.05) by co-culturing, as measured by mean
fluorescence intensity by flow cytometry. Apoptosis
rates in Th1 (12.27% ± 0.99%; P < 0.01) and Th2
(1.71% ± 0.185%; P < 0.01) cells were increased 24
h after co-culturing with activated HSCs; the Th1 cell
apoptosis rate was significantly higher than in Th2
cells (P < 0.01). Galectin-9 protein expression was
significantly decreased in HSCs only 24 h after coculturing (P < 0.05) but not after 48 h. Co-culture for
48 h significantly increased the differentiation of Th1
and Th2 cells; however, the increase in the proportion
of Th2 cells was significantly higher than that of Th1
cells (1.85% ± 0.48%; P < 0.05).

The switch from an early Th1 response to a
sustained Th2 response is thought to facilitate
[6]
hepatic fibrogenesis in alcoholic liver disease and
[7]
schistosomiasis . Therefore, the Th1/Th2 profile
is pivotal in the development of liver fibrosis and
presents a possible therapeutic target. However, the
mechanisms involved in regulating Th1/Th2 balance
during fibrogenesis are still unclear. Some evidence
suggests that decreased production of IL-12 by
[6]
antigen-presenting cells in the liver and regulatory T
[4,8]
cells
play roles in this balance. However, activated
HSCs have also been observed adjacent to and
engulfing infiltrating lymphocytes and NK cells in
[2,9,10]
the liver following fibrosis induction
, suggesting
a direct interaction between liver myofibroblasts
and infiltrating lymphocytes. HSCs are activated by
[3,4,11]
immune cells
and can then influence lymphocyte
infiltration, activation and proliferation via secretion of
[2]
various proinflammatory cytokines and chemokines .
To gain a better understanding of this relationship, T
lymphocytes were co-cultured with activated HSCs
and the effect on the Th1/Th2 profile was examined in
vitro.

CONCLUSION: Activated rat HSCs lower the Th1/Th2
profile, inhibiting the Th1 response and enhancing the
Th2 response, and this may be a novel pathway for
liver fibrogenesis.
Key words: Hepatic stellate cells; Th1 cells; Th2 cells;
Galectin-9
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Activation of rat HSCs

Core tip: The Th1/Th2 profile plays a pivotal role in
the development of fibrosis and may be impacted by
hepatic stellate cell activation. However, little is known
+
about the effect of fibroblasts on CD4 T lymphocyte
profiles. This study shows that co-culture with activated
rat hepatic stellate cells shifts the Th1/Th2 profile of
+
CD4 T lymphocytes by inhibiting the Th1 response and
enhancing the Th2 response.

Male Wistar rats (250 g each) were used in this study.
Rat livers were digested with collagenase and HSCs
were obtained by fractionation of the cell suspension
using continuous Percoll density gradients, as described
[12]
previously . HSCs were cultured in RPMI 1640 (Gibco
of Thermo Fisher Scientific, Waltham, MA, United
States) containing penicillin (100 U/mL), streptomycin
(100 µg/mL) and 20% fetal bovine serum (FBS;
Gibco) at 37 ℃ with 5% CO2. After reaching about
100% confluency (10-14 d), the cells were subcultured
for co-culture or further examination. Activation of
subcultured cells was confirmed by immunostaining
for anti-desmin (1:50; Santa Cruz Biotechnology Inc.,
Dallas, TX, United States) and anti-α-smooth muscle
actin (1:800; Abcam, Cambridge, United Kingdom)
using fluorescein isothiocyanate (FITC)-conjugated
anti-rabbit (1:200; ZhongShan-Golden Bridge, Beijing,
China) or anti-mouse (1:500; Abcam) secondary
antibodies.

Xing ZZ, Huang LY, Wu CR, You H, Ma H, Jia JD. Activated rat
hepatic stellate cells influence Th1/Th2 profile in vitro. World J
Gastroenterol 2015; 21(23): 7165-7171 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i23/7165.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i23.7165

INTRODUCTION
Liver fibrosis can result from sustained activation of
myofibroblasts and other matrix-producing cells, such
[1]
as hepatic stellate cells (HSCs) . As fibrosis develops,
there is an infiltration of inflammatory cells that
secrete proinflammatory and profibrotic cytokines.
Innate and adaptive immune cells, such as natural
killer (NK) and Kupffer cells, play roles in the reversal
[2]
of fibrosis . In addition, T lymphocytes can interact
with myofibroblasts and secrete various cytokines to
[3]
modulate the fibrogenic process . Type 1 helper T
(Th1) lymphocytes secrete high levels of antifibrotic
interferon (IFN)-γ, whereas type 2 (Th2) cells release
[3-5]
profibrogenic interleukin (IL)-4 and IL-13 .

WJG|www.wjgnet.com

Isolation of CD4+ T lymphocytes

Rat spleen lymphocytes were isolated as previously
[13]
described
and cultured in RPMI 1640 containing
10% FBS for 2 h to remove adherent monocytes. Rat
CD4 microbeads (Miltenyi Biotech, Bergisch Gladbach,
+
Germany) were used to isolate CD4 T lymphocytes
by magnetic cell sorting according to the manufac
turer’s instructions. The purity was 98.23% ± 0.27%
as detected by flow cytometry (FCM) using antiCD4-FITC (Becton, Dickinson and Company, Franklin
Lakes, NJ, United States).
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Co-culture of activated HSCs and CD4+ T lymphocytes

cultured in medium with 5 µg/mL concanavalin A for
+
2 wk, the CD4 T lymphocytes with differentiation
+
potential (CD25 /IFN-γ /IL-4 ) were obtained. These
T lymphocytes were co-cultured with activated HSCs
in 6-well culture plates, as described above. After
48 h of co-culture, proportions of Th1 and Th2 cells
+
were detected by FCM. CD4 T lymphocytes from the
same rat were cultured alone as a control and in each
experiment, HSCs and T lymphocytes were from the
same rat (n = 10).

After culturing for 24 h in 6-well culture plates,
5
activated rat HSCs (2 × 10 cells/well) were co+
cultured with freshly isolated CD4 T lymphocytes (4
6
× 10 cells/well) using Millipore cell culture inserts (0.4
µm; Millipore, Billerica, MA, United States) in RPMI
+
1640 containing 10% FBS. CD4 T lymphocytes from
the same rat, cultured alone were used as a control
and in each experiment, HSCs and T lymphocytes
were from the same rat. The sample size was n = 10
rats per group.
A CFSE cell proliferation assay (Invitrogen of
Thermo Fisher Scientific) was used to determine
+
whether CD4 T lymphocytes could proliferate in vitro
in the absence of mitogens.
An Annexin V/Dead Cell Apoptosis Kit (Invitrogen)
was used to determine the proportion of viable T
lymphocytes by FCM; cells negative for both Annexin V
and propidium iodide were considered viable.
3
Additionally, activated HSCs (5 × 10 cells/well)
+
were cultured alone or with CD4 T lymphocytes
4
(5 × 10 cells/well) in 96-well culture plates. At the
beginning and end of a 24 or 48 h co-culture, a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was performed to detect
the proliferation of activated HSCs, as described
[14]
previously .

Statistical analysis

Data were analyzed using SPSS 14.0 (SPSS Inc.,
Chicago, IL, United States). Paired Student’s t tests
and randomized block design analysis of variance
were applied; P < 0.05 was considered statistically
significant. The data are expressed as mean ± SD.

RESULTS
Co-culturing affects HSC and T cell viability

The proliferation rate of activated HSCs detected
by MTT assay was significantly increased when cocultured for 24 or 48 h, compared with those cultured
alone (P < 0.05) (Figure 1A); there were no changes
in the morphology of HSCs. At the same time, the
+
proportion of viable CD4 T cells decreased after 48
h when co-cultured with activated HSCs compared to
culturing alone without mitogens (55.27% ± 3.88% vs
61.28% ± 3.84%, P < 0.01) (Figure 1B).

Apoptosis and FCM determination of Th1 and Th2 cells
+

After 24 h of co-culture, apoptosis of CD4 T
lymphocytes was assessed using a Fluorescein Active
Caspase-3 Staining Kit (BioVision, Mountain View,
CA, United States) according to the manufacturer’s
instructions.
After 48 h of co-culture, the proportion of Th1 cells
+
+
(IFN-γ ) and Th2 cells (IL-4 ) was determined by FCM
using anti-IFN-γ-PE and anti-IL-4-PE antibodies, with
an isotype antibody control (Becton, Dickinson and
[13]
Company), as previously described .

Co-culturing with activated HSCs alters the Th1/Th2
profile

After 48 h of co-culture with activated HSCs, the
proportion of Th1 cells significantly decreased
compared to culturing alone (-1.73% ± 0.71%; P
< 0.05), while the proportion of Th2 cells did not
change (Figure 2A). Thus, co-culturing lowered the
Th1/Th2 ratio (-0.44 ± 0.13; P < 0.05). Furthermore,
the mean fluorescence intensity of IFN-γ in Th1 cells
was decreased (-65.71 ± 9.67, P < 0.01) and the
mean fluorescence intensity of IL-4 in Th2 cells was
increased (82.79 ± 25.12; P < 0.05) after 48 h in coculture conditions (Figure 2B).

Galectin-9 expression in activated HSCs

Galectin-9 in supernatants of activated HSCs was
detected by ELISA (Uscn Life Science, Wuhan,
China) according to the manufacturer’s instructions.
Galectin-9 protein expression in activated HSCs was
assessed by immunofluorescence using anti-galectin-9
(1:200; Abcam) and FITC-conjugated goat antirabbit (1:200; Zhongshan-Golden Bridge) antibodies.
Protein levels were assessed by Western blotting using
anti-galectin-9 (1:1000; Abcam) and anti-β-actin
(1:4000; Sigma-Aldrich, St. Louis, MO, United States)
antibodies with horseradish peroxidase-conjugated
anti-rabbit (1:9000) or anti-mouse (1:8000; both from
Zhongshan-Golden Bridge) secondary antibodies, as
[15]
previously described .

Co-culturing with activated HSCs induces apoptosis of
Th1 cells

Co-culture with activated HSCs for 24 h significantly
increased the apoptosis rates in Th1 and Th2 cells
(P < 0.01; Figure 3). Moreover, the increased rate of
apoptosis in Th1 cells was significantly higher than in
Th2 cells (12.27% ± 0.99% vs 1.71% ± 0.185%, P <
0.01).

Co-culturing transiently decreases galectin-9 expression
in activated rat HSCs

Differentiation of Th1 and Th2 cells
After freshly isolated CD4

+
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As demonstrated by immunofluorescence staining,
activated rat HSCs express galectin-9 (Figure 4A).

T lymphocytes were
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Figure 1 Effect of co-culturing on viability of activated hepatic stellate cells and CD4+ T lymphocytes. A: Proliferation of activated hepatic stellate cells (HSCs);
B: Proportion of viable CD4+ T lymphocytes when cultured alone or co-cultured together (n = 3). OD: Optical density; data are expressed as mean ± SD. aP < 0.05 vs
cultured alone; bP < 0.01 vs control.
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Figure 2 Effect of co-culturing on Th1/Th2 profile. A: Proportion of CD4+ T lymphocytes identified as Th1 and Th2 cells; B: Mean fluorescence intensity of
interferon (IFN)-γ in Th1 cells and interleukin (IL)-4 in Th2 cells assessed by flow cytometry when cultured alone or co-cultured for 48 h with activated hepatic stellate
cells (n = 10). Data are expressed as mean ± SD. aP < 0.05, bP < 0.01 vs control.
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by ELISA in the supernatants of activated rat HSCs
+
cultured alone or co-cultured with CD4 T lymphocytes.
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Co-culturing alters the differentiation of CD4+ T
lymphocytes
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CD4 T lymphocytes with differentiation potential
+
(CD25 /IFN-γ /IL-4 ) were also co-cultured with
activated rat HSCs for 48 h. Flow cytometry showed
+
+
that proportions of both IFN-γ (Th1) and IL-4
(Th2) cells increased but the increase observed in
the proportion of Th2 cells (1.85% ± 0.48%) was
significantly higher than was observed for Th1 cells (P
< 0.05) (Figure 5).
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Figure 3 Effect of co-culturing on apoptosis of Th1 and Th2 cells.
Apoptosis rates were assessed after 24 h by flow cytometric analysis of
caspase-3 staining in CD4+ T lymphocytes cultured alone or co-cultured with
activated hepatic stellate cells (n = 10). Data are expressed as mean ± SD; bP
< 0.01 vs control.

DISCUSSION
Cytokines released from leukocytes can promote the
activation of myofibroblasts in injured liver, which
in turn can regulate immune cells and promote
[16,17]
chronic inflammation
. This activation switches
HSCs from a fibrogenic to a proinflammatory pheno
type, which then continues to modulate local inflam
matory responses long after they remodel the
[18]
extracellular matrix . Therefore, repeated activation

Quantification of galectin-9 protein showed that levels
+
were significantly reduced after co-culturing with CD4
T lymphocytes for 24 h (P < 0.05) but not after 48
h (Figure 4B). However, galectin-9 was undetectable
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Figure 4 Galectin-9 expression in activated hepatic stellate cells. A: Immunofluorescence analysis of galectin-9 expression (left panel, green) in activated rat
hepatic stellate cells (HSCs) (right panel, nuclear costain) (magnification × 400); B: Western blot analysis of galectin-9 expression in activated rat HSCs cultured alone
or co-cultured with CD4+ T lymphocytes (n = 5). Data are expressed as mean ± SD. aP < 0.05, cultured alone vs co-cultured.

Moreover, Th1 cells can inhibit the differentiation
[21]
and maturation of Th17 and Th2 cells , which have
proinflammatory and profibrogenic effects. This
study shows that the relationship is reciprocal as the
proportion of Th1 cells, as well as the amount of IFN-γ
they express, is reduced by co-culture with activated
HSCs. Therefore, activated HSCs might promote
chronic inflammation and fibrosis by inhibiting the Th1
response. In line with this, the development of liver
fibrosis was determined to be facilitated by a shift from
a Th1 to a Th17 response in an animal model with an
[22]
IL-12 gene knockout .
In the present study, we also found that activated
+
HSCs disproportionately increase the apoptosis of CD4
T cells, showing a more profound effect on Th1 cells.
These results are consistent with a study that reported
apoptosis of infiltrating T cells in hepatic fibrotic tissue,
which was thought to be due to the interaction with
[23]
myofibroblast-like cells .
Galectin-9 is known to induce apoptosis of Th1
[24]
cells
and is expressed by human lung fibroblasts
[15,25]
and dermal fibroblasts
. Galectin-9 is detected
on Kupffer cells, fibroblasts and histiocytes in biopsy
[26]
specimens of drug-induced liver disease patients .
Although galectin-9 was expressed in the activated
rat HSCs in this study, supernatant levels were below
the ELISA detection limit, suggesting that that the
activated HSCs were unable to secrete galectin-9 in
vitro. This finding does not support the hypothesis

Increase of proportions in CD4
T lymphocytes (%) (%)

10
a

8
6
4
2
0

Th1

Th2

Figure 5 Effect of co-culturing on Th1 and Th2 cell differentiation. CD4+
T lymphocytes with differentiation potential were co-cultured for 48 h with
activated hepatic stellate cells (n = 5). Data are expressed as mean ± SD; aP <
0.05, Th1 vs Th2.

of myofibroblasts can result in sustained chronic inflam
[2]
mation and fibrosis . The results from the present
study show that activated HSCs lower the Th1/Th2
+
profile of CD4 T lymphocytes, thus suggesting a
mechanism by which activated myofibroblasts promote
fibrogenesis.
+
CD4 T lymphocytes play an important role in the
pathogenesis of fibrogenesis. IFN-γ released by Th1
cells decreases HSC activation and extracellular matrix
[19]
deposition during rat liver fibrosis and promotes the
[20]
function of NK cells, which can induce HSC death .
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that HSCs promote Th1 cell apoptosis via galectin-9
secretion. Further study is needed to ascertain the
factors that induce in vivo galectin-9 secretion from
activated HSCs.
+
In the present study, the differentiation of CD4 T
lymphocytes into Th2 cells was more strongly affected
by co-culturing with activated HSCs as the increase in
the proportion of Th2 cells was greater than for Th1
cells. This suggests that, in addition to proliferation
and apoptosis of T lymphocytes, activated HSCs
might also modulate Th1/Th2 balance by altering their
differentiation rates. Moreover, the expression of IL-4
in Th2 cells was enhanced by co-culture with activated
HSCs.
A limitation of this study is that only the in vitro
effects were examined and thus may not fully reflect
the in vivo condition. Future in vivo studies are needed
to verify these results and to explore the underlying
mechanisms.
In summary, the present study shows that
activated HSCs decrease the Th1/Th2 ratio in vitro via
promoting apoptosis and inhibiting IFN-γ production
in Th1 cells, while promoting IL-4 production and
differentiation of Th2 cells. These data suggest that
a mechanism by which activated HSCs promote liver
fibrosis is by altering the Th1/Th2 balance.
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Abstract
AIM: To investigate the abundance and potential
diagnostic significance of neuroligin-1 and glutamate
(Glu) in Hirschsprung’s disease (HSCR).
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METHODS: Ninety children with HSCR and 50 children
without HSCR matched for similar nutritional status,
age and basal metabolic index were studied. The
expression and localization of neuroligin-1 and Glu were
assessed using double-labeling immunofluorescence
staining of longitudinal muscles with adherent myenteric
plexus from the surgically excised colon of children with
HSCR. Western blot analysis, quantitative real-time PCR
(qRT-PCR) and immunohistochemistry were performed
to evaluate the abundance of neuroligin-1 and Glu
in different HSCR-affected segments (ganglionic,
transitional, and aganglionic segments). Enzyme-linked
immunosorbent assay (ELISA) was used to detect and
compare serum Glu levels in the long-segment HSCR,
short-segment HSCR and non-HSCR samples.
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RESULTS: Neuroligin-1 and Glu were co-expressed
highest to lowest in the ganglionic, transitional
and aganglionic segments based on Western blot
(neuroligin-1: 0.177 ± 0.008 vs 0.101 ± 0.006, 0.177 ±
0.008 vs 0.035 ± 0.005, and 0.101 ± 0.006 vs 0.035 ±

Correspondence to: Ai-Wu Li, PhD, Department of Pediatric
Surgery, Qilu Hospital, Shandong University, No. 107 Wenhuaxi

WJG|www.wjgnet.com

7172

June 21, 2015|Volume 21|Issue 23|

Wang J et al . Neuroligin-1 and glutamate in HSCR

0.005, P < 0.005; Glu: 0.198 ± 0.006 vs 0.115 ± 0.008,
0.198 ± 0.006 vs 0.040 ± 0.003, and 0.115 ± 0.008 vs
0.040 ± 0.003, P < 0.005) and qRT-PCR (neuroligin-1:
-5
-6
-5
-6
9.58 × 10 ± 9.94 × 10 vs 2.49 × 10 ± 1.38 × 10 ,
-5
-6
-6 ±
-6
9.58 × 10 ± 9.94 × 10 vs 7.17 × 10 1.12 × 10 ,
-5
-6
-6
and 2.49 × 10 ± 1.38 × 10 vs 7.17 × 10 ± 1.12 ×
-6
10 , P < 0.005). Serum Glu level was the highest to
lowest in the non-HSCR, short-type HSCR and long-type
HSCR samples based on ELISA (in nmol/μl, 0.93 ± 0.31
vs 0.57 ± 0.25, 0.93 ± 0.31 vs 0.23 ± 0.16, and 0.57 ±
0.25 vs 0.23 ± 0.16, P < 0.005).

peristalsis in the distal diseased gut are unknown.
Neuroligins are cell adhesion molecules with a
highly conserved structure that have been shown
to function with neurexins in the formation and
function of synapses in the central nervous system
[8]
(CNS) . Neuroligins are expressed in post-synapses,
[9]
and neurexins are expressed in pre-synapses .
They coordinate to mediate CNS synaptogenesis by
including secretion of proteins such as pentraxins to
[10,11]
transduce signals between neurons
. Furthermore,
the formation of different synapses (excitatory or
inhibitory synapse) may be mediated by distinct
neuroligin-neurexin combinations. For example,
neuroligin-1 is localized to excitatory glutamatergic
synapses, and neuroligin-2 is localized to inhibitory
[11,12]
GABAergic synapses
.
We know that some type of bi-directional
communication occurs between the CNS and the
enteric nervous system (ENS) and that gut function
is affected by different psychological states and
[13]
stresses communicated from the brain . Given this
information, it is of interest to determine whether the
neuroligins expressed in the CNS are also expressed in
[14,15]
the ENS. Our previous studies
showed that in the
ENS of HSCR patients, the expression of neuroligins
is down-regulated in aganglionic segments. Because
neuroligin-1 was found to be localized to excitatory
synapses, which are closely associated with the
expression and release of glutamate (Glu), a type of
excitatory neurotransmitter whose level may reflect
[11,12]
the level of neuroligin-1
, we sought to determine
whether the pathogenesis of HSCR is related to
abnormal excitatory signaling caused by alterations
in the neuroligin-1 and Glu levels and the relationship
between them. Moreover, we sought to identify a new
method to more effectively diagnose, differentially
diagnose and classify HSCR by measuring the serum
Glu concentrations, which may be very valuable for
clinical examinations.
In this study, the methods of immunofluorescence
staining, Western blot, quantitative real-time PCR
(qRT-PCR), and enzyme-linked immunosorbent assay
(ELISA) were applied to resolve these issues and we
believe that these results may be valuable for further
research.

CONCLUSION: Neuroligin-1 and Glu may represent
new markers of ganglion cells, whose expression may
correlate with the pathogenesis, diagnosis, differential
diagnosis or classification of HSCR.
Key words: Neuroligin-1; Hirschsprung’s disease; Glu
tamate; Ganglion cells; Pathogenesis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Based on our results derived from a large set
of clinical samples and various experimental methods,
neuroligin-1 and glutamate (Glu) were first shown to
be co-expressed in ganglion cells; thus neuroligin-1
and Glu may serve as new markers of this cell type,
especially for excitatory synapses in the enteric
nervous system. Moreover, the decreased abundance
of neuroligin-1 and Glu in aganglionic segments may
correlate with excessive intestinal contraction because
of abnormal excitatory signaling that may ultimately
result in Hirschsprung’s disease (HSCR). The serum
Glu concentration may serve as a valuable adjunct
measure for establishing a diagnosis and classification
of HSCR.
Wang J, Du H, Mou YR, Niu JY, Zhang WT, Yang HC, Li AW.
Abundance and significance of neuroligin-1 and glutamate
in Hirschsprung’s disease. World J Gastroenterol 2015;
21(23): 7172-7180 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i23/7172.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7172

INTRODUCTION

MATERIALS AND METHODS

The pathogenesis of Hirschsprung’s disease (HSCR),
a congenital disease with an incidence of 1 in 5000
human births, is typically regarded as the absence of
enteric neurons in the distal gut, causing intestinal
[1]
obstruction and proximal megacolon .
Although it was demonstrated that certain genes
such as RET, SOX10, GDNE, EDNRB and ECE1 are
[2-7]
related to the pathogenesis of HSCR , the alteration of
these genes has been observed in only 30% of HSCR
[3]
cases . Therefore, the actual pathogenesis of HSCR
and the mechanism underlying the loss of intestinal

Patients
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The study was reviewed and approved (No. 12025)
by the Institution Review Board of Qilu Hospital,
Shandong University. All colon tissues were collected
from the surgically excised waste tissues, and neither
tissue collection nor blood collection, which was
performed via a routine preoperative blood test,
caused any harm to the HSCR children.
From January 2010 to December 2013, more than
200 children with HSCR and 500 children with indirect
inguinal hernia (IIH) were treated at the Department
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plexus (LMMP) were placed in a dish coated with
Sylgard elastomer (Dow Corning Co., Midland, MI,
United States) and the mucosa, submucosa and circular
[14,16]
muscle were removed under a stereomicroscope
.
One sample was used to prepare the paraffin-em
bedded sections. Two additional fresh 100-mg pieces
specimens were stored at -80 ℃ in disinfected tubes
and prepared for Western blot analysis and qRT[16]
PCR assay . Additionally, fresh blood samples (1
ml) were collected during routine preoperative blood
collection from all 140 patients (90 in the HSCR group
and 50 in the IIH group). The samples were allowed
to clot for two hours at room temperature (RT) or
overnight at 4 ℃ and were then centrifuged for 20
min at approximately 1000 g. Serum samples were
then stored in aliquots at -80 ℃ and were prepared for
[16]
ELISA .

Table 1 Comparison of nutritional status, age and basal
metabolic index between Hirschsprung’s disease and nonHirschsprung’s disease subjects
Item
Age (mo)
Serum total protein (g/L)
Serum albumin (g/L)
Hemoglobin (g/L)
Blood urea nitrogen
(mmol/L)
Length (cm)
Weight (kg)
Basal metabolic index

HSCR
(n = 90)

non-HSCR
(n = 50)

P value

7.2 ± 3.15
68.8 ± 5.17
48.2 ± 7.63
129.1 ± 10.07
3.23 ± 1.01

7.9 ± 2.07
70.2 ± 4.29
50.5 ± 6.19
131.9 ± 9.89
2.91 ± 1.27

NS
NS
NS
NS
NS

66.2 ± 4.94
7.8 ± 2.11
8.6% ± 0.04%

67.9 ± 5.18
8.2 ± 2.75
9.1% ± 0.05%

NS
NS
NS

HSCR: Hirschsprung’s disease; NS: Not significant.

of Pediatric Surgery of Qilu Hospital, Shandong
University. Experimental samples were collected from
all of these patients, however, to reduce the influence
of related effects during comparisons, only 90 patients
with pathologically confirmed HSCR (HSCR group, 50
cases of short-segment HSCR and 40 cases of longsegment HSCR) and 50 patients with IIH (negative
control or non-HSCR group ) who were matched for
nutritional status (serum total protein, serum albumin,
hemoglobin, blood urea nitrogen, body length and
weight), age and basal metabolic index (BMI) were
included in this study (Table 1). IIH patients were
selected as the non-HSCR group because IIH was the
most common disease displaying normal intestine
function that required pediatric surgery, thereby
facilitating participant recruitment and statistical
analysis.

Double-labeled immunofluorescence staining

Double-labeled immunofluorescence staining was
performed on the LMMP samples to identify whether
neuroligin-1 is expressed in the excitatory postsynapses, where Glu is expressed, and to determine
whether there are differences in expression between the
aganglionic and ganglionic segments. The experimental
methods were primarily similar to those which we used
[14]
previously . At RT, after rinsing in 10 mmol/L TRIS and
0.15 mol/L sodium chloride, two 1 cm × 1 cm LMMP
patches (one each from the aganglionic and ganglionic
segments) were incubated for 1 h in 3% normal goat
serum and TBS-TX to reduce background staining and
were then incubated overnight in the primary antibodies
(against neuroligin-1 and Glu) diluted in TBS-TX. Then
the samples were incubated in the dark for 2 h at RT
in TBS containing the secondary antibodies (the Texas
red-conjugated donkey anti-goat and FITC-conjugated
donkey anti-goat). Finally, a laser scanning confocal
microscope was used for the selective detection of
green (FITC) and red (Texas red) fluorochromes, and
the red and green fluorescence signals were digitally
combined.

Reagents

Detailed information regarding the antibodies and
primers used is provided in Table 2. Other commercial
reagents used were as follows: total RNA isolation kit
(RNAiso Plus, TaKaRa, Japan); reverse transcription kit
®
(PrimeScript RT reagent Kit with gDNA Eraser, TaKaRa,
®
TM
Japan); SYBR Premix Ex Taq Ⅱ Tli RNaseH Plus
(TaKaRa, Japan); protein extraction kit (Beyotime, China);
BCA protein concentration determination kit (Beyotime,
China); SDS-PAGE gel preparation kit (Beyotime,
China); serum glutamate ELISA kit (E1258Hu, Uscn
Life Science Inc., China); 3,3-diaminobenzidine (DAB;
ZSGB-BIO, China); normal goat serum (Laboratoired’
Hormonologie, Marloie, Belgium); polymer helper
(ZSGB-BIO, China); and TRIS (Merck- Belgolabo,
Overijse, Belgium).

Immunohistochemical staining

Immunohistochemical staining was used to determine
the abundance of neuroligin-1 and Glu in both the
LMMP and paraffinized sections from the aganglionic,
transitional and ganglionic segments. After immersion
in 3% hydrogen peroxide solution (H2O2) and incubation
for 10 min to inactivate endogenous peroxidases, the
samples were blocked with 3% goat normal serum
diluted in 3% Triton-PBS for 1 h at RT. The slices were
incubated in primary antibodies (against neuroligin-1
or Glu) for 24 h at 4 ℃. PBS alone served as a negative
control in which the primary antibody was omitted.
Polymer helper and polyperoxidase-conjugated antigoat IgG were sequentially added dropwise, and the
samples were incubated at 37 ℃ for 20 min after the
addition of the polymer helper and for 30 min after

Sample preparation

Tissue samples of 3-cm thickness consisting of
aganglionic, transitional and ganglionic segments were
harvested from the surgically excised colon of each
[14,16]
child with HSCR
. The specimens were collected
in quintuplicate. The two samples that were used to
prepare longitudinal muscles with adherent myenteric
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Table 2 Detailed information of antibodies and primers
Antigen
Neuroligin-1

Primary antibody
Goat-anti-human polyclonal

Dilution
1/100

Neuroligin-1

Goat-anti-human polyclonal

1/50

Neuroligin-1
Glutamate

Goat-anti-human polyclonal
Mouse-anti-human monoclonal

1/200
1/200

Glutamate

Mouse-anti-human monoclonal

1/200

Mouse-anti-human monoclonal
Rat-anti-human polyclonal
Dilution
1/500

1/500

1/400
1/2000
Applications
Label Nlgn-1 with
immunofluorescence
Label Glu with
immunofluorescence
Detect β-actin with Western-blot

1/1000

Detect Nlgn-1 with Western-blot

SANTA CRUZ United States

1/1000

Detect Glu with Western-blot

SANTA CRUZ United States

Primer sequence (5’→3’)
F: GCAAGACCAGAGCAGAGACT
R: CACCACCAAAGAATCCAATGTT
F: AGCGAGCATCCCCCAAAGTT
R: GGGCACGAAGGCTCATCATT

Annealing temperature (℃)
59

Product size (bp)
314

60

285

Glutamate
β-actin
Secondary antibody
Donkey anti-goat Texas Red
Secondary
Goat anti-mouse FITC Secondary

1/200

Horseradish Peroxidase-conjugated
goat-anti-rat IgG
Horseradish Peroxidase-conjugated
rabbit-anti-goat IgG
Horseradish Peroxidase-conjugated
goat-anti-mouse IgG
Primer
Neuroligin-1
β-actin

Applications
Detect Nlgn-1 with
immunofluorescence on LMMP
Detect Nlgn-1 with
Immunohistochemistry on
paraffin-embedded sections
Detect Nlgn-1 with Western-blot
Detect Glu with
immunofluorescence on LMMP
Detect Glu with
Immunohistochemistry on LMMP
Detect Nlgn-1 with Western-blot
Western-blot internal reference
Source
ZSGB-BIO China
ZSGB-BIO China
SANTA CRUZ United States

F: Forward primer; R: Reverse primer.

the addition polyperoxidase-conjugated anti-goat IgG.
Finally, DAB was added as a chromogen to stain the
samples.

obtained for RNA extraction, and 1 μg of each
specimen was then used for a cDNA synthesis reaction
®
TM
(20-μl reaction volume) using SYBR Premix Ex Taq
Ⅱ (Perfect Real Time ). A qRT-PCR reaction was then
performed according to instructions provided with
®
the SYBR Premix Ex TaqTM Ⅱ (Tli RNaseH Plus)
quantitative fluorescence kit. The reaction solution
®
including 10 μl of SYBR Premix Ex Taq Ⅱ, 1 μl of the
forward primer (10 μmol/L), 1 μl of the reverse primer
(10 μmol/L) and 2 μl of cDNA was mixed and then
®
subjected to qRT-PCR using the LightCycler System
Real Time fluorescence ratio PCR instrument. The Ct
value of neuroligin-1 from each sample was measured,
-△Ct
and the 2
value was calculated for further analysis.

Western blot analysis

Western blot, which was performed using a technique
that was primarily similar to our previously described
[14,16]
method
, was employed to detect the levels of
neuroligin-1 protein and Glu. Thirty micrograms of
proteins were separated from 25 mg specimens from
three different segments in the HSCR patients and were
subjected to 10% SDS-PAGE, followed by transfer to
PVDF membranes and blocking with 5% (w/v) nonfat
milk for 1 h at RT. After washing three times with Trisbuffered saline-Tween solution (TBST), the membranes
were incubated in antibodies against neuroligin-1,
Glu and β-actin overnight at 4 ℃. Subsequently, the
membranes were incubated in horseradish peroxidaseconjugated rabbit anti-goat IgG and rabbit anti-rat
IgG for 1 h at RT. Then, ECL and a chemiluminescence
kit were applied for imagining on X-ray film (Millipore
Corporation, Billerica, MA, United States). The
expression levels were calculated as the relative gray
values (neuroligin-1 IOD/β-actin IOD or Glu IOD/β-actin
IOD) for analysis using Gel-Pro Analyzer 4.0 software.

qRT-PCR assay

ELISA

Aliquots of 140 serum samples (90 from the HSCR
group and 50 from the IIH group; 10 μl per sample)
that were stored at -80 ℃ were used to detect the
serum Glu levels as specified by the Glu ELISA kit
instructions. Finally, after the measurement of the
optical density (OD) value, the actual serum Glu
concentration was calculated.

Statistical analysis

The averaged data in this study are summarized as
the mean ± SD, and P values less than 0.05 were
considered to be significant. For comparisons of
two groups, unpaired t-test was performed. One-

[16]

As we described previously , 25 mg of specimens
from different segments from HSCR patients were
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Neuroligin-1

Glu

Merged

A

B

C

D

E

F

Ganglionic
segment

Aganglionic
segment

Figure 1 Both in ganglionic segment and aganglionic segment, neuroligin-1 (A, D, red) is expressed in the same position (merged, C, F, yellow) where
glutamate is expressed (B, E, green). The expressed abundance and density were lower in aganglionic segment (D, E, F) than in ganglionic segment (A, B, C).
white arrows show ganglion cell with positive stain with a fusiform or triangular shape. Double immunofluorescence staining, magnification × 400. Bars: 50 μm. Glu:
glutamate.

way ANOVA and the Tukey’s test were performed to
compare three groups. All statistical analyses were
®
performed using GraphPad Prism 5 software for
Windows (La Jolla, CA, United States). The statistical
methods of this study were reviewed by Professor Xue
Fuzhong, a biostatistician of School of Public Health of
Shandong University.

positively stained ganglion cells that were expressed
between the longitudinal muscle and the circular
muscle in both the paraffin-embedded sections (A, B, C)
and the LMMP (D, E, F).

Western blot analysis

Figure 3 shows that neuroligin-1 and Glu were both
significantly expressed in the ganglionic colonic
segments (the relative gray values were 0.177 ± 0.008
and 0.198 ± 0.006, respectively; n = 90), moderately
expressed in the transitional colonic segments (the
relative gray values were 0.101 ± 0.006 and 0.115 ±
0.008, respectively; n = 90) and were clearly weekly
expressed in the aganglionic colonic segments (the
relative gray values were 0.035 ± 0.005 and 0.040 ±
0.003, respectively; n = 90). The differences in the
gray values were significant (neuroligin-1: 0.177 ±
0.008 vs 0.101 ± 0.006, 0.177 ± 0.008 vs 0.035 ±
0.005, and 0.101 ± 0.006 vs 0.035 ± 0.005, P < 0.005;
Glu: 0.198 ± 0.006 vs 0.115 ± 0.008, 0.198 ± 0.006
vs 0.040 ± 0.003, and 0.115 ± 0.008 vs 0.040 ± 0.003,
P < 0.005).

RESULTS
Double-labeled immunofluorescence staining

Figure 1 shows that in both the ganglionic and
aganglionic segments, neuroligin-1 (A, D, red) was
co-expressed (merged, C, F, yellow) with Glu (B, E,
green), illustrating that neuroligin-1 was expressed in
the excitatory post-synapses. However, the abundance
and density of neuroligin-1 and Glu expression were
lower in the aganglionic segments (D, E, F) than in the
ganglionic segments (A, B, C) (white arrows indicates
positively stained ganglion cells, which exhibit a
fusiform or triangular shape).

Immunohistochemical staining

qRT-PCR assay

Figure 2 shows that the abundance and density of
both neuroligin-1 in the paraffin-embedded sections
(A, B, C) and Glu in LMMP (D, E, F) were highest to
lowest in the ganglionic (A, D), transitional (B, E) and
aganglionic segments (C, F). The black arrows indicate

WJG|www.wjgnet.com

The qRT-PCR assay showed that neuroligin-1 mRNA
expression was highest to lowest in the ganglionic
-5
(the relative expression level was 9.58 × 10 ± 9.94
-6
× 10 , n = 90), transitional (the relative expression
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Ganglionic
segment

Aganglionic
segment

Transition zone

A

B

C

D

E

F

Neuroligin-1

Glu

Figure 2 Both the abundance and density of neuroligin-1 on paraffin-embedded sections (A, B, C) and glutamate on longitudinal muscles with adherent
myenteric plexus (D, E, F) are highest in ganglionic segment (A, D), moderate in transitional zone (B, E) and lowest in aganglionic segment (C, F). The black
arrows show the positively stained ganglion cells which are expressed between longitudinal muscle and circular muscle both on paraffin-embedded sections (A, B, C)
and on longitudinal muscle with adherent myenteric plexus (D, E, F). Immunohistochemical staining, magnification × 400. Bars: 50 μm. Glu: glutamate.

A

1

2

3

4

5

6

Neuroligin-1
Glu
b-actin

B
Relative gray value

0.25
0.20
0.15

a, c

a, c

Aganglionic segment
Transitional segment
Ganglionic segment

a

a

0.10
0.05
0.00

Neuroligin-1

Glu

Western blot analysis

Figure 3 Western blot analysis (A, B) show that neuroligin-1 and glutamate are both expressed significantly in ganglionic segments (n = 90), moderately in
transitional segments (n = 90) and obviously weakly in aganglionic segments (n = 90). Data are expressed as mean ± SD. aP < 0.05 vs aganglionic segments;
c
P < 0.05 vs transitional segments.
-5

-6

level was 2.49 × 10 ± 1.38 × 10 , n = 90) and
aganglionic segments (the relative expression level was
-6
-6
7.17 × 10 ± 1.12 × 10 , n = 90). These values were
consistent with the results obtained via Western blot
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and immunohistochemical staining, and the differences
-5
in expression were significant (9.58 × 10 ± 9.94 ×
-6
-5
-6
-5
10 vs 2.49 × 10 ± 1.38 × 10 , 9.58 × 10 ± 9.94 ×
-6
-6
-6
-5
10 vs 7.17 × 10 ± 1.12 × 10 and 2.49 × 10 ± 1.38
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signal transduction between neurons via the transport
[14]
of neurotransmitters . Neuroligin-1 is enriched at
the postsynaptic densities of excitatory glutamatergic
synapses; neuroligin-2, however, is preferentially
[17]
localized to inhibitory GABAergic synapses . It has
been shown that the balance of excitatory/inhibitory
synapses in the brain plays a key role in neuronal
plasticity mechanisms including learning and memory
[18-22]
and some mental disorders, such as autism
.
Furthermore, behavioral and cognitive deficiencies may
be caused by a mismatch of neurexin and neuroligin
[23]
expression in the CNS .
It has been accepted that coordinated interaction
and cooperating mechanisms of the gastrointestinal
[24]
tract results in normal gastrointestinal motility .
HSCR is regarded as a congenital disease resulting in
neuronal intestinal malformations that display a typical
pathology characterized by the absence of ganglion
cells in the diseased digestive tract. During embryonic
development, the failure of ganglion cells to innervate
the lower gastrointestinal tract results in aganglionosis
[25]
and dysfunction of the ENS . Although certain
genes such as RET, GDNF, NRTN, PHOX2B, EDNRB,
EDN3, ECE1, SOX10, ZFHX1B, KIAA1279 and NRG1
have been shown to be altered in neural crest cell
[26,27]
development in HSCR
, whether enteric ganglion
cells are influenced (such as their distribution and
function) by the pathogenic genetic variations noted
[28]
above remains to be fully elucidated .
Furthermore, primarily because of the uncertain
pathogenesis of HSCR, the diagnosis of HSCR in clinical
practice is occasionally difficult, and the diagnostic
methods used primarily involve imaging examination,
rendering the diagnosis, differential diagnosis and
[29,30]
classification of this disease very difficult in infants
.
Thus, it would be helpful to identify a novel easy
diagnostic method for both the differential diagnosis
and classification (long-type or short-type) of HSCR.
Related research has demonstrated that both gut
digestion and motility and immunological processes
are confined by the bi-directional communication of the
[13]
brain-gut axis . Therefore, we aimed to determine
the pathogenesis of HSCR in terms of synaptic
function and neuroligin expression based on this
communication and the understanding of neuroligin[14,15]
neurexin funtion. Our previous studies
revealed
that neuroligins are expressed in post-synaptic
neurons of HSCR patients but are down-regulated in
the aganglionic colonic segment. Subsequently, based
on our previous findings, we studied the expression of
neuroligin-1 (a neuroligin subtype) and serum Glu and
explored the relationship of their abundance to HSCR
and the potential significance of any such relationship.
The findings of our study demonstrated the following:
(1) in the ENS, neuroligin-1 is co-expressed with Glu in
the same excitatory post-synapses between longitudinal
muscle and circular muscle; (2) the abundance of
neuroligin-1 and Glu was highest to lowest in the

Aganglionic segment

0.0001

Transitional segment
Ganglionic segment

Relative expression

a, c
0.0001

0.0000
a

0.0000
qRT-PCR of neuroligin-1 mRNA

Figure 4 Quantitative real-time PCR shows that neuroligin-1 mRNA is
expressed significantly in ganglionic segments (n = 90), moderately
in transitional segments (n = 90) and obviously downed-regulated in
aganglionic segments (n = 90). Data are expressed as mean ± SD. aP < 0.05
vs aganglionic segments; cP < 0.05 vs transitional segments.
1.5

Long type HSCR

Actual concentration (nmol/μL)

a, c

Short type HSCR
Non-HSCR

1.0

a

0.5

0.0
Serum Glu

Figure 5 Enzyme-linked immunosorbent assay shows the concentration
of serum glutamate is lowest in long type Hirschsprung’s disease (n =
40), moderate in short type Hirschsprung’s disease (n = 50) and highest in
non-Hirschsprung’s disease (n = 50). Data are expressed as mean ± SD. aP
< 0.05 vs long type HSCR; cP < 0.05 vs short type HSCR. HSCR: hirschsprung’
s disease; Glu: glutamate.
-6

-6

-6

× 10 vs 7.17 × 10 ± 1.12 × 10 , P < 0.005) (Figure 4).

ELISA

ELISA was used to detect and compare the serum
Glu concentration. The results showed that the serum
Glu concentration was lowest to highest in the longsegment HSCR (0.23 ± 0.16 nmol/μl), short-segment
HSCR (0.57 ± 0.25 nmol/μl) and non-HSCR samples
(0.93 ± 0.31 nmol/μl). The differences in the serum
Glu concentration were significant (in nmol/μl, 0.93 ±
0.31 vs 0.57 ± 0.25, 0.93 ± 0.31 vs 0.23 ± 0.16, and
0.57 ± 0.25 vs 0.23 ± 0.16, P < 0.005) (Figure 5).

DISCUSSION
Neuroligins are a family of ubiquitously expressed postsynaptic cell adhesion molecules expressed in the brain
that interact with neurexins. They are differentially
localized to the post-synaptic boutons of excitatory and
[17]
inhibitory synapses , which form the foundation of
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Therefore, the expression of neuroligin-1 or neuroligin-2 may be reflected by
the localization of Glu and GABA to some degree.

ganglionic, transitional and aganglionic colonic segments;
and (3) the abundance of serum Glu was lowest to
highest in the long-segment HSCR, short-segment HSCT
and non-HSCR samples.
Our present results suggested that the abnormality
of neuroligin-1 expression is closely related to HSCR
and that neuroligin-1 may serve as a novel marker of
ganglion cells, especially in excitatory synapses. The
decreased abundance of neuroligin-1 in aganglionic
segments may correlate with the excessive intestinal
contraction resulting from abnormal excitatory
signaling, potentially leading to HSCR. Furthermore,
the difference in serum Glu concentrations may provide
a valuable adjunct measure for diagnosing HSCR
or for determining the length of the transition zone,
which may be applied as an easy method to determine
the classification of HSCR (long or short type). Of
course, our present conclusions provide only basic
information, and further investigation is needed. In
the future, we will investigate the relationship between
neuroligin-1 and neuroligin-2 and between Glu and
GABA to examine the pathogenesis of HSCR from the
perspective of abnormal synaptic development and will
examine the value of a novel easy diagnostic method
for HSCR based on the serum concentrations of Glu
and GABA and their relationship.

Peer-review

The authors present an interesting study to further investigate physiologic
changes that occur in HSCR. The data reported may be of some interest in
their field
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Abstract
AIM: To investigate the effect of electroacupuncture
on corticotropin-releasing hormone (CRH) in the colon,
spinal cord, and hypothalamus of rats with chronic
visceral hypersensitivity.

Ethics approval: The study was reviewed and approved by the
Shanghai University of Traditional Chinese Medicine Institutional
Review Board.
Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the Institutional
Animal Care and Use Committee of Shanghai University of
Traditional Chinese Medicine.
Conflict-of-interest: The authors declare that there is no conflict
of interest regarding the publication of this paper.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at lhr_tcm@139.com.
Participants gave informed consent for data sharing.

METHODS: A rat model of chronic visceral hypersen
sitivity was generated according to the internationally
accepted method of colorectal balloon dilatation. In
th
the 7 week after the procedure, rats were randomly
divided into a model group (MG), electroacupuncture
group (EA), and sham electroacupuncture group (S-EA).
After treatment, the abdominal withdrawal reflex (AWR)
score was used to assess the behavioral response of
visceral hyperalgesia. Immunohistochemistry (EnVision
method), ELISA, and fluorescence quantitative PCR
methods were applied to detect the expression of
CRH protein and mRNA in the colon, spinal cord, and
hypothalamus.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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RESULTS: The sensitivity of the rats to the colorectal
distension stimulus applied at different strengths
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(20-80 mmHg) increased with increasing stimulus
strength, resulting in increasing AWR scores in each
group. Compared with NG, the AWR score of MG was
significantly increased (P < 0.01). After conducting EA,
the AWR scores of the rats were decreased compared
with MG rats. The relative expression of CRH mRNA
in the colon, spinal cord, and hypothalamus of MG
rats was significantly increased compared with NG
rats (P < 0.01). CRH mRNA in the colon and spinal
cord of EA and S-EA rats was decreased to varying
degrees (P > 0.05) compared with normal rats (NG).
However, the decrease in EA compared with MG rats
was statistically significant (P < 0.01). The average
optical density of CRH expression in the colon of the
MG rats was significantly enhanced compared with NG
(P < 0.05), while the average optical density of CRH
expression in the EA and S-EA rats was significantly
decreased compared with MG rats (P < 0.01, P <
0.05, respectively). Compared with MG rats, the
CRH concentration in the spinal cord of EA rats was
significantly reduced (P < 0.01), but there was no
significant change in S-EA rats (P > 0.05).

INTRODUCTION
Irritable bowel syndrome (IBS) is a common gas
trointestinal disease characterized by chronic and
recurrent lower abdominal pain and discomfort as
well as altered bowel habits. However, there are
no associated organic changes. Because of its high
incidence, IBS causes major economic losses to both
patients and society. The drug therapies applied in
modern medicine primarily focus on symptomatic
treatment, and no effective drug is currently available
to treat this condition. In Traditional Chinese Medicine,
acupuncture therapy has a long history, and there is
a rich clinical experience of using this method to treat
syndromes similar to IBS. Acupuncture can effectively
inhibit chronic visceral hypersensitivity during growth
and development in rats, and is a potentially effective
[1-3]
treatment for IBS . Our research group has many
years of clinical experience in the treatment of IBS
[4-6]
using acupuncture therapy
, and the Shangjuxu
acupoint (ST 37) is one of the key acupoints commonly
used in clinical practice. The Shangjuxu acupoint is the
lower confluent point of the large intestine meridian
and is a major acupoint targeted in the clinical
treatment of abdominal pain and diarrhea.
Visceral hypersensitivity is considered an important
pathophysiological characteristic of IBS, whose
pathological mechanism is associated with a variety of
[7,8]
neurotransmitters . Acupuncture plays a regulatory role
[9-11]
in relation to a number of related neurotransmitters
,
among which hypothalamic corticotropin-releasing
hormone (CRH) is a major transmitter of the stress
response in the brain-gut axis, playing an important role
[12-14]
in the occurrence of visceral hypersensitivity in IBS
.
With a deepening understanding of the mechanism of
action of acupuncture treatment for IBS, it has been
demonstrated that electroacupuncture can regulate
[15,16]
the expression of hypothalamic CRH in IBS
. This
study was performed to investigate the regulatory
effect of electroacupuncture at the Shangjuxu acupoint
on visceral hypersensitivity in IBS rats and its impact
on the expression of CRH and its receptors in the
target organ (colon) and central nervous system (spinal
cord and hypothalamus). From this perspective,
the functional mechanism of electroacupuncture at
the Shangjuxu acupoint in the treatment of visceral
hypersensitivity in IBS was elucidated, followed by an
in-depth analysis of the connotations of treatment of
IBS via the Shangjuxu acupoint in neurobiology.

CONCLUSION: Electroacupuncture at the Shangjuxu
acupoint was able to significantly reduce the visceral
hypersensitivity in rats, and regulated the expression
of CRH protein and mRNA in the colon, spinal cord and
hypothalamus at different levels, playing a therapeutic
role in this model of irritable bowel syndrome.
Key words: Corticotropin-releasing hormone; Electroa
cupuncture; Irritable bowel syndrome; Visceral pain;
Shangjuxu
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Visceral hypersensitivity is enhanced in
irritable bowel syndrome (IBS) rats. Electroacupuncture
at the Shangjuxu acupoint can significantly reduce
the visceral hypersensitivity to colorectal distension
in IBS rats, with a reduced pain threshold being
observed. The expression of corticotropin-releasing
hormone (CRH) protein and mRNA in the target organ
and central nervous system of these rats is abnormal
to varying degrees, and electroacupuncture at can
regulate the expression of CRH protein and mRNA in
the target organ (colon) and central nervous system
(spinal cord and hypothalamus), exerting a therapeutic
effect on visceral hypersensitivity in IBS rats.
Liu HR, Fang XY, Wu HG, Wu LY, Li J, Weng ZJ, Guo XX, Li
YG. Effects of electroacupuncture on corticotropin-releasing
hormone in rats with chronic visceral hypersensitivity. World J
Gastroenterol 2015; 21(23): 7181-7190 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i23/7181.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i23.7181
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MATERIALS AND METHODS
Animal care and use

The animal protocol was designed to minimize pain
or discomfort to the animals. A total of six litters of
male, newborn Sprague-Dawley rats (5 d after birth)
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of specific-pathogen-free grade were selected. There
were 5 to 8 neonatal rats in each litter. Every litter of
rat pups was co-reared with a lactating female rat,
and the lactating rats were fed food and water ad
libitum. The rats were reared under a 12 h light/dark
cycle, at room temperature of 20 ± 2 ℃ and a relative
humidity of 50%-70%. Neonatal rats that showed
no adverse reactions after three days were included
in the experiment. All experiments on animals were
performed according to the guidelines established
by the International Association for the Study of Pain
(IASP).
Eight-day-old neonatal rats were randomly divided
into a normal group (NG) and model group (MG). NG rats
were raised normally, without any stimulation, while
the neonatal rats in MG were subjected to colorectal
distension (CRD) stimulation. The preparation of the
rat model with chronic visceral hypersensitivity was
performed according to the procedure of Al-Chaer et
[17]
al . As detailed in this procedure, a small amount
of liquid paraffin was first smeared on the balloon
surface, which was then slowly inserted from the anus
along the physiological curvature of the rat rectum at a
depth of approximately 2 cm, to reach the descending
colon of the rat. The balloon was subsequently inflated
to a volume of approximately 0.2 mL with a syringe
and left inflated for 1 min before the air was released.
The same stimulus was applied again after 1 h.
After the stimulation was complete, the balloon was
removed. This modeling procedure was performed
once a day for 14 d. All animals were euthanized by
barbiturate overdose (intravenous injection, 150 mg/
kg pentobarbital sodium) for tissue collection.

was observed in the abdominal muscles, with no
abdominal lift; 3: strong contraction was observed in
the abdominal muscles, with abdominal lift, but no
pelvic or scrotum lift; and 4: the body was arched,
with pelvis and scrotum lift.

Groups and treatment

Preparation for ELISA before the experiment

After adding 100 μL of a standard and 100 μL of a
sample that had been appropriately diluted to the
corresponding well of the plate (R and D systems,
United States), the plate was incubated for 20 min and
then washed, and 100 μL of biotin anti-rat CRH was
then added to each well. After washing, 100 μL of TMB
coloration solution was added. The OD value at 450
nm was read within 15 min (Thermo Multiskan-MK3,
Finland). CRH (ng/mL) = the concentration determined
from the standard curve × the dilution factor of the
sample.

Behavioral response

The abdominal withdrawal reflex (AWR) score was
semi-quantitatively evaluated in rats which received
CRD stimulation after 6 wk of continuous rearing
following the modeling procedure. Two NG rats and two
MG rats were also randomly selected for histological
colon observations to determine whether the model was
successful. Within 90 min after treatment was complete,
CRD stimulation and AWR scoring were performed
on the rats. The balloon was slowly inserted through
the anus into the colon, and CRD stimuli of 4 different
strengths (20, 40, 60 and 80 mmHg) were applied, with
each CRD stimulation lasting for 20 s, with an interval
of 5 min before the next stimulation. Stimulation at
each strength was repeated 3 times. The AWR scores
were obtained by 2 different technicians. The average
(integer) of the AWR score based on the observation of
each CRD stimulation served as the AWR score for the
CRD stimulation at that strength.
The standard for AWR scoring was based on
[17]
the AWR scoring system of Al-Chaer et al : 0: no
behavioral response to CRD; 1: the rat occasionally
turned its head at the beginning of the stimulus and
remained motionless during CRD; 2: slight contraction

WJG|www.wjgnet.com
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Based on a confirmed successful model, in the 7
week after the modeling procedure, the MG rats were
randomly divided into MG, electroacupuncture (EA)
group and sham-EA (S-EA) group to conduct the
therapeutic intervention, while the NG rats served as
the normal control group. The NG and MG rats did not
receive treatment, and the same fixation procedure
was performed as in the treatment groups. For EA,
electroacupuncture was performed at the bilateral
Shangjuxu acupoint of the rats, with a 0.25 mm
needle with a length of 13 mm being introduced to
a depth of 5 mm. The acupuncture procedure was
manipulated with a connected Han’s Acupoint Nerve
Stimulator to provide a sparse-dense wave at a
frequency of 2/100 Hz for 20 min once daily for 7 d.
For S-EA, electroacupuncture was performed at the
bilateral Shangjuxu acupoint of the rats, with a 0.25
mm needle with a length of 13 mm introduced to a
depth of 5 mm. The acupuncture stimulus was not
performed in this case, but this procedure also lasted
for 20 min, once daily for 7 d.

Fluorescence quantitative PCR

TRIzol (Life Technologies, Carlsbad, CA, United
States) was used to acquire total RNA from the
tissues according to the manufacturer’s protocol. Total
RNA was extracted from tissue homogenates. The
sample concentrations, purities and integrities were
also determined. A total RNA equivalent was used
to reverse-transcribe cDNA via real-time PCR using
the SYBRGreen PCR kit (Shanghai Ruijie Biological
Engineering Company, Shanghai, China). ABI Prism
7500 SDS software was used to analyze the mRNA
expression level of the target gene. The relative mRNA
-ΔΔCT
expression of a target gene =, 2
× 100%; ΔCT =
the CT value of the target gene - the CT value of the
internal reference (GAPDH). The sequences of primers
were as follows: β-actin 5’- CCGAGGGCCCACTAAAGG
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Figure 1 Comparison of the abdominal withdrawal reflex scores of the rats in each group. Under colorectal distension stimulation at the same strength; bP < 0.01
vs NG; dP < 0.01 vs MG; fP < 0.01 vs EA. NG: Normal group; MG: Model group; EA: Electroacupuncture group; S-EA: Sham EA group; AWR: Abdominal withdrawal
reflex.

-3’(sense), 5'- GCTGTTGAGTCACAGGAGCAA-3’
(antisense); CRH 5'- TGGCCTGCAGTGCAATGC -3’(sense),
5'- CCTGGCACTCAGAATAATTCACAC-3’(antisense).

ANOVA was performed after rank transformation. The
statistical methods of this study were reviewed by XiaoYi Fang from Shantou University Medical College.

Detection of CRH expression in the colon via
immunohistochemistry

RESULTS
AWR scores of the rats in each group after treatment

Tissue sections were deparaffinized and rehydrated
in water, then heated for antigen retrieval. After
endogenous peroxidase was inhibited with 0.3% H2O2,
a primary antibody against CRH (Abcam Ltd., Hong
Kong, China) was added dropwise to an appropriate
dilution, followed by incubation at 37 ℃ for 2 h. The
working solution of the DAB agent (Gene Tech Co.,
Ltd., Shanghai, China) for EnVision color development
was added dropwise, and the developing time was
controlled under a light microscope. The slides were
dehydrated, cleaned, and mounted for observation.

To evaluate changes in visceral sensitivity caused
by CRD in rats , as well as the therapeutic effect of
electroacupuncture, we measured AWRs to CRD
after electroacupuncture treatment. In this study,
internationally accepted AWR scoring was used to
determine the change in the sensitivity to visceral pain.
As shown in Figure 1, the sensitivities of the rats to
CRD stimulation at strengths of 20 mmHg, 40 mmHg,
60 mmHg, and 80 mmHg were different. With an
increasing stimulus strength, the AWR scores of each
group also increased. As shown in Figure 1A-D, the
AWR score of MG was increased significantly compared
with NG rats (P < 0.01). For the rats in S-EA and EA
groups, compared with MG, the AWR scores of the rats
were decreased, but the difference was significant only
for EA rats (P < 0.05). The AWR score was significantly
lower in EA compared with S-EA rats (P < 0.01).
The results suggested that electroacupuncture at the
Shangjuxu acupoint could effectively increase the pain
threshold of rats with chronic visceral hypersensitivity.

Statistical analysis

The statistical analysis of all experimental data was
performed using SPSS 18.0 statistical software (IBM
Corp., Armonk, NY, United States). The quantitative data
showing a normal distribution in the normality test are
presented as the mean ± standard deviation (SD). The
differences between groups were compared using oneway analysis of variance (ANOVA). The least significant
difference method was applied for comparisons between
groups in the case of homogeneity of variance, while
Dunnett’s T3 was applied for comparisons between
groups in the case of heterogeneity of variance. P < 0.05
was considered statistically significant. The data not
normally distributed are presented as M (Q25-Q75), and
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Positive expression of CRH in the colons of the rats

In the above experiment, electroacupuncture
effectively relieved IBS visceral pain in rats with
visceral hypersensitivity. To determine whether this
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NG

MG

EA

S-EA

Figure 2 Expression of corticotropin-releasing hormone in the colon tissue of the rats in each group (magnification × 200). NG: Normal group; MG: Model
group; EA: Electroacupuncture group; S-EA: Sham EA group.

Table 1 Average optical density of the positive target
expression of corticotropin-releasing hormone in the colon
tissue of the rats in each group
Group

n

Average optical density of the positive target expression
of CRH

NG
MG
EA
S-EA

8
8
8
8

0.3792 (0.3328-0.4272)
0.5044 (0.4283-0.5498)a
0.3743 (0.3524-0.4032)d
0.3818 (0.3349-0.4256)c

Table 2 Average optical density of the positive target
expression of corticotropin-releasing hormone in the spinal
cord and hypothalamus of the rats in each group
Group n
NG
MG
EA
S-EA

a

P < 0.05 vs NG; cP < 0.05 vs MG; dP < 0.01 vs MG. CRH: Corticotropinreleasing hormone; NG: Normal group; MG: Model group; EA:
Electroacupuncture group; S-EA: Sham EA group.

104.8787 (97.3855-107.4352)
115.4573 (113.2975-116.6474)a
107.0385 (106.5536-108.0523)b
110.1239 (107.0826-112.9889)a

Positive expression of CRH
in the hypothalamus (ng/L)
50.3548 (44.8451-62.7847)
99.9861 (97.3855-102.3663)a
63.8866 (54.0573-66.9280)b
84.9556 (68.7351-100.6032)a,c

a
P < 0.05 vs NG; bP < 0.01 vs MG; cP < 0.05 vs EA. NG: Normal group; MG:
Model group; EA: Electroacupuncture group; S-EA: Sham EA group.

CRH content in the spinal cord and hypothalamus of
rats in each group

effect was achieved by regulating the expression
of CRH protein in the colon, we performed further
investigations by means of immunohistochemistry.
CRH was expressed in the mucosa epithelium, stroma,
epithelial proximal glands, submucosa, and muscularis,
as shown in Figure 2. CRD apparently upregulated
CRH expression in NG rats, similar to previous studies.
Compared with NG, the average optical density of
CRH expression in the colon of the rats in MG was
significantly enhanced (P < 0.05). Compared with
MG, the average optical density of CRH expression in
EA and S-EA was significantly reduced (P < 0.01, P
< 0.05), suggesting that electroacupuncture at the
Shangjuxu acupoint could reduce the average optical
density of CRH expression in the colon of the IBS rats,
as shown in Table 1.
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8
8
8
8

Positive expression of CRH
in the spinal cord (ng/L)

Although the above experiment indicated that CRH
protein levels in the peripheral colon were involved
in modulation of visceral pain by electroacupuncture,
whether CRH levels in the central nervous system
also played a role remain unknown. Therefore, we
measured the expression of CRH protein in the spinal
cord and hypothalamus. Compared with NG rats,
the content of CRH in the spinal cord of MG rats was
significantly enhanced (P < 0.01). Compared with MG
rats, the content of CRH in the spinal cord in EA rats
was significantly reduced (P < 0.01), while S-EA rats
showed no significant change (P > 0.05), suggesting
that electroacupuncture at the Shangjuxu acupoint
could reduce the abnormally elevated expression
of CRH in the spinal cord of IBS rats, as shown in
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a

Content of CRH in the spinal cord
(ng/L)

130

a

a

a, c

100
Content of CRH in the
hypothalamus (ng/L)

120
b
110
100
90

90

b

80
70
60
50
40

80
NG

MG

EA

S-EA

NG

MG

EA

S-EA

Figure 3 Corticotropin-releasing hormone content in the spinal cord and hypothalamus of the rats in each group. aP < 0.05 vs NG; bP < 0.01 vs MG; cP < 0.05
vs EA. NG: Normal group; MG: Model group; EA: Electroacupuncture group; S-EA: Sham EA group.

mRNA expression of CRH

6

decreased to varying degrees (P > 0.05 compared
with NG rats). Compared with MG rats, the expression
in EA rats was significantly reduced (P < 0.01), while
no statistically significant difference could be detected
between S-EA and MG rats. These results suggest that
electroacupuncture at the Shangjuxu acupoint could
downregulate the abnormally elevated expression
of CRH mRNA in the colon of IBS rats. The relative
expression of CRH mRNA in the spinal cord of the rats in
each group showed an overall non-normal distribution.
Compared with NG rats, the relative expression of CRH
mRNA in the spinal cord of MG rats was significantly
enhanced (P < 0.01), whereas it was significantly
reduced in EA rats (P < 0.01 compared with MG rats),
and there was no significant difference compared
with NG rats (P > 0.05). These results suggest that
electroacupuncture at the Shangjuxu acupoint was able
to downregulate the abnormally elevated expression of
CRH mRNA in the spinal cord of IBS rats. The relative
expression of CRH mRNA in the hypothalamus of the
rats in each group showed an overall non-normal
distribution. Compared with NG rats, the relative
expression of CRH mRNA in the hypothalamus of MG
rats was significantly enhanced (P < 0.01), whereas
it was significantly reduced in EA rats (P < 0.01
compared with MG rats). Additionally, a reduction was
observed in S-EA rats compared with MG (P < 0.05),
though the difference was still significant compared
with NG rats (P < 0.01). These results suggest that
electroacupuncture at the Shangjuxu acupoint could
significantly downregulate the abnormally elevated
expression of CRH mRNA in the hypothalamus of IBS
rats. The detailed data are shown in Table 3.

Colon
Spinal cord

5

Hypothalamus

4
3
2
1
0
NG

MG

EA

S-EA

Figure 4 mRNA expression of corticotropin-releasing hormone in the
colon, spinal cord, and hypothalamus of the rats in each group. NG:
Normal group; MG: Model group; EA: Electroacupuncture group; S-EA: Sham
EA group.

Figure 3A and Table 2. Similar findings were obtained
in the hypothalamus. Compared with NG rats, the
CRH content in the hypothalamus of MG rats was
significantly enhanced (P < 0.01). Compared with
MG rats, the CRH content in the hypothalamus of
EA rats was significantly reduced (P < 0.01), while
S-EA rats showed no significant change (P > 0.05),
suggesting that electroacupuncture at the Shangjuxu
acupoint could downregulate the abnormally elevated
expression of CRH in the hypothalamus of IBS rats,
as shown in Figure 3B and Table 2. There are changes
in the expression of CRH from the peripheral to the
central colon, which may be an important pathway of
electroacupuncture analgesia, but more evidence is
needed to prove this specificity.

mRNA expression of CRH in the colon, spinal cord, and
hypothalamus: Fluorescence quantitative PCR

In the peripheral colon and central spinal cord and
hypothalamus, CRH is involved in the modulation of
visceral pain in rats with IBS. Meanwhile, electroacu
puncture has a significant analgesic effect which
depends on CRH protein expression. Whether CRH
mRNA also changes has not been determined, hence,
the expression of CRH mRNA in colon, spinal cord and
hypothalamus was measured (Figure 4). Compared
with NG rats, the relative mRNA expression of CRH in
the colon of the MG rats was significantly enhanced
(P < 0.01), while the expression in EA and S-EA rats
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DISCUSSION
IBS is a common digestive disease with clinical
manifestations of abdominal pain and bloating, as well
as altered bowel habits and stool abnormalities. In
recent years, abnormal visceral hypersensitivity has
come to be considered an important pathophysiological
characteristic of IBS. The manifestations of a decreased
pain threshold and increased sensitivity of the rectum
in IBS patients have been confirmed by large amounts
of clinical and experimental data. However, the
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response in the cortex, and a deficiency in the pain
suppression system. In addition, stress/anxiety
may be involved in the development of visceral
hypersensitivity, and hypothalamic CRH is a key factor
in this interaction, though the limbic system and the
locus coeruleus (LC)-norepinephrine system also
play an extremely important role. The distribution
of CRH-R1 is consistent with the distribution of
CRH, while CRH-R2 is located in the heart, skeletal
muscle, gastrointestinal tract, and epithelial cells in
[30]
cerebral blood vessels and the choroid plexus .
The distribution of CRH and its receptors in the
gastrointestinal tract suggests that they may be closely
associated with IBS. Experimental results showed
that the levels of corticosteroids and the inflammatory
cytokines IL-6 (in conjunction with its soluble receptor)
and IL-8 are elevated in all patients with IBS (exhibiting
diarrhea and constipation, alternating between the two
conditions). Following CRH stimulation, an increase in
the release of corticosteroids in IBS patients can be
[31]
observed , suggesting that elevated release of CRH
may increase the incidence of IBS. While under stress,
the specific movements of the intestinal efferent
autonomic nervous system of both IBS patients and
healthy control subjects were found to be altered,
but only IBS patients showed an increased visceral
[32]
sensation . A recent clinical study demonstrated
that intravenous injection of a CRH receptor anta
gonist, α-helical CRH, could significantly reduce
diarrhea-predominant visceral hypersensitivity in IBS
[33]
patients . Additionally, outer peripheral injection of
CRH can improve sensitivity to balloon dilatation in
the colon and reduce the pain threshold of patients,
similar to the visceral hypersensitivity observed in
[34]
IBS , and the release of CRH in the central nervous
system caused by anxiety and stress may also
[35]
enhance intestinal sensitivity to pain . Animal studies
have shown that visceral hypersensitivity induces
significant expression of CRH in the hypothalamus of
[36,37]
IBS rats
. CRH was weakly expressed in the brain
and spinal cord of control rats and highly expressed in
the rat model of visceral hypersensitivity. Furthermore,
in sections of brain, positive CRH expression was
widely detected in the hypothalamus, and the lower
part of the third ventricle also showed a high level
of expression. In sections of the spinal cord, positive
neurons also exhibited significant expression, but the
distribution of CRH-positive neurons was sparser than
in sections of brain, and the area of positive expression
was decreased compared with brain sections. When
under stress, CRH regulates behavior and autonomic
responses through binding to different parts of the
CRH-R1 and CRH-R2 receptors. Some studies have
shown that the CRH-R1 signaling pathway is associated
with stress-related changes in the function of the
[38]
colon and visceral hypersensitivity . CRH stimulates
colonic motility and causes visceral hyperalgesia,
[33,39]
mainly through interacting with CRH-R1
. Recently,
it was reported that the application of non-selective

Table 3 mRNA expression of corticotropin-releasing
hormone in the colon, spinal cord, and hypothalamus of the
rats in each group
Group

n

Colon

Spinal cord

Hypothalamus

NG

8

0.4656 ± 0.2948

MG

8

1.1474 ± 0.2220a

EA

8

0.6667 ± 0.1415d

S-EA

8

0.9861 ± 0.5395

0.4684
(0.3211-0.6661)
3.0358
(1.8806-3.5932)a
0.4748
(0.2972-1.0029)a
2.0223
(1.4990-2.9099)a

0.4174
(0.3540-0.5941)
5.1351
(4.4917-5.2711)a
0.2892
(0.2181-0.3513)a
3.4474
(3.3225-3.6267)a,d,e

P < 0.05 vs NG; cP < 0.05, dP < 0.01 vs MG; eP < 0.05 vs EA. NG: Normal
group; MG: Model group; EA: Electroacupuncture group; S-EA: Sham EA
group.
a

neurobiological mechanism of visceral hypersensitivity
in IBS has not yet been fully elucidated. In recent
years, the pathophysiological characteristics of visceral
hypersensitivity in patients with IBS have been
attracting increasing attention. A clinical study revealed
that the capacity to cause bowel sensitivity in patients
with IBS and their pain threshold are significantly
lower than those of normal people, indicating visceral
[18]
hypersensitivity . IBS patients show a significantly
reduced tolerance of balloon dilatation in the colon
[19]
and rectum, displaying increased pain intensity .
Some scholars believe that this sensitivity may be
related to an enhanced sensation in the peripheral or
central nervous system, and it may also be related
to abnormalities in the processing and integration of
[20]
the incoming signal in the brain . The interactions
between the brain and gut are achieved through the
brain-gut axis. A variety of stressors affecting the
central nervous system and gut stimulate the braingut axis, which will subsequently regulate the response
caused by the stressors through the individual or
combined effects of multiple mechanisms involving
[21-23]
neural pathways, immunology and endocrinology
,
[24]
ultimately resulting in visceral sensory abnormalities .
In recent years, studies have found that the Shangjuxu
acupoint can regulate the motility, absorption and
secretion of the large and small intestines, exhibiting a
2-way modulatory effect on gastrointestinal function.
This acupoint can also be targeted to treat diarrhea
or constipation and other intestinal bowel dysfunction
[25-27]
syndromes with a satisfactory efficacy
. Our
research team has confirmed the efficacy of acupoints
such as Shangjuxu in the treatment of IBS in previous
clinical studies, and it can also regulate the immune
[28,29]
function of patients
. Therefore, studying the
application of the theory of electroacupuncture at the
Shangjuxu acupoint (lower confluent point of large
intestine meridian) in the treatment of IBS and its
neurobiological connotations is of significance.
Abnormalities in the visceral sensory pathway may
lead to visceral hypersensitivity, including excessive
sensitization at the level of spinal cord, an abnormal
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CRH receptor antagonists may improve the changes in
colonic motility and the pain response evoked by rectal
[40]
electrical stimulation in IBS patients .
A large number of clinical and fundamental studies
have demonstrated that acupuncture plays a specific
conditioning and balancing role in the physiological
functions and metabolic activity of each system and
organ in the body via the corresponding acupoint.
This conditioning and balancing role is the basis for
the treatment of all diseases using acupuncture.
Acupuncture can produce a variety of benign bidirec
tional regulatory effects on the body. This regulation
is achieved through a series of biological changes
produced after the acupuncture signal activates the
neuroendocrine system, which is reflected in various
systems, such as the respiratory, digestive and
[15,16]
cardiovascular systems
. As the center of endocrine
regulation and autonomic nerves, the hypothalamus
represents the ultimate common pathway for the
activities occurring in the hypothalamic-pituitary-adrenal
[41]
(HPA) axis. Zhu et al experimentally investigated the
impact of electroacupuncture at the Shangjuxu acupoint
on CRH/CRH-R1 mRNA levels in the LC neurons,
showing that restraint stress could increase the contents
of CRH in LC neurons and simultaneously upregulate
the expression of CRH-R1 mRNA in LC neurons,
leading to an increase in the synthesis of CRH-R1,
while electroacupuncture at the Shangjuxu acupoint
could both reduce the release of CRH in LC neurons
and downregulate the expression of CRH-R1 mRNA
to interfere with the synthesis of CRH-R1, thereby
inhibiting the binding of CRH to CRH1R and weakening
the CRH-induced colon stress response. In this study,
an internationally recognized animal model of IBS
[17]
chronic visceral hypersensitivity was employed , and
the results showed that the AWR score of MG rats was
abnormally elevated, indicating the existence of visceral
hypersensitivity in the IBS model rats, with a reduced
pain threshold being observed. Electroacupuncture
at the Shangjuxu acupoint can effectively reduce the
abnormally elevated pain threshold of the rats with
chronic visceral hypersensitivity, and play a therapeutic
role.
The results of this study showed that the average
optical density of CRH expression in the colon
and the CRH concentration in the spinal cord and
hypothalamus of the rats with IBS were abnormally
elevated, and the average optical densities of CRH
expression in EA and S-EA were significantly reduced.
The CRH concentrations in the spinal cord and
hypothalamus of the rats in EA were significantly
reduced, with no significant change being observed in
S-EA. These results suggest that electroacupuncture
at the Shangjuxu acupoint can lower the abnormally
elevated expression and content of CRH in the target
organ (colon) and central nervous system (spinal cord
and hypothalamus) of IBS rats. Compared with NG
rats, the relative expression levels of CRH mRNA in
the colon, spinal cord, and hypothalamus of MG rats

WJG|www.wjgnet.com

were significantly increased, whereas these levels
were significantly decreased after electroacupuncture
treatment, showing significant differences compared
with MG rats. In contrast, expression in S-EA rats did
not change significantly. These results suggest that
electroacupuncture at the Shangjuxu acupoint can
downregulate the abnormally elevated expression of
CRH mRNA in the colon, spinal cord, and hypothalamus
of IBS rats.

COMMENTS
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Background

Irritable bowel syndrome (IBS) is a common gastrointestinal disease
characterized by chronic and recurrent lower abdominal pain and discomfort as
well as altered bowel habits. The drug therapies applied in modern medicine
primarily focus on symptomatic treatment, and no effective drug is currently
available to treat this condition. Acupuncture therapy has a long history,
and there is rich clinical experience in using this method to treat syndromes
similar to IBS. This study was performed to investigate the regulatory effect of
electroacupuncture at the Shangjuxu acupoint on visceral hypersensitivity in
IBS rats and its impact on the expression of corticotropin-releasing hormone
(CRH) and its receptors in the target organ and central nervous system.
From this perspective, the functional mechanism of electroacupuncture at the
Shangjuxu acupoint in the treatment of visceral hypersensitivity in IBS was
elucidated.

Research frontiers

Visceral hypersensitivity is considered an important pathophysiological
characteristic of IBS, whose pathological mechanism is associated with a
variety of neurotransmitters. Acupuncture plays a regulatory role in relation
to a number of related neurotransmitters, among which hypothalamic CRH
is a major transmitter of the stress response in the brain-gut axis, playing an
important role in the occurrence of visceral hypersensitivity in IBS. With the
deepening understanding of the mechanism of action of acupuncture treatment
for IBS, it has been demonstrated that electroacupuncture can regulate the
expression of hypothalamic CRH in IBS.

Innovations and breakthroughs

CRH is a major transmitter of the stress response in the brain-gut axis, playing
an important role in the occurrence of visceral hypersensitivity in IBS. From this
perspective, the functional mechanism of electroacupuncture at the Shangjuxu
acupoint in the treatment of visceral hypersensitivity in IBS was elucidated,
followed by an in-depth analysis of the connotations of treatment of IBS via the
Shangjuxu acupoint in neurobiology.

Applications

The functional mechanism of electroacupuncture at the Shangjuxu acupoint
in the treatment of visceral hypersensitivity in IBS was elucidated. The
electroacupuncture can downregulate the abnormally elevated expression
of CRH mRNA in the colon, spinal cord, and hypothalamus of IBS rats, and
provides a scientific basis for clinical acupuncture treatment in IBS.
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In this paper, the authors aimed to investigate the levels of corticotropinreleasing hormone in the colon and CNS at different levels when regulated by
electroacupuncture for the treatment of rats with irritable bowel syndrome. CRH
is a classical major mediator of the stress response in the brain-gut axis.

REFERENCES
1

2

3

7188

Ma XP, Hong J, An CP, Zhang D, Huang Y, Wu HG, Zhang CH,
Meeuwsen S. Acupuncture-moxibustion in treating irritable bowel
syndrome: how does it work? World J Gastroenterol 2014; 20:
6044-6054 [PMID: 24876727 DOI: 10.3748/wjg.v20.i20.6044]
Okada K, Kawakita K. Analgesic action of acupuncture and
moxibustion: a review of unique approaches in Japan. Evid Based
Complement Alternat Med 2009; 6: 11-17 [PMID: 18955231 DOI:
10.1093/ecam/nem090]
Shi XM. [Indications and prospects of acupuncture-moxibustion].

June 21, 2015|Volume 21|Issue 23|

Liu HR et al . Chronic visceral hypersensitivity

4

5

6

7

8
9

10

11

12

13

14

15

16

17

18
19

Zhongguo Zhenjiu 2011; 31: 961-964 [PMID: 22136013]
Zhou EH, Liu HR, Wu HG, Shi Y, Wang XM, Yao LQ, Zhong
YS, Yang Y. Herb-partition moxibustion relieves chronic visceral
hyperalgesia and 5-HT concentration in colon mucosa of rats.
Neurol Res 2009; 31: 734-737 [PMID: 19108755 DOI: 10.1179/17
4313209X382313]
Wu LY, Bao CH, Ge LB, Zhou CL, Liu HR, Qi L, Yi T, Wu
HG, Wang XM. Mild moxibustion at Tianshu (ST 25) decreases
expression of prokineticin-1 and prokineticin receptor-1 in
colon tissue of rats with chronic visceral hyperalgesia. Neural
Regeneration Research 2011; 6: 2600-2604 [DOI: 10.3969/j.issn.1
673-5374.2011.33.007]
Zhou EH, Wang XM, Ding GH, Wu HG, Qi L, Liu HR, Zhang SJ.
Suspended moxibustion relieves chronic visceral hyperalgesia and
decreases hypothalamic corticotropin-releasing hormone levels.
World J Gastroenterol 2011; 17: 662-665 [PMID: 21350717 DOI:
10.3748/wjg.v17.i5.662]
Kanazawa M, Hongo M, Fukudo S. Visceral hypersensitivity in
irritable bowel syndrome. J Gastroenterol Hepatol 2011; 26 Suppl 3:
119-121 [PMID: 21443723 DOI: 10.1111/j.1440-1746.2011.06640.
x]
Qiao LY. Neurotrophin signaling and visceral hypersensitivity.
Front Biol (Beijing) 2014; 9: 216-224 [PMID: 25484893]
Yi T, Qi L, Wu HG, Ma XP, Liu HR, Wang XM, “Analgesic
action of suspended moxibustion in rats with chronic visceral
hyperalgesia correlates with enkephalins in the spinal cord”.
Neural Regeneration Research 2012; 3: 219-222 [DOI: 10.3969/
j.issn.1673-5374.2012.03.011]
Liu HR, Qi L, Wu LY, Ma XP, Qin XD, Huang WY, Dong M, Wu
HG. Effects of moxibustion on dynorphin and endomorphin in rats
with chronic visceral hyperalgesia. World J Gastroenterol 2010;
16: 4079-4083 [PMID: 20731023 DOI: 10.3748/wjg.v16.i32.4079]
Zhou EH, Liu HR, Wu HG, Shi Y, Wang XM, Tan LY, Yao LQ,
Zhong YS, Jiang Y, Zhang LL. Suspended moxibustion relieves
chronic visceral hyperalgesia via serotonin pathway in the colon.
Neurosci Lett 2009; 451: 144-147 [PMID: 19114087 DOI: 10.1016/
j.neulet.2008.12.026]
Muscatello MR, Bruno A, Scimeca G, Pandolfo G, Zoccali RA.
Role of negative affects in pathophysiology and clinical expression
of irritable bowel syndrome. World J Gastroenterol 2014; 20:
7570-7586 [PMID: 24976697 DOI: 10.3748/wjg.v20.i24.7570]
Tayama J, Sagami Y, Shimada Y, Hongo M, Fukudo S. Effect of
alpha-helical CRH on quantitative electroencephalogram in patients
with irritable bowel syndrome. Neurogastroenterol Motil 2007; 19:
471-483 [PMID: 17564629 DOI: 10.1111/j.1365-2982.2007.00903.x]
Ma XP, Tan LY, Yang Y, Wu HG, Jiang B, Liu HR, Yang L.
Effect of electro-acupuncture on substance P, its receptor and
corticotropin-releasing hormone in rats with irritable bowel
syndrome. World J Gastroenterol 2009; 15: 5211-5217 [PMID:
19891022 DOI: 10.3748/wjg.15.5211]
Fukudo S. Role of corticotropin-releasing hormone in irritable
bowel syndrome and intestinal inflammation. J Gastroenterol
2007; 42 Suppl 17: 48-51 [PMID: 17238026 DOI: 10.1007/
s00535-006-1942-7]
Wu HG, Liu HR, Zhang ZA, Zhou EH, Wang XM, Jiang B, Shi
Z, Zhou CL, Qi L, Ma XP. Electro-acupuncture relieves visceral
sensitivity and decreases hypothalamic corticotropin-releasing
hormone levels in a rat model of irritable bowel syndrome.
Neurosci Lett 2009; 465: 235-237 [PMID: 19765402 DOI: 10.1016/
j.neulet.2009.09.018]
Al-Chaer ED, Kawasaki M, Pasricha PJ. A new model of chronic
visceral hypersensitivity in adult rats induced by colon irritation
during postnatal development. Gastroenterology 2000; 119:
1276-1285 [PMID: 11054385 DOI: 10.1053/gast.2000.19576]
Dong WS, Zou DW, Li ZS, Xu GM, Zou XP, Zhu AY, Yi N, Man
XH. Mechanism of Visceral hypersensitivity in patients with
irritable bowel syndrome. Zhonghua Xiaohua Zazhi 2004; 24: 8
Simrén M, Abrahamsson H, Björnsson ES. An exaggerated
sensory component of the gastrocolonic response in patients with
irritable bowel syndrome. Gut 2001; 48: 20-27 [PMID: 11115818

WJG|www.wjgnet.com

20

21

22

23

24
25

26

27

28

29

30
31

32

33

34

7189

DOI: 10.1136/gut.48.1.20]
Lan L. The relation of visceral hypersensitivity induced by
anxiety and serum corticosterone level in rats and the effect and
signification of anti-anxiety treatment on both. Zhengzhou Daxue
Shushi Lunwen 2005; 1: 8-10
Hyland NP, O’Mahony SM, O’Malley D, O’Mahony CM, Dinan
TG, Cryan JF. Early-life stress selectively affects gastrointestinal
but not behavioral responses in a genetic model of brain-gut axis
dysfunction. Neurogastroenterol Motil 2015; 27: 105-113 [PMID:
25443141 DOI: 10.1111/nmo.12486]
K a r l i n g P , N o r r b a c k K F, A d o l f s s o n R , D a n i e l s s o n A .
Gastrointestinal symptoms are associated with hypothalamicpituitary-adrenal axis suppression in healthy individuals. Scand
J Gastroenterol 2007; 42: 1294-1301 [PMID: 17852841 DOI:
10.1080/00365520701395945]
Lee KN, Lee OY. Intestinal microbiota in pathophysiology and
management of irritable bowel syndrome. World J Gastroenterol
2014; 20: 8886-8897 [PMID: 25083061 DOI: 10.3748/wjg.v20.
i27.8886]
Holzer P, Farzi A. Neuropeptides and the microbiota-gut-brain
axis. Adv Exp Med Biol 2014; 817: 195-219 [PMID: 24997035
DOI: 10.1007/978-1-4939-0897-4_9]
Xiong F, Wang Y, Li SQ, Tian M, Zheng CH, Huang GY. Clinical
study of electro-acupuncture treatment with different intensities for
functional constipation patients. J Huazhong Univ Sci Technolog
Med Sci 2014; 34: 775-781 [PMID: 25318892 DOI: 10.1007/
s11596-014-1351-8]
Xu X, Zheng C, Zhang M, Wang W, Huang G. A randomized
controlled trial of acupuncture to treat functional constipation:
design and protocol. BMC Complement Altern Med 2014; 14: 423
[PMID: 25351765 DOI: 10.1186/1472-6882-14-423]
Liu Z, Liu J, Zhao Y, Cai Y, He L, Xu H, Zhou X, Yan S, Lao
L, Liu B. The efficacy and safety study of electro-acupuncture
for severe chronic functional constipation: study protocol for a
multicenter, randomized, controlled trial. Trials 2013; 14: 176
[PMID: 23768191 DOI: 10.1186/1745-6215-14-176]
Qi L, Liu HR, Yi T, Wu LY, Liu XR, Zhao C, Shi Y, Ma XP, Wu
HG. Warming Moxibustion Relieves Chronic Visceral Hyperalgesia
in Rats: Relations to Spinal Dynorphin and Orphanin-FQ System.
Evid Based Complement Alternat Med 2013; 2013: 920675 [PMID:
23573158 DOI: 10.1155/2013/920675]
Liu HR, Qi L, Wang XL, Guan YH, Zuo CT, Tan LY, Yuan LS, Ma
XP, Wang XM, Zhou EH, Wu HG. Electroacupuncture at Tianshu
(ST 25) for diarrhea-predominant irritable bowel syndrome using
positron emission tomography Changes in visceral sensation center.
Neural Regen Res 2010; 5: 1220-1225 [DOI: 10.3969/j.issn.1673-5
374.2010.16.004]
Zhang MJ, Zhang QY. Corticotropin-releasing factor and
corticotropin-releasing factor receptor. Guojibingli Kexue Yu
Linchang Zazhi 2006; 2: 162-165
Dinan TG, Quigley EM, Ahmed SM, Scully P, O’Brien S, O’
Mahony L, O’Mahony S, Shanahan F, Keeling PW. Hypothalamicpituitary-gut axis dysregulation in irritable bowel syndrome: plasma
cytokines as a potential biomarker? Gastroenterology 2006; 130:
304-311 [PMID: 16472586 DOI: 10.1053/j.gastro.2005.11.033]
Murray CD, Flynn J, Ratcliffe L, Jacyna MR, Kamm MA,
Emmanuel AV. Effect of acute physical and psychological stress
on gut autonomic innervation in irritable bowel syndrome.
Gastroenterology 2004; 127: 1695-1703 [PMID: 15578507 DOI:
10.1053/j.gastro.2004.08.057]
Taché Y, Martinez V, Wang L, Million M. CRF1 receptor
signaling pathways are involved in stress-related alterations of
colonic function and viscerosensitivity: implications for irritable
bowel syndrome. Br J Pharmacol 2004; 141: 1321-1330 [PMID:
15100165 DOI: 10.1038/sj.bjp.0705760]
Lembo T, Plourde V, Shui Z, Fullerton S, Mertz H, Tache Y,
Sytnik B, Munakata J, Mayer E. Effects of the corticotropinreleasing factor (CRF) on rectal afferent nerves in humans.
Neurogastroenterol Motil 1996; 8: 9-18 [PMID: 8697187 DOI:
10.1111/j.1365-2982.1996.tb00237.x]

June 21, 2015|Volume 21|Issue 23|

Liu HR et al . Chronic visceral hypersensitivity
35
36

37

38

Howard Mertz. Altered CNS processing of visceral pain in IBS.
In: Michael Camilleri, Robin C Spiller. Irritable Bowel Syndrome.
Diag Treat 2002; 55-68
Chao G, Lv B, Meng L, Zhang S, Zahng L, Guo Y. [Influence of
tongxie prescription on CRF expression in spinal cord and brain of
hypersensitive viscera rats]. Zhongguo Zhongyao Zazhi 2010; 35:
2012-2016 [PMID: 20931858 DOI: 10.4268/cjcmm20101522]
Chao GQ, Lv B, Meng LN, Zhang S,Zhang L,Guo Y.Effect
of Changyanning Tangjiang on the expression of corticotropin
releasing factor in spinal cord and brain of rats with visceral
hypersensitivity. Shijie Huaren Xiaohua Zazhi 2008; 16: 2112-2118
Sato N, Suzuki N, Sasaki A, Aizawa E, Obayashi T, Kanazawa M,
Mizuno T, Kano M, Aoki M, Fukudo S. Corticotropin-releasing

39
40

41

hormone receptor 1 gene variants in irritable bowel syndrome.
PLoS One 2012; 7: e42450 [PMID: 22957021 DOI: 10.1371/
journal.pone.0042450]
Chao GQ, Lv B. Relationship between brain CRF and IBS. Guoji
Xiaohuabing Zazhi 2008; 28: 371-373
Sagami Y, Shimada Y, Tayama J, Nomura T, Satake M, Endo Y,
Shoji T, Karahashi K, Hongo M, Fukudo S. Effect of a corticotropin
releasing hormone receptor antagonist on colonic sensory and motor
function in patients with irritable bowel syndrome. Gut 2004; 53:
958-964 [PMID: 15194643 DOI: 10.1136/gut.2003.018911]
Zhu QY. Central mechanisms of electroacupuncture ST 37 on
rat with colonal disfunetion induced acute restraint stress. Hu Bei
University of Traditional Chinese Medicine PhD thesis, 2008
P- Reviewer: Kadiyska TK S- Editor: Qi Y
L- Editor: Cant MR E- Editor: Liu XM

WJG|www.wjgnet.com

7190

June 21, 2015|Volume 21|Issue 23|

World J Gastroenterol 2015 June 21; 21(23): 7191-7196
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i23.7191

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

β-2 Adrenergic receptor gene polymorphism and response
to propranolol in cirrhosis
De-Run Kong, Jin-Guang Wang, Bin Sun, Ming-Quan Wang, Chen Chen, Fang-Fang Yu, Jian-Ming Xu
Received: October 27, 2014
Peer-review started: October 28, 2014
First decision: December 26, 2014
Revised: January 26, 2015
Accepted: February 11, 2015
Article in press: February 11, 2015
Published online: June 21, 2015

De-Run Kong, Jin-Guang Wang, Bin Sun, Chen Chen, FangFang Yu, Jian-Ming Xu, Department of Gastroenterology, the
first Affiliated Hospital of Anhui Medical University, Hefei
230022, Anhui Province, China
Ming-Quan Wang, Department of Radiology, the first Affiliated
Hospital of Anhui Medical University, Hefei 230022, Anhui
Province, China
Author contributions: Kong DR, Wang JG, Sun B and Wang
MQ contributed equally to this work; Wang jg and Kong dr
performed the majority of experiments and analyzed the data;
Sun B and Wang MQ performed the molecular investigations;
Chen C and Yu FF participated equally in treatment of patients;
Kong DR and Xu JM designed and coordinated the research;
Kong DR and Wang JG wrote the paper.

Abstract
AIM: To evaluate the association of β-2 adrenergic
receptor (β 2-AR ) gene polymorphism with response of
variceal pressure to propranolol in cirrhosis.
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METHODS: Sixty-four non-related cirrhotic patients
participated in this study and accepted variceal
pressure measurement before and after propranolol
administration. Polymorphism of the β 2-AR gene was
determined by directly sequencing of the polymerase
chain reaction products from the DNA samples that
were prepared from the patients.
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RESULTS: The prevalence of Gly16-Glu/Gln27 and
Arg16-Gln27 homozygotes, and compound hetero
zygotes was 29.7%, 10.9%, and 59.4%, respectively.
Patients with cirrhosis with Gly16-Glu/Gln27 homozy
gotes had a greater decrease of variceal pressure after
propranolol administration than those with Arg16Gln27 homozygotes or with compound heterozygotes
(22.4% ± 2.1%, 13.1% ± 2.7% and 12.5% ± 3.1%,
respectively, P < 0.01).
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CONCLUSION: The variceal pressure response to
propranolol was associated with polymorphism of β 2AR gene. Patients with the Gly16-Glu/Gln27 homozygotes
probably benefit from propranolol therapy.
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have shown that Gly16-Glu/Gln27 homozygotes
express an upregulatory vasodilatory response to local
infusions of receptor agonists, whereas Arg16-Gln27
homozygotes express a downregulatory vasodilatory
[15-17]
response
. Patients with cirrhosis with Gly16Glu/Gln27 homozygotes have a greater decrease in
heart rate, cardiac index, and hepatic blood flow after
propranolol administration than those with Arg16Gln27 homozygotes. However, the HVPG responses
[12]
to propranolol are similar in both groups . Previous
studies evaluated only an acute HVPG response to
intravenous propranolol administration according to
β 2-AR gene SNPs, and did not take variceal pressure
(VP) into account. VP is a major predictor of variceal
bleeding risk; hence, it is an important marker of the
response to pharmacological therapy in patients with
[18-21]
portal hypertension
.
Therefore, the aim of our study was to evaluate the
association between VP response to propranolol and
β 2-AR gene polymorphism, and the prevalence of β 2-AR
gene polymorphisms in a small subgroup of patients
with esophageal varices.

Core tip: The study explored the influence of β-2
adrenergic receptor (β 2-AR ) polymorphism and the
response of esophageal variceal pressure to chronic
treatment with propranolol. The originality was that
we associated the polymorphism to the measurement
of variceal pressure and considered the response to
propranolol administration. We found that the variceal
pressure response to propranolol was associated with
β 2-AR gene polymorphisms, and that the patients with
the Gly16-Glu/Gln27 homozygotes seem to benefit
more from propranolol therapy.
Kong DR, Wang JG, Sun B, Wang MQ, Chen C, Yu FF, Xu
JM. β-2 Adrenergic receptor gene polymorphism and response
to propranolol in cirrhosis. World J Gastroenterol 2015;
21(23): 7191-7196 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i23/7191.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7191

MATERIALS AND METHODS

INTRODUCTION

Selection of patients

Variceal bleeding is a severe complication of patients
with liver cirrhosis and portal hypertension. More
than 40% of cirrhosis patients have esophageal
varices at the time of diagnosis. Nearly 30% of those
patients with large esophageal varices will bleed
[1]
within 2 years . Nonselective β-blockers are effective
in preventing first variceal bleeding in patients with
[2-4]
cirrhosis
because these drugs can reduce portal
[5,6]
pressure
. Previous studies have reported that
variceal bleeding can be effectively prevented by a
decrease in hepatic venous pressure gradient (HVPG)
< 12 mmHg after prophylactic propranolol therapy,
[6,7]
or spontaneously . Additionally, previous studies
have demonstrated that patients with a decrease in
HVPG from baseline of ≥ 20% have a low risk of first
[8,9]
variceal bleeding and rebleeding , even if the final
[10-13]
HVPG is > 12 mmHg
.
Although the nonselective β-blockers decrease the
portal pressure in cirrhosis patients, the response is
not uniform. In a study involving 60 cirrhosis patients,
24 showed no reduction or even a slight increase in
[14]
HVPG with propranolol . Some patients who took
the maximum tolerated dose of propranolol still had
frequent bleeding, and did not display a significant
decrease in the level of HVPG. Previous studies
have found that β-2 adrenergic receptor (β2-AR)
was polymorphic within the human population and
that polymorphism of β 2-AR gene plays a key role in
modulating cardiovascular function. A more detailed
study indicated that the two most common single
nucleotide polymorphisms (SNPs) determine the
hemodynamic response to propranolol occur at codons
[11]
46 and 79 . Several studies in healthy participants

WJG|www.wjgnet.com

Between January 2010 and December 2012, a group
of 64 cirrhotic patients (43 male and 21 female)
were randomly selected to participate in the study.
Their ages ranged from 18 to 70 years (median 50
years). All the patients were diagnosed with cirrhosis
by liver biopsy and clinical, biochemical, endoscopic
and ultrasonographic criteria. Esophageal varices
were detected via upper gastrointestinal endoscopic
examination. The causes of hepatic cirrhosis were
hepatitis B virus (n = 51), alcohol (n = 7), cryptogeny
(n = 5) and primary biliary cirrhosis (PBC, n = 1).
Patients with the following criteria were excluded
from the study: severe clotting defects, hepatic
encephalopathy grade Ⅲ and Ⅳ; Child-Pugh score
> 12 points; multifocal hepatocellular carcinoma;
contraindications to β-blocker therapy; pregnancy;
or refusal to participate in the study. Patients with
the VP < 15.2 mmHg were also excluded, along with
patients who had undergone endoscopic interventions,
including endoscopic variceal ligation and endoscopic
injection sclerotherapy. The study was approved by
the Ethics Committee of Anhui Medical University, and
all patients gave written informed consent. A 2-mL
venous blood sample was obtained from each patient
and stored at -80 ℃ for further genotypic analysis.

Study design and VP measurement

Measurement of VP was performed after an overnight
fast during upper gastrointestinal endoscopy. Somato
statin infusion was stopped 2 h before starting VP
measurement. VP was assessed with a previously
described noninvasive technique using an esophageal
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variceal manometer (EVM; Esophageal Varix Mano
meter; Treier Endoscopie AG, Beromünster, Switzer
land) and recorded by a workstation that was
[22]
developed by our team . Before VP measurement, all
patients were sedated with 5 mg diazepam and 20 mg
n-butylscopolamine intravenously. In previous studies,
VP measured by this method had a good correlation
[23,24]
with that measured by needle puncture
. The
largest varix of the distal esophagus was chosen for
VP measurement. VP in each patient was measured
five times. VP was recorded as the mean of five
determinations that were taken during the procedure.
After VP measurement, the scales in the balloon
markers (5-mm intervals) were used to assess variceal
size. The maximal variceal size and esophageal
variceal findings were recorded as proposed by the
[25]
Japanese Society for portal hypertension . After
baseline measurement, propranolol was given orally
at an initial dose of 20 mg three times daily and was
increased by 20 mg every day over a period of 7 d
until the resting heart rate was reduced by 25%, or
[4]
was < 55 beats/min . VP was assessed again at 7 d
of propranolol administration.
Two β 2-AR gene functional SNPs were selected for
genotyping in this study: Arg16Gly and Gln27Glu.

between groups with different polymorphisms in
VP decrease from baseline of ≥ 10% after oral
propranolol, with a common variance of 40. With an
expected prevalence of 15% in the lower frequent
16
27
homozygotes (Arg -Gln ) among the general
[26,27]
population
, it was estimated that 47 patients
would be required in the study, to achieve 80% power
at the 5% level of significance.

Statistical analysis

Quantitative data were expressed as mean ± SD
and were compared using Student’s t test. One-way
ANOVA followed by pre-planned analysis was used
to compare the differences between the groups with
different polymorphisms. Comparisons of categorical
variables between different groups were performed
using Fisher’s exact test. Statistical analysis was
done using SPSS version 12.0 software. Statistical
significance was defined as P < 0.05.

RESULTS
Genotype analysis

We used the AS-PCR to test β 2-AR SNPs in 64
individuals. The frequencies for three homozygotes
16
27
16
27
were Gly /Glu = 28.1%, Gly /Gln = 1.6%,
16
27
Arg /Gln = 10.9%, and compound heterozygotes
= 59.4%. No significant differences were seen in
baseline characteristics between the groups of different
polymorphisms (Table 1).

Genotyping

Genomic DNA was extracted from the prefabricated
blood samples for genotype analysis. Two β 2-AR SNPs,
Arg16Gly and Gln27Glu, were analyzed by allelespecific polymerase chain reaction (AS-PCR). The
[12]
primers were designed as described previously .
For the Arg16Gly site, the upstream primer of
Arg16 was 5’-CTTCTTGCTGGCACCCAATA-3’, while
that of Gly16 was 5’-CTTCTTGCTGGCACCCAATG-3’,
and the downstream primer was 5’-CCAATTTAGG
27
AGGATGTAAACTTC-3’. For analysis of the Gln Glu
site, the following primers were designed, the
27
upstream primer of Gln was 5’-GGACCACGAC
GTCACGCAGC-3’, and that of Glu27 was 5’-GGACCAC
GACGTCACGCAGG-3’, and the downstream primer
of both was 5’-ACAATCCACACCATCAAGAAT-3’. The
reaction was performed in a 50-μL mixture as follows:
DNA template 2 μL, each primer 1 μL, dNTP 1 μL, Pfu
DNA polymerase 1 μL, 10× Buffer 5 μL (containing
2+
Mg 20 mmol/L), deionized distilled water 39 μL. The
PCR was performed with an initial 94 ℃ for 5 min (predegeneration), followed by 35 cycles (94 ℃ for 2 min,
16
degeneration; 55 ℃ for 1 min, annealing for Arg Gly,
27
and 52 ℃ for 1 min for Gln Glu; 72 ℃ for 1 min for
polymerization), and a final step at 72 ℃ for 10 min to
finish the reaction. The PCR products were separated
at 100 V for 50 min on a 1% agarose gel and were
visualized with ethidium bromide staining.

Baseline VP and response to propranolol

All patients had severe portal hypertension as shown
by VP > 15.2 mmHg and the presence of esophageal
varices. No significant differences were seen in the
baseline VP among homozygous haplotypes (Table 1).
As expected, propranolol administration (80-160
mg/d, median: 120 mg/d) caused a significant
decrease in heart rate in each group. The median daily
dose of propranolol was 105 ± 34 mg in the Arg1627
Gln homozygotes, 113 ± 38 mg in the Gly16-Glu/
27
Gln homozygotes, and 108 ± 35 mg in the compound
homozygotes. There were no significant differences
among haplotypes (P > 0.05). We also found that
Gly16-Glu/Gln27 homozygotes had a greater reduction
27
in heart rate than Arg16-Gln homozygotes (-20.2%
± 1.4% vs -14.8% ± 2.2% respectively, P = 0.03)
(Table 2). Compound heterozygotes were found
to have intermediate response compared to those
homozygotes after oral propranolol treatment (-16.9%
± 2.9%).
As shown in Table 2, the reduction of VP was
significant after propranolol administration in each
16
group. The percentage VP reduction in the Gly 27
Glu/Gln homozygotes was significantly greater than
16
27
that in the Arg -Gln homozygotes or compound
heterozygotes (22.4% ± 2.1%, 13.1% ± 2.7% and

Calculation of sample size

Sample size was calculated to detect differences
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Table 1 Demographic profile of the study population
16

Arg -Gln
Sex (M/F)
Age (yr), mean ± SD
Etiology
Hepatitis B
Alcohol
Cryptogenic
Primary biliary cirrhosis
Alcohol intake, Y/N
History of bleeding, Y/N
Ascites, Y/N
Albumin, g/L
Total bilirubin (μmol/L)
Prothrombin time (s)
Serum sodium (mmol/L)
Child-Pugh score
VP (mmHg)

27

(n = 7)

Compound heterozygotes (n = 38)

16

Gly -Glu/Gln

27

(n = 19)

P value

5/2
51.60 ± 10.91

27/11
49.02 ± 22.52

11/8
51.95 ± 8.76

0.630
0.733

5
1
1
0
0/7
2/5
0/7
32.88 ± 5.85
46.99 ± 35.92
16.18 ± 2.23
138.50 ± 5.43
6.86 ± 1.21
21.35 ± 3.02

32
4
1
1
6/32
8/30
11/27
32.36 ± 5.63
40.76 ± 23.91
15.84 ± 2.30
138.30 ± 4.74
6.61 ± 1.52
22.08 ± 3.26

14
2
3
0
3/16
5/14
5/14
33.13 ± 4.72
52.61 ± 69.65
15.22 ± 2.56
139.12 ± 4.8
6.74 ± 1.91
21.69 ± 2.78

0.425

0.756
0.858
0.332
0.668
0.072
0.713
0.768
0.168
0.367

Table 2 Heart rate and VP changes after propranolol according to β 2 -AR gene polymorphisms
16

Variables

Gly -Glu/Gln

HR (beats/min)
VP(mmHg)

27

(n = 19)

Compound heterozygotes (n = 38)

16

Arg -Gln

27

(n = 7)

Baseline

7d

Baseline

7d

Baseline

7d

76.3 ± 2.7
21.35 ± 3.02

60.5 ± 1.8b
16.52 ± 1.87b

75.6 ± 4.9
22.08 ± 3.26

62.5 ± 3.6b
19.43 ± 3.12a

74.1 ± 4.7
21.69 ± 2.78

62.9 ± 3.0a
18.79 ± 3.15b

a

P < 0.05, bP < 0.01 vs baseline. HR: Heart rate.
16

12.5% ± 3.1%, respectively, P < 0.01).

DISCUSSION
Propranolol is a nonselective β-AR blocker and has
been used to prevent variceal bleeding for many
years. Propranolol prevents variceal bleeding and
reduces HVPG via blocking β1-AR to decrease cardiac
output, heart rate and cardiac constriction, and via
blocking β2-AR to contract splanchnic veins and reduce
[13,14,28]
splanchnic and portal blood flow
. However, the
effect of propranolol varies in different patients and
the drug fails to reduce of HVPG level in some patients
[29]
who have a high risk of bleeding and mortality . The
discrepancy in the effect of propranolol in preventing
variceal bleeding has attracted much research interest
[30-32]
worldwide
.
Recently, in an attempt to explore the role of β-AR
in the regulation of vascular tension and hemodynamic
response to β-AR, it was found that β 2-AR gene
polymorphisms played a key role in modulating
[31,32]
cardiovascular function in humans
. In particular,
two common mutations of β 2-AR gene, +46 site G
to A mutation and +79 site C to G mutation resulted
16
in a change of amino acids of β2-AR from Arg to
16
27
27
Gly and Gln to Glu , which played a little or no
role in affecting the state of illness. However, it might
affect the response of propranolol administration
[33,34]
individually
.
Furthermore, it was found that homozygotes

WJG|www.wjgnet.com

27

Gly Gly or Glu Glu genotype individual exhibit an
enhanced vasodilatory response to isoproterenol
infused through bronchial artery or arm vein
[15-17]
locally
. A similar result was obtained for therapy
[35,36]
of asthma with β2-adrenergic agents
. However,
a study evaluating the role of β 2-AR gene SNPs in
portal hypertension is still lacking. There are individual
discrepancies in the preventive effect of propranolol on
variceal bleeding that might be associated with β 2-AR
16
27
SNPs. Patients with Gly Gly or Glu Glu homozygote
genotype might benefit more from propranolol admini
16
27
[12]
stration than those with Arg or Gln alleles .
Nevertheless, that study only revealed an acute HVPG
response to intravenous administration of propranolol,
and the VP response to oral propranolol is still
unknown. Previous studies have demonstrated that VP
is a major predictor of variceal bleeding risk and the
response to pharmacological therapy in patients with
[18-21]
portal hypertension
. For example, a VP level ≥
15.2 mmHg represents a high risk of variceal bleeding
[19]
in patients with cirrhosis . Therefore, studies on the
VP response to propranolol treatment have clinical
significance.
The present study assessed the prevalence of
β 2-AR gene polymorphism in a small subgroup of
patients with cirrhosis. The prevalence of Gly16-Glu/
27
16
27
Gln and Arg -Gln homozygotes, and compound
heterozygotes was 29.7%, 10.9%, and 59.4%,
respectively. These data are similar to those in
[12,26,27,37]
western studies and the US
. No significant
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differences in the basal heart rate and VP regarding
the different β 2-AR haplotypes were found before
propranolol administration. An important result
from our study was that patients with cirrhosis and
portal hypertension showed different responses to
propranolol, as calculated by the reduction in VP. After
16
administration of propranolol, patients with the Gly 27
Glu/Gln homozygotes showed a greater reduction
16
27
in VP, whereas patients with Arg -Gln homozygotes
exhibited a lesser reduction. The individuals who
were compound heterozygotes had an intermediate
16
27
16
27
response between Gly -Glu/Gln and Arg -Gln
homozygotes.
The limitation of our study was that prevalence of
β 2-AR gene polymorphisms was investigated in a small
subgroup of patients with cirrhosis, so, the assessment
was not accurate. A prospective follow-up study
of cirrhosis patients is underway to investigate the
prevalence of β 2-AR gene polymorphisms and analyze
the impact of the polymorphisms on the hemodynamic
effect of propranolol in esophageal varices.
In summary, we discovered that the individual
differentiation of the effect of propranolol is associated
with β 2-AR 46 SNP. The replacement of amino acid 16
in the receptor from Arg to Gly results in an enhanced
response to propranolol. Patients with an allele gene
Gly benefit more from propranolol therapy than those
with an Arg in long-term treatment.

The paper evaluates the association between the effects of propranolol,
variceal pressure and β 2-AR gene polymorphism in a group of 64 non-related
Chinese cirrhotic patients. The authors found that the variceal pressure
response to propranolol was associated with β 2-AR gene polymorphisms, and
that the patients with the Gly16-Glu/Gln27 haplotypes seem to benefit more from
propranolol therapy. This is an interesting paper, with original data.
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Terminology

The individual differentiation of the effect of propranolol is associated with β2AR 46 SNP. The replacement of amino acid 16 in the receptor from Arg to Gly
results in an enhanced response to propranolol. Patients with the Gly16-Glu/
Gln27 homozygotes probably benefit from propranolol therapy.

WJG|www.wjgnet.com

15

7195

Rahimi RS, Rockey DC. Complications of cirrhosis. Curr Opin
Gastroenterol 2012; 28: 223-229 [PMID: 22343347 DOI: 10.1097/
MOG.0b013e328351d003]
de Franchis R, Primignani M. Natural history of portal
hypertension in patients with cirrhosis. Clin Liver Dis 2001; 5:
645-663 [PMID: 11565135 DOI: 10.1016/S1089-3261(05)70186-0]
García-Pagán JC, Reverter E, Abraldes JG, Bosch J. Acute
variceal bleeding. Semin Respir Crit Care Med 2012; 33: 46-54
[PMID: 22447260 DOI: 10.1055/s-0032-1301734]
Garcia-Tsao G, Sanyal AJ, Grace ND, Carey W. Prevention and
management of gastroesophageal varices and variceal hemorrhage
in cirrhosis. Hepatology 2007; 46: 922-938 [PMID: 17879356]
Hsu YC, Lin JT, Chen TT, Wu MS, Wu CY. Long-term risk of
recurrent peptic ulcer bleeding in patients with liver cirrhosis: a
10-year nationwide cohort study. Hepatology 2012; 56: 698-705
[PMID: 22378148 DOI: 10.1002/hep.25684]
Cerqueira RM, Andrade L, Correia MR, Fernandes CD,
Manso MC. Risk factors for in-hospital mortality in cirrhotic
patients with oesophageal variceal bleeding. Eur J Gastroenterol
Hepatol 2012; 24: 551-557 [PMID: 22356784 DOI: 10.1097/
MEG.0b013e3283510448]
Dam Fialla A, Schaffalitzky de Muckadell OB, Touborg Lassen A.
Incidence, etiology and mortality of cirrhosis: a population-based
cohort study. Scand J Gastroenterol 2012; 47: 702-709 [PMID:
22428859 DOI: 10.3109/00365521.2012.661759]
Zoller WG, Gross M. Beta-blockers for prophylaxis of bleeding
from esophageal varices in cirrhotic portal hypertension. Review of
the literature. Eur J Med Res 1996; 1: 407-416 [PMID: 9353240]
Sarin SK, Wadhawan M, Agarwal SR, Tyagi P, Sharma BC.
Endoscopic variceal ligation plus propranolol versus endoscopic
variceal ligation alone in primary prophylaxis of variceal bleeding.
Am J Gastroenterol 2005; 100: 797-804 [PMID: 15784021 DOI:
10.1111/j.1572-0241.2005.40468.x]
Sharma P, Kumar A, Sharma BC, Sarin SK. Early identification
of haemodynamic response to pharmacotherapy is essential for
primary prophylaxis of variceal bleeding in patients with ‘highrisk’ varices. Aliment Pharmacol Ther 2009; 30: 48-60 [PMID:
19392862 DOI: 10.1111/j.1365-2036.2009.04015]
Ho LI, Harn HJ, Chen CJ, Tsai NM. Polymorphism of the beta(2)adrenoceptor in COPD in Chinese subjects. Chest 2001; 120:
1493-1499 [PMID: 11713125 DOI: 10.1378/chest.120.5.1493]
Turnes J, Hernández-Guerra M, Abraldes JG, Bellot P, Oliva R,
García-Pagán JC, Bosch J. Influence of beta-2 adrenergic receptor
gene polymorphism on the hemodynamic response to propranolol
in patients with cirrhosis. Hepatology 2006; 43: 34-41 [PMID:
16374847 DOI: 10.1002/hep.21000]
Suk KT, Kim MY, Park DH, Kim KH, Jo KW, Hong JH, Kim
JW, Kim HS, Kwon SO, Baik SK. Effect of propranolol on portal
pressure and systemic hemodynamics in patients with liver cirrhosis
and portal hypertension: a prospective study. Gut Liver 2007; 1:
159-164 [PMID: 20485633 DOI: 10.5009/gnl.2007.1.2.159]
Vilas-Boas WW, Ribeiro-Oliveira A, Ribeiro Rda C, Vieira RL,
Almeida J, Nadu AP, Simões e Silva AC, Santos RA. Effect of
propranolol on the splanchnic and peripheral renin angiotensin
system in cirrhotic patients. World J Gastroenterol 2008; 14:
6824-6830 [PMID: 19058308]
Cockcroft JR, Gazis AG, Cross DJ, Wheatley A, Dewar J, Hall IP,
Noon JP. Beta(2)-adrenoceptor polymorphism determines vascular
reactivity in humans. Hypertension 2000; 36: 371-375 [PMID:

June 21, 2015|Volume 21|Issue 23|

Kong DR et al . Response to propranolol in cirrhosis

16

17

18

19

20

21

22

23

24

25

26

10988267]
Dishy V, Sofowora GG, Xie HG, Kim RB, Byrne DW, Stein CM,
Wood AJ. The effect of common polymorphisms of the beta2adrenergic receptor on agonist-mediated vascular desensitization.
N Engl J Med 2001; 345: 1030-1035 [PMID: 11586955 DOI:
10.1056/NEJMoa010819]
Garovic VD, Joyner MJ, Dietz NM, Boerwinkle E, Turner ST.
Beta(2)-adrenergic receptor polymorphism and nitric oxidedependent forearm blood flow responses to isoproterenol in
humans. J Physiol 2003; 546: 583-589 [PMID: 12527744]
Kleber G, Sauerbruch T, Fischer G, Paumgartner G. Pressure
of intraoesophageal varices assessed by fine needle puncture: its
relation to endoscopic signs and severity of liver disease in patients
with cirrhosis. Gut 1989; 30: 228-232 [PMID: 2703144 DOI:
10.1136/gut.30.2.228]
Nevens F, Bustami R, Scheys I, Lesaffre E, Fevery J. Variceal
pressure is a factor predicting the risk of a first variceal bleeding:
a prospective cohort study in cirrhotic patients. Hepatology 1998;
27: 15-19 [PMID: 9425911 DOI: 10.1002/hep.510270104]
El Atti EA, Nevens F, Bogaerts K, Verbeke G, Fevery J. Variceal
pressure is a strong predictor of variceal haemorrhage in patients
with cirrhosis as well as in patients with non-cirrhotic portal
hypertension. Gut 1999; 45: 618-621 [PMID: 10486375 DOI:
10.1136/gut.45.4.618]
Escorsell A, Bordas JM, Castañeda B, Llach J, García-Pagán JC,
Rodés J, Bosch J. Predictive value of the variceal pressure response
to continued pharmacological therapy in patients with cirrhosis
and portal hypertension. Hepatology 2000; 31: 1061-1067 [PMID:
10796880 DOI: 10.1053/he.2000.6779]
Kong DR, Xu JM, Zhang L, Zhang C, Fu ZQ, He BB, Sun B, Xie Y.
Computerized endoscopic balloon manometry to detect esophageal
variceal pressure. Endoscopy 2009; 41: 415-420 [PMID: 19418395
DOI: 10.1055/s-0029-1214602]
Brensing KA, Neubrand M, Textor J, Raab P, Müller-Miny
H, Scheurlen C, Görich J, Schild H, Sauerbruch T. Endoscopic
manometry of esophageal varices: evaluation of a balloon technique
compared with direct portal pressure measurement. J Hepatol 1998;
29: 94-102 [PMID: 9696497 DOI: 10.1016/S0168-8278(98)80183-9]
Gertsch P, Fischer G, Kleber G, Wheatley AM, Geigenberger
G, Sauerbruch T. Manometry of esophageal varices: comparison
of an endoscopic balloon technique with needle puncture.
Gastroenterology 1993; 105: 1159-1166 [PMID: 8405861]
Tajiri T, Yoshida H, Obara K, Onji M, Kage M, Kitano S, Kokudo
N, Kokubu S, Sakaida I, Sata M, Tajiri H, Tsukada K, Nonami T,
Hashizume M, Hirota S, Murashima N, Moriyasu F, Saigenji K,
Makuuchi H, Oho K, Yoshida T, Suzuki H, Hasumi A, Okita K,
Futagawa S, Idezuki Y. General rules for recording endoscopic
findings of esophagogastric varices (2nd edition). Dig Endosc
2010; 22: 1-9 [PMID: 20078657 DOI: 10.1111/j.1443-1661.2009]
Israel E, Drazen JM, Liggett SB, Boushey HA, Cherniack RM,
Chinchilli VM, Cooper DM, Fahy JV, Fish JE, Ford JG, Kraft M,
Kunselman S, Lazarus SC, Lemanske RF, Martin RJ, McLean

27

28

29

30

31

32

33

34

35
36
37

DE, Peters SP, Silverman EK, Sorkness CA, Szefler SJ, Weiss
ST, Yandava CN. The effect of polymorphisms of the beta(2)adrenergic receptor on the response to regular use of albuterol in
asthma. Am J Respir Crit Care Med 2000; 162: 75-80 [PMID:
10903223]
Drysdale CM, McGraw DW, Stack CB, Stephens JC, Judson
RS, Nandabalan K, Arnold K, Ruano G, Liggett SB. Complex
promoter and coding region beta 2-adrenergic receptor haplotypes
alter receptor expression and predict in vivo responsiveness. Proc
Natl Acad Sci USA 2000; 97: 10483-10488 [PMID: 10984540]
Saigal S, Chawla Y, Dilawari JB. Assessment of effects of
propranolol on portal hemodynamics in cirrhosis by duplex
ultrasonography. Indian J Gastroenterol 1998; 17: 51-52 [PMID:
9563219]
La Mura V, Abraldes JG, Raffa S, Retto O, Berzigotti A, GarcíaPagán JC, Bosch J. Prognostic value of acute hemodynamic
response to i.v. propranolol in patients with cirrhosis and portal
hypertension. J Hepatol 2009; 51: 279-287 [PMID: 19501930 DOI:
10.1016/j.jhep.2009.04.015]
De BK, Bandyopadhyay K, Das TK, Das D, Biswas PK, Majumdar
D, Mandal SK, Ray S, Dasgupta S. Portal pressure response to
losartan compared with propranolol in patients with cirrhosis. Am
J Gastroenterol 2003; 98: 1371-1376 [PMID: 12818283 DOI:
10.1111/j.1572-0241.2003.07497.x]
Vardeny O, Peppard PE, Finn LA, Faraco JH, Mignot E, Hla
KM. β2 adrenergic receptor polymorphisms and nocturnal blood
pressure dipping status in the Wisconsin Sleep Cohort Study. J Am
Soc Hypertens 2011; 5: 114-122 [PMID: 21414566 DOI: 10.1016/
j.jash.2011.01.005]
Lou Y, Liu J, Li Y, Liu Y, Wang Z, Liu K, Wu H, Niu Q, Gu
W, Guo Y, Li Z, Wen S. Association study of the β2-adrenergic
receptor gene polymorphisms and hypertension in the Northern
Han Chinese. PLoS One 2011; 6: e18590 [PMID: 21483652 DOI:
10.1371/journal.pone.0018590]
Al-Rubaish A. β2-adrenergic receptor gene polymorphisms in
normal and asthmatic individuals in the Eastern Province of Saudi
Arabia. Ann Saudi Med 2011; 31: 586-590 [PMID: 22048503 DOI:
10.4103/0256-4947.87094]
Fu WP, Zhao ZH, Zhong L, Sun C, Fang LZ, Liu L, Zhang JQ,
Wang L, Shu JK, Wang XM, Dai LM. Relationship between
polymorphisms in the 5’ leader cistron, positions 16 and 27 of
the adrenergic β2 receptor gene and asthma in a Han population
from southwest China. Respirology 2011; 16: 1221-1227 [PMID:
21801278 DOI: 10.1111/j.1440-1843.2011.02028.x]
Liggett SB. Genetic variability of the beta2 adrenergic receptor
and asthma exacerbations. Thorax 2006; 61: 925-927 [PMID:
17071831]
Sayers I, Hall IP. Pharmacogenetic approaches in the treatment
of asthma. Curr Allergy Asthma Rep 2005; 5: 101-108 [PMID:
15683609 DOI: 10.1007/s11882-005-0082-0]
Liggett SB. beta(2)-adrenergic receptor pharmacogenetics. Am J
Respir Crit Care Med 2000; 161: S197-S201 [PMID: 10712374]
P- Reviewer: La Mura V, Li YY, Popescu I, Thomopoulos KC
S- Editor: Ma YJ L- Editor: Kerr C E- Editor: Ma S

WJG|www.wjgnet.com

7196

June 21, 2015|Volume 21|Issue 23|

World J Gastroenterol 2015 June 21; 21(23): 7197-7207
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i23.7197

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Paeoniflorin inhibits human gastric carcinoma cell
proliferation through up-regulation of microRNA-124 and
suppression of PI3K/Akt and STAT3 signaling
Yong-Bin Zheng, Gao-Chun Xiao, Shi-Lun Tong, Yu Ding, Qiu-Shuang Wang, Sheng-Bo Li, Zhi-Nan Hao

Abstract

Yong-Bin Zheng, Gao-Chun Xiao, Shi-Lun Tong, Yu Ding,
Qiu-Shuang Wang, Sheng-Bo Li, Zhi-Nan Hao, Department of
Gastrointestinal Surgery, Renmin Hospital of Wuhan University,
Wuhan 430060, Hubei Province, China

AIM: To examine the potential anti-tumor activity of
paeoniflorin in the human gastric carcinoma cell line
MGC-803.
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YB and Tong SL wrote the paper; all authors had access to the
data, attested to the validity of the results, and approved the final
article.

METHODS: Cell viability and cytotoxic effects in MGC-803
cells were analyzed using a 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide and lactate
dehydrogenase assay, respectively. Cell apoptosis of
MGC-803 cells was measured using flow cytometry,
DAPI staining assay and caspase-3 activity assay.
Quantitative reverse transcription-polymerase chain
reaction (RT-PCR) was used to measure the expression
of microRNA-124 (miR-124) in response to paeoniflorin.
The expression of phosphatidylinositol 3-kinase (PI3K),
protein kinase B (Akt), phospho-Akt (p-Akt) and
phospho-signal transducer and activator of transcription
3 (p-STAT3) were also measured by quantitative RTPCR and Western blot analysis in normal, miR-124 and
anti-miR-124 over-expressing MGC-803 cells, treated
with paeoniflorin.
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RESULTS: Paeoniflorin was found to inhibit MGC-803
cell viability in a dose-dependent manner. Paeoniflorin
treatment was associated with the induction of apoptosis
and caspase-3 activity in MGC-803 cells. Paeoniflorin
treatment significantly increased miR-124 levels and
inhibited the expression of PI3K, Akt, p-Akt and p-STAT3
in MGC-803 cells. Interestingly, the over-expression
of miR-124 inhibits PI3K/Akt and phospho-STAT3
expressions in MGC-803 cells. PI3K agonist (IGF-1, 1
μg/10 μL) or over-expression of STAT3 reversed the
effect of paeoniflorin on the proliferation of MGC-803
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CONCLUSION: In summary, the in vitro data suggest
that paeoniflorin is a potential novel therapeutic agent
against gastric carcinoma, which inhibits cell viability
and induces apoptosis through the up-regulation of
miR-124 and suppression of PI3K/Akt and STAT3
signaling.

by targeting CDK6. As a result, targeting miR-124
expression may be a novel therapeutic strategy against
[10,11]
gastric cancer
.
Embryo prototype mutations of phosphatase
and tension homolog (PTEN) are prevalent in many
diseases. A substrate for PTEN is a lipid, generated
by phosphatidylinositol 3-kinase (PI3K), and is
necessary for the activation of protein kinase B
(Akt). PTEN regulates the activity of Akt via activated
phosphatidylinositol triphosphate (PIP3). Therefore, a
mutation of PTEN uncouples Akt regulation, resulting in
unchecked cell proliferation and tumorigenesis. PTEN
can dephosphorylate PIP3, reduce the concentration of
[5]
PIP3 within the cells and inhibit the activation of Akt .
Protein phosphatase activity is also closely associated
[12]
with tumors. Yu et al
reported that the induction of
apoptosis was accompanied by the inactivation of the
PI3K/Akt signaling pathway. Torkinib suppresses cell
proliferation of gastric cancer through inhibition of the
PI3K/Akt pathway.
STAT3 is an important member of signal transducers
and activators of transcription (STAT), defined as an
[13]
oncogene currently . STAT3 plays an important
role in promoting tumor cell proliferation, inhibiting
tumor cell apoptosis, and promoting tumor invasion
and metastasis as well as immune escape, and the
continuous activation of its signal transduction pathway
is closely related to the occurrence and development
[14]
of tumor .
Paeoniflorin is the main active monomer ingredient
of Paeonia lactiflora and is reported to have antiinflammatory, immunomodulatory, liver and nerve
[15-17]
protective activity
. Recent in vitro studies report
and confirm that the anti-cancer effect of paeoniflorin
[18,19]
inhibits human lung cancer cell proliferation
,
[7]
human hepatocellular carcinoma cells , colorectal
[8]
carcinoma , etc. However, the mechanisms underlying
the anti-cancer effects of paeoniflorin on gastric
cancer are still indeterminate. Therefore, we aimed
to investigate the potential anti-proliferative effects of
paeoniflorin on gastric cancer. We also explored the
associated changes in the miR-124, PI3K/Akt, STAT3
signaling axis with paeoniflorin-mediated antitumor
activity.

Key words: Gastric cancer; Paeoniflorin; MicroRNA-124;
Phosphatidylinositol 3-kinase; Akt; Signal transducer
and activator of transcription 3
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The in vitro data suggest that paeoniflorin
is a potential novel therapeutic agent against gastric
carcinoma, which inhibits cell viability and induces
apoptosis through the up-regulation of microRNA-124
and suppression of phosphatidylinositol 3-kinase/Akt
signaling.
Zheng YB, Xiao GC, Tong SL, Ding Y, Wang QS, Li SB,
Hao ZN. Paeoniflorin inhibits human gastric carcinoma cell
proliferation through up-regulation of microRNA-124 and
suppression of PI3K/Akt and STAT3 signaling. World J
Gastroenterol 2015; 21(23): 7197-7207 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i23/7197.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i23.7197

INTRODUCTION
Gastric cancer is one of the most common malignant
tumors in China. According to the International Agency
for Research on Cancer, there were approximately
989000 new cases of gastric cancer worldwide in
2008. Of this population, the number of new cases
in China was 463000, accounting for 46.8% of the
[1,2]
global incidence of gastric cancer . Similarly, the
number of deaths due to gastric cancer worldwide was
approximately 737000. China accounted for 47.8%
of global gastric cancer deaths. Gastric cancer ranked
third in cancer deaths, after lung cancer and liver
cancer, in 2004-2005. Despite this, the mortality of
gastric cancer appears to be declining from its leading
position as the number one cause of cancer deaths in
[3,4]
China in 1973-1975 and 1990-1992 .
Micro-RNA is a small non-coding sequence of
RNA that may function as an oncogene or tumorsuppressor gene, as well as regulating cell proliferation,
[5]
apoptosis and differentiation . Micro-RNA may also
play an important role within tumorigenesis and
[6,7]
development
. Studies show that expression of
microRNA-124 (miR-124) is down-regulated in liver
[8,9]
and cervical cancer . In gastric cancer, the expression
of miR-124 is down-regulated and is associated with
the clinical disease stage, the degree of differentiation
and lymph node metastasis. MiR-124 can also inhibit
the cell growth and invasion of medulloblastoma cells

WJG|www.wjgnet.com

MATERIALS AND METHODS
Materials

Paeoniflorin (Sigma, with a purity > 97%) was dis
solved in physiological saline according to the manu
facturer’s instructions and the chemical structure of
it is indicated in Figure 1. Dulbecco’s modified Eagle’
s medium (DMEM) and fetal bovine serum (FBS)
was from Gibco (Grand Island, NY, United States).
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was purchased from Sigma (Japan).
The Annexin V fluorescein isothiocyanate (FITC)propidium iodide (PI) apoptosis kit and Bicinchoninic Acid
(BCA) Protein Assay kit were purchased from Sangon
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according to the manufacturer’s instructions (Sangon
Biotech, Shanghai, China). The cells were treated with
5 μL VFITC and incubated for 30 min in darkness; 10
μL PI was added to the cells in darkness. The stained
cells were immediately detected using FACSCalibur
flow cytometry (BD Biosciences, San Jose, CA) and
analyzed with Cell-Quest software.

OH
HO

OH

O
H
O

O

HO
O

O

O

OH

CH3

DAPI staining assay

H

MGC-803 cells (1 × 105 cells per well) were seeded in
6-well plates. MGC-803 cells were washed twice with
PBS. Then, 0.5 mL (4%) paraformaldehyde was added
to each well and incubated for 30 min at 4 ℃. MGC-803
cells were washed twice with PBS, sodium citrate
(0.1%) containing 0.1% Triton X-100 was added and
they were incubated for 5 min at 4 ℃. Then, DAPI was
added to each well and incubated for 20 min at 4 ℃ in
the dark. Apoptotic cells were excitated by ultraviolet
light. MGC-803 cells were observed and photographed
under florescence microscopy at 340 nm.

Figure 1 The chemical structure of paeoniflorin.

Biotech (Shanghai, China). Caspase-3 colorimetric assay
kit and a Nuclear and Cytoplasmic Protein Extraction
Kit were purchased from Beyotime (Nanjing, China).
Trizol was purchase from Tiangen (Beijing, China). High
Capacity cDNA Reverse Transcription kit and ABI 7500
were purchased from TAKARA (Japan).

Cell culture

Human gastric carcinoma MGC-803 cells and human
normal gastric mucosa GES-1 cell lines were obtained
from Academy of Military Medical Sciences (Beijing,
China) and cultured in DMEM supplemented with
10% FBS with 100 U/mL penicillin and 100 mg/mL
streptomycin under a humidified atmosphere of 5%
CO2 and 95% air at 37 ℃. MGC-803 cells were treated
with paeoniflorin in complete DMEM medium.

Caspase-3 activity assay

MGC-803 cells (5000 cells per well) were seeded in
96-well plates. The activity of caspase-3 was analyzed
using the caspase-3 colorimetric assay kit (Beyotime,
Nanjing, China) according to the manufacturer’s
instructions, after treatment with paeoniflorin (0,
5, 10 and 20 μmol/L) for 48 h. Cells were collected
and washed twice with ice-cold PBS. Then, cells (1 ×
5
10 cells/50 mL) were resuspended with BD Cytofix/
Cytoperm solution. Next, cells were incubated for 30
min on ice and then washed twice using Perm/Wash
buffer at room temperature. The resuspended cells (1
6
× 10 cells/20 mL) were incubated for 30-60 min at
room temperature. Finally, each test was washed with
1.0 mL Perm/Wash buffer and then resuspended with
0.5 mL Perm/Wash buffer. The caspase-3 activity was
analyzed at the wavelength of 405 nm.

Cell proliferation assay

MGC-803 cells (5000 cells per well) and GES-1 cells
(5000 cells per well) were seeded in 96-well plates.
Cell proliferation of MGC-803 cells and GES-1 cells was
analyzed using an MTT (Sigma, Japan) assay after
treatment with paeoniflorin (0, 5, 10 and 20 μmol/L)
for 0, 24, 48 and 72 h. Then, 10 μL MTT (5 mg/mL)
was added into every well and incubated for 4 h under
a humidified atmosphere of 5% CO2 and 95% air
at 37 ℃. Afterwards, 150 μL dimethyl sulfoxide was
added to each well and shaken for 10-20 min in a table
concentrator. The absorbance was determined with an
ELISA reader at 450 nm.

Real-time quantitative PCR for miR-124

MGC-803 cells (5000 cells per well) were seeded in
96-well plates. Cytotoxic effects on MGC-803 cells were
measured using an LDH assay after treatment with
paeoniflorin (0, 5, 10 and 20 μmol/L) for 0, 24, 48 and
72 h. Then, 100 μL LDH solution was added to each
well and incubated for 30 min at room temperature.
The absorbance was read at 490 nm using a multiwell
spectrophotometer (BioTek, XL-828, United States).

Total RNA was extracted from MGC-803 cells using
Trizol (Tiangen, Beijing, China). MiR-124 analysis was
performed using the High Capacity cDNA Reverse
Transcription kit (TAKARA, Japan) with the ABI 7500
(TAKARA, Japan) quantitative PCR system according to
the manufacturer’s instructions. All primers used were
purchased from Sangon Biotech (Shanghai, China).
Primer sequences were as follows: miR-124 forward,
5′-GCGGCCGTGTTCACAGCGGACC-3′ and miR-124
reverse, 5′-GTGCAGGGTCCGAGGT-3′; U6 forward,
5’-CGCTTCGGCAGCA CATATACTA-3’ and U6 reverse,
5’-CGCTTCACGAATTTGCGTGTCA.

Flow cytometry analysis of cell apoptosis

Western blot analysis for PI3K, Akt and STAT3

Lactate dehydrogenase assay

5

5

MGC-803 cells (1 × 10 cells per well) were seeded
in 6-well plates. The expressions of PI3K and Akt
protein were detected using Western blot assay after
treatment with paeoniflorin (0, 5, 10 and 20 μmol/L)
for 48 h. Cells were collected and washed twice with

MGC-803 cells (1 × 10 cells per well) were seeded
in 6-well plates. Cell apoptosis was detected using
an Annexin V FITC-PI kit assay after treatment with
paeoniflorin (0, 5, 10 and 20 μmol/L) for 48 h. The
cells were collected and washed twice with PBS

WJG|www.wjgnet.com

7199

June 21, 2015|Volume 21|Issue 23|

Zheng YB et al . Paeoniflrin, human gastric carcinom a cell

A

25

1.2

20

0.8
0.6
0 mmol/L
5 mmol/L
10 mmol/L
20 mmol/L

0.4
0.2
0.0

B

Cell cytotoxic (%)

Cell proliferation (%control)

1.0

10

5

0
0

24

t /h

48

72

0

5
10
Paeoniflorin (mmol/L)

20

Figure 3 Paeoniflorin increases cell cytotoxicity.
1.2
1.0

Cell proliferation (%control)

15

designed and structured by Gene Pharma (Shanghai,
5
China). MGC-803 cells (1 × 10 cells per well) were
seeded in 6-well plates. When the MGC-803 cells
reached 70%-80% confluence, miR-124 and antimiR124 plasmids were transfected into cells using
lipofectamine 2000 (Invitrogen, United States) according
to the manufacturer’s protocol. After 6 h, culture
medium was removed, complete medium was changed
and cells were cultured under a humidified atmosphere
of 5% CO2 and 95% air at 37 ℃.

b

0.8

a

0.6
0.4
0.2
0.0
GES-1

MGC-803

GES-1 +
Pae (20)

Statistical analysis

MGC-803 +
Pae (20)

The data were analyzed statistically using SPSS
software 17 and shown as mean ± SD. Analysis
was performed using one-way ANOVA followed by
Dunnett’s post-hoc test. A P ≤ 0.05 was considered
indicative of statistical significance.

Figure 2 Paeoniflorin inhibits cell proliferation. Paeoniflorin inhibits cell
proliferation of MGC-803 cells after treatment with paeoniflorin (20 μmol/L) for
72 h (A) and cell proliferation of GES-1 after treatment with paeoniflorin (20
a
μmol/L) for 48 h (B). P < 0.01 vs 0 μmol/L paeoniflorin treatment group.

RESULTS

ice-cold PBS. In accordance with the protocol described
by the manufacturer (Beyotime, Haimen, China),
cells were lysed using a Nuclear and Cytoplasmic
Protein Extraction Kit. Smudge cells were centrifuged
at 15000 × g for 10 min at 4 ℃. Then, protein
concentrations were determined with the Bicinchoninic
Acid (BCA) Protein Assay kit (Sangon Biotech, Shanghai,
China). Protein samples were analyzed with SDSpolyacrylamide gel electrophoresis (PAGE) and then
transferred to PVDF membrane (Millipore, Bedford,
MA). After blocking with 5% (v/v) nonfat milk for 2
h in TBST buffer, membranes were incubated with
anti-PI3K, anti-phospho-Akt (p-Akt), anti-Akt, antiSTAT3, anti-phospho-STAT3 (p-STAT3) and anti-βactin from Abcam (Boster Biological, Wuhan, China)
overnight at 4 ℃. Then, membranes were incubated
with the peroxidase-linked secondary antibodies for 2
h at room temperature. Proteins were developed using
the enhanced chemiluminescence detection system
(Amersham Biosciences, Piscataway, NJ, United States).

Paeoniflorin inhibits cell proliferation

Cell viability was evaluated using MTT assays. Figure
2A shows a dose- and time-dependent decrease in cell
viability; paeoniflorin (20 μmol/L) could observably
reduce cell viability for 48 and 72 h, and paeoniflorin
(10 μmol/L) could also effectively reduce cell viability
for 72 h. Hence, 20 μmol/L was determined as
the optimal dose for the effect of paeoniflorin on
MGC-803 cells. Then, we checked whether the effect
of paeoniflorin (20 μmol/L) influenced normal gastric
mucosa cell lines (GES-1). Figure 2B shows that
cell proliferation of GES-1 was increased after the
treatment with paeoniflorin (20 μmol/L) for 48 h,
compared to the MGC-803 cells + paeoniflorin (20
μmol/L) group.

Paeoniflorin increases cell cytotoxicity

Cytotoxicity of MGC-803 cells was measured using an
LDH assay. Figure 3 shows that paeoniflorin increased
cell cytotoxicity in a dose-dependent manner. There is
significantly elevated cell cytotoxicity after the treatment
with paeoniflorin (20 μmol/L) for 48 h (Figure 3).

MiR-124 and anti-miR124 plasmid transfection

MiR-124, anti-miR124 and STAT3 plasmids were

WJG|www.wjgnet.com

7200

June 21, 2015|Volume 21|Issue 23|

Zheng YB et al . Paeoniflrin, human gastric carcinom a cell
0 Paeoniflorin (mmol/L)

5 Paeoniflorin (mmol/L)
4

10

Q1

Q2

2.10%

4.03%

3

PI-A

PI-A

2

1

6.14%

Q3

90.0%

3.32%

2

10

0

10

1

10

2

3

10
10
FITC-A

0

4

10

10

Q2

0.658%

5.03%

3

Q3

65.2%

6.45%

2

10

0

10

1

10

2

3

10
10
FITC-A

0

4

10

10

Q2

2.02%

6.41%

Q4

Q3

3

2

10

1

10
Q4

Q1

10

1

10
Q4

20 Paeoniflorin (mmol/L)
4

10

Q1

10

1

10

B

2.10%

10

10

0

Q2

3

10

10

10 Paeoniflorin (mmol/L)
4

10

Q1

PI-A

4

10

PI-A

A

10
Q4

Q3

64.1%

10.2%

0

10

1

10

2

3

10
10
FITC-A

0

4

10

10

72.5%
0

10

16.4%
1

10

2

3

10
10
FITC-A

4

10

30
a

FCM of apotoxin (%)

25
20
15
10
5
0

C

0

5
10
Paeoniflorin (mmol/L)

0 Paeoniflorin (mmol/L)

20

5 Paeoniflorin (mmol/L)

10 Paeoniflorin (mmol/L)

20 Paeoniflorin (mmol/L)

Figure 4 Paeoniflorin promotes apoptosis. Flow-cytometric analysis for detecting cellular apoptosis (A), statistical analysis of cellular apoptosis level (B) and DAPI
staining for detecting cellular apoptosis (C). aP < 0.01 vs 0 μmol/L paeoniflorin treatment group.

Paeoniflorin promotes apoptosis

dependent. The 20 μmol/L dose of paeoniflorin
could effectively increase the activity of caspase-3 in
MGC-803 cells (Figure 5).

To investigate whether paeoniflorin can induce apoptosis,
MGC-803 cells were incubated with paeoniflorin (10
and 20 μmol/L) for 48 h. Cells were then stained with
Annexin VFITC/PI, and the apoptosis of MGC-803
cells was determined with flow cytometry. Figure 4A
and B show a significant increase in the apoptosis
rate when the MGC-803 cells were exposed to 20
μmol/L paeoniflorin for 48 h. Moreover, the results of
DAPI staining show that different concentrations of
paeoniflorin (5, 10 and 20 μmol/L) markedly increased
the apoptosis of MGC-803 cells (Figure 4C).

Paeoniflorin activates the expression of miR-124

To determine whether paeoniflorin activates the expre
ssion of miR-124 in MGC-803 cells, the miR-124
expression was detected by qPCR. Figure 5 shows
treatment with paeoniflorin (5, 10 and 20 μmol/L)
resulted in a dose-dependent increase of the miR-124
expression (Figure 6). Moreover, the levels of miR-124
were significantly increased in the paeoniflorin (20
μmol/L)-treated cells for 48 h.

Paeoniflorin induces caspase-3 activity

Paeoniflorin attenuates the expression of PI3K/Akt

To further research whether paeoniflorin induces
caspase-3 activity, MGC-803 cells were incubated
with paeoniflorin (10 and 20 μmol/L) for 48 h.
When the MGC-803 cells were treated with different
concentrations of paeoniflorin (5, 10 and 20 μmol/L),
the caspase-3 activity of MGC-803 cells was dose-

WJG|www.wjgnet.com

To clarify the anticancer mechanisms of paeoniflorin
on MGC-803 cells, we examined the expression levels
of PI3K, p-Akt and Akt in MGC-803 cells. Figures 7A
and 7B show treatment of MGC-803 cells with different
concentrations of paeoniflorin (5, 10 and 20 μmol/L)
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Figure 5 Paeoniflorin induces caspase-3 activity. aP < 0.01 vs 0 μmol/L
paeoniflorin treatment group.

Figure 6 Paeoniflorin activates the expression of microRNA-124. aP < 0.01
vs 0 μmol/L paeoniflorin treatment group.
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Figure 7 Paeoniflorin attenuates the expression of PI3K/Akt. Indicated representative western blotting analysis of PI3K, p-Akt and Akt protein levels (A) and
statistical analysis of PI3K, p-Akt and Akt protein level (B-D). aP < 0.01 vs control treatment group.

for 48 h induced a decrease in the expressions of PI3K,
p-Akt and Akt proteins. Indeed, paeoniflorin (20 μmol/
L) could observably lessen the expression of PI3K, p-Akt
and Akt in MGC-803 cells (Figures 7A and 7B).

levels were checked in MGC-803 cells. Figures 8A and
8B show that p-STAT3 protein expression levels were
reduced by paeoniflorin administration (Figures 8A and
8B).

Paeoniflorin attenuates the expression of STAT3

PI3K agonist inhibits the effect of paeoniflorin on cell
proliferation

To explore the anticancer mechanisms of paeoniflorin on
MGC-803 cells, p-STAT3 and STAT3 protein expression
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To further research whether a PI3K agonist inhibits
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Figure 8 Paeoniflorin attenuates the expression of STAT3. Indicated representative western blotting analysis of p-STAT3 protein levels (A) and statistical analysis
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Figure 9 PI3K agonist inhibits the effect of paeoniflorin on cell proliferation. Indicated representative western blotting analysis of PI3K, p-Akt and Akt protein
levels (A) and paeoniflorin inhibits cell proliferation (B). aP < 0.01 compared with control treatment group, bP > 0.05 vs control treatment group.

the effect of paeoniflorin on cell proliferation, the
expression of PI3K/Akt and the cell proliferation of
MGC-803 cells were detected. First, after treatment
with paeoniflorin (20 μmol/L) for 72 h, the expressions
of PI3K, p-Akt and Akt proteins in MGC-803 cells were
measured. We observed that the expressions of PI3K,
p-Akt and Akt proteins in the paeoniflorin treatment
group were remarkably increased (Figure 9A). However,
a PI3K agonist (IGF-1, 1 μg/10 μL) inhibited the effect
of paeoniflorin on the PI3K, p-Akt and Akt protein
expressions in MGC-803 cells (Figure 9A). Meanwhile,
IGF-1 reversed the effect of paeoniflorin on the cell
proliferation of MGC-803 cells (Figure 9B).

(Figure 10B).

Overexpression of miR-124 and the expression of PI3K/
Akt and p-STAT3

To determine whether miR-124 is a crucial transcription
factor for regulating the expression of PI3K, p-Akt,
Akt and p-STAT3, a miR-124 plasmid was transfected
into MGC-803 cells. Figure 11A shows that the miR-124
plasmid could effectively augment the level of expression
of miR-124 in MGC-803 cells. Meanwhile, overexpression
of miR-124 could also control the PI3K, p-Akt, Akt (Figure
11B), p-STAT3 protein expression levels (Figure 11C) in
MGC-803 cells.

Anti-miR-124 and the effect of paeoniflorin

Overexpression of STAT3 inhibits the effect of
paeoniflorin on cell proliferation

To further investigate the correlations of miR-124
expression level with the effect of paeoniflorin,
paeoniflorin (20 μmol/L) treatment of MGC-803 cells
was performed for 72 h. Our results showed that
transfection of anti-miR-124 plasmids into MGC-803
cells significantly reduced the expression of miR-124
(Figure 12A). Meanwhile, anti-miR-124 plasmids could
significantly reduce the effect of paeoniflorin on cell

To further detect whether overexpression of STAT3
inhibits the effect of paeoniflorin on cell proliferation,
p-STAT3 protein expression levels and the proliferation
of MGC-803 cells were ascertained. p-STAT3 protein
expression levels were markedly boosted (Figure 10A).
Overexpression of STAT3 definitely reversed the effect
of paeoniflorin on the proliferation of MGC-803 cells
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proliferation (Figure 12B) and the apoptotic effect on
MGC-803 cells (Figure 12C). Meanwhile, anti-miR-124
plasmids could promote the levels of PI3K, p-Akt, Akt
and p-STAT3 in MGC-803 cells (Figure 12D).

cell proliferation, increased cell cytotoxicity, induced
apoptosis and accelerated the activity of caspase-3 in
[23]
MGC-803 cells. Wang et al reported that paeoniflorin
significantly ameliorated glutamate-induced reduction
of cell viability, and facilitated apoptotic alteration
in PC12 cells. Paeoniflorin was also found to have a
pro-apoptotic and anti-proliferative effect in human
colorectal carcinoma HT-29 cells, as shown by the
activation of caspase-3 and caspase-9 in vitro and in
[8]
vivo .
Oncogenic microRNA promotes cell proliferation,
inhibits apoptosis, inhibits immune cell development
and regulates the cell cycle. Conversely, tumor
suppressive microRNA inhibits cell growth and
[24]
promotes apoptosis . Several microRNA genes are
reported to show oncogenic or tumor suppressive
activity related to tumor development. Studies show
highly-expressed miR-124 influences the proliferation
[25]
of MKN-45 cells . The results show that the invasion
speed of MKN-45 cells, transfected with miR-124,
declines significantly after 24 h compared with that of
scramble sequence control. This indicates that miR-124
can inhibit the invasion of gastric cancer cell motility,
which may play an important role in the gastric

DISCUSSION
Age-specific incidence and mortality curves show that
gastric cancer is an important malignant tumor in
the elderly population, and the regional differences
of morbidity and mortality indicate in China that
pathogenic factors and susceptibility to gastric cancer
[20]
are varied . The incidence of gastric cancer in urban
areas of China showed no clear upward trend in
2009, while in rural areas, incidence of gastric cancer
[21]
seemed to increase with time . However, the change
in the standardized rate has stabilized; change in
mortality of gastric cancer is similar to the incidence in
the same period. Our most significant finding was that
paeoniflorin could markedly inhibit the cell viability of
[22]
MGC-803 gastric carcinoma cells . Other studies have
shown paeoniflorin could attenuate the viability, and
increase apoptosis induced by Aβ25-35 in SH-SY5Y
cells. In this study, paeoniflorin effectively suppressed
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Figure 12 Anti-microRNA-124 and the effect of paeoniflorin. Anti-microRNA (miR)-124 can reverse the effect of paeoniflorin on the expression of miR-124
in MGC-803 cells (A); After treatment with paeoniflorin (20 μmol/L) for 72 h, anti-miR-124 significantly promoted the cell proliferation of MGC-803 cells (B); After
treatment with paeoniflorin (20 μmol/L) for 72 h, anti-miR-124 markedly inhibited cell apoptosis of MGC-803 cells (C); The anti-miR-124 significantly increased
the expressions of PI3K, p-Akt, Akt and p-STAT3 protein in MGC-803 cells after paeoniflorin (20 μmol/L) treatment at 72 h (D). aP < 0.01 vs 0 μmol/L paeoniflorin
treatment group and cP < 0.01 vs paeoniflorin-treated group transfected with negative control.
[26]

tumorigenesis and development . In our study,
paeoniflorin treatment could significantly increase the
levels of miR-124 in MGC-803 gastric carcinoma cells.
The variance of expression of PI3K and Akt was
not statistically significant in cancer-adjacent tissues
and normal gastric mucosa. This indicates that the
appearance of PI3K and Akt in gastric cancer may be
[27]
a late molecular event . Mammary epithelial cells
from mice inhibit AKT1 expression, delay epithelial cell
differentiation and accelerate apoptosis and recovery
of cells during pregnancy, lactation and recovery
periods. The inhibition of AKT2 results in the opposite
effect, suggesting that different subtypes of AKT have
[28,29]
different functions
.
Our results suggest that paeoniflorin could markedly
inhibit the expression of PI3K, Akt and phospho-Akt in
[30]
MGC-803 gastric carcinoma cells. Xu et al
reported
that paeoniflorin attenuates lipopolysaccharideinduced permeability of endothelial cells through the
suppression of the phosphorylation of PI3K/Akt. Wu
[31]
et al
demonstrated that paeoniflorin-mediated
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neural stem/progenitor cell protection from hydrogen
peroxide injury is dependent on the activation of the
PI3K/Akt-1 pathway. In our study, we found that
miR-124 regulates and controls the expression of PI3K,
Akt and phospho-Akt in MGC-803 cells.
STAT3 regulates target gene expression downstream
to accelerate tumor cell proliferation, prevent apoptosis
and promote tumor angiogenesis. In vivo blocking
or inhibiting the STAT3 signaling pathway of certain
tumor cells can inhibit cell proliferation and survival,
[32]
and induce apoptosis . Therefore, the application of
negative regulatory proteins to interfere with the STAT3
signaling pathway has become an important strategy
for cancer intervention, and STAT3 is considered to
be a new target for cancer therapy. Results of study
show that the expression of STAT3 protein in gastric
carcinoma tissues is significantly higher than that
in normal gastric tissues, and its expression is not
associated with patient gender and tissue type, but
only with lymph node metastasis, differentiation
[33]
degree and clinical stage . The activation of the
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STAT3 signaling pathway promotes cell proliferation
and inhibits apoptosis, and this relationship may
lead to malignant cell transformation and abnormal
proliferation, thus promoting the occurrence and
[34]
development of gastric cancer . In this study, the
results show for the first time that paeoniflorin can
suppress p-STAT3 protein expression in MGC-803 cells.
Meanwhile, we found that overexpression of STAT3
inhibited the effect of paeoniflorin on proliferation of
MGC-803 cells. Recent studies show that miR-124
functions as a tumor suppressor of p-STAT3 in the
[35]
human endometrial carcinoma cell line HEC-1B
and
[36]
colorectal cancer .
In summary, this study demonstrates that paeo
niflorin possesses antitumor activity in gastric cancer
cells by inhibiting cell proliferation and stimulating
apoptosis via the up-regulation of miR-124 and
suppression of PI3K/Akt signaling. Follow up studies
are required to evaluate the efficacy of this drug within
cancer-bearing animal models.
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Long noncoding RNAs in hepatitis B virus-related
hepatocellular carcinoma
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Abstract
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AIM: To study the expression of long noncoding RNAs
(lncRNAs) in hepatitis B virus (HBV)-related hepatocellular
carcinoma (HCC).
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METHODS: The lncRNA profiles between HBV-related
HCC tissues and corresponding normal liver tissues
were generated using microarray analysis. Datasets
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alterations in gene expression on the basis of gene
ontology (GO), pathway analysis, and lncRNA levels.
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[8]

“noise’’ .
lncRNAs regulate gene expression at the epigenetic,
transcriptional, and post-transcriptional levels, and are
involved in many biologic functions, including genomic
imprinting, chromosome dosage-compensation,
X-chromosome silencing, chromosome modification,
intranuclear transport, transcriptional activation, and
[9]
interference . lncRNAs are abnormally expressed in
[10,11]
cancer cells
, and several lncRNAs play important
roles in carcinogenesis. However, only a small fraction
of lncRNAs is currently well understood.
The molecular mechanisms underlying HBV-related
HCC are not clear, and the contributions of lncRNAs in
HCC have only been gradually elucidated, including of
HEIH, which is an lncRNA that is highly and specifically
[1]
expressed in HCC tissues . The downregulated
[12]
lncRNA GAS5 is associated with HCC prognosis .
The lncRNA ATB, a highly expressed gene in HCC,
participates in the epithelial-mesenchymal transition
induced in HCC metastases and is associated with poor
prognosis. However, the important roles of lncRNAs in
HCC have yet to be elucidated. In the present study,
lncRNA microarrays were used to detect differentially
expressed lncRNAs between HBV-related HCC tissues
and nontumor tissues. In addition, gene ontology (GO)
analysis, pathway analysis, and an lncRNA-mRNA
network were used to predict the functions of these
abnormally expressed lncRNAs in HCC.

Core tip: This manuscript examines the differential
expression of long noncoding RNAs in hepatitis B virusrelated hepatocellular carcinoma using gene ontology and
pathway analyses, and constructing a long noncoding
RNA-mRNA network to research the data. Furthermore,
RNA immunoprecipitation revealed that the large
intergenic noncoding RNA ULK4P2 physically combined
with enhancer of zeste homolog 2 (EZH2). EZH2 plays
an important role in many cancer types and is critical for
cancer cell proliferation, survival, and metastasis, and
drug resistance. The combination of ULK4P2 and EZH2
provides a novel avenue for further study of ULK4P2 in
hepatitis B virus-related hepatocellular carcinoma.
Yu TT, Xu XM, Hu Y, Deng JJ, Ge W, Han NN, Zhang MX.
Long noncoding RNAs in hepatitis B virus-related hepatocellular
carcinoma. World J Gastroenterol 2015; 21(23): 7208-7217
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i23/7208.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i23.7208

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common human
[1]
cancer in many countries, especially China . The
mortality rate of HCC is third among cancer-related
[2]
deaths , and hepatitis B virus (HBV) infection is
associated with almost half of all HCC cases. A striking
similarity exists between the geographic distribution
[3]
of the rates of chronic HBV infection and HCC .
However, the mechanism of HBV in HCC has not yet
been clarified, and the five-year survival rates of HCC
patients remain poor. Therefore, understanding the
underlying mechanism of HBV in HCC is crucial to
provide accurate information for the early screening,
clinical diagnosis, targeted molecular therapy, and
prognosis of patients.
Although a significant portion of the human genome
is transcribed, protein-coding genes account for only
[4]
2% of the genomic sequence . In recent years, the
nonprotein-coding portion of the genome has become
important in the basic biology and major pathologies
[5]
of cancer . Noncoding RNAs include microRNAs and
long noncoding (lnc)RNAs; the microRNAs has been
well studied and are related to cell differentiation and
[6]
cancers in recent publications . With the development
of lncRNA microarrays, high-throughput sequencing,
and bioinformatics, an increasing number of lncRNAs
have been discovered and have attracted considerable
attention in medical molecular biology. lncRNAs are
a class of noncoding RNA transcripts longer than 200
nucleotides, with no or little protein-coding capacity.
Recent studies have shown that more genomic
sequences have been transcribed into lncRNAs than
[7]
protein-coding RNAs . Although lncRNAs are among
the least well understood of the noncoding RNAs, they
cannot be completely dismissed as mere transcriptional

WJG|www.wjgnet.com

MATERIALS AND METHODS
Preparation of HCC tissues

Tissue samples from five HBV-related HCC patients
were used for the microarray analysis, and tissue
samples from 14 HCC patients who had hepatectomy
in the Renmin Hospital of Wuhan University between
May 2013 and May 2014 were used for data validation.
After removal from the body, the tissues were snap
frozen in liquid nitrogen within 30 min and then
stored at -80 ℃ until use. All patients provided written
informed consent. The study was approved by the
Human Research Ethics Committee of Renmin Hospital
of Wuhan University. Table S1 lists the characteristics
of the patients.

RNA extraction

To extract RNA, frozen tissues were ground into
powder with TRIzol reagent (Invitrogen of Thermo
Fisher Scientific, Waltham, MA, United States). RNA
purification was performed with an RNA-containing
aqueous phase using the RNeasy minikit (Qiagen,
Venlo, Limburg, Netherlands). Quantification and
quality evaluation were performed using a Nanodrop
and Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, United States), respectively.

Arraystar human lncRNA Microarray V3.0

Arraystar Human LncRNA Microarray V3.0 (Arraystar,
Rockville, MD), an updated version of Microarray V2.0,
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was designed for the global profiling of human lncRNAs
and protein-coding transcripts. Approximately 30586
lncRNAs and 26109 coding transcripts can be detected
by the third-generation lncRNA microarray. lncRNAs
were carefully constructed using well-respected public
transcriptome databases (Refseq, UCSC Known Genes,
and Genecode) and landmark publications. Each
transcript was represented by a specific exon or splice
junction probe that can accurately identify individual
transcripts. Positive probes for housekeeping genes
and negative probes were also printed onto the array
for hybridization quality control. Data were extracted
and normalized using GeneSpring GX v11.5.1 software
(Agilent Technologies). Differentially expressed lncRNAs
with statistical significance were identified through
Volcano Plot filtering and hierarchical clustering.
Differentially expressed genes were identified through
the random variance model, and P values were
calculated using the paired t-test. The significance
thresholds set for the up- and downregulated genes
were fold change ≥ 2.0 and P ≤ 0.05.

formed using a Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore Corp, Billerica,
MA, United States) according to the manufacturer’s
instructions using enhancer of zeste homolog 2 (EZH2)
antibodies (Cell Signaling Technology Inc., Danvers,
MA, United States). The coprecipitated RNAs were
detected via qRT-PCR. RIP assays were performed in
biologic triplicates.

Statistical analysis

All statistical data were analyzed using SPSS 17.0
software (SPSS Inc., Chicago, IL, United States).
Differences in lncRNA expression between the tumor
and corresponding non-tumor tissues were analyzed
using Student’s t-tests. Statistical significance was
considered at p < 0.05.

RESULTS
Different expression profiles of lncRNAs and mRNAs in
HBV-related HCC and corresponding non-tumor tissues

An lncRNA-mRNA network was developed to identify the
[13]
interactions between mRNA and lncRNA . The network
was built according to the normalized signal intensities
of specific expression levels of genes and lncRNAs (for
each gene-lncRNA, gene-gene, or lncRNA-lncRNA pair).
Pearson’s correlation was calculated and significantly
correlated pairs were used to construct the network.

Five HBV-related patients (HBV surface antigen-positive)
were selected to visualize the differentially expressed
lncRNAs and mRNAs. Volcano plot analysis was used
to directly detect lncRNAs and mRNAs abnormally
expressed between the HCC tissues and corresponding
non-tumor tissues (Figure 1). Hierarchical clustering
is a simple and commonly used clustering technique
to analyze gene expression data. Figure 2 shows the
differentially expressed lncRNAs and mRNAs. Data
analysis revealed 1772 differently expressed lncRNAs
(Table S3) and 2508 differentially expressed mRNAs
(Table S4) in HCC tissues compared with corresponding
normal tissues. Of the 1772 differentially expressed
lncRNAs, 637 were upregulated and 1135 were
downregulated. Of the 2508 differentially expressed
mRNAs, 1194 were upregulated and 1314 mRNAs were
downregulated. The distinctively expressed lncRNAs in
HCC are listed in Table 1, several of which, particularly
MEG3 and GAS5, reportedly play roles in cancer
development.

Pathway and GO analysis

qRT-PCR validation

qRT-PCR

Total RNA was reverse transcribed using a Fermentas
RT reagent kit (Perfect Real Time; Thermo Fisher
Scientific) according to the manufacturer’s instructions.
Four distinctively upregulated lncRNAs were randomly
selected to validate their expression levels through
quantitative real-time reverse-transcription (qRT)PCR using SYBR Green assays (TaKaRa, Otsu, Shiga,
Japan). GAPDH was used as an internal control. Table
S2 shows the primer sequences.

lncRNA-mRNA network

The main functions of the differentially expressed genes
were analyzed using GO analysis, a key functional
classification of NCBI, GO can organize genes into
hierarchical categories and uncover the gene regulatory
network on the basis of biologic processes and
[14]
molecular functions .
Pathway analysis was used to determine the main
pathway of the differentially expressed genes according
to KEGG, Biocarta, and Reatome. Fisher’s exact test
2
and χ tests were used to select the main pathway,
and the significance threshold was defined with P value
[15]
and FDR .

To validate the microarray data, four upregulated
lncRNAs were randomly selected and analyzed for their
expression levels in tissue samples from 14 HBV-related
HCC patients. The corresponding non-tumor tissues were
analyzed via qRT-PCR (Figure 3), in which the obtained
results are consistent with the microarray data.

lncRNA classification and subgroup analysis

According to the relationship between lncRNAs and
their associated protein-coding genes, lncRNAs can
be classified into natural antisense, intronic antisense,
bidirectional, exon-sense overlapping, intron-sense
overlapping, and intergenic. In order to systematically
predict the function of lncRNAs, lncRNA subgroup
analyses were performed, including antisense lncRNA,

RIP assay

RNA immunoprecipitation experiments were per
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A
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Figure 1 Long noncoding RNAs and mRNA profile comparisons
between the hepatocellular carcinoma and adjacent non-tumor
tissues. Volcano plots used to distinguish the different expressed A: Long
noncoding RNAs; and B: mRNAs. The vertical green lines correspond
to 2.0-fold up- and downregulation, respectively, and the horizontal
green lines represent P = 0.05. The red points represent the differentially
expressed genes.
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Figure 2 Hierarchical clustering of long noncoding RNAs and mRNAs in hepatocellular carcinoma. Hierarchical clustering analysis of A: 1772 Long noncoding
RNAs; and B: 2508 mRNAs that were differentially expressed between hepatocellular carcinoma samples (A1-A5) and the adjacent non-tumor samples (B1-B5). The
red and the green shades indicate the expression above and below the relative expression, respectively, across all samples.

large intergenic noncoding (linc)RNA, Hox Loci lncRNA,
T-UCR, and enhancer-like lncRNAs analyses based on
those classifications. The profiles concerning enhancerlike lncRNAs (Table S5), HOX Loci lncRNAs (Table S6),
and lincRNAs were examined (Table S7).

of up- and downregulated involve the cell cycle, cell
division, immune response, and DNA replication. The
Pathway analysis showed that aberrantly genes are
involved in the cell cycle, mitogen-activated protein
kinase pathway, phosphoinositide 3-kinase-protein
kinase B signaling pathway, and cytokine-cytokine
receptor interaction.

GO and signaling pathway analyses of differentially
expressed mRNAs

lncRNA-mRNA coexpression network

Due to the lack of a comprehensive annotation
database for lncRNAs, a profile of mRNAs in HCC was
constructed to indirectly predict the function of the
lncRNAs. A total of 1270 filtered mRNAs (threefold
change) and 392 lncRNAs (fivefold change) were
included in GO and Signaling pathway analyses (Figure
4). The GO analysis showed the distinctive functions

WJG|www.wjgnet.com

Coexpression network analysis was performed
between the filtered 392 lncRNAs and the filtered
348 mRNAs with significant enrichment in GO and
Signaling pathway analyses. The network structure of
the HCC tissues and corresponding non-tumor tissues
samples was markedly different (Figure 5).
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8

lncRNA

The relative expression of IncRNA

Table 1 Partly distinctive expressed long noncoding RNAs in
hepatocellular carcinoma
Fold change Regulation RNA length Chromosome

ENST00000577848
ENST00000426413
NR_024478
uc010kwq.2
TCONS_00005259
uc002nbr.3
TCONS_00019684
NR_027133
NR_033957
MEG3

12.43885
101.25230
14.71172
12.91793
10.69086
29.97769
19.73914
12.69278
17.82503
10.96779

Up
Up
Up
Down
Down
Down
Down
Down
Down
Down

1455
1577
2282
4744
3742
1413
1147
2597
2877
1351

18
7
6
7
2
19
11
15
10
14

ca
p

6
5
4

P < 0.01
P < 0.05

3

P < 0.01

2
1
0

GAS5

uc003ycp.3

LOC344887

ULK4P2

Figure 3 Quantitative real-time reverse-transcription PCR. Long noncoding
(lnc)RNAs GAS5, uc003ycp.3, uc004bdv.3, and ULK4P2 were differentially
expressed between hepatitis B virus-related hepatocellular carcinoma tissues
(ca) and the paired non-tumor samples (p).

lncRNA: Long noncoding RNA.

RIP assay

EZH2 is a component of the polycomb repressive
complex 2 (PRC2). EZH2 has been reported in
[16]
numerous cancers, including HCC . It is reported
that 20% lincRNAs can combine with EZH2, including
[17,18]
HOTAIR, HEIH, and H19
which may regulate gene
expression in cancers. Thus, we hypothesized that
EZH2 may also have some relationship with lincRNAs
that are differentially expressed in HBV-related HCC.
Significantly expressed lincRNAs were selected to
validate their combination with EZH2 using a RIP
assay. The data showed that ULK4P2 is physically
combined with EZH2 (Figure 5). Next, a ULK4P3mRNA subnetwork was constructed to characterize
the role of ULK4P2 (Figure 6). In the coexpression
network, ULK4P2 is connected to six lncRNAs and nine
mRNAs that are enriched for gene products involved in
tumor cell proliferation and metastasis.

Each transcript is represented by a specific exon or
splice junction probe that can accurately identify an
individual transcript. Positive probes for housekeeping
genes and negative probes are also printed onto
the array for hybridization quality control. Data was
extracted and normalized using the GeneSpring GX
v11.5.1 software package (Agilent Technologies) to
guarantee the accuracy, which showed that there are
637 upregulated lncRNAs and 1135 downregulated.
Four distinctively expressed lncRNAs were randomly
selected from the microarray data to validate their
reliability in 14 HBV-related HCC samples; the result
is consistent with microarray data. Meanwhile, the
differentially expressed mRNAs were also examined.
Recently, some classes of lncRNAs, such as
lincRNAs and HOX lncRNAs, have been identified with
[20]
specific functions in human cells . Thus the data are
displayed as three clusters of lncRNAs.
lncRNAs with enhancer-like function were identified
using GENCODE annotation of the human genes.
Profiling data of all probes for lncRNAs with enhancerlike function revealed that many enhancer-like RNAs
were bidirectional, lacked a polyA tail, and had very
[21]
low copy numbers . Depletion of this type of lncRNA
leads to decreased expression of their neighboring
protein-coding genes, as enhancer-like lncRNAs can
combine with enhancer-binding proteins to regulate
gene activation. Furthermore, detailed functional
analysis of noncoding RNA adjacent to the Snai1 locus,
the master regulator of hematopoiesis, using reporter
assays demonstrated a role for this noncoding RNA in
[22]
an RNA-dependent potentiation of gene expression .
These studies suggest a role of enhancer-like lncRNAs
in positive regulation of protein-coding genes.
lincRNAs are another class of newly discovered
lncRNAs with dysregulated expression in many tumors.
lincRNAs have been involved in diverse biologic
processes, including cell-cycle regulation, immune
[23]
surveillance, and embryonic stem cells , but their
mechanism is elusive. The results of this study show
aberrant expression of 374 lincRNAs, which are nearby

DISCUSSION
Recently, studies have shown that more genomic
sequences are transcribed into lncRNAs than proteincoding RNAs, and lncRNAs are being characterized
at a rapid pace. With an increase in the number of
well-characterized cancer-associated lncRNAs, the
study of lncRNAs in cancer is now generating new
hypotheses about the biology of cancer cells. For
HCC, deregulated expression of both protein-coding
genes and microRNAs has been suggested to have
considerable potential for predicting the prognosis of
[19]
HCC patients . However, the research concerning
lncRNAs in HBV-related HCC is still in a preliminary
stage.
In this study, the aberrant lncRNAs in five HBVrelated HCC and corresponding non-tumor tissues
were screened using lncRNA microarray V3.0, which is
designed for the global profiling of human lncRNAs and
protein-coding transcripts, and it is updated from the
previous Microarray V2.0. The lncRNAs are carefully
constructed using the most highly respected public
transcriptome databases (Refseq, UCSC knowngenes,
Genecode, etc.), as well as landmark publications.
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Figure 4 Gene ontology and pathway analyses. A total of 1270 differentially expressed mRNAs were chosen with a fold change > 3; the column graphs represent
the enrichment of these mRNAs. The (-lgP) value is a positive correlation with gene ontology (GO) (A); Signaling pathway enrichment for upregulated mRNAs (B); GO
(C); Signaling pathway enrichment for downregulated mRNAs (D). The (-lgP) values above five are presented.

June 21, 2015|Volume 21|Issue 23|

Yu TT et al . Long noncoding RNAs in HBV-related HCC

A

B

Figure 5 Long noncoding RNA-mRNA coexpression network. A: The long noncoding (lnc)RNA-mRNA network containing the 349 filtered mRNAs and 392 filtered
aberrant expressed lncRNAs in HCC tissues; B: The lncRNA-mRNA network containing the 349 filtered mRNAs and 392 filtered aberrant expressed lncRNAs in
paired non-tumor tissues. Upregulated RNAs are shown in red, and downregulated RNAs are presented in blue. Nodes without a ring represent mRNAs, nodes with a
ring represent lncRNAs, and node size represents the degree of centrality.
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Figure 6 Large intergenic noncoding RNA ULK4P2 combines with enhancer of zeste homolog 2. A, B: ULK4P2 combined with enhancer of zeste homolog 2
(EZH2) was measured in hepG2 cells via an RNA immunoprecipitation assay using an anti-EZH2 antibody (input = total RNA, IgG = control); C: ULK4P2 subnetwork
in the hepatitis B virus-related hepatocellular carcinoma coexpression network. Upregulated RNAs are shown in red, downregulated RNAs are presented in blue, and
nodes without a ring represent mRNAs, whereas nodes with a ring represent long noncoding RNAs. Node size represents the degree centrality.

(distance < 300 bp) coding gene pairs. Recently, it
was reported that 20% of lincRNAs are bound by
PRC2, and that additional lincRNAs are bound by other
chromatin-modifying complexes to regulate gene
[24]
expression . The mechanism concerning lincRNAs is
intriguing, with recently reported novel functions that
[25]
indicate they work in a more conventional way .
Hox genes, a highly conserved subgroup of the
homeobox superfamily, have crucial roles in deve
lopment, regulating numerous processes including
apoptosis, differentiation, motility, and angiogenesis.
The abnormal expression of HOX genes plays an
important role in tumorigenesis, oncogenesis, or tumor
[26]
suppression . In mammals, 39 HOX transcription
factors are clustered on four chromosomal loci, termed
[27]
HOXA through HOXD . Transcription of many lncRNAs
has been observed in human HOX loci, described herein
as HOX lncRNAs, which mainly participate in epigenetic
regulation. The HOX cluster profiling reported in the
present study includes 95 probes designed for the
four HOX loci to target lncRNAs and coding transcripts.
The results show that HOTAIR, the best-studied HOX
lncRNA, is upregulated in cancer tissues compared to
corresponding non-cancer tissues, which is consistent
[28]
with a previous report .
To confirm the differential gene expression bet
ween HCC and corresponding non-tumor tissues,
348 mRNAs involved in function functions and signal
pathways and deregulated lncRNAs were used to
construct the lncRNA-mRNA coexpression network.
The results show that the network structure of the HCC
tissues and corresponding non-tumor tissues samples
was markedly different, which indicates that the
coexpression patterns of mRNA and lncRNAs between

WJG|www.wjgnet.com

HCC and corresponding non-tumor tissues are different.
GO analysis of the filtered differentially expressed
mRNAs showed that they are enriched in cell cycle, DNA
replication, immune response, and signal transduction
pathways. The Signaling pathway analysis showed
that cell cycle, cytokine-cytokine receptor interaction
and chemokine and phosphoinositide 3-kinase-protein
kinase B signaling pathways were correlated with HBVrelated HCC.
EZH2 is the core enzymatic subunit of PRC2,
and evidence shows that EZH2 is overexpressed
in many cancer types and is critical for cancer cell
[29]
proliferation, metastasis, and drug resistance . To
detect a possible combination between the candidate
lincRNAs and EZH2, RIP was performed using an
EZH2 antibody and nuclear extracts of hepG2 cells.
The results demonstrate that the lincRNA ULK4P2 is
physically combined with the EZH2 antibody, indicating
that it may have function by combining with EZH2 in
HCC. ULK4P2 is an lincRNA with little-known function
located on chromosome 15. Because the coexpression
network may correspond to biologic pathways, and
many functions of protein-coding RNAs could be found
[30]
in NCBI RefSeq , an ULK4P2-mRNA subnetwork was
constructed, which indicated its relationship with some
cell proliferation and metastasis genes. These data
suggest that ULK4P2 may have an important role in
HBV-related HCC initiation, growth, or metastasis.
Recent advances in microarray technologies and
the rapid development have transformed the study of
tumors into the genome era. As a result, the unstudied
part of noncoding RNAs have been implicated as
oncogenes and suppressor genes in tumors. The result
in this paper gives us more information to further
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Background

hepatocellular carcinoma (HCC) is a common and deadly cancer, but the
mechanism regarding hepatitis B virus (HBV)-related HCC is still not entirely
understood. Long noncoding RNAs (lncRNAs) are a group of noncoding RNAs
that are longer than 200 nucleotides. Recent study of lncRNAs demonstrates
their involvement in human disease, including cancers.
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lncRNA is a hotspot in the field of RNA, and shows involvement in many human
diseases.

Applications

The result of the lncRNA microarray provide us with many more lncRNAs
study in greater depth; the result may be useful for HBV-related patients. For
example, ULK4P2 may participate in HCC by combining with EZH2.
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Terminology

Enhancer of zeste homolog 2 (EZH2) is the core enzymatic subunit of polycomb
repressive complex 2, and evidence shows that EZH2 is overexpressed in
many cancer types and is critical for cancer cell proliferation, metastasis, and
drug resistance. ULK4P2 is a large intergenic noncoding RNA.
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Abstract
AIM: To examine the impact of body mass index (BMI)
on outcomes following pancreatic resection in the
Chinese population.

Ethics approval: The study was reviewed and approved by the
Cancer Hospital of the Chinese Academy of Medical Sciences
Institutional Review Board.
Informed consent: All study participants, or their legal guardian,
provided informed written consent prior to study enrollment.
Conflict-of-interest: The authors declare no competing financial
interests.
Data sharing: No additional data are available.

METHODS: A retrospective cohort study using
prospectively collected data was conducted at the
Cancer Hospital of the Chinese Academy of Medical
Sciences, China National Cancer Center. Individuals
who underwent pancreatic resection between January
2004 and December 2013 were identified and included
in the study. Persons were classified as having a normal
2
weight if their BMI was < 24 kg/m and overweight/
2
obese if their BMI was ≥ 24 kg/m as defined by the
International Life Sciences Institute Focal Point in
2
China. A χ test (for categorical variables) or a t test
(for continuous variables) was used to examine the
differences in patients’ characteristics between normal
weight and overweight/obese groups. Multiple logistic
regression models were used to assess the associations
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the use is non-commercial. See: http://creativecommons.org/
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of postoperative complications, operative difficulty,
length of hospital stay, and cost with BMI, adjusting for
age, sex, and type of surgery procedures.

sity, has been linked to an increased risk of chronic
[4-8]
pancreatitis and pancreatic cancer
. For both
conditions, pancreatectomy is imperative.
The influence of BMI on post-surgical complications
after pancreatectomy remains controversial. Several
studies have reported a positive association between
[9-15]
BMI and risk of postoperative complications
,
[9-12]
including increased length of hospital stay
, blood
[13,14]
[15]
loss
, and surgical site infection ; whereas others
[16-18]
found no association
. Moreover, a majority of
these studies were conducted in Western countries.
Because body fat distribution, genetic predisposition to
obesity, and background lifestyle factors are different
[19]
between Caucasians and Asians , it is possible that
the associations between BMI and postoperative
complications following pancreatectomy may differ by
ethnic group. Thus, a retrospective study of Chinese
patients was conducted to examine the associations
between BMI and complications after pancreatectomy.

RESULTS: A total of 362 consecutive patients with
data available for BMI calculation underwent pancreatic
resection for benign or malignant disease from January
1, 2004 to December 31, 2013. Of the 362 patients,
156 were overweight or obese and 206 were of normal
weight. One or more postoperative complications
occurred in 35.4% of the patients following pancreatic
resection. Among patients who were overweight or
obese, 42.9% experienced one or more complications,
significantly higher than normal weight (29.6%)
individuals (P = 0.0086). Compared with individuals
who had normal weight, those with a BMI ≥ 24.0
2
kg/m had higher delayed gastric emptying (19.9% vs
5.8%, P < 0.0001) and bile leak (7.7% vs 1.9%, P =
0.0068). There were no significant differences seen in
pancreatic fistula, gastrointestinal hemorrhage, reope
ration, readmission, or other complications. BMI did not
show a significant association with intraoperative blood
loss, operative time, length of hospital stay, or cost.

MATERIALS AND METHODS
Patient selection and data collection

CONCLUSION: Higher BMI increases the risk for
postoperative complications after pancreatectomy in
the Chinese population. The findings require replication
in future studies with larger sample sizes.

Patients who underwent pancreatic resection at the
Cancer Hospital of the Chinese Academy of Medical
Sciences, China National Cancer Center between
January 2004 and December 2013 were identified
and included in the study. The prospective database
tracks data on patient anthropometrics, demographics,
clinical history, past medical history, smoking and
alcohol consumption, occupational exposure, medical
conditions and medication use, diet, family and social
history, physical findings, diagnostic tests, therapeutic
interventions, complications, pathologic data, and
outcomes, including perioperative mortality and longterm survival. Adult height and weight measurements
were used to calculate BMI. All data were backed up
by source documents and the accuracy of the data
entered into the database was periodically reviewed.
All study procedures were approved by the Institutional
Review Board at the Cancer Hospital of the Chinese
Academy of Medical Sciences.

Key words: Body mass index; China; Pancreatectomy;
Pancreatic cancer; Postoperative complications
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The influence of body mass index on postsurgical complications after pancreatectomy remains
controversial. Moreover, a majority of these studies
were conducted in Western countries. This study was
conducted to examine the associations between body
mass index and complications after pancreatectomy in
a cohort of Chinese patients.
Chen YT, Deng Q, Che X, Zhang JW, Chen YH, Zhao DB,
Tian YT, Zhang YW, Wang CF. Impact of body mass index on
complications following pancreatectomy: Ten-year experience at
National Cancer Center in China. World J Gastroenterol 2015;
21(23): 7218-7224 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i23/7218.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7218

Outcome measures

Postoperative outcomes included occurrence of pan
creatic fistula, delayed gastric emptying, gastrointe
stinal hemorrhage, reoperation, readmission, surgical
site infection or other complications, mortality,
operative time, intraoperative blood loss, and length
of hospital stay. Pancreatic fistula was reported if it
met the criteria for the International Study Group of
[20]
Pancreatic Fistula grade B or C . Delayed gastric
emptying was defined as the failure to maintain oral
intake by postoperative day 14. Bile leak was defined
as bilious drainage from peripancreatic, intraoperatively
placed drains or radiographically proven fluid collection
requiring percutaneous drainage and demonstrating
elevated bilirubin levels. Gastrointestinal hemorrhage

INTRODUCTION
Over the past 20 years, overweight and obesity rates
[1-3]
have increased dramatically in China . The national
survey showed that the prevalence of overweight
[1]
and obesity in Chinese adults was 39.6% in 2009 .
Body mass index (BMI), an indirect measure of adipo
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was defined as any blood loss that could only be
attributed to the gastrointestinal tract, including
hematemesis, hematochezia, or melena requiring
blood product transfusion or reoperation. Mortality was
defined as death during the resection hospitalization
or within 30 d of discharge after resection. Other
complications were defined as any of the following:
wound infection was defined as culture-positive
purulent drainage from the postoperative wound
and requiring open packing; cholangitis was defined
as fever, leukocytosis, and culture-positive bilious
drainage from operative or percutaneous drains;
urinary tract infection was defined as culture-positive
urine with urinalysis-proven pyuria and bacteriuria;
pneumonia was defined as fever, leukocytosis,
culture-positive sputum with polymorphonuclear
leukocytes on Gram stain, and chest radiograph
demonstrating focal infiltrates; central line infection
was defined as culture-positive line segment from an
erythematous or purulent insertion site; pulmonary
embolus was defined as radiographically proven
pulmonary perfusion abnormality in the setting of
hypoxemia or respiratory distress and requiring
anticoagulation therapy; deep venous thrombosis
was defined as characteristic venous obstruction of
an involved extremity as demonstrated on Doppler
ultrasound; arrhythmia was defined as characteristic
electrocardiographic abnormality with or without
symptoms and requiring pharmacologic or electrical
intervention; cerebrovascular accident was defined
as characteristic neurologic findings on physical
examination with radiographically proven lesion.
Operative time and blood loss were retrieved from
anesthesiology records. Length of stay was calculated
from date of surgery until time of discharge or transfer
from the acute care setting.

a two-sided α < 0.05. All analyses were performed
using SAS Software version 9.3 (SAS Institute Inc.,
Cary, NC, United States).

RESULTS
Demographics and comorbidities

A total of 362 patients who underwent pancreatic
resection, performed by the authors (Zhao DB, Tian YT,
and Wang CF) between January 2004 and December
2013, were identified and included in the study (Table
1). The procedures included pancreaticoduodenectomy
(n = 195), distal pancreatectomy (n = 142), and
middle-segment pancreatectomy (n = 25). Among
these patients, 206 were normal weight, and 156 were
2
overweight/obese. The mean BMI was 21.075 kg/m
2
for the normal weight group, and 26.993 kg/m for the
overweight/obese group. The mean patient age of the
overweight/obese group was higher than the normal
weight group (P = 0.0111). Comorbidity burden was
greater in overweight/obese patients, as 68.6% had
one or more comorbidities compared with 36.9% in
the normal weight group (P < 0.0001). Compared with
patients with normal weight, those with a BMI ≥ 24.0
2
kg/m were more likely to have a family history of
cancer (P < 0.0001). No significant differences in sex,
smoking, alcohol consumption, or surgical procedures
were observed between the two groups.

BMI and postoperative complications

One or more postoperative complications occurred
in 35.4% of the patients following surgery (Table
2). Of overweight/obese patients, 42.9% suffered
complications of any type, compared to only 29.6%
of normal weight patients (P = 0.0086). Overweight/
obese patients had a significantly higher delayed
gastric emptying compared with normal weight
patients (P < 0.0001). In addition, the presence of bile
leak in overweight/obese patients was significantly
higher than in the normal weight group (P = 0.0068).
However, no significant differences were seen in
pancreatic fistula, mortality, reoperation, readmission,
gastrointestinal hemorrhage, or other complications.

Statistical analysis

BMI was calculated as weight (kg) divided by the
square of height (m), using self-reported values.
2
Normal weight was defined as BMI < 24 kg/m and
2
overweight/obese was defined as BMI ≥ 24 kg/m
based on the definitions by the International Life
[21]
2
Sciences Institute Focal Point in China . χ tests
(for categorical variables) or t tests (for continuous
variables) were used to examine the differences in
patients’ characteristics between normal weight and
overweight/obese groups.
Multiple logistic regression models were used to
assess the associations of postoperative complications,
operative difficulty, length of hospital stay, and cost
with BMI, adjusting for age, sex, and type of surgery
procedures. Additional adjustment for smoking,
alcohol consumption, and family history did not result
in material changes in the observed associations, and
these variables were not included in the final models
reported here. All tests were considered significant with

WJG|www.wjgnet.com

BMI and operative variables/length of hospital stay

BMI did not show a significant association with
intraoperative blood loss, or operative time (Table 3).
Mean intraoperative blood loss varied from 450 mL to
520 mL depending on BMI, and mean operative time
was 229 min in normal weight patients compared to
235 min in those who were overweight or obese. In
addition, an increased mean length of hospital stay of
2
24.22 d was seen in patients with a BMI of 24 kg/m
or more compared to those with normal weight (21.85
d), but this was not statistically significant. There was
no significant difference in the cost of hospitalization
between the two groups.
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Table 1 Demographic, comorbidity, and operation type in patients grouped according to body mass index
2

Variable

BMI < 24 kg/m (n = 206)

2
BMI ≥ 24 kg/m (n = 156)

Total (n = 362)

59.32

63.14

60.97

Mean age (yr)
Sex
Male
Female
Male/female ratio
Mean BMI (kg/m2)
Smoking
Never
Ever
Smoking amount (packs/yr)
Mean smoking time (yr)
Alcohol, n
Never
Ever
Comorbidity, n
Any comorbidity
Diabetes
Coronary artery disease
Hypertension
COPD
HBV
HCV
Previous history of cancer, n
Previous abdominal surgery, n
Family history of cancer, n
Operation type, n
Pancreaticoduodenectomy
Distal pancreatectomy
Middle-segment pancreatectomy

95
111
0.9
21.075

84
72
1.2
26.993

135
71
51
23.25

179
183
1.0
23.625

95
61
57
26.94

230
132
53
25.00

P value
0.0111

0.1452
< 0.0001
0.3641

0.3166
0.3558
0.6835

166
40

123
33

289
73

76
38
9
43
6
12
5
1
21
11

107
43
40
41
6
5
2
2
16
38

183
81
49
84
12
17
7
3
37
49

< 0.0001
0.0610
< 0.0001
0.8930
0.6232
0.2198
0.4201
0.4253
0.9514
< 0.0001

116
75
15

79
67
10

195
142
25

0.2839
0.2069
0.7461

COPD: Chronic obstructive pulmonary disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus; BMI: Body mass index.

Table 2 Postoperative complications in patients grouped according to body mass index n (%)
Complication

2
BMI ≥ 24 kg/m

Total

(n = 206)

2

(n = 156)

(n = 362)

61 (29.6)
34 (16.5)
12 (5.8)
4 (1.9)
4 (1.9)
1 (0.5)
6 (2.9)
8 (3.9)
3 (1.5)
8 (3.9)
2 (1.0)
6 (2.9)
3 (1.5)
7 (3.4)
0 (0.0)
1 (0.5)
7 (3.4)
1 (0.5)
3 (1.5)

67 (42.9)
30 (19.2)
31 (19.9)
12 (7.7)
2 (1.3)
1 (0.6)
4 (2.6)
8 (5.1)
2 (1.3)
10 (6.4)
3 (1.9)
3 (1.9)
6 (3.8)
6 (3.8)
0 (0.0)
1 (0.6)
7 (4.5)
0 (0.0)
2 (1.3)

128 (35.4)
64 (17.7)
43 (11.9)
16 (4.4)
6 (1.7)
2 (0.6)
10 (2.8)
16 (4.4)
5 (1.4)
18 (5.0)
5 (1.4)
9 (2.5)
9 (2.5)
13 (3.6)
0 (0.0)
2 (0.6)
14 (3.9)
1 (0.3)
5 (1.4)

BMI < 24 kg/m

Patients with any complication
Pancreatic fistula
Delayed gastric emptying
Bile leak
Reoperation
Readmission
Gastrointestinal hemorrhage
Wound infection
Cholangitis
Urinary tract infection
Pneumonia
Intra-abdominal abscess
Bacteremia
Central line infection
Pulmonary embolus
Deep venous thrombosis
Arrhythmia
Cerebrovascular accident
Mortality

OR

95%CI

P value

1.128
0.825
1.279
1.332
1.513
0.382
1.271
0.513
1.162
0.469
1.143
0.450
0.631
0.778
NA
0.124
0.491
NA
1.259

1.087-1.376
0.430-1.582
1.072-1.487
1.193-1.725
0.267-8.570
0.291-0.532
0.344-4.697
0.193-1.367
0.253-3.921
0.212-1.219
0.893-2.134
0.112-5.321
0.461-5.235
0.353-2.341
NA
0.064-7.320
0.212-1.625
NA
0.203-7.815

0.0086
0.4340
< 0.0001
0.0068
0.6627
0.3897
0.8782
0.2229
0.8881
0.2229
0.4421
0.5493
0.1481
0.8205
NA
0.8432
0.5467
0.3919
0.9288

NA: Not applicable; BMI: Body mass index.

is associated with a mortality of approximately 5%
[22-24]
and a morbidity of 35%-60%
. Several studies
suggested that the mortality after pancreatic surgery
[25-27]
in most high-volume centers should be < 3%
.
The present study was performed in a tertiary care

DISCUSSION
Pancreatectomy is recognized as a highly invasive
surgery. Despite recent advances in surgical technique,
devices, and perioperative care, pancreatectomy
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Table 3 Association between operative difficulty, length of hospital stay, and cost with body mass index
2

Variable

2
BMI ≥ 24 kg/m

Total

(n = 206)

(n = 156)

(n = 362)

229.59
450
103
21.85
78519.62

235.03
520.41
79
24.22
76160.05

231.91
481.16
182
22.87
77527.28

BMI < 24 kg/m

Mean operative time (min)
Mean intraoperative blood loss (mL)
Blood transfusion, n
Mean hospital stay (d)
Mean cost (in RMB)

OR

95%CI

P value

0.942
0.926
0.703
0.968
1.493

0.651-1.362
0.617-1.389
0.413-1.197
0.670-1.398
0.760-2.931

0.6050
0.4433
0.9311
0.1167
0.8532

RMB: Renminbi.

and academic institution having the aforementioned
prerequisites and resulted in a mortality rate (1.4%)
that was in accordance with experienced centers.
During the past six years, the annual caseload has
increased to more than 40 resections, which might
be partially responsible for the improved outcome.
Moreover, operative time and blood administration
were comparable to other series because of the high
volume. Our study is consistent with others that
have found comparable mortality in the control and
[16-18]
overweight/obese group
. Analysis of the cause of
mortality in our study revealed that pancreatic fistula
with subsequent hemorrhage was responsible for
100% (5/5) of the deaths.
Several studies have consistently reported a
greater risk for postoperative complications in the
[9-15]
obese population as compared to lean subjects
.
However, many recent reports seem to challenge this
[16-18]
long-held opinion
. Morbidity after pancreatectomy
in the present study was 35.4%, and the most
frequent causes for morbidity were pancreatic fistulas
resulting from pancreatic anastomotic insufficiency, bile
leak resulting from biliary anastomotic insufficiency,
surgical site infection, and delayed gastric emptying.
Among patients who were overweight or obese,
42.9% experienced one or more complications,
and this is significantly higher than normal weight
individuals (29.6%). The results of the present study
add to the growing debate over whether BMI increases
complications after pancreatectomy.
[28]
Sledzianowski et al
identified obesity as an
additional risk factor for leakage after distal pancrea
[12]
tectomy, and the study by Noun et al
highlights
the increased risk after pancreaticoduodenectomy.
The results of the present study are consistent with
these studies that found higher bile leakage in the
overweight/obese group. Pancreatic fistula is the factor
most strongly linked with death in the majority of case
series and remains the leading cause of morbidity after
[12]
pancreatectomy. Noun et al
reported a significant
association between BMI and pancreatic fistula after
pancreatectomy. In this study, however, BMI did not
show a significant association with pancreatic fistula.
One potential explanation for this conflicting result is
that there were only 92 cases included in their study.
In this study, an increased risk of delayed gastric
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emptying was observed in the overweight/obese
group. In contrast, two earlier studies from American
medical centers suggested that BMI was not signifi
cantly associated with delayed gastric emptying
[29,30]
after pancreaticoduodenectomy
. One potential
explanation for these conflicting results is that the
association between BMI and delayed gastric emptying
following pancreatectomy may differ by ethnic group.
[31]
Additionally, the study by Sfarti et al
revealed that
higher BMI correlated with delayed gastric emptying
in type 1 diabetic patients, which might responsible for
the phenomenon.
The influence of obesity on the operative difficulty
of several abdominal procedures has previously been
reported and has translated into increased blood
loss and longer operating times than in normal[32,33]
weight individuals
. In the present study, however,
intraoperative difficulty was not significantly altered
by intraoperative variables (blood transfusion, blood
loss, and operative time) in the overweight/obese
group. No one can ignore the fact that performing
pancreatectomy in obese patients is more challenging
and hazardous. There was no significant difference in
the length of hospital stay between the two groups,
[16,18]
which is consistent with many other studies
.
There are several limitations of the current
study. The retrospective nature of this study can be
associated with selection bias as well as increased
risk of differential misclassification bias. In addition,
all patients were analyzed from a single institution,
so the findings may not be generalizable to other
settings. The limited sample size makes it difficult
to adequately adjust for all potential confounding
factors. There was an insufficient number of patients
to perform subcategory analysis by BMI. Additionally,
the relatively small sample size made it impossible to
evaluate anything other than the overall complication
rate on multivariable analyses. Although the majority
of patients were tracked in a prospective database, a
proportion required retrospective chart analysis.
In conclusion, the data show that pancreatectomy
can be performed safely in overweight/obese patients,
although with somewhat higher postoperative
complications, bile leak, and delayed gastric emptying
rate. However, the positive results in this study need to
be replicated in studies with larger sample sizes with
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greater power.
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Abstract
AIM: To compare the clinicopathological features of
patients with non-schistosomal rectosigmoid cancer
and schistosomal rectosigmoid cancer.

Ethics approval: The study protocol had previously been
approved by the medical ethical committee of Shanghai Ruijin
Hospital according to the Helsinki Declaration.
Informed consent: All study participants or their legal guardian,
provided written informed consent prior to study enrollment.
Conflict-of-interest: The authors declare that they have no
competing interests.
Data sharing: Dataset available from the corresponding author
at hao.feng@campus.lmu.de. Participants gave informed
consent for data sharing (anonymously). The patients’ personal
information is presented after anonymization and every patient is
linked to a mission number.

METHODS: All the patients with rectosigmoid carci
noma who underwent laparoscopic radical surgical
resection in the Shanghai Minimally Invasive Surgical
Center at Ruijin Hospital affiliated to Shanghai JiaoTong University between October 2009 and October
2013 were included in this study. Twenty-six cases of
colonic schistosomiasis diagnosed through colonoscopy
and pathological examinations were collected. Sym
ptoms, endoscopic findings and clinicopathological
characteristics were evaluated retrospectively.
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RESULTS: There were no significant differences bet
ween patients with and without schistosomiasis in
gender, age, CEA, CA19-9, preoperative biopsy findings
or postoperative pathology. Patients with rectosigmoid
schistosomiasis had a significantly higher CA-125 level
and a larger proportion of these patients were at an
early tumor stage (P = 0.003). Various morphological
characteristics of schistosomiasis combined with
rectosigmoid cancer could be found by colonoscopic
examination: 46% were fungating mass polyps, 23%
were congestive and ulcerative polyps, 23% were
cauliflower-like masses, 8% were annular masses.
Only 27% of the patients were diagnosed with rectal
carcinoma preoperatively after the biopsy. Computed
tomography (CT) scans showed thickened intestinal
walls combined with linear and tram-track calcifications
in 26 patients.

climate change as well as infected travelers who return
[1]
from endemic areas . A number of epidemiological
data has suggested a close etiological relationship
between colorectal cancer and schistosomiasis,
[2,3]
especially S. japonica . The microenvironmental
changes and inflammation may form a causal link
between schistosome chronic infection and colorectal
[4,5]
carcinogenesis
. However, as the symptoms of
colonic schistosomiasis are nonspecific and may mimic
other gastrointestinal problems, this condition could be
[6]
under diagnosed , and there is little relevant clinical
data in the medical literature, mostly limited to case
[7-9]
reports . On the other hand, in some schistosomaendemic areas, colonic schistosomiasis can be correctly
diagnosed while colorectal cancer may be missed,
especially when CEA or CA19-9 levels are within the
normal range.
Detailed knowledge about schistosomiasis is
necessary to improve the accuracy of clinical diagnosis.
At present, colorectal neoplasia associated with
schistosoma has only been reported on few occasions.
This research was conducted retrospectively, based
on the recent data of schistosomal rectosigmoid cancer,
including surgical findings and clinicopathological
characteristics, to find a sensitive biomarker that might
improve the accuracy of clinical diagnosis, and discuss
the probable etiological role of chronic schistosomal
infestation in rectosigmoid cancer.

CONCLUSION: Rectosigmoid carcinoma combined
with schistosomiasis is associated with higher CA-125
values and early tumor stages. CA-125 and CT scans
have a reasonable sensitivity for the accurate diagnosis.
Key words: Schistosomiasis; Rectosigmoid cancer;
Colonoscopy; Biomarker; Diagnosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The association between schistosomiasis and
colorectal malignancy has long been suggested in the
literature. This study aimed to improve our understanding
of the relationship between Schistosoma japonicum related enteropathy and rectosigmoid carcinoma, with a
particular focus on laboratory examination, endoscopic
findings and clinicopathological characteristics of recto
sigmoid schistosomiasis.

MATERIALS AND METHODS
Patient selection and diagnoses

In this study, retrospective analysis was conducted
for 26 consecutive cases in patients diagnosed with
rectosigmoid carcinoma combined with colonic schi
stosomiasis between 01-10-2009 and 01-11-2013,
who underwent surgical resection at the Shanghai
Minimally Invasive Surgical Center of Ruijin Hospital,
which is affiliated to Shanghai Jiao-Tong University.
Those patients were admitted to hospital because
of liquid or pasty diarrhea, abdominal pain, pain on
colon palpation or hematochezia. Colonoscopies were
performed in the outpatient service of our department
1-14 d before hospitalization. Two to three biopsies
were obtained and sent to the department of pathology.
CT scans, magnetic resonance imaging and laboratory
examinations were performed in the outpatient
service or on the first day of hospitalization. Patients
who were diagnosed with rectosigmoid carcinoma in
the same time period without schistosomiasis were
selected as a control group. After surgical resection, all
specimens were reviewed histopathologically, and the
pathological TNM stages were determined according
to the classification established by the American Joint
th
Committee on Cancer (AJCC, 7 edition). The gold
standard for diagnosis of schistosomiasis depends
on finding ova by microscopy in the colon, rectum or
stool.

Feng H, Lu AG, Zhao XW, Han DP, Zhao JK, Shi L, Schiergens
TS, Lee SML, Zhang WP, Thasler WE. Comparison of nonschistosomal rectosigmoid cancer and schistosomal rectosigmoid
cancer. World J Gastroenterol 2015; 21(23): 7225-7232
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i23/7225.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i23.7225

INTRODUCTION
Human schistosomiasis is a prevalent parasitic disease
caused by trematode flukes of the genus Schistosoma,
of which Schistosoma mansoni, Schistosoma japonicum
(S. japonicum) and Schistosoma haematobium are
the three major species. By conservative estimates,
at least 230 million people worldwide are infected with
Schistosoma spp, and it is important to acknowledge that
schistosomiasis is now becoming a cause for concern
in Europe, especially in southern Europe, because of
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Table 1 Patient characteristics and colonoscopic findings n (%)
or mean ± SD
With
Without
schistosomiasis schistosomiasis

37 μg/mL

35 μg/mL

Gender male/female
Age (yr)
CEA
CA19-9
CA-125
Preoperative biopsy
Carcinoma
Hyperplastic polyps
Villous adenoma
Tubular adenoma
Others
Morphology
Congestive, Ulcerative
Fungating mass
Cauliflower-like mass
Annular
Tumor stage

C
25
CA
1

+
C
25

SR

SR

Sc
h

C
SR
9
9CA
1

C
SR
9
9-

CA
1

CA
1

+

SR
CE
A

+
C
CE
A

SR

Sc
h

C

5 μg/mL

Sc
h

μg/mL

3382.3

Figure 1 Quantities of CEA, CA19-9 and CA125 in the peripheral
blood of patients who had rectosigmoid carcinoma with or without
schistosomiasis. Dotted lines define the normal values. RSC: Rectosigmoid
carcinoma; Sch: Schistosomiasis.

Ⅰ
Ⅱ

Examination and data collection

Ⅲ
Ⅳ

Abdominal ultrasonography, laboratory profiles, urine
and stool tests were acquired after being admitted to
hospital. Data on clinicopathological characteristics and
treatments were collected routinely from the hospital
records by trained registrars.

Differentiation
Well
Moderate
Poor
Postoperative pathology
Adenocarcinoma
Signet-ring cell carcinoma
Mucinous adenocarcinoma

Statistical analysis

Analyses were performed using Stat View 5.0 for
Windows (SAS Institute Inc., Cary, NC, United States).
2
The χ test or Fisher’s exact test were applied to analyze
the categorical variables. The results were subjected to
a nonparametric Mann-Whitney U test. A Student’s t-test
was also used to analyze the intragroup differences.
P < 0.05 was regarded as statistically significant. The
statistical methods of this study were reviewed by YiFei Zhang from the Institute for Stroke and Dementia
Research Hospital of the University of Munich.

(n = 34)
22/12
63 ± 8.7
82.9 ± 428.1
35.1 ± 65.1
12.7 ± 10.0

P value

7 (26.9)
5 (19.2)
3 (11.5)
3 (11.5)
8 (30.7)

16 (47.1)
8 (23.5)
1 (2.9)
1 (2.9)
8 (23.5)

6 (23.1)
12 (46.2)
6 (23.1)
2 (7.6)

13 (38.2)
8 (23.5)
6 (17.6)
7 (20.6)

16 (61.5)
6 (23.1)
4 (15.4)
0

6 (17.6)
10 (29.4)
17 (50)
1 (2.9)

16 (61.5)
7 (26.9)
3 (11.5)

15 (44.1)
16 (47.1)
3 (8.8)

0.4000

16 (61.5)
7 (7.7)
3 (30.8)

30 (88.2)
0
4 (11.8)

0.1300

0.6100
0.3800
0.1300
0.0001

0.3400

0.1600

0.0030

CA-125 values than those without (P = 0.0001)
(Table 1). 85% of the patients who were diagnosed
with sigmoid or rectal carcinoma combined with
rectosigmoid schistosomiasis were at early tumor
stages (stage Ⅰ or stage Ⅱ ), compared to 47% of
patients without schistosomiasis (P = 0.003).

Endoscopic examination

Various morphological characteristics of schistosomiasis
combined with rectosigmoid cancer were found in
colonoscopic examinations (Figure 2). The fungating
mass polyp was the major morphological type, being
present in around 46% of all 26 patients. For the
remaining patients, six (23%) had congestive and
ulcerative polyps, six (23%) had cauliflower-like
masses and two (8%) were annular type. Preoperative
rectosigmoid biopsy provides an efficient but insensitive
way of visualizing eggs, especially for those with low
worm burdens. In this study, only seven patients
(27%) were diagnosed with rectosigmoid carcinoma
preoperatively; 19% of the biopsies showed hyperplastic
polyps, and 8% and 23% revealed intraepithelial
neoplastic changes (Table 1).

RESULTS
Clinical characteristics

In this study, 26 patients were diagnosed with sigmoid
or rectal carcinoma combined with rectosigmoid
schistosomiasis. Of these patients, 69.2% were male,
while 31% out of the patients were female. 12 patients
(46%) had elevated CEA values (> 5 μg/mL) and 47%
patients (7/15) had abnormal CA-125 values (> 35
U/mL). The distribution of these biomarkers is shown
in Figure 1. It worth noting that only 1 patient (9%,
1/11) in this series had an abnormal CA19-9 value
(> 37.0 U/mL). In addition, there were no significant
differences in gender, age, CEA value, CA19-9 value
or findings from preoperative biopsy when these
two groups were compared, based on characteristics
and colonoscopic findings. Instead, patients with
rectosigmoid schistosomiasis had significantly higher
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(n = 26)
18/8
60.7 ± 10.6
4.2 ± 8.8
10.9 ± 306.5
27.4 ± 3.3

CT presentation

Abdominal CT enhanced dynamic scans (CTA) demon
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A

B

C

D

Figure 2 Endoscopic findings showing different morphological characteristics of schistosomiasis combined with rectal cancer. A: Annular; B: Fungating
mass; C: Cauliflower-like mass; D: Congestive, ulcerative (black arrow).

strated evenly thickened intestinal walls combined with
linear and tram-track calcifications in 26 patients, with
(8%) or without (92%) perirectal fatty infiltration,
the rectal lumen were locally narrowed in the
primary lesions. Calcified ova could be found in 22
patients (85%). No significant lymphadenopathy was
demonstrated. For those who had intestinal stenosis
and for whom colonoscopic examinations were not
recommended, virtual colonoscopy and virtual dissection
were used to assess the condition and situation (Figure
3B-D).

The information on signet-ring cell carcinomas (8%)
and mucinous adenocarcinomas (31%) were also
included in the present study (Table 2).

DISCUSSION
Schistosomal rectal cancer: better or worse prognosis?

Although schistosomiasis has been controlled in endemic
[10]
regions
in the tropics and subtropics, previous S.
japonicum infection might lead to complications, such
as chronic intestinal schistosomiasis and hepatosplenic
schistosomiasis, and this condition is significantly
[11]
associated with both liver cancer and colorectal cancer .
Schistosome infection may have a negative effect
[12]
on the prognosis of colorectal cancer ; it has been
reported that the five-year survival rate was 45.6%
out of 430 cases complicated with schistosomiasis,
which was significantly lower than in those without
[13 ]
schistosomiasis (50.9% out of 2717) . In the present
study, schistosomal rectosigmoid cancer seemed to
be related to early tumor stage, possibly because
schistosomiasis-related intestinal damages are mainly
granuloma and fibrosis resulting from schistosomal
[14-16]
ova deposition, especially in the large intestine
.
Continuous epithelial proliferation adjacent to a chronic
schistosomal ulcer and polyp formation, which lead
to more obvious symptoms, might encourage the
patients to seek a medical examination earlier. Wang
[17]
et al
analyzed 30 patients with schistosomal rectal
cancer and showed that schistosomiasis (P = 0.026)

Laparoscopic surgical finding and pathology characters

Irregular thickening of the intestinal wall was found in
25 patients (96%) during operations or postoperative
sample assessments. Most of the patients were at
Stage Ⅰ (62%), and 23% and 15% were at Stage
Ⅱ and Stage Ⅲ, respectively. In 18 patients (69%),
schistosomal ova were only found in the submucosal
layer; in 19% the ova had infiltrated muscularis
propria, and serosal infiltrations were found in 12%
of the patients. In 8% of the patients, schistosomal
ova could be found infiltrating into the surrounding
lymph nodes postoperatively. In 21 patients (81%),
schistosomal ova could be found inside the tumor,
while ova from the remaining 19% of patients were
found in the adjacent tissues (Figure 4). Considering
the pathological profiles, the largest percentage
had well differentiated tumors and adenocarcinoma
observed in postoperative pathological examination.

WJG|www.wjgnet.com

7228

June 21, 2015|Volume 21|Issue 23|

Feng H et al . Colorectal carcinoma associated with schistosomiasis

A

B

C

D

Figure 3 Computed tomography presentation. A: Computed tomography (CT) scan showing curvilinear calcification in the rectosigmoid colon and calcified,
conglomerate nodules (arrow) protruding from the wall of the rectosigmoid colon; B: Lobulated polypus in the rectum; C, D: CTVC enables three-dimensional view of
walls of the colon as a result of reconstruction of multislice CT images. The colorectal stenosis is showed in the area surrounding by dotted lines. CTVC: CT virtual
colonoscopy.

A

B

C

D

Figure 4 Pathological features of schistosomiasis-associated rectal adenocarcinoma. A, B: Schistosomiasis ova in tumor adjacent tissues. C, D:
Schistosomiasis ova in tumor tissues.
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schistosomal rectosigmoid cancer were non-specific.
Considering the diagnoses of carcinoma, only 27%
of the patients were diagnosed with rectal carcinomas
preoperatively, 19% of the biopsies showed hyperplastic
polyps, and 8% and 23% revealed low or high grade
intraepithelial neoplastic changes, respectively.
Considering the diagnosis of colonic schistosomiasis: if
schistosoma ova are not observed in biopsies, the nearnormal crypts with excess mucus and diffuse or focal
infiltration of eosinophilic granulocytes may be highly
[24]
suggestive of colonic schistosomiasis . Therefore,
multisite biopsies are recommended to improve the
[25]
accuracy of diagnosis. Ye et al
analyzed clinical and
endoscopic manifestations for 96 patients, and found
that epidemiological investigations and colonoscopic
examinations combined with multi‑block and multi-site
biopsies may improve the rate of correct diagnosis of
intestinal schistosomiasis.
Recent technological advances have significantly
enhanced the role of imaging in the detection, charac
terization, and management of infectious diseases
[26]
involving the large intestine. Lee et al
reported that
CT demonstrated calcifications resembling tram tracks
in the sigmoid colon and postulated that the tram-track
appearance is noted only in the distal large intestine
because this portion of the colon has a thicker,
muscular layer than the proximal colon. Irregular
thickening of the intestinal wall, soft tissue masses,
multiple S. japonicum ova calcifications inside the
tumor with obscured margins and multiple intestinal
masses in some patients, are important CT features
[27]
of CRC with schistosomiasis. Zhang et al
compared
the CT presentation and pathological characteristics
and found that the intestinal wall was irregularly
thickened in 95% of the patients, with soft tissue
masses in 5% patients. Linear, spotty and small patchy
calcifications were seen in 104 (80%) patients, with
[27]
96 out of 130 patients having ill-defined margins .
In support of this view, in our study, CT scan and CT
virtual colonography have a reasonable sensitivity
and specificity for detecting these lesions. CT allowed
the visualization of evenly thickened intestinal wall
combined with linear and tram-track calcifications in all
26 patients.
Recent studies have also thrown some light on
the molecular events associated with schistosomal
[28]
colorectal cancer. Ruan et al
found that the
expressions of vascular growth factors including PDECGF and VEGF are higher in the colorectal carcinoma
patients with schistosomiasis than in those without.
[29]
Zalata et al
found that signet ring cell carcinoma
and mucinous adenocarcinoma both exhibited intense
c-myc expression compared with non-mucinous
carcinoma (P = 0.001). When adjusting for S. mansoni
infection, 58% of schistosomal colorectal cancer cases
were Bcl-2 positive compared with only 33% of nonschistosomal colorectal cancers (P = 0.046). They
also suggested that the genotoxic agents produced

Table 2 Laparoscopic surgery findings and pathological
characteristics n (%)
Male, n

Female, n

Total

12
4
2
1
14
4
15
17
2

6
1
1
1
7
1
7
8
1

18 (69.2)
5 (19.2)
3 (11.5)
2
21 (80.8)
5 (19.2)
22 (84.6)
25 (96.2)
3 (11.5)

Schistosomal ova position
Submucosa infiltration
Muscularis propria
Serosal infiltration
Infiltration in the sLNs
Intra-tumor tissue
Para-tumor tissue
Calcification ova (CT)
Irregular thickening of the intestinal wall
Rough serosal surface

CT: Computed tomography; sLNs: Surrounding lymph nodes.

was statistically significantly correlated with overall
survival (OS). Schistosomiasis was an independent
prognostic factor for worse DFS and OS in multivariate
[17]
analysis .

Sensitivity of biomarker examinations

In cases of intestinal cancer associated with schisto
somiasis, the location of the cancer was predominately
[18]
the rectum , followed by the sigmoid colon, and then
the other parts of the colon, while small intestinal
cancer with a relatively lower distribution of S.
[4,19]
[20]
japonicum eggs is quite rare
. Fan et al
analyzed
285 pathological specimens with colorectal cancer
from surgical operations in an endemic area for
schistosomiasis and found that cancer in the rectum
and sigmoid colon accounted for 44% and 27% in the
220 cases of cancer combined with schistosomiasis,
respectively. In those patients without schistosomiasis,
the comparative figure was 23% and 18%, respectively,
[20]
with a significant difference . Peripheral blood tumor
marker IL-2, TNF-2 and CEA might be elevated in
[21]
[22]
those patients . Yu et al
divided schistosomal egg
induced polyps into three types: fibrous type, mixed
type and epithelial proliferative type; CEA and PNA
receptors were present in 18/20 (90%) and 6/18 of
epithelial proliferative type, respectively. In the present
study, 46% and 47% patients had elevated CEA or
CA-125, whilst few patients had abnormal CA19-9. On
the other hand, after statistical analysis, schistosomal
rectosigmoid carcinoma was only associated with a
higher CA-125 level.

Is colonoscopy specific?

Colonoscopy provides valuable information for the
[23]
[3]
diagnosis of colonic schistosomiasis . Liu et al
systematically described morphological types of
schistosomal colorectal cancer (endophytic/ulcerative,
exophytic/fungating, annular, giant polyp and IIc), and
found that the ulcerative type were the most common
cases. However, in this study, which focused on
rectosigmoid cancers, fungating masses seemed form
the majority of the cases. The endoscopic findings of
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endogenously through the course of Schistosomiasis
mansoni infection may play a role in CRC- Schistosoma
mansoni pathogenesis through the dysregulation of
apoptosis by the alteration of the expression pattern of
[29]
Bcl-2 protein .
A recent study showed that the prognosis of
patients with schistosomal rectal cancer is worse than
those with non-schistosomal rectal cancer; therefore,
[17]
a diagnosis of schistosomiasis might be necessary .
In the present research, CA-125 levels and CT scans
have a sufficient sensitivity to diagnose rectosigmoid
carcinoma combined with schistosomiasis.

5

6
7
8

9
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Background
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Colorectal cancer coexisting with schistosomiasis is a typical schistosomiasisrelated intestinal damage, especially in the sigmoid colon and rectum.

Research frontiers

11

Epidemiological data have suggested that a close relationship exists
between colorectal cancer and schistosomiasis, especially when infected
with Schistosoma japonicum. However, there have been little available data
regarding the role of Schistosoma japonicum in rectosigmoid carcinoma.
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Innovations and breakthroughs

The authors compared the clinicopathological features of patients with nonschistosomal rectosigmoid cancer or schistosomal rectosigmoid cancer,
and analyzed the laboratory examinations, endoscopic findings and
clinicopathological characteristics between those two groups. There were
no significant differences in CEA values, CA19-9 values or findings from
preoperative biopsies. However, patients with rectosigmoid schistosomiasis had
significantly higher CA-125 values.

13

14

Applications

According to this study, rectosigmoid carcinoma combined with schistosomiasis
might be associated with higher CA-125 values and early stages; CA-125 and
computed tomography (CT) scans have a sufficient sensitivity for accurate
diagnosis.
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Terminology

Endoscopy and CT scans contribute to the diagnosis of schistosomal
rectosigmoid carcinoma, although they are nonspecific. A correct diagnosis
of schistosomal rectosigmoid carcinoma can be established by endoscopy as
well as CT scans in combination with its clinicopathological characteristics and
laboratory tests (CA-125).
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The manuscript written by Feng et al retrospectively evaluated the
endoscopic findings and clinicopathological characteristics of schistosomal
rectosigmoid cancer. The findings are important and provide novel information
for the management of patients with rectosigmoid carcinoma, as well as
schistosomiasis. However, there are some concerns that need to be addressed.
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Abstract
AIM: To evaluate mucosal healing in patients with
small bowel plus colonic Crohn’s disease (CD) with
a single non-invasive examination, by using PillCam
©
COLON 2 (PCC2).
METHODS: Patients with non-stricturing nonpene
trating small bowel plus colonic CD in sustained
corticosteroid-free remission were included. At diagnosis,
patients had undergone ileocolonoscopy to identify
active CD lesions, such as ulcers and erosions, and
small bowel capsule endoscopy to assess the Lewis
Score (LS). After ≥ 1 year of follow-up, patients
underwent entire gastrointestinal tract evaluation
with PCC2. The primary endpoint was assessment of
CD mucosal healing, defined as no active colonic CD
lesions and LS < 135.

Ethics approval: The study was reviewed and approved by the
Centro Hospitalar do Alto Ave Institutional Review Board.
Informed consent: All patients provided written consent to
undergo total colonoscopy, small bowel capsule endoscopy and
pan-enteric endoscopy with PCC2.
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the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Twelve patients were included (7 male;
mean age: 32 years), and mean follow-up was 38 mo.
The majority of patients (83.3%) received immuno
suppressive therapy. Three patients (25%) achieved
mucosal healing in both the small bowel and the colon,
while disease activity was limited to either the small
bowel or the colon in 5 patients (42%). It was possible
to observe the entire gastrointestinal tract in 10 of the
12 patients (83%) who underwent PCC2.
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CONCLUSION: Only three patients in sustained
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corticosteroid-free clinical remission achieved mucosal
healing in both the small bowel and the colon, highlighting
the limitations of clinical assessment when stratifying
disease activity, and the need for pan-enteric endoscopy
to guide therapeutic modification.

evaluation of CD. SBCE was shown to be superior to
small bowel follow-through and computed tomography
enterography (CT-E) in the evaluation of the small
[5]
bowel . When compared with magnetic resonance
enterography (MRI-E), small studies showed that
SBCE had better sensitivity for proximal small bowel
[6]
mucosal lesions . Capsule endoscopy is highly
sensitive for superficial mucosal lesions, with a strong
[7,8]
negative predictive value
. In established CD,
capsule endoscopy may be used to evaluate the extent
[3,9]
and activity of disease , often having an impact on
[10-12]
therapeutic decisions
.
Mucosal healing, defined as the resolution of
[13]
active inflammatory lesions in the gut , is now
recognized as a major determinant on the outcome
[13]
of CD . Ileocolonoscopy is the gold standard for
mucosal healing evaluation, but it is an invasive
procedure, associated with discomfort and pain
often requiring sedation and analgesia, and reaching
only to the terminal ileum. Procedural risks such as
perforation are significantly increased in patients with
[14]
severe disease , and such patients would benefit
from a less invasive diagnostic procedure. Capsule
endoscopy, particularly when coupled with scoring
[2]
systems such as the Lewis Score (LS) or the Capsule
Endoscopy Crohn’s Disease Activity Index (CECDAI
[2]
or Niv Score) , has the potential for assessing and
[2]
quantifying mucosal healing in small bowel CD .
Recently, a capsule aimed at colonic observation has
[15]
©
been developed , PillCam COLON 2 (PCC2, Given
©
Imaging ), which has been primarily used for colorectal
cancer screening in average risk populations or when
[16-18]
colonoscopy is contraindicated or incomplete
.
Some recent studies have focused on the potential
role of colon capsule endoscopy in patients with
[19,20]
[21]
ulcerative colitis
and colonic CD . PCC2 allows
for the continuous and non-invasive observation of
the entire intestinal tract (pan-endoscopy), and new
studies are emerging to analyze its effectiveness in
[22]
such evaluation . Although it still requires bowel
preparation, colon capsule endoscopy does not require
insufflation or sedation; the risks associated with the
procedure are minimal, although capsule retention
and potential bowel obstruction are significantly more
[4,17]
frequent in patients with established CD
.
We aimed to evaluate mucosal healing in patients
with small bowel plus colonic CD on corticosteroid-free
clinical remission, with at least 1 year of follow-up after
diagnosis, using PCC2 for pan-endoscopy.

Key words: Crohn’s disease; Mucosal healing; Capsule
endoscopy; Small bowel diseases; Inflammatory bowel
disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study reports for the first time the use of
PillCam COLON2 Capsule (PCC2) to evaluate mucosal
healing of the entire intestinal tract in small bowel plus
colonic Crohn’s disease. Only 25% of our patients in
corticosteroid-free clinical remission achieved mucosal
healing in both the small bowel and the colon, while
in 42% there was disease activity limited to either the
small bowel or the colon. Endoscopic evaluation of
the entire gastrointestinal tract with PCC2 was both
feasible and safe. Our results highlight the limitations
of clinical assessment when stratifying disease activity
and emphasize the need for pan-enteric endoscopy in
order to guide therapeutic adjustment.
Boal Carvalho P, Rosa B, Dias de Castro F, Moreira MJ, Cotter J.
PillCam COLON 2© in Crohn’s disease: A new concept of panenteric mucosal healing assessment. World J Gastroenterol 2015;
21(23): 7233-7241 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i23/7233.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7233

INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory
bowel disease whose prevalence has been rising
[1]
over the past decades . In CD, there is a transmural
inflammatory process that may affect the entire
gastrointestinal tract, from the mouth to the anus, and
in half the patients there is involvement of both the
[2]
small bowel and colon . Although the terminal ileum,
easily accessible through ileocolonoscopy, is the most
commonly affected small bowel segment in CD (around
[2]
80%) , up to half of the patients suffering from ileal
[3]
CD have concomitant jejunal mucosal damage .
Furthermore, one third of patients present with isolated
proximal lesions, associated with an increased risk of
[3]
relapse and poorer disease outcomes , but whose
observation has often been challenging or incomplete.
Capsule endoscopy first became available in
[4]
2001 , revolutionizing the investigation of small
bowel diseases. In the most recent European Crohn’
[2]
s and Colitis Organization guidelines , small bowel
capsule endoscopy (SBCE) was established as a valid
and important diagnostic tool in the diagnosis and
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MATERIALS AND METHODS
This retrospective single center study, based on
prospectively collected data, included patients with
small bowel plus colonic CD at diagnosis, with a nonstricturing, non-penetrating phenotype (Montreal
[1]
Classification L3, B1 ), who were in corticosteroidfree remission (defined for an Harvey-Bradshaw Index
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fasting was warranted afterwards. At 9 am patients
were instructed to ingest the capsule. Prior to the
ingestion, real-time viewing (Rapid Access Real Time;
©
Given Imaging ) was initiated and the adaptive frame
rate mode was activated to ensure visualization of the
entire small bowel (Figure 1).
One hour later, using the real-time viewing system,
capsule progression to the small-bowel was confirmed,
and 10 mg of domperidone was administered if the
capsule was still in the stomach. Thirty minutes later,
capsule progression was assessed, and, in the case
of delayed stomach emptying, endoscopic capsule
placement in the small bowel was performed. When
the small bowel was reached, a booster of 30 mL
of sodium phosphate solution (Fleet Phospho Soda;
©
Casen-Fleet Laboratories ) was administered, followed
by ingestion of 1 L of water; 3 h later a second booster
of sodium phosphate (15 mL) was administered (plus
500 mL of water) if the capsule was not excreted
by then, and after an additional 3 h, a bisacodyl
suppository was given. In the event of an incomplete
examination, unless the patient reported capsule
excretion, an abdominal X-ray was performed after a
period of 15 d or if obstructive symptoms developed.
Capsule observation was performed by a physician
with experience in capsule endoscopy, blinded to both
the initial endoscopic procedures and current therapy.
The images were read at a maximum of 10 frames per
second, using both cameras sequentially for colonic
evaluation and a single camera for the remainder
of the gastrointestinal tract. Small bowel, colon
(segmented as follows: cecum, ascending, transverse,
descending/sigmoid colon, and rectum) and upper
gastrointestinal CD lesions were described, and LS was
calculated. Gastric transit time (from the first gastric
frame to first duodenum frame), small bowel transit
time (from the first duodenum frame to first cecum
frame) and colonic transit time (from the first cecum
frame to last rectal frame) were noted in minutes.
In the case of incomplete examination (capsule not
excreted during battery time) a colon transit time was
defined from the first cecal frame to the last registered
colon frame. Small bowel and colon preparation quality
was classified with a graded scale ranging from 1 to
4, where 1 was excellent (no more than small bits of
residue), 2 was good (some residue, not enough to
interfere with the examination), 3 was fair (enough
residue to preclude a completely reliable examination)
[25]
and 4 was poor (large amount of residue) .
A blood panel was performed both at diagnosis
and on the day of the pan-endoscopy (complete
blood count, C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), ferritin and albumin).
Anemia was defined as hemoglobin < 12 g/dL in
women and < 13 g/dL in men; iron deficiency was
defined as ferritin levels < 100 μg/L, leukocytosis was
defined as a white blood count > 11.000/μL, elevated
CRP was defined as levels ≥ 3 mg/L, elevated ESR

Table 1 Inclusion and exclusion criteria
Inclusion and exclusion criteria
Inclusion criteria (all of the following)
Small bowel plus colonic Crohn's disease
Non-stricturing, non-penetrating phenotype
Corticosteroid-free remission (Harvey-Bradshaw Index < 5)
Follow-up ≥ 1 yr
Age ≥ 18 yr
Exclusion criteria (any of the following)
Pregnancy
Intestinal obstruction/obstructive symptoms
Intestinal surgery
Non-steroidal anti-inflammatory drug use within 4 wk of enrolment

[1]

< 5 ), had at least 1 year of follow-up, and were
aged > 18 years. Exclusion criteria were pregnancy,
known intestinal obstruction or current obstructive
symptoms, non-steroidal anti-inflammatory drug use
in the 4 wk prior to enrolment as well as previous
intestinal surgery. Inclusion and exclusion criteria
are summarized in Table 1. Small bowel radiological
imaging was not mandatory prior to inclusion in this
study; patients with no clinical features of stricturing
or penetrating disease and no stricture at the index
ileocolonoscopy were allowed to undergo capsule
endoscopy without previous small bowel imaging.
All patients underwent both SBCE (PillCam SB2,
©
Given Imaging ) and ileocolonoscopy at diagnosis
as per the department protocol. Small bowel disease
activity was assessed using the LS. The LS is calculated
through a specific formula using the presence of
villous edema, ulcers and stenosis, and classifies small
bowel inflammatory activity in 3 grades: LS < 135
(no activity), 135 ≤ LS < 790 (mild activity) and LS
≥ 790 (moderate to severe activity); in this study,
[23,24]
patients with LS ≥ 135 were included
. Capsule
observation was performed by 3 physicians with
experience in capsule endoscopy, and the images were
read at a maximum of 10 frames per second. Colonic
lesions included were ulcers and aphthous ulcerations,
while other lesions such as pseudopolyps, granularity
without mucosal breaks or nodularity were considered
non-active CD. Disease activity, measured with the
Harvey-Bradshaw Index (HBI), therapy (salicylates,
corticosteroids, immunomodulators and anti-tumor
necrosis factor-α) and disease complications were
evaluated during follow-up.
Assessment of mucosal healing was performed
with the PCC2, using our own modified protocol from
[25]
[26]
Herrerías-Gutiérrez et al and Cotter et al . Patients
were instructed to have a low-fiber diet and ingest at
least 10 glasses of water 2 d before the procedure;
on the day before the procedure, a clear liquid diet
(water, tea, transparent beverages) was prescribed,
as well as 1 L of polyethylene glycol solution plus 500
mL of water between 7 and 9 pm; on the day of the
procedure, another liter of this solution plus 500 mL of
water was ingested (between 6:30 and 8:30 am), and
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st

9 am

10 am

nd

3 h after 1
NaP booster

3 h after 2
NaP booster

15 mL NaP
+
0.5 L H2O

Bisacodyl
suppository
(10 mg)

Real-time viewing
Stomach

Small bowel

Domperidone
10 mg

30 mL NaP
+
1 L H2O

PCC2
ingestion
Real-time after
30 min

Small bowel

Stomach

Endoscopic
placement of
the PCC2

30 mL NaP
+
1 L H2O

st

After the 1 NaP booster + 1 L H2O - clear liquids are allowed
nd

After the 2 NaP booster + 0.5 L H2O - a light meal is allowed

Figure 1 Department protocol for pan-enteric evaluation with PCC2©[40]. PCC2: Pillcam colon capsule 2©; NaP: Sodium phosphate.

Two patients reported regular tobacco consumption
(10-20 cigarettes/d), 3 were ex-smokers and 7 were
non-smokers.
On baseline SBCE, mean LS was 1022 ± 810
(range: 168-2980), and was highest in the third
tercile (mean: 994 ± 838; range: 112-2980); mild
inflammatory activity (135 ≤ LS < 790) was present
in 5 patients and moderated to severe inflammatory
activity (LS ≥ 790) was found in the other 7 patients.
No small bowel stenoses were observed. On baseline
ileocolonoscopy, 8 patients (66.7%) presented with
a segmental pattern of colonic lesions, the majority
in the right colon (n = 5); in 4 patients, there was
extensive mucosal damage throughout the entire
colon. The laboratory results at diagnosis and at the
time of the PCC2 are summarized in Table 2.
The majority of patients (83.3%) were medicated
with immunosuppressive therapy. Two patients were
treated with combination immunomodulation therapy
(adalimumab plus azathioprine), 8 with azathioprine in
monotherapy and 2 with oral mesalazine
Mean gastric transit time was 45 ± 38 min (range:
3-90 min); domperidone administration was warranted
in 4 patients, and endoscopic placement was needed
in 3 of them, with no subsequent complications. Mean
small bowel transit time was 90 ± 37 min (range:
21-162 min). Mean colon transit time was 321 ± 308
min (range: 20-936). Two pan-endoscopy procedures
were incomplete (17%), the splenic flexure being
reached in both of them. In these patients, the colon
transit time was 895 and 936 min (total battery time

Table 2 Hematological results at diagnosis and follow-up
(mean ± SD)
Result
Hemoglobin (g/dL)
Leucocytes (103/μL)
Platelets (103/μL)
Erythrocyte sedimentation
rate (mm/h)
C-reactive protein (mg/L)
Ferritin (ng/mL)
Albumin (ng/mL)

Diagnosis

Follow-up

Reference

13.2 ± 2.8
10.100 ± 3.200
363 ± 194
28.6 ± 23.8

14.2 ± 1.4
7.800 ± 2.800
265 ± 124
12.3 ± 8.3

12.0-18.0
4.8-10.8
150-350
0-14

42.6 ± 36.4
120 ± 112
4.1 ± 0.6

17.2 ± 17.0
74 ± 49
3.9 ± 0.3

< 2.9
26-388
3.1-17.5

was defined as > 20 mm/h, and hypoalbuminemia
was defined as levels < 3.5 mg/dL, according to our
laboratory reference range.
The Ethics Committee of the Centro Hospitalar do
Alto Ave, E.P.E approved this study. All patients gave
their written informed consent before enrolment.
Data were analyzed anonymously to preserve patient
confidentiality. Statistical analysis of frequencies was
performed using the SPSS v.21.0 (IBM Corp., Armonk,
NY, United States).

RESULTS
Twelve patients were included at baseline, and all
completed the study protocol. Five patients were
female (41.7%); the mean age was 32 years (range:
18-50 years), and mean follow-up was 40 mo (14-65
mo). Mean HBI at diagnosis was 9.64 (range: 6-17).
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Table 3 Patient characteristics, Crohn's disease therapy and endoscopic findings
Patient

Age
(yr)

Sex

Follow-up
(mo)

Therapy

SBCE LS

Index colonoscopy colon
findings

PCC2 LS

PCC2 colon findings

1

21

Male

48

2980

Extensive ulcers in entire colon

21

Female

63

Extensive ulcers and erythema
in entire colon
Extensive ulcers and erythema
in entire colon

1068

2

2336

No lesions

3

26

Male

57

1350

Aphtoid ulcers and erythema
in the sigmoid

562

No lesions

4

48

Male

33

1240

24
27

Male
Female

39
14

Extensive ulcers in the ascending
and transverse colon
Aphtoid ulcers in the cecum
Ulcers in the transverse colon

7

18

Male

14

8

35

Female

22

9

32

Male

22

10

46

Female

49

393

11

50

Female

65

12

39

Male

62

Azathioprine 2.5 mg/kg
per day
Azathioprine 2.5 mg/kg
per day
Mesalazine 3 g/d

Aphtoid ulcers and erythema
in the cecum
Aphtoid ulcers in the cecum
Extensive ulcers and erythema
proximal to the splenic flexure
Extensive ulcers and erythema
in entire colon
Aphtoid ulcers and erythema
in the cecum
Extensive ulcers and erythema
in entire colon
Extensive ulcers and erythema
proximal to the splenic flexure
Ulcers in the sigmoid

5392

5
6

Azathioprine 2.5 mg/kg
per day
Azathioprine 2.5 mg/kg
per day
Adalimumab 40 mg eow
Azathioprine 2.5 mg/kg
per day
Adalimumab 40 mg eow
Azathioprine 2.5 mg/kg
per day
Mesalazine 3 g/d
Azathioprine 2.5 mg/kg
per day
Azathioprine 2.5 mg/kg
per day
Azathioprine 2.5 mg/kg
per day
Mesalazine 3 g/d

1440

1104
900
1690
314
458

225
168

Aphtoid ulcers in the cecum
and ascending colon

1518
0
2336
5392

Ulcers in the cecum, ascending,
transverse and descending colon
No lesions

0

No lesions

0

No lesions

8

Ulcerative lesions in the splenic
flexure;
No lesions

0

SBCE: Small bowel capsule endoscopy; LS: Lewis Score; eow: Every other week; PCC2: PillCam COLON 2©.

©

for the PillCam COLON 2 is 1020 min).
Small bowel cleanliness was excellent in 5 (42%)
patients, good in 6 (50%), and fair in 1 (8%), while
the colonic preparation was excellent in 2 patients
(17%), good in 6 (50%) patients, fair in 2 (17%), and
poor in 2 (17%).
PCC2 findings in the small bowel were as follows:
complete mucosal healing of the small bowel (LS <
135) was achieved in 4 patients (33%), 3 of them
under azathioprine monotherapy, while the other
patient was treated with mesalazine; one patient (8%)
with previous moderate to severe inflammatory activity
treated with anti-tumor necrosis-α plus azathioprine
presented with mild inflammatory activity, and
moderate to severe inflammatory activity was found
in the remaining patients (n = 7, 58%). In 4 patients
(33%), a single stenosis was found on the small bowel,
all on the third tercile, and was ulcerated in 2 of them;
the stenoses were traversed in all patients, causing no
obstructive symptoms.
Mean LS was 1551 ± 1999 (range: 0-5392), and
was highest in the third tercile (1126 ± 1213; range:
0-3040). Colonic lesions were found in half the patients
(n = 6); 2 patients presented with ulcers throughout
the entire colon, while segmental inflammatory activity
was found in the remaining 4. Six patients (50%)
achieved complete mucosal healing of the colon; in 3,
there was concomitant small bowel mucosal healing.
Patient characteristics, CD therapy, and endoscopic
findings are summarized in Table 3.

WJG|www.wjgnet.com

DISCUSSION
In our study of patients in corticosteroid-free clinical
remission, we found significant inflammatory activity
in 9/12 (75%), and crucially, in 5 patients (42%),
disease with previous both small bowel and colonic
involvement was limited to one of those segments on
follow-up, highlighting the limitations of clinical disease
assessment when stratifying disease activity, and the
need for therapeutic modification.
Moreover, in 3 out of 6 of the patients with
normal colonic mucosa, there was involvement of the
proximal small bowel, an independent risk factor for
[3]
disease relapse . Conversely, 2 patients, in whom no
significant inflammatory activity was found in the small
bowel (LS < 135), were shown to have multiple ulcers
in the colonic mucosa. Finally, moderate to severe
activity in the small bowel, as well as colon disease,
was confirmed in a third of our patients.
Adequate small bowel preparation was achieved in
all 12 patients, and in only 2 was colonic preparation
poor. These results are comparable to those reported
in the literature for both the small bowel and the
[4]
colon , but warrant consideration of whether it is
possible to further optimize colon preparation.
Although this was a single center retrospective
study with a small number of patients, it was based
on prospectively collected data, with strict inclusion
criteria, and it focused on a very relevant hot topic
in CD that has not previously been investigated - the
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simultaneous evaluation of post-treatment mucosal
healing in both the small bowel and colon with a single
non-invasive endoscopic examination.
In CD, symptom remission has not been shown to
[13]
alter the natural course of the disease , particularly
[27]
regarding complication and surgical rates , arguably
because the correlation between clinical and inflam
[28]
matory activities is poor . In the era of biologic
therapy, a new concept, mucosal healing, has arisen.
In contrast to clinical symptoms, mucosal healing has
been associated with significantly reduced rates of
[29]
[30]
surgery
and hospitalization
as well as with the
[31]
achievement of long term steroid-free remission .
Optimal assessment of mucosal healing is still
debated. Ileocolonoscopy is currently the gold standard
for evaluating mucosal healing, but it is an invasive
procedure and restricted to the colon and distal
[32]
ileum . Several surrogate markers for mucosal
healing exist, but none are without limitations. Fecal
markers, such as calprotectin, have shown promising
[33]
discriminating power to predict disease relapse , but
[34]
the results regarding ileal disease are unremarkable .
Cross-sectional imaging, particularly CT-E and MR-E,
allows the evaluation of the small bowel and colonic
mucosa, as well as deep-tissue assessment, and
has shown good correlation with both clinical and
[13]
endoscopic activity . However, CT poses a cumulative
radiation risk, and MR-E is expensive and not widely
available in clinical practice. SBCE has shown superior
diagnostic accuracy to cross-sectional imaging in small
[6,35,36]
bowel CD
, particularly in detecting proximal and
[5,6]
superficial lesions , and was recently reported to be
safe in established small bowel CD, even in patients
[32]
with previously known stenotic lesions , but does not
allow for colon observation.
The colon capsule was recently developed for
colon observation, particularly in patients who refuse
colonoscopy or in whom such a procedure is not
[17]
possible . Although it still requires colon preparation,
there is no need for insufflation or sedation, and the
[4,17]
risks associated with the procedure are minimal
.
Colon capsule endoscopy to detect mucosal inflam
mation in the colon was previously described in
[19,20]
ulcerative colitis patients
, and was recently shown
to have a good correlation with colonoscopy when
evaluating colon mucosal damage in patients with
[21]
colonic CD . The use of colon capsule endoscopy for
observation of the whole intestinal tract was previously
[22]
reported by Remes-Troche et al
and by Negreanu
[37]
et al . In both studies, PCC2 allowed for a thorough
examination of both the small bowel and the colon,
with very good tolerability and no complications
No stenosis was encountered during SBCE at
diagnosis, but single small bowel stenoses were
found in 4 patients on PCC2. These patients reported
no obstructive symptoms either before or during
the procedure, and such results are consistent with
[32]
those reported by Niv et al , where 6 patients with
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ulcerated small bowel stenoses underwent repeated
SBCE with no case of retention or complications.
The cecum was reached in all patients, allowing
for the crucially important observation of the terminal
ileum, ileocecal valve, and the cecum. Despite
the optimized protocol and prolonged battery life
(maximum 17 h), the procedure was incomplete in 2
patients.
Gastric transit time was per protocol always under
90 min. In contrast to other colon capsule preparation
[22,25]
regimens
, we used real-time viewing to adjust
drug administration, allowing for criterious use of
prokinetic drugs only in patients with delayed gastric
emptying, as well as for determination of the ideal
timing for sodium phosphate booster delivery.
Small bowel transit time was under 3 h in all
patients. Despite some evidence that the small bowel
[38]
transit time correlates with diagnostic yield in SBCE ,
the possibility that the shortening of small bowel
transit time might reduce the diagnostic yield with
PCC2 would probably not be an issue as its dynamic
frame rate allows for the capture of up to 35 frames
per second in accelerated movement.
Colon transit times averaged 320 min, and we
encountered 2 incomplete studies, whose colon transit
times were 895 and 936 min - a completion rate of
83.3%. No colon lesions were found in these patients
despite the splenic flexure being reached in both of
them. Both patients reported the excretion of the
capsule on the following day with no complications.
The completion rate for colon capsule endoscopy
[18,19,22,39]
is reported to range between 76%-100%
,
comparable to our own findings (83%). Finally, we had
no technical failures.
Our study has some limitations: it was an
exploratory single center study, which included a
limited number of patients due to strict inclusion
criteria, particularly the requirement of both ileoco
lonoscopy and SBCE at diagnosis, a minimum
follow-up of 1 year after the initiation of CD therapy,
and corticosteroid-free clinical remission, prior to
mucosal healing assessment with PCC2. Secondly,
as the objective of the study was to demonstrate the
feasibility of PCC2 for the evaluation of small bowel
and colonic mucosal healing, no control group or
gold standard was employed. Prospective multicenter
studies would enable the inclusion of a significantly
larger number of patients to validate our preliminary
results, with the primary outcome of assessment
of complete mucosal healing in both small bowel
and colonic mucosa; ideally, new studies should use
new or adapted scoring systems that could measure
inflammatory activity both in the small bowel and the
colon, as this novel concept becomes widespread in
the investigation of this pan-enteric disease, based
on a compromise of high diagnostic accuracy, less
invasiveness, and convenience for patients. Further
investigations should be able to evaluate whether
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complete (absence of endoscopically visible lesions)
vs partial (improvement with lower inflammatory
activity scores) mucosal healing in each and/or
both “segments” (small bowel and/or colon) have
a significant prognostic value, by following patients
to assess for endpoints such as the rate of clinical
relapses, hospitalization, or surgery. Although the
possibility of full assessment of mucosal healing
during the course of CD by means of a single noninvasive procedure seems a very attractive concept,
there is currently not enough evidence that such a
strategy could positively impact on disease outcomes;
moreover, key practical drawbacks such as the high
cost of each examination, the time required to read
the videos, and the relatively scarce availability
of adequately trained medical staff to read PCC2
videos, are some of the issues that currently limit its
widespread generalizability for use in clinical practice,
beyond those patients unwilling or unable to undergo
conventional ileocolonoscopy.
©
In conclusion, the PillCam COLON 2 allows for a
new concept of non-invasive, safe, and well tolerated
examination of the entire gastrointestinal tract.
Additionally, in a population currently in corticosteroidfree clinical remission, we found significant inflam
matory activity in all but 3 patients (25%); of relevance,
5 patients (42%) with previous activity in both the
small bowel and colon presented with disease limited
to one of these, reinforcing the importance of entire
gut visualization before any management decisions
regarding CD patients. In the future, this procedure
may be used to evaluate mucosal healing in the small
bowel, particularly with proximal distribution, and
colonic CD.

Pan-endoscopy refers to the endoscopic assessment of both the small bowel
and colon. Mucosal healing corresponds to the resolution of active inflammatory
lesions in the gut (erosions, ulcers, friability, hemorrhage). Capsule endoscopy
is a recent endoscopic technique where a small device with a camera is
swallowed by the patient in order to visualize the mucosa of the gastrointestinal
tract.

Peer-review

This is an interesting study performed by Carvalho et al reporting on a new
technique - the use of colon capsule in the assessment of mucosal healing
in CD patients. The manuscript is well written, and carefully designed. The
procedures are described in great details in the material and methods section.
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METHODS: We retrospectively investigated 198
consecutive patients who underwent both capsule
endoscopy and CT for investigation of obscure
gastrointestinal bleeding (OGIB) from January 2009
to September 2013. The visceral fat area (VFA) and
subcutaneous fat area were measured by CT, and
information on comorbidities, body mass index, and
medications was obtained from their medical records.
Logistic regression analysis was used to evaluate
associations.

Abstract
AIM: To investigate visceral fat accumulation in
association with the risk of small bowel angioectasia.
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RESULTS: Capsule endoscopy revealed small bowel
angioectasia in 18/198 (9.1%) patients with OGIB.
Compared to patients without small bowel angioe
ctasia, those with small bowel angioectasia had a
2
significantly higher VFA (96 ± 76.0 cm vs 63.4 ±
2
51.5 cm , P = 0.016) and a higher prevalence of liver
cirrhosis (61% vs 22%, P < 0.001). The proportion
of patients with chronic renal failure was higher in
patients with small bowel angioectasia (22% vs 9%,
P = 0.11). There were no significant differences in
subcutaneous fat area or waist circumference. The
prevalence of small bowel angioectasia progressively
increased according to the VFA. Multivariate analysis
2
showed that the VFA [odd ratio (OR) for each 10-cm
increment = 1.1; [95% confidence interval (CI):
1.02-1.19; P = 0.021] and liver cirrhosis (OR = 6.1,
95%CI: 2.2-18.5; P < 0.001) were significant risk
factors for small bowel angioectasia.
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CONCLUSION: VFA is positively associated with the
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prevalence of small bowel angioectasia, for which
VFA and liver cirrhosis are independent risk factors in
patients with OGIB.

a role in the pathogenesis of small bowel angioectasia
through these secreted molecules. Visceral fat accu
mulation can be calculated using computer software
[14]
based on CT images . We conducted the present study
to elucidate the association of visceral fat accumulation
with the risk of small bowel angioectasia.

Key words: Capsule endoscopy; Obscure gastroin
testinal bleeding; Small bowel angioectasia; Visceral fat
accumulation

MATERIALS AND METHODS

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

This study was a retrospective analysis conducted in
accordance with the Declaration of Helsinki and with
the approval of the ethics committee of the University
of Tokyo.

Core tip: Small bowel angioectasia is a major source
of obscure gastrointestinal bleeding. The etiology and
mechanism of the development of angioectasia are
not fully understood. In this study, we elucidated the
association of visceral fat accumulation with the risk of
small bowel angioectasia. A positive association was
observed between visceral fat accumulation and the
prevalence of small bowel angioectasia. Visceral fat
accumulation and liver cirrhosis are independent risk
factors for small bowel angioectasia in patients with
obscure gastrointestinal bleeding.

Patients

Our study included consecutive patients who
underwent CE at the University of Tokyo Hospital
from January 2009 to September 2013. The inclusion
criteria were: (1) an indication for investigation
of OGIB; (2) performance of CT to investigate GI
bleeding or for another purpose within 3 mo before or
after the CE; and (3) informed consent provided. OGIB
was defined as bleeding that persisted or recurred
after a negative initial endoscopic result (obtained by
[15]
colonoscopy and upper endoscopy) .

Yamada A, Niikura R, Kobayashi Y, Suzuki H, Yoshida S,
Watabe H, Yamaji Y, Hirata Y, Koike K. Risk factors for small
bowel angioectasia: The impact of visceral fat accumulation.
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CE

INTRODUCTION
Angioectasia is characterized by focal accumulation of
dilated vessels in the mucosa and submucosa of the
[1]
intestinal wall . This condition can occur anywhere in
the gastrointestinal (GI) tract, and most commonly
[2,3]
occurs in the colon ; however, 15% of cases are
[4]
thought to be located in the small bowel . Small bowel
angioectasia is a major source of obscure GI bleeding
[5,6]
(OGIB) , which is detected by capsule endoscopy
(CE).
The etiology and mechanism of the development
of angioectasia are not fully understood. Pathogenic
factors contributing to the formation of angioectasia
are considered to be high intestinal wall tension
causing chronic obstruction of submucosal veins with
[7]
consecutive precapillary dilation , mucosal ischemia
[8,9]
from chronic hypoxia or hypoperfusion , and vascular
endothelial growth factor (VEGF)-related disorders of
[10]
angiogenesis .
Visceral fat accumulation is thought to modulate
a range of systemic and end-organ effects through
the release of adipocytokines, growth factors, and
[11]
inflammatory mediators . VEGF is an important
angiogenic factor. It is secreted by adipocytes and
is implicated in both normal and pathologic vessel
[12,13]
formation
. Thus, visceral fat accumulation may have
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®

A Pillcam SB or SB2 CE device (Given Imaging, Yoqneam,
Israel) was used for small intestinal examination. Two
experienced gastroenterologists, both of whom had
the patients’ clinical background information, including
GI endoscopy results, independently reviewed the CE
images. After the independent review, the reviewers
discussed all CE findings and reached a consensus.
Small bowel angioectasia was defined as a circumscribed
[16]
patchy, flat, sharply demarcated area of redness . The
small bowel visualized on CE during < 50% of the small
bowel transit time was presumed to be jejunum, and >
50% of the small bowel transit time was designated as
ileum.

Measurement of abdominal adipose tissue

The fat tissue area and waist circumference were
measured in each patient by analyzing a CT image
at the level of the umbilicus with the software Slim 
®
[17]
vision (Cybernet Systems Co., Ltd., Tokyo, Japan) .
The subcutaneous fat area (SFA) was defined as
the sum of the extraperitoneal fat area between
the skin and muscle on a CT image that showed
attenuation ranging from -150 to -50 Hounsfield units.
Visceral fat area (VFA) was defined as the sum of the
intraperitoneal fat area showing the same attenuation.

Data collection

The medical records of the study patients were
thoroughly reviewed, and data on comorbidities and
ongoing medication were collected. Liver cirrhosis
was diagnosed in each case based on the patient’s

7243

June 21, 2015|Volume 21|Issue 23|

Yamada A et al . Risk factors for small bowel angioectasia
Table 1 Comparison between patients with and without small
bowel angioectasia n (%)

Age (yr)
Sex (male/female)
Body mass index (kg/m2)
CT measurement
Waist circumference (cm)
VFA (cm2)
SFA (cm2)
Subtype of OGIB2
Overt
Occult
Comorbidities
Chronic renal failure
Diabetes mellitus
Hypertension
Hyperlipidemia
Liver cirrhosis
Cause of hepatitis
HBV/HCV/non-B, non-C
Aortic stenosis
Medication
NSAIDs
Antiplatelet drugs
Anticoagulant drugs

P = 0.058 by trend text
0.4

P value

With
angioectasia

Without
angioectasia

(n = 18)
64.7 ± 8.1
13/5
22.6 ± 4.3

(n = 180)
65.8 ± 13.2
104/76
21.8 ± 3.9

0.70
0.232
0.391

83.3 ± 11.6
96.0 ± 76.0
103.0 ± 68.6

80.0 ± 10.2
63.4 ± 51.5
97.8 ± 69.4

0.201
0.021
0.761

9 (50)
9 (50)

114 (63)
66 (37)

0.272

4 (22)
5 (28)
7 (39)
3 (17)
11 (61)

17 (9)
35 (19)
70 (39)
23 (13)
39 (22)

2

0.11
0.402
1.002
0.712
< 0.012

1/6/4
0 (0)

6/22/11
10 (6)

0.602

1 (6)
3 (5)
3 (17)

27 (15)
15 (11)
29 (16)

0.482
0.292
1.002

Prevalence

Characteristics

0.5

1

0.2
0.1
0.0
2

2

2

< 100 cm

100-150 cm

> 150 cm

(n = 152)

(n = 32)

(n = 14)

Visceral fat area

Figure 1 Relationship between visceral fat area and prevalence of small
bowel angioectasia (n = 198).

RESULTS
During the study period, 246 patients underwent CE
after a diagnosis of OGIB. Of these 246 patients, 198
underwent both CE and CT examinations and satisfied
the inclusion criteria, whereas the remaining 48 did
not undergo CT. In total, 198 patients (117 male and
81 female) with the mean age 65.8 ± 12.8 years
were analyzed. The mean VFA and SFA were 66.3 ±
2
2
54.8 cm and 98.3 ± 69.1 cm , respectively. Small
bowel angioectasia was found in 18/198 patients
(9.1%). Small bowel angioectasia was detected more
frequently in the jejunum than in the ileum (78%
vs 33%, P = 0.018). The median number of small
bowel angioectasia was 2 (interquartile range: 1-5).
About half were cases of single angioectasia. Table
1 shows the comparison between patients with and
without small bowel angioectasia. The mean VFA
was significantly higher in patients with than without
2
small bowel angioectasia (96.0 ± 76.0 cm vs 63.4
2
± 51.5 cm , P = 0.016). The prevalence of small
bowel angioectasia progressively increased according
to the VFA: 7.2% in patients with a VFA of < 100
2
2
cm , 12.5% in patients with a VFA of 100-150 cm ,
2
and 21.4% in patients with a VFA of > 150 cm (P
= 0.058 by trend test) (Figure 1). However, there
were no significant differences in the SFA, waist
circumference, or body mass index. The proportion
of liver cirrhosis was higher in the group with small
bowel angioectasia (61% vs 22%, P < 0.001). The
proportion of patients with chronic renal failure
was higher in those with than without small bowel
angioectasia, but the difference was not statistically
significant (22% vs 9%). Using three factors with
a P < 0.2 in the univariate analysis, we performed
multivariate unconditional logistic regression (Table

Data are expressed as mean ± SD or n (%); 1Unpaired Student’s t-test;
2
Fisher’s exact probability test. HBV: Hepatitis B virus; HCV: Hepatitis
C virus; NSAIDs: Nonsteroidal anti-inflammatory drugs; OGIB: Obscure
gastrointestinal bleeding; SFA: Subcutaneous fat area; VFA: Visceral fat
area.

medical history, indicative physical findings (vascular
spiders, palmar erythema, and leg edema), laboratory
findings (impaired synthetic liver function and
thrombocytopenia), radiographic features of the
upper abdomen (nodular appearance, irregular liver
contour, splenomegaly, and/or ascites), and/or liver
biopsy findings. Chronic renal failure was defined
as a successive estimated glomerular filtration rate
2
of ≤ 60 mL/min per 1.73 m . Ongoing medication
indicated drug administration within 1 mo before CE
examination.

Statistical analysis

All statistical analyses were performed with JMP
software (version 10; SAS Institute, Cary, NC, United
States). In all sample analyses, means were compared
to an unpaired Student’s t-test and frequency
distributions were compared with the Fisher’s exact
probability test. Factors with a P < 0.2 in the univariate
analysis were included in the multivariate analysis. The
odds ratios (ORs) for small bowel angioectasia were
calculated by logistic regression analysis. A P < 0.05
was considered statistically significant.

WJG|www.wjgnet.com

0.3

7244

June 21, 2015|Volume 21|Issue 23|

Yamada A et al . Risk factors for small bowel angioectasia
resistance, which causes obesity-related diseases,
including diabetes mellitus, hypertension, and
[22]
cardiovascular disease . A previous study reported
that patients with GI angioectasia are more likely to
have underlying cardiovascular or pulmonary diseases,
therefore suggesting that mucosal ischemia from
chronic hypoxia or hypoperfusion may contribute to the
[8]
development of angioectasia . Moreover, adipose tissue
expresses and releases various secretary molecules,
[23,24]
[25]
such as leptin
, tumor necrosis factor-α ,
[26]
plasminogen activator inhibitor-1 , interleukin-6,
[12,13]
and VEGF
. VEGF is an important angiogenic factor
that reportedly induces migration and proliferation
of endothelial cells, enhances vascular permeability,
[27]
and modulates thrombogenicity . VEGF is therefore
implicated in vascular pathologies as well as normal
blood vessel development. Although we had no data on
cytokine levels, and although the relationship between
VEGF and small bowel angioectasia was unclear, our
results indicate that visceral fat accumulation may play
a role in the pathogenesis of small bowel angioectasia.
[28]
[29]
Chronic renal failure , aortic stenosis , and
[30]
von Willebrand disease
are associated with GI
angioectasia. The present study indicated that VFA and
liver cirrhosis are stronger risk factors for small bowel
angioectasia than these known factors, although a
causative relationship cannot be excluded.
There were several limitations to this study. First,
it was a retrospective analysis, so selection bias for
determining whether patients with OGIB should
undergo CT may have been involved. Because the
CE reviewers were aware of the patients’ clinical
backgrounds, they might have been biased by their
knowledge of the patients’ body weights or presence of
cirrhosis. Second, we had no data on cytokine levels.
Third, the number of study participants was small.
Therefore, a larger prospective study is needed to
confirm the contribution of these risk factors to small
bowel angioectasia and to investigate the relationships
between cytokine levels and small bowel angioectasia.
In conclusion, a positive association was observed
between VFA and the prevalence of small bowel
angioectasia. VFA and liver cirrhosis are independent
risk factors for small bowel angioectasia in patients
with OGIB.

Table 2 Multivariate analysis of risk factors for small bowel
angioectasia (n = 198)
Variables

OR

95%CI

P value1

VFA (per 10 cm2)
Liver cirrhosis
Chronic renal failure

1.1
6.1
2.3

1.02-1.19
2.20-18.50
0.52-7.90

0.021
< 0.001
0.260

1

Logistic regression analysis. OR: Odds ratio; VFA: Visceral fat area.

2). Multivariate analysis showed that the VFA (OR for
2
each 10-cm increment = 1.1; 95%CI: 1.02-1.19;
P = 0.021) and liver cirrhosis (OR = 6.1, 95%CI:
2.2-18.5; P > 0.001) were significant risk factors for
small bowel angioectasia.

DISCUSSION
Small bowel angioectasia was found in 9.1% of
patients with OGIB. A positive association was
observed between VFA and the prevalence of small
bowel angioectasia. Multivariate analysis showed that
VFA and liver cirrhosis were independent risk factors
for small bowel angioectasia in patients with OGIB.
Small bowel angioectasia is a major source
[5,6]
of OGIB
. Previous studies have reported that
30%-40% of patients with OGIB have small bowel
[5,15,18]
angioectasia
. In fact, the prevalence of small
bowel angioectasia was lower in the present study
than in these previous reports. The reason for this
discrepancy is the difference in the diagnostic criteria
used for small bowel angioectasia. We regarded
minimal red mucosa and red spots as insignificant
findings because we cannot distinguish a CE picture
of a nonspecific red spot from punctate angioectasia
[19]
(Yano-Yamamoto classification type 1a) . If we
defined these changes as angioectasia, the prevalence
of small bowel angioectasia would be 41%, which is
[5,15,18]
concordant with other results
.
The finding of liver cirrhosis is in accordance with
data from previous reports. We previously reported
that patients with liver cirrhosis and hepatocellular
carcinoma have a high prevalence of small bowel
angioectasia, and found a correlation between small
[20]
bowel angioectasia and portal hypertension . Patients
with angioectasia had a larger spleen index and a
more frequent history of band ligation or sclerotherapy
[16]
for esophageal varices. De Palma et al
reported
that 25/37 (67.5%) patients with liver cirrhosis with
anemia and/or positive stool occult blood test results
had vascular lesions, including angioectasia. Portal
hypertension is a well-known major cause of vascular
[21]
disease in patients with liver cirrhosis . It is possible
that small bowel mucosal changes caused by portal
hypertension play an essential role in angioectasia
formation.
The present study revealed a relationship between
VFA and the risk of small bowel angioectasia. Visceral
fat accumulation is a major determinant of insulin
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AIM: To compare the outcomes of pediatric patients
weighing less than or more than 10 kg who underwent
liver transplantation.
METHODS: Data for 196 pediatric patients who
underwent living donor liver transplantation between
June 1994 and February 2011 were reviewed retro
spectively. The information for each patient was
anonymized and de-identified before analysis. The
data included information regarding the pre-transplant
conditions, intraoperative fluid replacement and
outcomes for each patient. The 196 patients were
divided into two groups: those with body weights of
less than 10 kg were included in group 1 (G1; n =
101), while those with body weights of more than 10
kg were included in group 2 (G2; n = 95). For each
group, the patients’ ages, body weights, heights,
pediatric end stage liver disease scores, anesthesia
times, and warm and cold ischemic times were
analyzed. In addition, between-group comparisons
were also made. Mann-Whitney U tests were used to
compare all the variables except for complications and
2
survival rates, which were analyzed using χ tests and
Kaplan-Meier tests, respectively.
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RESULTS: The general medical conditions of the G1
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patients were worse than those of the G2 patients, as
shown by the higher pediatric end stage liver disease
scores and poorer Z -scores. In addition, the preoperative Hb and serum albumin levels were all lower
for the G1 patients than for the G2 patients. The G1
patients also had significantly more intraoperative
blood loss than the G2 patients. In addition, the
intraoperative fluid requirements for the G1 patients,
including leukocyte poor red blood cell transfusions,
5% albumin infusions and crystalloid infusions, were
significantly higher than those for the G2 patients. The
risk of intraoperative portal vein thrombosis was higher
for the patients in G1 than for those in G2. However,
the one-year survival rates (95.9% and 96.8% for G1
and G2, respectively) and three-year survival rates
(94.9% and 94.6% for G1 and G2, respectively) for
both groups were similar.

the participants in the liver transplant team, including
[1,2]
anesthesiologists . The outcomes of such transplants
for pediatric patients weighing less than 10 kg differ
from those for pediatric patients weighing more
[1-4]
than 10 kg . We have previously reported that the
average change in core temperature during an LDLT
for pediatric patients weighing less than 10 kg is
[5]
significantly different from that in heavier children .
Furthermore, a lower survival rate for lower weight
[3]
children was reported by Arnon et al , and according
to other studies, this poorer survival results from
higher risks of perioperative vascular complications,
[4,6,7]
bile duct complications and infections
. In pediatric
kidney transplantation, the ideal body weight for a
recipient has also been found to be greater than 10
[8]
kg . Most of the previous reports regarding pediatric
organ transplantation have primarily evaluated the
outcomes in terms of the morbidity and mortality
[1-4]
of the procedure in question
. However, little
information can be found in the literature concerning
the anesthetic fluid requirements for pediatric patients
with different body weights undergoing LDLT. Thus, the
aim of the current study was to evaluate, analyze, and
compare data retrospectively regarding the anesthetic
fluid requirements for pediatric patients weighing
less and more than 10 kg who underwent LDLT, while
at the same time also comparing and analyzing the
complications and survival rates for such patients.

CONCLUSION: Patients weighing less than 10 kg
typically have poorer conditions, but their survival rates
are comparable to those of children weighing more
than 10 kg.
Key words: Pediatric; Body weight; Pre-transplant
condition; Fluid; Living donor liver transplantation;
Outcome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although pediatric patients weighing less than
10 kg who underwent living donor liver transplantation
usually had worse pre-transplant conditions, more
intraoperative bleeding and more portal vein compli
cations, their three-year survival rate was 94%, a rate
comparable to that achieved by children weighing
more than 10 kg. A prerequisite for achieving these
excellent results is good and effective teamwork.
Cooperation between surgeons, plastic surgeons,
and anesthesiologists in the operating theater is
fundamental, but the contributions of radiologists are
also critical. Radiologists should be available in the
operating room to perform Doppler ultrasounds or
place vascular stents, as required.

MATERIALS AND METHODS
Ethics approval

This retrospective study was approved by the
Institutional Review Board for Human Studies of Chang
Gung Memorial Hospital (101-1945B).

Patient selection and data collection

We collected and analyzed the data from the anes
thesia records of pediatric patients who underwent
LDLT between June 1994 and February 2011. The
information for each patient was anonymized and deidentified before analysis. The general anesthesia,
intraoperative monitoring and blood transfusion
[9]
[10]
protocols used , as well as their documentation ,
were similar to those described in previously published
[5,9,11-13]
reports
. Estimated blood losses were made
through visual estimations of a small (250 mL) suction
®
bottle (Receptal Accurate Measurement Device,
Hospira, Inc. Lake Forest, Il 60045, United States)
and the weight of laparotomy sponges. The pediatric
patients were divided into two groups: those with body
weights of less than 10 kg were included in group 1
(G1), while those with weights of more than 10 kg
were included in group 2 (G2). For each group, the
patients’ ages, body weights, heights, pediatric end
stage liver disease scores (PELDS), anesthesia times,
and warm and cold ischemic times were analyzed. In
addition, between-group comparisons were made.

Yang SC, Huang CJ, Chen CL, Wang CH, Wu SC, Shih TH,
Juang SE, Lee YE, Jawan B, Cheng YF, Cheng KW. Living
donor liver transplantation with body-weight more or less than
10 kilograms. World J Gastroenterol 2015; 21(23): 7248-7253
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i23/7248.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i23.7248

INTRODUCTION
Performing living donor liver transplantation (LDLT)
for pediatric patients, especially those with body
weights of less than 10 kg, poses a challenge for all

WJG|www.wjgnet.com

7249

June 21, 2015|Volume 21|Issue 23|

Yang SC et al . Pediatric LDLT based on body weight
Body weight classification

comparison. The frequency of perioperative morbidity
and one- and three-year survival rates were also
compared between the groups.

< 10 kg
> 10 kg

100
99
Survival rate (%)

98

Statistical analysis

97
96

Mann Whitney U tests were used to compare data for
all the variables, except for the morbidity and one- and
three-year survival rates. The incidences of morbidity
2
were compared by χ , while the one- and three-year
survival rates were compared by Kaplan-Meier tests. A
P value < 0.05 was regarded as statistically significant.
Data are presented as mean ± SD.
The statistical methods used in this study were
reviewed by Dr. Shao-Chun Wu of Chang Gung
University, Taiwan.

95
94
93
92

Log-rank text: P = 0.515

91
90
0

6

12

18

24

30

36

Time in months

Figure 1 Three-year survival rate (%) between groups.

RESULTS

Table 1 The gender and age specific Z -scores of the
measurements in height and weight in both groups

Male height
Male weight
Female height
Female weight

< 10 kg (group 1)
Z -score

>10 kg (group 2)
Z -score

-3.364 (n = 51)
-2.977 (n = 51)
-3.266 (n = 50)
-3.277 (n = 50)

-2.43 (n = 53)
-1.07 (n = 53)
-1.504 (n = 42)
-0.046 (n = 42)

The patient etiologies (for G1 and G2, respectively)
were as follows: biliary atresia (92 patients and 70
patients), neonatal hepatitis (7 and 4), glycogen
storage disease (0 and 12), Alagille syndrome (1 and
5), urea cycle disease (1 and 0), fulminant hepatitis
(0 and 1), cryptogenic (0 and 1), Wilson’s disease (0
and 1) and hepatitis C virus (0 and 1). Table 1 shows
the gender- and age-specific Z-scores for the height
and weight measurements in both groups. The Z-score
in G1 was < -3, which indicated that the patients had
[14]
suffered from moderate to severe malnutrition .
Table 2 shows the characteristics of the patients in G1
and G2. The PELD scores were significantly higher for
the G1 patients, while the pre-operative Hb and serum
albumin levels were all lower for the G1 patients. The
coagulation test results indicated that APTT and INR
were both significantly prolonged in G1 patients and
that the G1 patients had higher total bilirubin levels
and platelet counts before the operation. Table 3 shows
that the average anesthesia time for G1 was longer
than the average time for G2, but also that the warm
and cold ischemic times were similar between the
groups. The extubation times were significantly longer
among the G1 patients compared with the times for
the G2 patients (Table 4). The absolute amount of
blood loss for the two groups was similar. When body
weight was taken into consideration and the data were
converted to a per-kg basis, it was revealed that the
G1 patients had significantly more ascites and greater
blood loss per kilogram. Therefore, the G1 patients
received significantly more crystalloids, 5% albumin
and red blood cells to replace their losses (Table 3).
Table 4 shows that the G1 patients also required more
sodium bicarbonate to maintain acceptable pH levels
and also received more supplemental calcium. Table 5
shows the outcomes of the patients: the perioperative
morbidities, except for portal vein complications, were
similar between the groups; the one- and three-year
survival rates were also similar between the groups
(Figure 1). G1 had significantly more perioperative

The calculation of Z-score follows that used by the National Health and
Nutrition Examination Survey (NHANES) 2000[14].

Table 2 Patients’ characteristics between groups

Age (mo)
Weight (kg)
Height (cm)
PELD score
Hemoglobin (g/dL)
Serum albumin (g/L)
Serum creatinine (mg/dL)
Total bilirubin
INR
APTT (S)
Platelet (1000/μL)

G1 (n = 101)

G2 (n = 95)

P value

16.1± 25.1
7.8 ± 1.2
69.6 ± 6.0
15.9 ± 10.9
9.2 ± 1.7
3.1 ± 0.6
0.8 ± 0.3
18.4 ±11.0
1.45 ± 0.8
44.4 ± 18.9
191.0 ± 110

67.6 ± 49.1
18.6 ± 11.2
103.1 ± 23.9
6.8 ± 8.9
10.0 ± 1.7
3.5 ± 0.7
0.7 ± 0.14
8.4 ± 9.3
1.07 ± 0.2
37.3 ± 13.2
163.1 ± 117

< 0.001
< 0.001
0.006
< 0.001
0.003
< 0.001
0.113
< 0.001
< 0.001
0.001
0.015

PELD: Pediatric end stage liver disease; INR: International normal ratios;
APTT: Activated partial thromboplastine times; G1: Those with body
weights of less than 10 kg were included in group 1; G2: Those with
weights of more than 10 kg were included in group 2.

The gender and age specific Z-scores of the height
[14]
and weight measurements were also calculated .
Likewise, intraoperative blood loss, ascitic loss and fluid
replacement amounts were recorded and compared.
Laboratory data, including hemoglobin (Hb) levels,
serum albumin levels, platelet counts, activated partial
thromboplastine times (APTT), international normal
ratios (INRs), serum creatinine levels, total bilirubin
levels and pH levels were also collected, analyzed,
and compared between groups. All data related to
body weight were converted to a per-kg basis for
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Table 3 Anesthesia time, intraoperative blood loss and fluids
replacement
G1 (n = 101)
Anesthesia time (h)
Blood loss (mL)
Blood loss (mL/kg)
Ascites (mL/kg)
Crystalloid (mL/kg/h)
Red blood cells (mL/kg)
Fresh frozen plasma (mL/
kg)
5% Albumin (mL/kg)
Sodium bicarbonate
(mEq/kg)
Calcium chloride (mg/kg)
Lasix administration
(mg/kg)
Cold ischemic time (min)
Warm ischemic time
(min)

G2 (n = 95)

P value

13.5 ± 9.3
215.3 ± 238.8
28.6 ± 36.7
234 ± 379
16.8 ± 5.5
29.0 ± 29.0
1.5 ± 7.6

13.3 ± 2.2
284.8 ± 447.8
15.0 ± 21.2
161.3 ± 383
12.1 ± 5.5
10.0 ± 17.3
5.1 ± 11.0

0.035
0.573
< 0.001
< 0.001
< 0.001
< 0.001
0.571

8.8 ± 6.8
3.4 ± 1.9

2.3 ± 2.0
2.3 ± 1.9

< 0.001
< 0.001

0.7 ± 0.5
0.5 ± 1.9

0.34 ± 0.3
1.0 ± 2.9

< 0.001
0.884

58.6 ± 20.5
49.5 ± 13.9

65.5 ± 29.1
47.6 ± 14.9

Table 5 Comparison of the morbidity and mortality between
groups
G1 (n = 101) G2 (n = 95) P value
Bile duct complication
Hepatic artery complication
Hepatic vein complication
Portal vein complication
Reopen
One-year survival rate (%)
Three-year survival rate (%)

Table 4 Intra- and postoperative laboratory data between
groups
G1 (n = 101) G2 (n = 95) P value
7.36 ± 0.07
7.30 ± 0.07
7.29 ± 0.10
7.27 ±.09
7.29 ± 0.08
1.9 ± 0.6
55.2 ± 20.9

0.060
0.003
0.013
0.006
0.215
0.900
< 0.001

109.5 ± 62.9

128.3 ± 74.6

0.070

7.6 ± 1.3

8.5 ± 1.5

0.001

8.2 ± 1.5

8.8 ± 1.5

0.072

61.1 ± 243.5

23.6 ± 36.0

0.047

INR: International normal ratios; APTT: Activated partial thromboplastine
times; G1: Those with body weights of less than 10 kg were included in
group 1; G2: Those with weights of more than 10 kg were included in
group 2.

portal vein thrombosis compared with G2, with an
odds ratio of 14.143 and a 1.783-112.174 95%
confidence interval. Although G1 had more incidences
of perioperative portal vein thrombosis, those cases
[4]
were detected quickly and treated immediately , and
thus did not seem to affect the survival rates. Overall,
the survival rates for both groups were similar, with
95.9% and 96.8% one-year survival rates and 94.9%
and 94.6% three-year survival rates for G1 and G2,
respectively (Figure 1 and Table 5).

DISCUSSION
Our results showed that the G1 patients had

WJG|www.wjgnet.com

0.528
0.092
0.274
0.001
0.324
0.515
0.515

significantly different preoperative conditions com
pared with the G2 patients (Tables 1 and 2). Although
the current study included only living donor liver
transplantation, organ allocation has nothing to do
[15]
with PELDS . However, when PELDS were applied to
the patients in this study, the G1 patients were indeed
found to have higher average PELDS values, with mean
values of 15.9 ± 10.9 and 6.8 ± 8.9 for G1 and G2,
respectively. PELDS provide a useful model consisting
of five objective parameters: total serum bilirubin, INR,
albumin, growth failure and age. PELDS can predict
death or deterioration in the condition of the patient
that may require transfer to the intensive care unit
[16]
while the patient awaits liver transplantation . The
PELDS and the Z-score, an anthropometric parameter
[17]
for malnutrition , indicated that the medical
conditions of the G1 patients were indeed worse and
that their indications for liver transplantation were
relatively urgent compared with those for the G2
patients. Furthermore, more challenging complications
and difficulties are to be expected in LT for pediatric
[1-4]
patients weighing less than 10 kg . Table 3 further
revealed that the total anesthesia time for G1 patients
was significantly longer than that for G2 patients, most
likely because of more difficult placement of arterial
lines and the central venous catheter. In addition, more
surgical time was needed for G1 patients to solve the
intraoperative vascular complications, such as portal
[4,18]
vein thrombosis
. Significant differences in ascites
and blood loss were also noted when body weight
was taken into consideration. High blood loss index is
a risk factor that contributes to poor outcomes of the
[19]
graft in pediatric LT . The mean blood loss values for
G1 and G2 were 28.6 ± 36.7 and 15.0 ± 21.2 mL/kg,
respectively. Higher blood loss in infants weighing
less than 10 kg has also been reported in open
[20]
heart surgery . Indeed, blood loss and transfusion
requirements were correlated inversely with age and
[20]
body weight . More blood loss may cause more
labile hemodynamic changes, the development of
metabolic acidosis and higher incidences of ionized
[12]
hypocalcemia . Table 3 shows that the G1 patients
received significantly more crystalloids (16.8 ± 5.5
vs 12.1 ± 5.5), more RBC (29.0 ± 29.0 vs 10.0 ±
17.3 ) and more 5% albumin (8.8 ± 6.8 vs 2.3 ±

0.243
0.226

7.34 ± 0.07
7.27 ± 0.06
7.26 ± 0.06
7.23 ± 0.06
7.28 ± 0.07
2.1 ± 1.0
77.2 ± 25.5

7
3
6
1
13
96.8
94.6

G1: those with body weights of less than 10 kg were included in group 1;
G2: those with weights of more than 10 kg were included in group 2.

P < 0.05 was regarded as significant. G1: those with body weights of less
than 10 kg were included in group 1; G2: those with weights of more than
10 kg were included in group 2.

pH - after anesthesia
pH - dissection
pH - anhepatic
pH - reperfusion
pH - end of surgery
INR post-operation
APTT post-operation
(second)
Platelet post-operation
(1000/μL)
Postoperative hemoglobin
(g/dL)
Hemoglobin at extubation
(g/dL)
Extubation time (h)

5
9
2
12
19
95.9
94.9
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[29]

2.0) to meet their losses and that they also received
more sodium bicarbonate and supplemental calcium
chloride to correct for metabolic acidosis and ionized
[21,22]
hypocalcemia
.
Fluid homeostasis differs between infants and
children, with the body’s water content decreasing
gradually from neonate to infant and from child to
[23]
adult . G1 patients received more crystalloids, based
not only on more blood and ascitic fluid loss, but also
on the recommended fluid requirements reported by
[24]
Holiday and Segar
and the massive intraoperative
fluid shift in liver transplantation setting (Table 3).
Table 5 shows that the postoperative complications,
except for portal vein thrombosis, and the one- and
three-year survival rates, were similar between the
groups. Portal vein thrombosis is a serious complication
of LT, which is associated with high morbidity and
[19,25,26]
mortality in pediatric liver transplantation
. In
this study, we experienced 13 cases (12 in G1 and 1 in
G2) of perioperative portal vein thrombosis, detected
[4]
by routine perioperative Doppler ultrasound . Early
detection and surgical intervention are crucial in
treating portal vein complications. Seven patients with
portal vein complications were detected intraoperatively
[4,18]
by Doppler ultrasound
; immediate surgical
interventions, such as graft reposition, collateral shunt
ligation, thrombectomy and reconstruction of the
portal vein, local infusion of heparin through inferior
mesenteric vein catheter and endovascular stenting
rescued 5/7 patients’ grafts, as well as ensuring the
[18]
patient’s survival . Multivariate analysis showed
that body weight less than 10 kg and age less than
one year old were important risk factors of portal
[4]
vein thrombosis . Although the exact mechanism
of portal vein thrombosis is not clear, it is probable
that both mechanical factors and hypercoagulopathy
[26]
contribute to these thrombotic events , despite
[27]
the patients having profound coagulation defects .
The hemostasis system of chronic or end-stage liver
disease is complex: the pro- and anti-hemostatic
pathways can change concomitantly in liver disease,
but the change of the anti-hemostatic pathways is
usually not well reflected in the routine coagulation
tests, because in the latter measures, only the quantity
of the procoagulant factors of the complex hemostatic
[27,28]
system
. End-stage liver disease patients may
be in hemostatic balance or a rebalanced condition,
providing good hemostatic function, but on the other
hand, both bleeding and thrombotic complications in
[27,28]
the same patient can be encountered
, as seen in
our G1 patients (Table 5). The concern for the high
incidence of intraoperative portal vein thrombosis in
[4]
patients weighing less than 10 kg resulted in the
administration of significantly less FFP in G1 compared
with G2, despite having more bleeding (Table 3).
We have reported that 8.4% of our pediatric
LDLT had acquired hyponatremia at the end of the
operation. The cause is not related to the body weight,
but the only risk factor was administration of more
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than 3.5 ml/kg per hour of hypotonic solution .
In conclusion, the G1 patients had worse
preoperative conditions, as shown by their lower
Z-scores and higher PELDS compared with the G2
patients. The G1 patients also had more ascites and
more blood loss intraoperatively, and required more
intensive fluid resuscitation. G1 patients also had more
incidences of perioperative portal vein thrombosis,
indicating that infants with body weights of less
than 10 kg have more surgical and anesthesia risks
compared with infants weighing more than 10 kg.
When a life-saving procedure can achieve a threeyear survival rate of over 94%, it is worthwhile to
perform it, no matter how difficult and complicated
the procedure may be, even with known high potential
lethal complications, such as portal vein thrombosis.
A prerequisite for achieving these excellent results is
good and effective teamwork. Cooperation between
surgeons, plastic surgeons, and anesthesiologists
in the operating theater is fundamental; however,
the contributions of radiologists are also critical.
Radiologists should be available in the OR to perform
Doppler ultrasounds before closing the abdomen at the
end of the LT procedure to assure sufficient flow in the
[30]
portal and hepatic arteries , and they should also be
able to insert a portal vein stent at the operating table
if necessary. When a patient has indications requiring
an LT, a low body weight of less 10 kg should not be
viewed as a reason to delay performing the procedure.
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Abstract
AIM: To determine the cut-off value of intercellular
adhesion molecule-1 (ICAM-1) and assess the corre
lation of ICAM-1 with clinicopathological features
and the prognosis of hepatocellular carcinoma (HCC)
patients who underwent surgical resection.

Ethics approval: The study was reviewed and approved by the
Affiliated Hospital of Guilin Medical University Institutional
Review Board.
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: The funders had no role in study design,
data collection and analysis, decision to publish, or preparation
of the manuscript. The authors have declared that no competing
interests exist.
Data sharing: No additional data are available.

METHODS: We prospectively collected clinicopatho
logical data from 236 HCC patients who had under
gone successful hepatectomy. Receiver operating
characteristic curve analysis was performed to deter
mine the optimal cut-off value of ICAM-1. Enzymelinked immunosorbent assay was used to measure the
concentration of ICAM-1 in 236 serum samples isolated
from HCC patients and the stratified analysis was used
to compare the serum level of ICAM-1 in different HCC
subgroups. Immunohistochemistry was performed
to test the expression level of the ICAM-1 protein in
76 cases of HCC tissues and their adjacent normal
liver tissues (ANLT). The survival probability of HCC
patients was estimated using Kaplan-Meier plots and
differences between the groups were obtained using
the log-rank test. Furthermore, independent indicators
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licenses/by-nc/4.0/
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of the prognosis were acquired using a stepwise
Cox proportional hazard model to analyze a series
of predictors that were associated with disease-free
survival (DFS) and overall survival (OS) in HCC patients.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
[1]
common malignant tumor worldwide . Recurrence
and intra- and extrahepatic metastases contribute
predominantly to the high mortality rate of HCC
[2,3]
patients after curative resection . Despite some wellknown improvements in HCC, including epidemiology,
etiology, fundamental biology, chemotherapy, radio
frequency, transarterial therapy and surgical resection,
there is still a majority of patients with HCC who have
[4]
an inferior prognosis . Therefore, it is urgent for us to
search for novel biomarkers that are useful to evaluate
the survival of HCC patients.
Mounting evidence has demonstrated that the
pathogenesis of HCC is partially based on systemic
inflammation, as factors based on systemic inflam
mation can predict the outcome of various malignancies
[5,6]
including HCC . A number of studies have shown
that systemic inflammation can be measured by widely
available inflammatory cytokines, such as intercellular
[7,8]
[9]
adhesion molecule-1 (ICAM-1) , C-reactive protein
[10]
and neutrophil-to-lymphocyte ratio (NLR) . Our
previous research and other studies found that ICAM-1
is overexpressed in malignant diseases, such as
[7,8]
[11]
[12]
HCC , bladder cancer , gastric cancer, lung cancer
[13]
and renal cancer . The expression of ICAM-1 has been
reported to mediate the interaction of cells with one
another and with their microenvironment, which plays
an important role in cell differentiation and movement.
ICAM-1 has also been shown to be positively correlated
with tumor generation, metastasis and recurrence in
[14]
HCC . Elevated circulating ICAM-1 concentration may
proportionally relate to a poor prognosis in patients with
HCC. However, the cut-off value of ICAM-1 has not been
confirmed at present, which is a major clinical problem.
Therefore, it is of great importance to ascertain the cutoff value of ICAM-1, which can help clinicians to make
the most use of ICAM-1 to evaluate the prognosis of
patients with HCC. The aim of our study is to determine
the cut-off value of ICAM-1 and to assess the correlation
of ICAM-1 with the clinicopathological features and
prognosis of HCC patients who have undergone surgical
resection.

RESULTS: Our findings suggested that ICAM-1
promotes HCC metastasis and high serum ICAM-1 is
significantly associated with alpha-fetoprotein (AFP)
(P = 0.022), clinical tumor-node-metastasis stage (P
< 0.001), portal vein tumor thrombus (P = 0.005),
distant metastasis (P = 0.016) and recurrence (P
= 0.034). We further detected the ICAM-1 protein
in HCC specimens and found that 56 of 76 (73.7%)
HCC tissues had ICAM-1 positive staining while only
23 of 76 (30.3%) ANLT were positively stained (P <
0.0001). Survival analysis indicated that HCC patients
with increased ICAM-1 concentrations had significantly
shorter DFS and OS after resection. A multivariate
analysis showed that ICAM-1 > 684 ng/mL was an
independent factor for DFS (HR = 1.643; 95%CI:
1.125-2.401; P = 0.010) and OS (HR = 1.692; 95%CI:
1.152-2.486; P = 0.007).
CONCLUSION: ICAM-1 may be a promising serological
biomarker for HCC diagnosis and an independent
predictor of DFS and OS after surgical resection and
may provide a useful reference for the prediction of
intra- and extrahepatic metastasis.
Key words: Hepatocellular carcinoma; Intercellular
adhesion molecule-1; Prognosis; Biomarker; Metastasis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our previous research and other studies
found that intercellular adhesion molecule-1 (ICAM-1)
is overexpressed in hepatocellular carcinoma (HCC)
and might be a biomarker for HCC diagnosis. However,
the correlation between ICAM-1 and clinicopathological
features and its prognostic significance for HCC have
not been explored. In this paper, we validate that
ICAM-1 promotes HCC metastasis and that high
serum ICAM-1 is significantly associated with alphafetoprotein, clinical tumor-node-metastasis stage, portal
vein tumor thrombus, distant metastasis, recurrence,
disease-free survival and overall survival. ICAM-1 may
be a promising serological biomarker for HCC diagnosis
and prognosis and may provide a useful reference for
the prediction of intra- and extrahepatic metastasis.

MATERIALS AND METHODS
Patients and specimens

A total of 236 HCC patients who underwent surgical
resection from December 1997 to July 2006 at the
Affiliated Hospital of Guilin Medical University in China
were analyzed retrospectively. Clinical and pathological
evaluations of all patients were assessed using the
Primary Liver Cancer Clinical Diagnosis and Staging
[15]
Criteria
and patients were diagnosed by clinical
symptoms, laboratory tests, ultrasonography (US),

Zhu PP, Yuan SG, Liao Y, Qin LL, Liao WJ. High level of
intercellular adhesion molecule-1 affects prognosis of patients
with hepatocellular carcinoma. World J Gastroenterol 2015;
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of Affiliated Hospital of Guilin Medical University, which
was in accordance with the Helsinki Declaration of
1975. Written informed consent was provided by all
examined patients or their guardians.

Table 1 Clinical and biochemical data of examined patients
Parameter

mean ± SD

Age (yr)
Gender, female/male, n
Alcohol abuse, yes/no, n
Cirrhosis, yes/no, n
HBsAg, negative/positive, n
ICAM-1
AFP (ng/mL)
WBC (109/L)
Platelets (109/L)
Albumin (g/L)
TBIL(μmol/L)
ALT (U/L)
AST (U/L)
NLR
γ-GT (U/L)

49.38 ± 12.01
29/207
133/103
211/25
34/202
984.32 ± 370.48
1809.97 ± 5533.23
6.35 ± 2.37
175.65 ± 78.02
40.67 ± 4.61
18.52 ± 24.98
50.27 ± 47.91
63.78 ± 86.73
2.83 ± 2.01
117.55 ± 108.79

Selection cutoff value of ICAM-1 and clinicopathological
features

The cutoff score for ICAM-1 in the serum of patients
with HCC was analyzed using MedCalc analysis.
We defined the optimal cutoff value for ICAM-1,
which was closest to the key point with not only
maximum sensitivity but also specificity. In addition,
we adopted a dichotomy to categorize the rest of the
clinicopathological features and then analyzed the
correlation between circulating ICAM-1 concentrations
and the prognostic significance of patients with HCC.

HBsAg: Hepatitis B surface antigen; ICAM-1: Intercellular adhesion
molecule-1; AFP: Alpha-fetoprotein; WBC: White blood cell; TBIL:
Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; NLR: Neutrophil-to-lymphocyte ratio; γ-GT: γ-glutamyl
transpeptidase.

Enzyme-linked immunosorbent assays

All serum samples in the study were assembled into
anticoagulant-containing tubes during their preoperative
inspection, after centrifuging, we separated the
supernatants and stored them at -80  ℃ until use. The
serum level of ICAM-1 was measured using commercially
available ICAM-1 ELISA kits (Biosource Europe, Fleurus,
Belgium) by two independent researchers according to
the manufacturer's instructions. The testing details of
[8]
ICAM-1 were described previously ; briefly, standard
and experimental samples were added to 96-well
flexible microtiter plates and pre-coated with antihuman ICAM-1 monoclonal antibodies for 2 h at 37  ℃.
Subsequently, the wells were washed four times with
washing buffer and further incubated with biotinylated
antibody for 1 h at 37  ℃. After washing away unbound
biotinylated antibody, streptavidin-HRP solution was
added for 1 h at 37  ℃. Lastly, color developing agents
A and B were performed and the reaction was blocked
with stop buffer. The OD value of all wells was read at
450 nm. The concentration of ICAM-1 of each well was
calculated by standard curves.

computed tomography (CT) scans and magnetic
resonance imaging (MRI). The clinical and biochemical
data of the examined patients are listed in Table 1 and
Table 2, including age, gender, family history, alcohol
abuse, cirrhosis, hepatitis B surface antigen (HBsAg),
ICAM-1, alpha-fetoprotein (AFP), median size, tumor
number, clinical tumor-node-metastasis (TNM) stage,
portal vein tumor thrombus (PVTT), distant metastasis,
recurrence, white blood cell (WBC), platelets, albumin,
total bilirubin (TBIL), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), NLR and γ-glutamyl
transpeptidase (γ-GT). All of the surgical samples that
used for immunohistochemistry assay were fixed with
formalin and then embedded with paraffin. In each
case, blood samples were collected and the serum
was separated and stored at -80  ℃ until use. All 236
HCC patients met the inclusion criteria and provided
complete clinical background information for our study.

Immunohistochemistry assay

Follow-up

The 76 pairs of tissue specimens were deparaffinized
with xylene, rehydrated using graded alcohols and
pressure cooked for 3 min in citrate buffer (pH = 6.0)
for antigen retrieval. Phosphate buffered saline (PBS)
was used to wash the slides, followed by treatment
with 3% hydrogen peroxide for 20 min to quench
endogenous peroxidase activity. Then, the samples
were preincubated with 10% goat serum at room
temperature for 30 min to prevent nonspecific staining.
Additionally, the cancerous foci and non-tumorous
samples were incubated with rabbit polyclonal anti
ICAM-1 antibody (catalog 25464, BioVision Company,
1:200 dilution) overnight in a humidified container
at 4  ℃ ; the next day, they were washed with PBS
and the tissue slides were treated with a biotinylated
horseradish-peroxidase detection system according
to the manufacturer’s instructions and stained with

Patients were regularly followed-up from the date
of operation; we inspected their serum AFP and
performed US every 2 mo and chest radiography
every 6 mo during the first two postoperative years
and every 3-6 mo thereafter. Patients with abnormal
AFP or suspected US examination underwent further
examinations and recurrence was confirmed by
contrast ultrasonography, magnetic resonance
imaging and computerized tomography. The mean
postoperative follow-up period was 39.6 mo (median,
25.0 mo; range, 2.0 to 120.0 mo). Disease-free
survival (DFS) was measured from the date of surgery
to the date of recurrence, metastasis, death or last
follow-up. Overall survival (OS) was measured from
the date of surgery to the date of death or last followup. The study was approved by the Ethical Committee
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Table 2 Correlation between the clinicopathological variables and serum intercellular adhesion molecule-1 level in hepatocellular
carcinoma n (%)
Clinical character

Variable

Number of patients

ICAM-1 level
1

Low
Age (yr)

≤ 55

Gender
Family history
HBsAg
AFP (ng/mL)
Median size (cm)
Cirrhosis
Tumor number
NLR
TNM stage
PVTT
Distant metastasis
Recurrence

> 55
Male
Female
No
Yes
Negative
Positive
≤ 100
> 100
≤5
>5
No
Yes
Single
Multiple
≤ 2.31
> 2.31
I-Ⅱ
Ⅲ-Ⅳ
No
Yes
No
Yes
No
Yes

161
75
207
29
203
33
34
202
99
137
32
204
25
211
149
87
130
106
108
128
184
52
217
19
139
97

37 (23.0)
15 (20.0)
44 (21.3)
8 (27.6)
42 (20.7)
10 (30.3)
7 (20.6)
45 (22.3)
29 (29.3)
23 (16.8)
9 (28.1)
43 (21.1)
2 (8.0)
50 (23.7)
37 (24.8)
15 (17.2)
31 (23.8)
21 (19.8)
37 (34.3)
15 (11.7)
48 (26.1)
4 (7.7)
52 (24.0)
0 (0)
24 (17.3)
28 (28.9)

High

χ2

P value

0.265

0.607

0.593

0.441

1.527

0.217

0.048

0.826

5.231

0.022

0.800

0.371

3.206

0.073

1.842

0.175

0.553

0.457

17.324

< 0.001

7.985

0.005

5.840

0.016

4.475

0.034

2

124 (77.0)
60 (80.0)
163 (78.7)
21 (72.4)
161 (79.3)
23 (69.7)
27 (79.4)
157 (77.7)
70 (70.7)
114 (83.2)
23 (71.9)
161 (78.9)
23 (92.0)
161 (76.3)
112 (75.2)
72 (82.8)
99 (76.2)
85 (80.2)
71 (65.7)
113 (88.3)
136 (73.9)
48 (92.3)
165 (76.0)
19 (100)
115 (82.7)
69 (71.1)

1

Low, ICAM-1 ≤ 684 ng/mL; 2High, ICAM-1 > 684 ng/mL. HBsAg: Hepatitis B surface antigen; ICAM-1: Intercellular adhesion molecule-1; AFP: Alphafetoprotein; NLR: Neutrophil-to-lymphocyte ratio; TNM: Tumor-node-metastasis; PVTT: Portal vein tumor thrombus.

3,3-diaminobenzidine tetrahydrochloride. Lastly,
the sections were counterstained with Mayer’s
hematoxylin, dehydrated and mounted. We replaced
the primary antibody with normal goat serum to
obtain a negative control. The semi-quantitative
immunohistochemistry results were evaluated by
two independent pathologists who were blinded to
the patients’ clinical and biochemical information and
the stained tissue sections were evaluated using a 4
point scale as follows: the percentage of positive cells,
grades 0-3 (0: no positive cells; 1: < 25% positive
cells; 2: 25-50% positive cells; 3: > 50% positive
cells).

RESULTS
Receiver operating characteristic curves

Receiver operating characteristic (ROC) curves were
plotted to determine the optimal cut-off value of
ICAM-1. As a result, a cutoff value of 684 ng/mL
was found to have a relatively high specificity. The
area under the ROC curves (AUC) was 0.636 with a
95%CI of 0.571 to 0.698, a sensitivity of 60.2% and a
specificity of 77.3% (Figure 1A).

Serum level of ICAM-1 in different groups of HCC
patients

We compared the serum level of ICAM-1 in two
groups of HCC patients with a series of different
clinical features, including PVTT, TNM stage, distant
metastasis, recurrence and AFP. We found that the
level of ICAM-1 in serum was significantly associated
with the presence of PVTT (P = 0.0005), TNM stage (P
= 0.001) and distant metastasis (P = 0.0174) (Figure
1B). Therefore, we supposed that the overexpression
of ICAM-1 may be associated with cellular invasion
and venous permeation and may have contributed to
tumor metastasis in HCC. It is therefore possible to
use the serum ICAM-1 level to evaluate the curative
effectiveness of patients with HCC.
The data from the two different groups are shown
separately. The median ICAM-1 concentration in

Statistical analysis

SPSS 13.0 (SPSS Inc., Chicago, IL) and MedCalc
statistical software version 11.3.0.0 (MedCalc Software,
Broekstraat 52 Mariakerke, Belgium) were used to
2
analyze the statistical data. The χ test was used
for the correlation analysis. Quantitative variables
were analyzed by the independent t test. Statistical
significance was considered when P value < 0.05.
Survival curves for the HCC patients were determined
by the Kaplan-Meier method and the differences
between groups were estimated by the log-rank
test. Independent prognostic indicators for DFS and
OS were assessed in the univariate and multivariate
analyses using Cox’s proportional hazard model.
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Figure 1 Receiver operating characteristic curve and serum level of intercellular adhesion molecule-1 in different hepatocellular carcinoma subgroups.
A: Receiver operating characteristic curves to assess hepatocellular carcinoma (HCC) patients with prognosis by the appropriate cutoff values of preoperative
intercellular adhesion molecule-1 (ICAM-1); B: Two hundred and thirty-six cases of HCC patients were stratified according to portal vein tumor thrombus (PVTT),
tumor-node-metastasis (TNM) stage and distant metastasis (DMS), comparing the serum level of ICAM-1 in each subgroup. The percentage of high ICAM-1 patients
with PVTT, TNM stage Ⅲ-Ⅳ and with DMS are much higher than those without PVTT, TNM stage  Ⅰ-Ⅱ and without DMS, respectively (P < 0.05).

patients with PVTT was significantly higher than that in
patients without PVTT, and that in the TNM stage ⅢⅣ group was significantly higher than that in the TNM
stage  Ⅰ-Ⅱ group. Furthermore, the median ICAM-1
concentration in patients with distant metastasis was
significantly higher than that in patients without distant
metastasis (Figure 1B).

group (≤ 684 ng/mL, n = 52). We found that the
serum level of ICAM-1 was significantly associated
2
with AFP (χ = 5.231; P = 0.022), clinical TNM stage
2
2
(χ = 17.324; P < 0.001), PVTT (χ = 7.985; P =
2
0.005), distant metastasis (χ = 5.840; P = 0.016)
2
and recurrence (χ = 4.475; P = 0.034). However, the
serum level of ICAM-1 was not significantly associated
with age, gender, tumor family history, HBsAg, median
size, liver cirrhosis, the number of tumors or NLR (all P
> 0.05), as shown in Table 2.
Interestingly, from the results of serological
examination, we found that the increase in ICAM-1
(> 684 ng/mL) and AFP (> 100 ng/mL) in sera from
HCC patients did not happen concurrently. Both
increased in 114 cases (48.3%). Beyond that, the rise
in ICAM-1 was not noticeable in 23 cases (9.75%)
in which AFP alone increased; however, ICAM-1, but
not AFP, increased in 70 cases (29.66%) (Figure 2E),
demonstrating that it is valuable to link serum ICAM-1
and AFP for the final confirmatory diagnosis for HCC,
which effectively guides the therapeutic schedule.
When combining serum AFP and ICAM-1, the HCC
diagnosis rate reached more than 87% in our study.

ICAM-1 overexpression is closely correlated with
intrahepatic metastasis

To further confirm that the concentration of ICAM-1
can be used as a tumor marker in HCC, we next
detected ICAM-1 expression in HCC tissues by using
immunohistochemical assays and found that 56 of 76
(73.7%) HCC tissues had ICAM-1 positive staining,
while only 23 of 76 (30.3%) peritumoral tissues
were positively stained (P < 0.0001; Figure 2A-C),
suggesting that ICAM-1 may maintain the extracellular
microenvironment for tumor cell growth. In addition,
we showed positive staining in 20 of 21 (95.2%)
HCC specimens with PVTT, when compared with
30 of 50 (60%) in those without PVTT (P = 0.008;
Figure 2D), suggesting that the overexpression of
ICAM-1 may be a key factor that promotes tumor cell
proliferation, invasion and metastasis in the tumor
microenvironment.

Association of ICAM-1 concentration, clinicopathological
index and postoperative DFS or OS
To further investigate the correlations between ICAM-1
concentration and survival of patients with HCC, Kaplan
Meier analyses were performed. As shown in Figure 3,
the median DFS time in patients with ICAM-1 > 684
ng/mL was 36.96 mo (95%CI: 30.51-43.40), which
was remarkably shorter than that of ICAM-1 ≤ 684
ng/mL (58.18 mo, 95%CI: 44.77-71.58; P = 0.003;
Figure 3A). Furthermore, the mean OS in patients
with ICAM-1 > 684 ng/mL was 42.75 (36.48-49.01)
mo, significantly shorter than that of the ICAM-1 ≤

Relationship between high concentrations of ICAM-1
and the clinicopathological data

On the basis of the above findings, we next considered
whether serum ICAM-1 correlates well with clinico
pathological characteristics. Two hundred and thirtysix patients with HCC were divided into two groups
according to their preoperative serum level of ICAM-1.
Patients were classified into either the high ICAM-1
group (> 684 ng/mL, n = 184) or the low ICAM-1
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Figure 2 Level of intercellular adhesion molecule-1 in hepatocellular carcinoma specimens. A-C: Intercellular adhesion molecule-1 (ICAM-1) expression in
hepatocellular carcinoma (HCC) was confirmed by immunohistochemical staining (n = 76). Representative pictures are shown, the nuclei were counterstained with
hematoxylin, original magnification: left (× 100) and right side (× 400). A: Tumor border tissue of representative intratumoral high density staining (right) and peritumoral
low density staining (left) of ICAM-1 are shown. The dark dotted line represents the interface of the tumor and adjacent liver tissues; B and C: Representative HCC
tissues without portal vein tumor thrombus (PVTT) low density staining (B) and with PVTT high density staining (C) of ICAM-1 are shown, respectively; D: Statistical
analysis was performed using the chi-square test to compare the relative levels of ICAM-1 negative (ICAM-1-) or positive (ICAM-1+) between HCC with PVTT and
HCC without PVTT (P = 0.008); E: Combined measurement of serum ICAM-1 and alpha-fetoprotein (AFP). The distribution of the ICAM-1 and AFP levels in the HCC
specimens. The numbers indicate the percentages of ICAM-1 and/or AFP higher (H) or lower (L) HCC specimens.
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Figure 3 Relationship between intercellular adhesion molecule-1 level and disease-free survival or overall survival. Patients with high intercellular adhesion
molecule-1 (ICAM-1) level had a shorter disease-free survival (DFS) (A) and overall survival (OS) (B). The solid line represents the patients with low ICAM-1 level,
whereas the dashed line represents the patients with high ICAM-1 level.

684 ng/mL group (64.57 mo, 95%CI: 52.14-77.01; P
= 0.002; Figure 3B). Univariate analysis revealed an
obvious association between clinical parameters and
both DFS and OS (Table 3). In addition to the high
ICAM-1 (> 684 ng/mL) group, the size of tumor > 5
cm, multiple tumors, NLR > 2.31, Ⅲ-Ⅳ of TNM stage
and PVTT were associated with a shorter DFS and OS
(Table 3).

within 5 years after surgical resection. Although
the serum AFP level has been widely used for the
diagnosis of HCC, the sensitivity and specificity of AFP
for HCC were demonstrated to be limited. To improve
the prognosis in HCC patients, seeking more effective
biomarkers in diagnosis of HCC at very early stages
and monitoring tumor recurrence are very important.
It has been shown that a series of hematological
[16]
and biochemical examinations, including AFP ,
[17]
[18]
[19]
[10]
albumin , TBIL, ALT , AST , NLR
and γ-GT,
were proposed as effective aids to the early diagnosis
and prognosis of HCC. However, the diagnostic
specificity and sensitivity were still not accurate.
Our previous research and other studies found that
ICAM-1 is overexpressed in HCC. Other research has
shown that serum ICAM-1 is produced and secreted
[14]
by tumor cells , ICAM-1 has the capability to induce
the adhesion between cancer cells and the vascular
endothelium, and the expression of ICAM-1 is a
dominating step that may be involved in the metastatic
[20,21]
process of HCC
, suggesting that ICAM-1 may
be able to serve as a new marker to predict the
progression and prognosis of patients with HCC.
Our previous research showed that the mRNA and
protein levels of ICAM-1 in patients with HCC were
significantly higher than those in patients with chronic
[8]
hepatitis B virus and healthy subjects and that the
malignant degree of the tumor was related to the
ICAM-1 level, indicating that ICAM-1 contributed to the
progression of HCC. In the present study, using the
ROC curve, we identified 684 ng/mL as the optimal
cutoff value of ICAM-1; the patients were divided into
the low ICAM-1 group (ICAM-1 ≤ 684 ng/mL) and the
high ICAM-1 group (ICAM-1 > 684 ng/mL). From the
results of the correlation analysis, we also found that
high levels of ICAM-1 were significantly associated with
AFP, clinical TNM stage, PVTT, distant metastasis and
recurrence in patients with HCC. In the present study,
our data show that the combination of serum ICAM-1

High ICAM-1 concentration as an independent predictor
of DFS or OS

To identify the association between clinicopathological
factors and DFS/OS in HCC patients with surgical
resection, multivariate analyses were conducted by
using the Cox proportional hazards mode. Six factors
(high ICAM-1 level, multiple tumor number, Ⅲ-Ⅳ of
TNM stage, PVTT, size of tumor > 5 cm and high NLR)
were analyzed with the stepwise multivariate Cox
proportional hazard model for both DFS and OS. The
results showed that high ICAM-1 level (HR = 1.643;
95%CI: 1.125-2.401; P = 0.010), PVTT (HR = 1.397;
95%CI: 1.016-1.920; P = 0.040) and high NLR (HR
= 1.578; 95%CI: 1.156-2.153; P = 0.004) were
independent predictors for DFS (Table 4). High ICAM-1
level (HR = 1.692; 95%CI: 1.152-2.486; P = 0.007),
Ⅲ-Ⅳ of TNM stage (HR = 1.468; 95%CI: 1.074-2.015;
P = 0.016), PVTT (HR = 1.514; 95%CI: 1.031-2.225;
P = 0.035) and high NLR (HR = 1.485; 95%CI:
1.086-2.030; P = 0.013) were independent predictors
for OS (Table 4).

DISCUSSION
During the last few decades, the postoperative survival
rate of HCC patients has improved. However, due to
the difficulty in early diagnosis and the presence of
tumor invasiveness, metastasis and recurrence of HCC,
the prognosis of HCC is still not satisfactory, which is
demonstrated by the low DFS rate in HCC patients
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Table 3 Association between intercellular adhesion molecule-1 level, clinical parameters and disease-free survival/overall survival
Clinical character
ICAM-1 (ng/mL)
Age (yr)
Gender
Family history
HBsAg
AFP (ng/mL)
Tumor size (cm)
Cirrhosis
Tumor number
NLR
TNM stage
PVTT
Distant metastasis
Recurrence

Category
≤ 684

> 684
≤ 55
> 55
Female
Male
No
Yes
Negative
Positive
≤ 100
> 100
≤5
>5
No
Yes
Single
Multiple
≤ 2.31
> 2.31
I-Ⅱ
Ⅲ-Ⅳ
No
Yes
No
Yes
No
Yes

Number of
patients
52
184
161
75
29
207
203
33
34
202
99
137
32
204
25
211
149
87
130
106
108
128
184
52
217
19

Disease-free survival (mo)

Overall survival (mo)

mean

95%CI

P value

mean

95%CI

P value

58.18
36.96
40.37
45.38
57.84
39.73
39.83
53.83
47.54
40.74
46.01
39.00
70.51
37.57
34.60
42.81
50.25
27.72
53.58
27.50
59.65
27.17
47.62
22.06
42.85
26.79

44.77-71.58
30.51-43.40
33.32-47.43
34.62-56.14
38.90-76.78
33.60-45.86
33.62-46.05
37.30-70.36
30.65-64.43
34.47-47.01
36.52-55.49
31.53-46.47
53.82-87.19
31.49-43.66
17.57-51.64
36.53-49.09
42.28-58.21
20.32-35.12
45.00-62.17
20.58-34.43
50.13-69.18
20.87-33.46
40.59-54.64
13.88-30.24
36.62-49.08
14.76-38.82

0.003

64.57
42.75
45.89
51.57
62.96
44.66
45.69
59.63
52.62
46.72
52.18
44.75
77.42
43.36
39.16
48.83
55.27
34.92
59.00
34.23
66.86
31.88
54.25
24.73
48.89
31.21
44.59
51.58

52.14-77.01
36.48-49.01
39.05-52.74
41.37-61.77
43.72-82.19
38.58-50.74
39.68-51.69
43.90-75.36
36.64-68.60
40.65-52.79
43.07-61.28
37.51-51.99
62.56-92.28
37.44-49.28
22.83-55.49
42.77-54.89
47.66-62.87
27.37-42.48
50.88-67.12
27.17-41.29
58.17-75.54
25.56-38.21
47.61-60.90
16.55-32.91
42.90-54.88
18.29-44.13
36.73-52.46
43.77-59.39

0.002

0.325
0.066
0.077
0.501
0.286
< 0.001
0.190
< 0.001
< 0.001
< 0.001
< 0.001
0.313

0.262
0.076
0.092
0.462
0.214
< 0.001
0.237
< 0.001
< 0.001
< 0.001
< 0.001
0.166
0.051

ICAM-1: Intercellular adhesion molecule-1; HBsAg: Hepatitis B surface antigen; AFP: Alpha-fetoprotein; NLR: Neutrophil-to-lymphocyte ratio; TNM:
Tumor-node-metastasis; PVTT: Portal vein tumor thrombus.

Table 4 Cox multivariate proportional hazard model of independent predictors on disease-free and overall survival
Variable

Disease-free survival

ICAM-1 (ng/mL) (> 684 vs ≤ 684)
Tumor number (multiple vs single)
TNM stage (Ⅲ-Ⅳ vs  Ⅰ-Ⅱ)
PVTT (yes vs no)
Tumor size (cm) (> 5 vs ≤ 5)
NLR (> 2.31 vs ≤ 2.31)

Overall survival

HR (95%CI)

P value

HR (95%CI)

P value

1.643 (1.125-2.401)
1.324 (0.902-1.944)
1.390 (0.931-2.077)
1.397 (1.016-1.920)
0.666 (0.389-1.149)
1.578 (1.156-2.153)

0.010
0.152
0.108
0.040
0.144
0.004

1.692 (1.152-2.486)
1.273 (0.924-1.755)
1.468 (1.074-2.015)
1.514 (1.031-2.225)
1.551 (0.899-2.656)
1.485 (1.086-2.030)

0.007
0.140
0.016
0.035
0.115
0.013

ICAM-1: Intercellular adhesion molecule-1; TNM: Tumor-node-metastasis; PVTT: Portal vein tumor thrombus; NLR: Neutrophil-to-lymphocyte ratio.

and AFP significantly increased the positive diagnostic
ratio for HCC.
PVTT, the main form of intrahepatic metastasis of
HCC, affects the prognosis of HCC patients. It was
reported that a total of 34% to 50% of patients with
advanced HCC may suffer from PVTT and may be
[22,23]
predisposed to metastasis and recurrence
. In
this study, we also found that the ICAM-1 level was
significantly higher in the HCC specimens with PVTT
than in those without PVTT (Figure 2B-D). Although
no substantive progress of finding effective indicators
for PVTT has been made, the ICAM-1 protein level
had the ability to forecast the incidence rate of PVTT,
which merits a further large sample prospective study
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and which indicates the diagnostic value of ICAM-1
for further clinical practice. In addition, we compared
serum ICAM-1 in two subgroups of HCC patients
with different clinical features, including PVTT, TNM
stage and distant metastasis, and found that the
level of serum ICAM-1 was significantly associated
with the presence of PVTT, the TNM stage and distant
metastasis, which provided evidence that ICAM-1
overexpression is associated with cellular invasion,
venous permeation and perhaps even metastasis in
HCC.
From the results of the univariate analysis, we
observed that ICAM-1 > 684 ng/mL, size of tumor
> 5 cm, multiple tumor number, NLR > 2.31, Ⅲ-
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Ⅳ of TNM stage together with PVTT were associated

is involved in tumor initiation, metastasis and recurrence in many human
cancers.

with a shorter DFS and OS. These observations are
consistent with previous studies that multiple tumors
are a useful prognostic factor for the recurrence of
[24]
HCC . Additionally, our previous studies found that
elevated NLR (> 2.31) effectively reflected systemic
inflammation, tumor invasion and even metastasis of
[10]
HCC .
We also found that except Ⅲ-Ⅳ of TNM stage
was independent predictor for OS, and high ICAM-1
level, PVTT and high NLR were independent predictors
for both DFS and OS. An elevated NLR may suppress
antitumor immunity with the help of peritumoral
[25,26]
macrophages
and myeloid-derived suppressor
[27,28]
cells
. In addition, an elevated NLR may promote
[29]
the production of vascular endothelial growth factor
[30]
and matrix metalloproteinases
and thus promote
tumor angiogenesis and conductive tumor growth and
metastasis.
In short, the value of 684 ng/mL as a cut-off point
for ICAM-1 in this retrospective study has a substantial
sensitivity and specificity, which is of great importance
for the diagnosis of HCC. The serum ICAM-1 test
is not only a cost-effective examination but also
an optimal choice for HCC screening and it helps
clinicians to make clinical decisions. We believe that
ICAM-1 is a valuable marker for the early diagnosis
of HCC, recurrence monitoring and the prediction of
intrahepatic (PVTT) and extrahepatic metastasis for
HCC. However, our results need to be further validated
in a large cohort and prospective studies are warranted
to verify the effectiveness of our results.

Peer-review

In this study, the authors confirmed that 684 ng/mL may serve as a cut-off point
for ICAM-1 in improving the diagnosis and prognosis of patients with HCC.
These findings are informative and suggest that ICAM-1 could be a potential
biomarker for therapy for HCC. The results deserve publication in the journal.
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AIM: To study the effect of mobilized peripheral blood
+
autologous CD34 positive (CD34 ) cell infusion in
patients with non-viral decompensated cirrhosis.
METHODS: Cirrhotic patients of non-viral etiology
were divided into 2 groups based on their willingness
to be listed for deceased donor liver transplant (DDLT)
+
(control, n = 23) or to receive autologous CD34 cell
infusion through the hepatic artery (study group, n
= 22). Patients in the study group were admitted to
hospital and received granulocyte colony stimulating
factor injections 520 μg/d for 3 consecutive days to
+
mobilize CD34 cells from the bone marrow. On day 4,
+
leukapheresis was done and CD34 cells were isolated
using CliniMAC magnetic cell sorter. The isolated
+
CD34 cells were infused into the hepatic artery under
radiological guidance. The patients were discharged
within 48 h. The control group received standard of
care treatment for liver cirrhosis and were worked up
for DDLT as per protocol of the institute. Both groups
were followed up every week for 4 wk and then every
month for 3 mo.
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RESULTS: In the control and the study group, the
cause of cirrhosis was cryptogenic in 18 (78.2%) and
16 (72.72%) and alcohol related in 5 (21.7%) and
6 (27.27%), respectively. The mean day 3 cell count
(cells/μL) was 27.00 ± 20.43 with a viability of 81.84
± 11.99%. and purity of 80%-90%. Primary end
point analysis revealed that at 4 wk, the mean serum
albumin in the study group increased significantly (2.83
± 0.36 vs 2.43 ± 0.42, P = 0.001) when compared
with controls. This improvement in albumin was,
however, not sustained at 3 mo. However, at the end of
3 mo there was a statistically significant improvement
in serum creatinine in the study group (0.96 ± 0.33
vs 1.42 ± 0.70, P = 0.01) which translated into a
significant improvement in the Model for End-Stage
Liver Disease score (15.75 ± 5.13 vs 19.94 ± 6.68,
P = 0.04). On statistical analysis of secondary end
points, the transplant free survival at the end of 1 mo
and 3 mo did not show any significant difference (P =
0.60) when compared to the control group. There was
no improvement in aspartate transaminase, alanine
transaminase, and bilirubin at any point in the study
population. There was no mortality benefit in the study
group. The procedure was safe with no procedural or
treatment related complications.

INTRODUCTION
[1]

The increasing prevalence of cirrhosis coupled
with paucity of donor tissues available for liver trans
plantation as well as high financial burden, have paved
the way for finding alternative therapeutic options for
this potentially life threatening condition. Cell based
regenerative therapies, including adult hemopoietic
stem cells (HSCs) and mesenchymal stem cell (MSC)
based therapies, have evolved as the fore runner
in the search for an alternative to whole-organ
[2,3]
transplantation . HSCs are cells that are capable
of differentiating into multiple cell lineages including
[4]
hepatocytes . HSCs differentiating into hepatocytes
[5]
was first demonstrated by Peterson et al , who
showed that following a noxious insult to the murine
liver, pluripotent stem cells in bone marrow contributed
to liver regeneration. A phase Ⅰ study by Gordon
[6]
et al on 5 patients with decompensated cirrhosis
paved the way for use of peripherally mobilized CD34
+
positive (CD34 ) cells in humans. Mobilization of bone
marrow derived stem cells induced by granulocyte
colony stimulating factor (G-CSF) has been shown
+
to increase CD34 cells along with increasing levels
of hepatocyte growth factor, leading to hepatic
progenitor cell proliferation in patients with alcoholic
[7]
steatohepatitis . However, the degree of hepatic
engraftment in human liver is highly variable. A recent
[8]
study by Garg et al has shown that bone marrow
stimulation with G-CSF in acute on chronic liver failure
+
patients leads to a significant increase in CD34 cells in
liver tissues after 4 wk of G-CSF injection. Coinciding
+
with this rise of CD34 cells in liver tissues, there
+
was a significant decrease in peripheral CD34 cells,
+
possibly due to migration and settlement of the CD34
cells in the liver. This study therefore paved the way
to explore whether direct infusion of CD34 cells into
the hepatic artery in patients with cirrhosis would
help in liver regeneration and improve prognosis.
With the background of these studies, we designed a
research protocol to prospectively study the effect of
+
transfusion of mobilized autologous CD34 cells into
the hepatic artery of cirrhotic patients. This is the first
research study which has used autologous transfusion
+
of mobilized blood CD34 cells in patients with
decompensated cirrhotics of non-viral etiology and has
compared them with patients receiving standard of
care for cirrhosis.
This research protocol was designed to assess
+
the effects of autologous CD34 hematopoietic cell
infusion in patients with decompensated cirrhosis
of the liver. The primary endpoint of the study was
improvement in the Model for End-Stage Liver
Disease (MELD) score along with improvement
in synthetic function of the liver as measured by
serum albumin and INR at 3 mo with autologous
+
CD34 cell infusion compared with standard of care.

CONCLUSION: Autologous CD 34+ cell infusion is safe
and effectively improves liver function in the short term
and may serve as a bridge to liver transplantation.
Key words: CD34 cell infusion; Stem cell; Cirrhosis;
Model for end-stage liver disease; Liver transplantation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cirrhosis of the liver is a chronic progressive
disease with high morbidity and mortality without liver
transplantation. Alternative stem cell based therapies
have shown promising results. In our study, we used
+
autologous CD34 positive (CD34 ) cell infusion in
decompensated cirrhotic patients of non-viral etiology.
This is the first study which has compared these pati
ents with controls who were selected from a waiting
list of liver transplantation candidates. The results
shows improvement in albumin at 1 mo and Model for
End-Stage Liver Disease score at 3 mo. Though many
questions still remain unanswered, stem cell therapy is
a promising treatment modality and serves currently as
a bridge to liver transplantation.
Sharma M, Rao PN, Sasikala M, Kuncharam MR, Reddy C,
Gokak V, Raju BPSS, Singh JR, Nag P, Reddy DN. Autologous
mobilized peripheral blood CD34+ cell infusion in non-viral
decompensated liver cirrhosis. World J Gastroenterol 2015;
21(23): 7264-7271 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i23/7264.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7264
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The secondary endpoints were decrease in ascites
as measured by ultrasonography and requirement
of therapeutic paracentesis and improvement in
transplantation free survival.

up and comparison with autologous CD34 cell infusion
patients.
Patients in the study population were admitted to
the hospital and a complete clinical examination was
done. Investigations included complete blood counts,
liver function test, serum creatinine, blood urea, alpha
fetoprotein, coagulation profile, trans abdominal ultra
sonography of the abdomen with doppler study of
the spleno-portal axis, contrast enhanced computed
topography scan for all patients except those with
serum creatinine > 1.5 mg/dL, screening for hepatitis
B and C, HIV, syphilis, cytomegalovirus. All other tests
required to ascertain the cause of cirrhosis were done
on a case to case basis.
The patients in the control group underwent complete
clinical and laboratory work up as above, in addition to
all other tests required for listing in the DDLT program as
per the liver transplantation protocol of the Institute.
Refractory ascites was defined as ascites unres
ponsive to sodium restricted diet (less than 2 g/d) and
high dose diuretic treatment (spironolactone 400 mg/d
and frusemide 160 mg/d) or therapy limited by the
complications of diuretics.

MATERIALS AND METHODS
Patient selection

The study protocol was approved by the Institutional
Review Board, Institutional Ethics Committee and
Institutional Committee for Stem Cell Research.
This study was performed as per 2007 guidelines of
Indian Council of Medical Research and Department
of Biotechnology India utilizing autologous minimally
manipulated hematopoietic stem cells under a per
mitted area of research.
Between July 2012 to June 2013, 100 cirrhotic
patients who attended the Hepatology unit of the
Institute were screened. All patients who required a
liver transplantation were counseled for either living
donor liver transplantation (LDLT) or deceased donor
liver transplantation (DDLT). The patients who did
not have the option of a living donor and who were
unwilling for DDLT either due to the long waiting time or
due to immediate financial constraints were counseled
+
about autologous CD34 cell infusion as a research tool
which is being evaluated as an alternative or bridge to
liver transplantation. These patients were considered
as the study group. On the other hand, those patients
who were willing only for DDLT were included in the
institutional liver transplantation waiting list for DDLT.
These patients were considered the control group.
Patients aged between 18-70 years, with clinically
diagnosed hepatic cirrhosis, having a MELD score of >
14 and unwilling for immediate liver transplantation,
with life expectancy of at least 3 mo (based on MELD
score) and ability to give informed consent were
included in the study group. All enrolled patients were
counseled in detail about the nature of the research
protocol to be followed and possible outcomes. An
informed consent was obtained from all patients.
Patients with liver tumors or history of any other
malignancy, active infections including human immuno
deficiency virus (HIV), hepatitis B virus, hepatitis C
virus, severe cardiac and pulmonary co-morbidities
unrelated to cirrhosis, recent gastrointestinal bleed,
acute kidney injury or hepatorenal syndrome, portal
vein thrombosis, pregnancy, lactation, and inability to
give informed consent were excluded from the study.
Patients with decompensated chronic liver disease
between 18-70 years, who were enrolled in the
waiting list during the study period for DDLT, were
considered the control group. All other inclusion criteria
were the same as the study group except that they
were willing and eligible for DDLT and unwilling to be
+
a part of the CD34 cell infusion research protocol.
Informed consent was taken from the control group for
enrollment in the DDLT list as well as for regular follow

WJG|www.wjgnet.com

Treatment protocol

Patients in the study group were admitted to the
hospital and received daily subcutaneous injections
of human granulocyte-colony-stimulating factor 520
µg/day (G-CSF Neupogen, Filgrastim, Roche) for
+
3 consecutive days for mobilization of CD34 cells
from the bone marrow. This was based on an initial
+
observation (n = 5) that peak CD34 cell levels were
achieved on day 3 followed by a steady decrease on day
4 and 5. Following G-CSF injections, daily monitoring
of blood for complete blood counts, coagulation
profile, creatinine and liver function tests were done.
Any adverse effects were recorded. The peripheral
+
concentration of CD34 cells were measured daily prior
to leukapheresis to ensure satisfactory levels (> 2
cells/μL). On day 4, leukapheresis was done using the
MCS-3P magnetic cell separator (Hemaneics, USA) and
60-120 mL of peripheral blood was collected. Peripheral
blood mononuclear cells were isolated from the
leukapheresis products in the clean room. Mononuclear
cells were isolated employing Hi-Sep method (HiSep
LSM1077, LS001, Himedia). The mononuclear cells
were washed with phosphate buffer saline (PBS) and
diluted with CliniMACS buffer (Miltenyi Biotech, GmbH).
+
The cells were centrifuged and incubated with CD34
monoclonal antibodies directly labelled to micro beads
(MACS, Miltney Biotech, GmbH171-01, Bergisch,
Galdbach, Germany) for 30 min. After incubation the
cells were washed with CliniMACS buffer and placed
on a CliniMACs cell separator. The labelled cells were
isolated using high gradient magnetic field and eluted
from the column. At the end of the separation, the cells
were counted under a microscope and viability was
assessed by the trypan blue dye exclusion method.
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Assessed for eligibility
(n = 100)
Excluded (n = 55)
Not meeting inclusion criteria (n = 30)
Refused to participate (n = 25)
Allocation

Control group
(n = 23)

Study group
(n = 22)
1 mo-3 mo

1 mo-3 mo

Died (n =1)
Underwent LDLT (n = 2)
Lost to follow up (n = 1)

Died (n = 3)
Underwent DDLT (n = 1)
Lost to follow up (n = 2)

3 mo analysis

Control (n = 17)

Study (n = 18)

Figure 1 Consort flow diagram. LDLT: Living donor liver transplantation; DDLT: Deceased donor liver transplantation.

Purity of the cells was assessed by flowcytometry.
+
The CD34 cells were diluted with 10 mL of PBS with
2% human serum albumin in a sterile tube and were
immediately infused through the hepatic artery under
radiological guidance by the interventional radiologist.
The patients were kept under observation for 24 h
post procedure and discharged on the subsequent day.
During the hospital stay, all clinical parameters and any
adverse events were recorded.

RESULTS
Of the 100 patient screened for eligibility, 55 patients
were excluded. Thirty patients did not meet the
inclusion criteria and 25 patients refused to be a part
of the study. Twenty two patients were enrolled in
the study population. At 1 mo, in the study group, all
+
22 patients were analyzed for response to CD34 cell
infusion. Between 1 mo to 3 mo, 2 patients despite
being clinically stable decided to undergo LDLT, 1
patient died of hepatorenal syndrome and 1 patient
was lost to follow up. In the control group, 23 patients
were enrolled and all patients were analyzed at 1 mo.
In between 1 mo to 3 mo, 3 patients died - 2 due to
sepsis and 1 due to hepatorenal syndrome, 1 patient
underwent DDLT and 2 patients were lost to follow up.
In the final analysis, there were 17 and 18 patents in
the control and study groups, respectively, at 3 mo
(Figure 1).
The baseline characteristics between the control
group and the study population were identical (Table 1).
In the control and study groups, the cause of cirrhosis
was cryptogenic in 18 (78.2%) and 16 (72.72%)
and alcohol related in 5 (21.7%) and 6 (27.27%),
respectively. The MELD score in both groups was
similar. The median period of alcohol abstinence in
the control group was 7 mo (range, 5-11 mo) and in
the study group was 6 mo (range, 4-12 mo). Among
the patients with cryptogenic cirrhosis, 7 patients in
the control group and 6 in the study group had type 2
diabetes mellitus with mean glycosylated hemoglobin
(HBA1c) levels of 6.45 (range, 5.3-8.3) and 6.63
(range, 5.1-9), respectively. Twenty two (95.6%)
patients in the control group and 22 (100%) in the

Follow up

Following discharge from the hospital, the patients were
followed up every week for one month and thereafter at
end of 3 mo. During each visit, ascites was evaluated by
ultrasonography and a need for therapeutic paracentesis
due to ascites causing respiratory embarrassment
was recorded. Laboratory tests at each visit included
complete blood count, liver function test, coagulation
profile, creatinine, blood urea, alpha feto-protein and
doppler ultrasonography of whole abdomen.
The control group was followed up with a similar
protocol for 3 mo.

Statistical analysis

The clinical and laboratory data at baseline between
the study population and the control group and at 1
mo and the end of 3 mo were analyzed. The values
are expressed as mean with standard deviation and
as median with range wherever deemed appropriate.
For categorical variables, Fischer’s exact test was used.
Data was analyzed using online graphpad software
2014 and a P value (two tailed) of < 0.05 was con
sidered to be statistically significant. The statistical
analysis was per protocol analysis.
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Table 1 Baseline characteristics between control and study
group (mean ± SD)
Parameter

Control group
(n = 23)

Study group
(n = 22)

Age (yr)
Sex ratio (M:F)
Hemoglobin (g/dL)
Platelet count (Lakhs/mm3)
Total bilirubin (mg/dL)
AST (IU/mL)
ALT (IU/mL)
Albumin (mg/dL)
INR
Creatinine (mg/dL)
MELD score

47.35 ± 12.54
20:3
9.29 ± 1.86
0.92 ± 0.27
4.78 ± 4.06
101.61 ± 174.41
77.87 ± 125.54
2.7 ± 0.35
1.72 ± 0.53
1.08 ± 0.38
18.73 ± 5.29

48.91 ± 9.25
16:6
9.15 ± 1.60
1.1 ± 0.72
3.55 ± 2.12
67.14 ± 55.99
32.45 ± 17.07
2.55 ± 0.35
1.80 ± 0.52
1.02 ± 0.29
18.28 ± 3.50

Table 3 Comparison between control and study group at 3
mo (mean ± SD)

P value

Parameter
Platelet count (Lakhs/mm3)
Total bilirubin (mg/dL)
AST (IU/mL)
ALT (IU/mL)
Albumin (mg/dL)
INR
Creatinine (mg/dL)
MELD score
Frequency of tap in last 3 mo

0.64
0.072
0.79
0.24
0.21
0.30
0.10
0.16
0.62
0.56
0.74

Control group
(n = 17)

Study group
(n = 18)

P value

0.91 ± 0.36
5.89 ± 7.13
70.29 ± 43.57
49.18 ± 66.59
2.65 ± 0.53
1.88 ± 0.48
1.42 ± 0.70
19.94 ± 6.68
1.59 ± 1.06

1.16 ± 0.71
3.82 ± 3.30
48.39 ± 15.79
39.44 ± 19.02
2.83 ± 0.33
1.61 ± 0.30
0.96 ± 0.33
15.75 ± 5.13
1.28 ± 0.75

0.21
0.27
0.05
0.55
0.24
0.05
0.01
0.04
0.32

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; IU:
International unit; INR: International normalized ratio; MELD: Model for
end-stage liver disease score; tap: Therapeutic paracentesis.

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; IU:
International unit; INR: International normalized ratio; MELD: Model for
end-stage liver disease score.

+

of cells as assessed by enumerating CD34 cells on the
flow cytometer was 80%-90%.

Table 2 Comparison between control and study group at 1
mo (mean ± SD)

Clinical results after CD34+ cell infusion
+

Parameter
Platelet count
(Lakhs/mm3)
Total bilirubin (mg/dL)
AST (IU/mL)
ALT (IU/mL)
Albumin (mg/dL)
INR
Creatinine (mg/dL)
MELD score

Control group
(n = 23)

Study group
(n = 22)

P value

0.87 ± 0.23

0.94 ± 0.41

0.48

4.63 ± 3.16
80.78 ± 74.98
55.13 ± 61.34
2.43 ± 0.42
1.78 ± 0.65
1.24 ± 0.50
19.42 ± 6.52

3.37 ± 1.91
68 ± 24.98
41.73 ± 20.56
2.83 ± 0.36
1.67 ± 0.49
1.01 ± 0.32
15.73 ± 3.35

0.11
0.45
0.34
0.001
0.50
0.06
0.02

Following CD34 cell infusion, patients were regularly
monitored and clinical parameters were recorded. The
liver and renal function tests during the course of stay
in the hospital were normal. Following the procedure
protocol Doppler ultrasound was performed and there
was no evidence of any portal vein or hepatic artery
thrombosis. All patients were discharged from hospital
as planned in the protocol after 24 h of the procedure.
Primary end point analysis revealed that at 4 wk,
the mean serum albumin in the study group increased
significantly (2.83 ± 0.36 vs 2.43 ± 0.42, P = 0.001)
when compared with controls. This improvement in
albumin was however not sustained at 3 mo. (Tables 2
and 3). Serum bilirubin, alanine aminotransferase (ALT),
and aspartate aminotransferase (AST) did not show
any statistically significant improvement at 4 wk and
at the end of 3 mo. However, at the end of 3 mo there
was a statistically significant improvement in serum
creatinine in the study group (0.96 ± 0.33 vs 1.42
± 0.70, P = 0.01) which translated into a significant
improvement in the MELD score (15.75 ± 5.13 vs 19.94
± 6.68, P = 0.04). Platelet count and INR showed some
improvement but did not reach statistical significance at
any point of time.
On statistical analysis of secondary end points, the
+
transplant free survival with autologous CD34 cell
infusion at the end of 1 mo and 3 mo did not show any
significant difference (P = 0.60) when compared to the
control group. The mean requirement of therapeutic
paracentesis was not significantly different at the end
of 3 mo between the study and control groups (1.28
± 0.75 vs 1.59 ± 1.06, P = 0.32) (Table 3). There was
no patient for whom the requirement for therapeutic
paracentesis increased after CD34 cell infusion.

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; IU:
International unit; INR: International normalized ratio; MELD: Model for
end-stage liver disease score.

study group had ascites. Refractory ascites requiring
therapeutic paracentesis at least once every month
for respiratory difficulty was 5 (22.7%) in the study
group and 6 (21.7%) in the control group. In our
population, the high maximum diuretic dose of 400
mg of spironolactone/d combined with furosemide
160 mg/d could not be given to any patients due to
development of complications of diuretic therapy.
All of our refractory ascites patients were therefore
refractory due to development of diuretic therapyrelated complications which limited their use at the
maximal dose. The mean number of therapeutic
paracentesis in the 3 mo period prior to enrollment
was similar between the two groups. The presence of
documented previous overt hepatic encephalopathy
within the last 3 mo was 6 (26%) and 7 (31.81%) in
the control and the study population, respectively.

Mobilization of CD34+ cells after G-CSF

The mean (± SD) baseline cell count (cells/µL) was 2.3
± 2.56 with baseline viability (%) of 48.17 ± 23.95.
The day 3 cell count (cells/μL) was 27.00 ± 20.43
while the viability (%) was 81.84 ± 11.99. The purity
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Mortality data

In the study population, 1 patient developed sepsis
th
with hepatorenal syndrome and died on 88 day post
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[20]

CD34 cell infusion. In the control group, 3 patients
died within 3 mo: 2 died due to sepsis and 1 due to a
massive upper gastrointestinal bleed. The number of
deaths between the study and the control groups was
not statistically significant at 3 mo (P = 0.34)

Adverse events

into hepatocytes or cholangiocytes is not clear .
It has been suggested that conversion of stem
[21,22]
cells to hepatocytes may occur via cell fusion
.
Transplantation of stem cells by infusion into a
peripheral or portal vein has shown successful
engraftment and multiplication even in the setting of
[23,24]
fibrosis in rodent models
. A recent human study
[8]
on acute on chronic liver failure has shown that
+
G-CSF injections increases the homing of CD34 cells
in the liver. In our study, to improve hepatic homing of
cells, which may involve chemo-attractants like stroma
[25,26]
+
derived factor 1
, the CD34 cells were directly
infused into the hepatic artery under radiological
guidance. No procedural complications were observed
in this process. Earlier studies had also safely used the
[27]
hepatic artery for infusion . Post procedure, there was
no increase in portal vein or hepatic artery thrombosis
nor was there any evidence of ischemic hepatitis.
The significant improvement in serum albumin
which was observed at 1 mo coincides with the 4
+
wk period of maximal homing of CD34 cells in the
[8]
liver . The 3 mo improvement in the MELD score
+
in the study population may indicate that CD34
cells which have homed in the liver may be exer
ting its peak regenerative effect at that time. This
improvement in albumin and MELD score has been
[13,28]
observed in previous studies
. Although studies
in the past have shown improvement in bilirubin and
transaminases, our study could not find any such
statistical significance.
More patients in the study group (n = 2) underwent
liver transplant. All of these patients had living donor
liver transplantation and the cause of opting for LDLT
+
after CD34 cell infusion was purely based on the
availability of a living donor, and wish for a curative
treatment. The living donor as well as the family of
the patients needed time for convincing themselves
as well for arranging finances for a LDLT. In these
+
patients, autologous CD34 cell infusion served as a
bridge to liver transplant. Only 1 patient in the control
population underwent DDLT, reaffirming the paucity of
deceased donor tissue for liver transplant. However,
the mean time to liver transplant was not statistically
different in both the groups.
Survival analysis to assess the transplant free
survival was not statistically feasible as the number
of patients were low. However, mortality was not
statistically different in both the groups through the
number of deaths in the control group was more (n
= 3) than the study population (n = 1). The most
common cause of death was hepatorenal syndrome
and sepsis. This may suggest that the infusion of
[29,30]
G-CSF causes restoration of neutrophil function
in
decompensated cirrhosis, which has been attributed
to development of sepsis and HRS in such patients.
G-CSF infusion has also been shown to improve
the development of antibodies to hepatitis B after
hepatitis B vaccination in cirrhosis of non-viral etiology

+

The infusion of autologous CD34 cells through the
hepatic artery was safe with no specific treatmentor procedure-related side effects or mortality. The
commonest complaint was slight discomfort at the
peripheral catheter site and the pain score on the
visual analog scale was always less than 4. One
patient complained of chest discomfort 24 h after
the procedure. However, the cardiac workup for
ischemia was negative and it subsided within 1 h after
administration of a proton pump inhibitor.

DISCUSSION
Cell based regenerative therapies for chronic liver
disease are a promising new alternative to whole organ
[9]
liver transplantation , where the lack of donor tissues
[10]
and high cost
act as major obstacles. The attention
towards bone marrow-derived stem cells for liver
[11]
regeneration, started after a study by Theise et al
where Y chromosome positive liver cells were detected
in autopsied women who received therapeutic bone
marrow transplantation from male donors, suggested
the existence of pluripotent stem cells among bone
[12-14]
marrow cells. Previous studies
have demonstrated
+
improvement in liver function with autologous CD34
cell infusion in decompensated cirrhosis of varied
+
etiology. In our study, we used peripheral CD34
autologous stem cell infusion and this is the first study
which has compared the results with controls in nonviral decompensated cirrhosis.
In our study population, mobilization of bone
+
marrow-derived CD34 cells was done using G-CSF
for 3 consecutive days instead of the conventional 5
[12-14]
d therapy used in most other studies
. This was
based on the initial pilot study done at our Institute
on 5 patients, wherein it was observed that the mean
cell counts reached a peak after the third dose of
G-CSF injection and then showed a downward trend
on day 4 and day 5 in non-viral cirrhosis patients.
+
The mobilization of CD34 cells by use of G-CSF was
safe despite the presence of decompensation and
portal hypertension in all the patients. In contrast to
[15,16]
previous reports
, there was no case of splenic
+
rupture during the CD34 mobilization procedure.
The blood counts were monitored in all patients daily
for 5 consecutive days and also every weekly post
procedure up to one month. The cell counts returned
to baseline in all patients after the end of 1 mo.
Liver stem cells are thought to be precursors to
[17-19]
liver parenchymal cells or cholangiocytes
. The
actual ability of these progenitor cells to differentiate
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accumulation in the abdomen). Liver transplantation is a surgical procedure
in which the whole liver from a deceased person or a part of the liver from a
related living donor is transplanted into a patient having cirrhosis of the liver
after his own diseased liver is removed. Stem cells are the master cells of the
human body which have the ability to differentiate into various tissue cell types
including hepatocytes. CD34+ cells are stem cells of hemopoietic origin which
are recognized in the laboratory by the presence of the marker CD34.

and thereby improves prognosis by preventing new
[31]
hepatitis B infection in this patient population .
The limitations of this study was that 2 patients
who enrolled for the study group later decided to
go for LDLT thereby causing bias in the analysis of
transplant free survival and overall mortality analysis.
A larger study population would have given a clearer
picture on the mortality data. Another limitation of
the study was the lack of liver biopsy. Therefore, we
could not objectively demonstrate the homing in and
+
expansion of CD34 cells in liver tissue.
The positives of this study, however, are that this is
the first study in a non-viral decompensated cirrhosis
+
of diverse etiology wherein the effects of CD34 cell
infusion has been analyzed for 3 mo and compared
with controls. The improvement in MELD at 3 mo
paves the way for identifying a potential window to
delay transplantation. Long term data are required in
this field.
+
In summary, autologous CD34 cell infusion appears
to be a safe and effective modality to delay the need
for liver transplantation and thereby serve as a bridge
to either DDLT or LDLT. The benefits of autologous
+
CD34 cell infusion indicates that there is a window
during which a transplant may be still be required in
a few subjects. Whether repeated infusion of stem
cells can further delay the need for transplant merits
evaluation in further trials.

Peer-review

In this study, the authors have compared the use of autologous CD34+ cells in
patients with decompensated liver cirrhosis of non-viral etiology with patients
receiving the standard of care on the waiting list for liver transplantation. This
idea is very good work, especially in the number of cases. The author needs
to follow up the long term data of these patients to detect any long term side
effects.
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Abstract
AIM: To analyze the prevalence, length and predictors
of hospitalization in the biological era in the populationbased inception cohort from Veszprem province.

Ethics approval: The study protocol was approved by Sem
melweis University Regional and Institutional Committee of
Science and Research Ethics and the Regional and Institutional
Committee of Science and Research Ethics Veszprem.
Informed consent: All study participants, or their legal guardian,
provided informed written consent prior to study enrollment.
Conflict-of-interest: No potential conflicts of interest relevant to
this article were reported.
Data sharing: No additional data are available.

METHODS: Data of 331 incident Crohn’s disease
(CD) patients diagnosed between January 1, 2000 and
December 31, 2010 were analyzed (median age at
diagnosis: 28; IQR: 21-40 years). Both in- and outpatient
records were collected and comprehensively reviewed.
RESULTS: Probabilities of first CD-related hospitali
zation and re-hospitalization were 32.3%, 45.5%,
53.7% and 13.6%, 23.9%, 29.8%, respectively after
one, three and five years of follow-up in Kaplan-Meier
analysis. First-year hospitalizations were related to
diagnostic procedures (37%), surgery or disease activity
(27% and 21%). Non-inflammatory disease behavior
at diagnosis (HR = 1.32, P = 0.001) and perianal
disease (HR = 1.47, P = 0.04) were associated with
time to first CD-related hospitalization, while disease
behavior change (HR = 2.38, P = 0.002) and need for
steroids (HR = 3.14, P = 0.003) were associated with
time to first re-hospitalization in multivariate analyses.
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[2]

Early CD-related hospitalization (within the year of
diagnosis) was independently associated with need
for immunosuppressives (OR = 2.08, P = 0.001) and
need for surgeries (OR = 7.25, P < 0.001) during the
disease course.

to the cost burden of the disease .
Relatively limited data are available on the hos
pitalization or re-hospitalization rates in IBD from
in population-based cohorts. In a recent metaanalysis published in 2012, authors summarized the
hospitalization and surgery rates published from
[3]
population-based cohorts . The majority of studies
were published before the biological era and the
concomitant paradigm shift in patient management
including early stratification, tight monitoring, and
[4]
tailored treatment strategy . Reported hospitalization
rates were high, ranging between 25% and 83%
within five years of diagnosis, with the highest rate in
the year following diagnosis. There was a significant
geographic variation and a trend toward decreasing
surgery rates. Surgery rates varied from 10% to
35% in the first year, and between 18%-59% and
29%-61% after 5 and 10 years, respectively. In
addition, predictors for first hospitalization - including
markers of complicated disease; location (upper GI,
ileocolonic, small bowel), complicated disease behavior,
[5,6]
age at onset, and gender - were hardly studied .
In recent years, a significant emphasis was placed
on early patient stratification based upon the identifi
[7]
cation of predictive factors . Phenotypic classification
of Crohn’s disease plays an important role in deter
mining treatment methodology, as it generally assists
[8,9]
in predicting the likely clinical course . The complex
evaluation of clinical presentation, endoscopic findings,
fecal, serological, and routine laboratory tests - as
well as early treatment factors - is recommended. For
[7]
example, in a landmark paper by Beaugerie et al ,
initial requirements for steroid use (OR = 3.1), an
age below 40 years (OR = 2.1), and the presence of
perianal disease (OR = 1.8) were associated with the
development of disability. However, it is not clear if a
need for early hospitalization should be regarded as an
independent marker of later disease course or only a
marker of disease severity.
Therefore, the aim of the present study was to
prospectively analyze the prevalence, length, cause,
and predictors of hospitalizations and re-hospitalizations
in a population-based inception cohort from Veszprem
province in the biological era, in patients diagnosed
between January 1, 2000 and December 31, 2010, with
follow-up until December 31, 2012. In addition, our aim
was to study if early hospitalization was associated with
the later disease course or treatment algorithm.

CONCLUSION: Hospitalization and re-hospitalization
rates are still high in this cohort, especially during
the first-year after the diagnosis. Non-inflammatory
disease behavior at diagnosis was identified as the
pivotal predictive factor of both hospitalization and rehospitalization.
Key words: Crohn’s disease; Hospitalization; Recurrence;
Predictor; Population-based; Biological therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent data on hospitalization rates in Crohn’
s disease (CD) are lacking from population-based
studies. In the present study our aim was to analyze
the prevalence, cause and predictors of hospitalization
and re-hospitalization in the population-based inception
cohort from Veszprem province. Relatively high rates
of CD-related hospitalizations and re-hospitalizations
were found in our cohort, especially during the first
year after the diagnosis. Non-inflammatory disease
behavior at diagnosis, behavior change in patients
with initial B1 behavior, perianal disease and total AZA
and anti-TNF exposure was associated with the time
to first CD-related hospitalization. Early CD-related
hospitalization was associated with non-inflammatory
disease behavior, perianal or internal fistulizing disease,
need for immunosuppressives and need for surgeries
during the disease course.
Golovics PA, Lakatos L, Mandel MD, Lovasz BD, Vegh Z,
Kurti Z, Szita I, Kiss LS, Pandur T, Lakatos PL. Prevalence and
predictors of hospitalization in Crohn’s disease in a prospective
population-based inception cohort from 2000-2012. World J
Gastroenterol 2015; 21(23): 7272-7280 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i23/7272.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i23.7272

INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic,
progressive inflammatory diseases leading to disability.
Crohn’s disease (CD) has a variable course; the
majority of patients experience multiple relapses,
while 25% experience chronic continuous symptoms
and eventually developing complications necessitating
[1]
hospitalization or surgery . Crohn’s disease treated
mostly in the outpatient setting; the need for hospita
lization is regarded as an important outcome and a
surrogate marker of disease severity. Both medical and
surgical hospitalization events contribute significantly

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

Three hundred thirty-one incident CD patients (M/F:
176/155, median age at diagnosis: 28 years; IQR
21-40 years, median follow-up: 6 years; IQR 2-9
years) diagnosed between January 1, 2000 and
December 31, 2010 were included in this study. Both
in- and outpatient records were collected from the
Veszprem province database and comprehensively
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reimbursement of biologicals has changed, and antiTNFs are now approved for outpatient use.
All-cause and IBD-related hospitalization events
(including medical-surgical complications) were
registered throughout the disease course. Clinical,
laboratory data, drug use, hospitalizations - including
surgeries - were captured prospectively in all patients
from the time of the diagnosis. In referral patients,
disease phenotype, course, and hospitalization events
were captured retrospectively at the time of the
referral visit and prospectively thereafter.

Table 1 Demographic data and disease characteristics of the
inception patients with Crohn’s disease n (%)
n = 331

CD
Males
Age at presentation (yr)
Follow-up (yr)
Familial IBD
Location
L1
L2
L3
L4 only
Behavior at diagnosis
B1
B2
B3
Perianal disease
Arthritis
Ocular
Cutaneous
Steroid use
Azathioprine use
Biological use
Smoking habits at diagnosis
No
Ex
Yes

176 (53.2)
28; IQR 21-40
6; IQR: 2-9
59 (17.8)
115 (34.7)
105 (31.7)
108 (32.6)
4 (0.9)

Definitions: Major surgical events were defined
as major esophageal, stomach, and duodenum
resections, major intestinal and rectal resections,
laparotomy, extensive gastrointestinal procedures, and
gastrostomy, ileostomy and colostomy procedures,
while minor surgeries were defined as perianal fistula
drainage, fistulectomy, and abscess drainage. IBDrelated hospitalizations included medical or surgical
hospitalizations related to disease flare. Other events
and patients hospitalized solely for diagnostic purposes
(end not due to severe clinical activity) were excluded
from the prediction analysis when we assessed
the predictive potential of the importance of early
hospitalizations. Disease behavior change was defined
as a change from non-stricturing, non-penetrating (B1)
to either stricturing (B2) or penetrating (B3) disease.

182 (55.0)
66 (19.9)
83 (25.1)
59 (17.8)
85 (25.7)
12 (3.6)
29 (8.8)
194 (58.6)
197 (59.5)
27 (8.2)
147 (44.4)
46 (13.9)
138 (41.7)

CD: Crohn’s disease.

reviewed. The clinical characteristics of the patients are
presented in Table 1.
A more detailed description of our data collection
method, case ascertainment, geographical and
socioeconomic background of the province, and the
Veszprem Province IBD Group was published in our
[10,11]
previous epidemiological studies
.

Methods

Ethical permission

The central coordination and database management
st
was completed at the 1 Department of Internal
Medicine, Semmelweis University (by PLL). The study
was approved by the Semmelweis University Regional
and Institutional Committee of Science and Research
Ethics and by the Csolnoky F. Province Hospital
Institutional Committee of Science and Research Ethics
and written informed consent was obtained from all
patients prior to enrollment.

[12]

Diagnosis was based on the Lennard-Jones Criteria .
The disease phenotype (age at onset, duration,
location, and behavior) was determined according
to the Vienna and Montreal Classifications (perianal
disease was from the beginning separately registered
and cases diagnosed before 2005 were reclassified
[13]
according to the Montreal system in 2005) . Medical
records, including data regarding the presence of
major extraintestinal manifestations (EIM), previous
frequency of flare-ups (frequent flare-up: > 1 clinical
[14]
relapse/year ), previous surgical procedures
(resections or perianal procedures), the presence of
familial IBD, smoking habits, and perianal involvement,
were determined by a thorough review of the patients’
medical charts, which had been collected in a uniform
format. Medical therapy (steroid, immunosuppressive,
or biological therapy) was registered with the starting
date of the first prescription. Biological therapy was
first approved (infliximab) in the inpatient setting in
1998, while adalimumab was registered in 2008. The

WJG|www.wjgnet.com

Statistical analysis

Variables were tested for normality by Shapiro Wilk’s
2
2
W-test. The χ -test and χ -test with Yates correction,
McNemar test, and logistic regression analysis were
used to assess the association between categorical
variables. Odds ratios (OR) were calculated. Variables
with a P < 0.2 in univariate analysis were included in
multivariate testing with anti-TNF type and gender
added arbitrarily. Cox regression analysis was used
for survival analysis. Results for continuous variables
are expressed as median (interquartile range, IQR)
unless otherwise stated. Peter L Lakatos performed
all statistical analysis and statistical methods were
reviewed by a biostatistician (Dr Peter Vargha,
Semmelweis University). For statistical analysis, SPSS
®
20.0 (SPSS Inc., Chicago, IL) was used. A P value <
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Figure 1 Probability of first all-cause (A) and Crohn’s disease-related (B) hospitalization.
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Figure 2 Probability of first all-cause (A) and Crohn’s disease-related (B) re-hospitalization.

18.7%, 27.9% and 35.9% after one, three, and five
years of follow-up. The probability of the first all-cause
and IBD-related re-hospitalization was 29.6%/13.6%,
32.5%/23.9% and 49.7%/29.8% after one, three and
five years (Figure 2).
The main reasons for hospitalization in the first
years were diagnostic procedures (37%), IBD-related
surgery (27.2%), and disease activity (21.1%)
(Figure 3). The relative frequency of surgery-related
hospitalizations remained stable (23%-27% in years
1-10), while the proportion of non-IBD related hospital
admissions increased after year three.
The mean duration of hospital admissions was
248 d per 100 patient-years follow-up for diagnostic
procedures, 196, 300, 82, and 161 d per 100 patientyears follow-up for IBD-related medical, major-, and
minor-surgical hospitalizations, and IBD-unrelated
hospitalization events within one year of diagnosis.
Corresponding rates were 33, 48, 13, and 21 d, and
58, 51, 5, and 57 d per 100 patient-years followup for CD-related medical, major-, minor-surgical

0.05 was considered significant.

RESULTS
Patient phenotype, previous disease course and
exposure to medications

The clinical characteristics of the patients are summarized
in Table 1. The ileal, colonic and ileocolonic localization
rate was nearly equal; close to two-thirds of patients
had inflammatory disease behavior, while the perianal
involvement was 17.8%. During the median sixyear follow-up, total steroid and AZA exposure was
approximately 60%, and just fewer than 10% of
patients were exposed to biologicals.

Hospitalization rates

The probability of first all-cause and IBD-related
hospitalization was 58%/32.3%, 74.4%/45.5% and
78.9%/53.7% after one, three, and five years of
follow-up in a Kaplan-Meier analysis (Figure 1). The
probability of hospitalization due to major surgery was

WJG|www.wjgnet.com
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IBD

Other

Diagnosis

Surgery

CD-related hospitalization in multiple Cox-regression
analyses.

100%

Early hospitalization: a marker of later disease course

90%

Early IBD-related hospitalization was associated with
age at onset according to the Montreal classification
(P = 0.026), behavior (P < 0.001), non-inflammatory
disease behavior at diagnosis (OR = 3.19, 95%CI:
1.95-5.22, P < 0.001), development of perianal (OR
= 2.35, 95%CI: 1.19-4.64, P = 0.01) and/or internal
fistulizing disease (OR = 3.82, 95%CI: 1.56-9.34, P
= 0.002), presence of anemia (OR = 1.83, 95%CI:
1.15-2.86, P = 0.01), but not location, calendar year
at diagnosis, presence of other EIMs, familial disease,
smoking, or total steroid exposure.
In addition, early IBD-related hospitalization
(after excluding the cases hospitalized for diagnostic
purposes as well) was associated with disease behavior
(P < 0.001), non-inflammatory disease behavior (OR
= 5.04, 95%CI: 5.15-8.05, P < 0.001), perianal (OR
= 2.06, 95%CI: 1.16-3.69, P = 0.013), or internal
fistulizing disease (OR = 6.00, 95%CI: 2.69-13.7, P <
0.001) for need for immunosuppressives (OR = 2.08,
95%CI: 1.33-3.26, P = 0.001), and need for surgery
or multiple surgeries (OR = 7.25, 95% CI: 4.34-12.1,
P < 0.001) during the disease course, but not for age
at onset or presence of anemia. In addition early IBDrelated hospitalization was associated with disease
location (P = 0.016) and smoking (P = 0.02) and with
a trend towards more early hospitalizations in patients
diagnosed in 2007-2012 (P = 0.06).
In a logistic regression model, the need for
azathioprine was independently associated with early
IBD-related hospitalization (P = 0.01, OR = 2.03),
perianal disease (P =0.046, OR = 2.07), age at
diagnosis (P = 0.002) and presence of arthritis (P <
0.001, OR = 2.96), but not with non-inflammatory
behavior or era of diagnosis. (Table 2) In the same
model, the need for early IBD-related hospitalization
(P < 0.001, OR = 5.80), non-inflammatory behavior
(P < 0.001, OR = 2.15), colonic location (P = 0.002,
OR = 0.33) and, anaemia at presentation (P < 0.001,
OR = 4.39), but not with smoking or perianal disease,
were associated with the need for surgery (Table 2)
The same associations were confirmed also in a time
dependent Cox model, where the era of diagnosis was
not associated with the need for surgery in this cohort
(data not shown).

80%
70%
60%
50%
40%
30%
20%
10%
0%

1

2

3-4

5-6

7-10

Year from diagnosis

Figure 3 Cause of hospitalization in patients with Crohn’s disease
according to the year of follow-up.

hospitalizations, and IBD-unrelated events two and
three to four years after the diagnosis.

Predictors of hospitalization

Non-inflammatory disease behavior at diagnosis (PLogRank
< 0.001, HR = 1.38, 95%CI: 1.18-1.61, P < 0.001),
behavior change in patients with initial B1 behavior
(PLogRank < 0.001, HR = 2.91, 95%CI: 1.84-4.61, P <
0.001), perianal disease (PLogRank < 0.001, HR = 1.80,
95%CI: 1.27-2.55, P = 0.001), total AZA and antiTNF exposure (PLogRank = 0.038, HR = 1.36, 95%CI:
0.99-1.86, P = 0.059 and PLogRank = 0.017, HR = 1.69,
95%CI: 1.04-2.72, P = 0.033) but not gender, age at
diagnosis, era of diagnosis (2000-2005 vs 2006-2010),
smoking, and steroid exposure were significantly
associated with time to first CD-related hospitalization
(after excluding cases hospitalized for diagnosis) in
a Kaplan-Meier and Cox-regression analysis. Noninflammatory disease behavior at diagnosis (HR =
1.32, 95%CI: 1.11-1.55, P = 0.001), perianal disease
(HR = 1.47, 95%CI: 1.02-2.12, P = 0.04) and disease
behavior change (HR = 2.97, 95%CI: 1.78-4.96, P <
0.001) were associated with time to first CD-related
hospitalization in multiple Cox-regression analysis.
Phenotype change from B1 (PLogRank < 0.001, HR =
2.93, 95%CI: 1.72-4.97, P < 0.001), arthritis (PLogRank =
0.02, HR = 1.58, 95%CI: 1.04-2.38, P = 0.03), need for
steroids (PLogRank < 0.001, HR = 2.55, 95%CI: 1.60-4.07,
P < 0.001) and total AZA and anti-TNF exposure (PLogRank
< 0.001, HR = 2.45, 95%CI: 1.54-3.89, P < 0.001
and PLogRank = 0.03, HR = 1.83, 95%CI: 1.02-3.29,
P = 0.041), but not gender, age at diagnosis, era of
diagnosis (2000-2005 vs 2006-2010), or smoking were
associated with time to first CD-related re-hospitalization
in a Kaplan-Meier and Cox-regression analysis. Behavior
change from B1 (HR = 2.38, 95%CI: 1.36-4.16, P =
0.002), and need for steroids (HR = 3.14, 95%CI:
1.46-6.74, P = 0.003) were associated with time to first
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DISCUSSION
Hospitalization and re-hospitalization rates were
relatively high in this population-based, inception
cohort CD study from Eastern Europe. A significant
proportion of patients were hospitalized for diagnostic
workup. The mean duration of hospitalization was
four- to fivefold higher in the first year after diagnosis
compared to the subsequent years one to three
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Table 2 Predictive factors for immunosuppressive use and need for major inflammatory bowel diseases-related abdominal surgery

Immunosuppressive use
Early IBD-related hospitalization
Perianal disease
Age at diagnosis1
Location
Smoking
Non-inflammatory behavior
Arthritis
Steroid use (any time)
Major IBD-related abdominal surgery
Early IBD-related hospitalization
Non-inflammatory behavior
Location

Smoking
Perianal disease
Anaemia at presentation

Univariate analysis

Logistic regression

P = 0.001, OR = 2.08
95%CI: 1.33-3.26
P = 0.01, OR = 2.28
95%CI: 1.21-4.30
P < 0.001
P = 0.016 for location
P = 0.054
P = 0.06
P = 0.03, OR = 1.76
95%CI: 1.05-2.98
P < 0.001, OR = 5.78
95%CI: 3.57-9.35

P = 0.01, OR = 2.03
95%CI: 1.18-3.49
P = 0.046, OR = 2.07
95%CI: 1.01-4.22
P = 0.002
NS
P = 0.06
NS
P < 0.001, OR = 2.96
95%CI: 1.63-5.39
-

P < 0.001, OR = 7.24
95%CI: 4.34-12.1
P < 0.001, OR = 5.38
95%CI: 3.30-8.76
P < 0.0012

P < 0.001, OR = 5.80
95%CI: 3.20-10.5
P < 0.001, OR = 2.15
95%CI: 1.56-2.94
P = 0.02 for location,
P = 0.002, OR = 0.33
95%CI: 0.16-0.67 for colonic location
NS
NS
P < 0.001, OR = 4.39
95%CI: 2.37-8.11

P = 0.17
P = 0.19
P < 0.001, OR = 2.79
95%CI: 1.73-4.51

1

According to Montreal classification; 2If all locations were considered. NS: Non-significant.

were 13.6%, 23.9% and 29.8% within one, three
and five years of diagnosis. Similarly, in the 1990s in
a population-based study from Canada approximately
25% of subjects with CD were admitted annually,
while only 4% were readmitted within one year and
56% was readmitted at least once. Nearly half of the
[18]
hospitalizations were related to major surgery .
The annual age-adjusted hospitalization rate declined
significantly from 29.2 to 26.9 per 100000 persons
over the seven years of the study. Comparable rates
were also reported from a more recent Canadian
[19]
study between 1988 and 2008 . The cumulative IBDrelated hospitalization rate was 26% and 36% after
one and five years. In concordance with the present
study, the highest hospitalization rates were within the
first year of diagnosis and were no different according
to the calendar year of diagnosis.
Lower ten-year cumulative hospitalization rates
[20]
were also reported in the EC-IBD study . The
cumulative risk of hospitalization was 52.7% within
ten years of diagnosis, with considerable geographical
differences. Furthermore, hospitalization rates decreased
after the first year of the diagnosis. Finally, even
lower early hospitalization rates were reported in
the very recent, population-based EpiCom study in
[21]
patients diagnosed in 2010 . Cumulative CD-related
hospitalization rates were 20% and 16% in western
and eastern European centers, with 42% and 35% of
events related to surgery, respectively.
Few data are available on the duration of hospitali
[6]
zation. In a study from Manitoba , the mean annual

years. Complicated disease behavior at diagnosis was
identified as the key predictive factor for hospitalization
and re-hospitalization. The need for early hospita
lization was independently associated with the later
disease course and clinically significant outcomes (need
for immunosuppressives and surgery).
Relatively few data are available on hospitalization
rates from population-based cohorts. In the early
population-based studies between 1960 and 1985,
the hospitalization rate was exceedingly high (e.g.,
in Denmark 83% of the CD patient hospitalized were
admitted at least once within the first year after
diagnosis, with admissions at a rate of about 20%
[15]
per year over the next five years) . In the same
time period, the surgical rate was 35%, 8%, and 5%
in the year of diagnosis, the second and third year
following diagnosis, respectively. The cumulative risk
[16]
was 61% within 10 years of diagnosis . Of note, in a
recent study by a Danish group, 66% of CD patients
had at least one hospitalization event within seven
[17]
years of diagnosis . In contrast, in the early 2000s
we found lower IBD-related hospitalization rates:
32.3% in the first year, 6.6%, and 4.1% annually in
the second and third, and the fourth and fifth years
after diagnosis. Interestingly, 56% of IBD-related
hospitalization events were surgical hospitalizations
within one year of diagnosis, while 40% to 48% of CDrelated hospitalization events were surgical admissions
in the subsequent nine years. Without question, rehospitalization rates received inadequate study. The
CD-related re-hospitalization rates in the present study
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CD-related inpatient stay decreased from 17 to 11
days between 1991 and 2001. Fifty-two percent of CD
patients were admitted and 40% readmitted within
five years of diagnosis. Twenty-seven percent had a
CD-related surgery with 15% readmitted for surgery.
During the 15 years’ follow-up, 80% of admissions and
64% of surgeries were within five years of diagnosis.
Concordantly, in the present study, the mean inpatient
stay was 9.87 d in the year of the diagnosis, with rates
in the subsequent three years decreasing significantly
by 1.2-1.7 d annually. Of note, 46.7% of all CD-related
hospitalizations occurred within one year of diagnosis,
while 27.8%, 11.8%, and 13.7% of these events
occurred between two to four, five to six, and seven
to ten years after diagnosis. Comparable data were
reported recently from Denmark, where hospitalization
duration decreased from seven days per patient within
[15]
one year of diagnosis to 0.9 d at year five .
The indication for hospitalization may be dependent
on additional factors other than disease severity,
including health insurance reimbursement policies
and ethnic differences. For example, data from Kaiser
Permanente Northern California (a health maintenance
organization) suggested that hospitalization rates for
Crohn’s disease decreased by 33% between 1998 and
[22]
2005 . The reasons for this rapid change are not
clear.
As discussed above, major surgery represents
30%-50% of all CD-related hospitalization events.
While data suggest a decrease in recent surgical
[3]
rates the majority of the studies report stable or
only slightly fluctuating hospitalization rates after the
1970’s. Early studies reported higher surgery rates.
In Stockholm, surgical rates were 30%, 50%, and
60% after 5, 10, and 15 years between 1955-1974 in a
population-based study, while surgery rates were stable
[23]
until 1989 . Similar to the present study and the data
from Manitoba, in a more recent pre-biologic populationbased cohort from Norway, (IBSEN) cumulative surgery
rates in the 1990s were 14%, 27%, and 38% after one,
[24]
five and ten years of diagnosis, respectively .
The indications for hospitalization may include
diagnostic procedures, active disease requiring medical
or surgical treatment, treatment related complications
(side effects, infections), or unrelated causes. In a
[5]
population-based study from Olmstead county factors
associated with first hospitalization included location
(ileocolonic, small bowel, or upper gastrointestinal
disease), and non-inflammatory behavior at baseline.
In a further study from Canada, CD patients requiring
hospitalization were more likely than UC cases to be
[6]
female and younger . Similarly, in the present study
non-inflammatory disease behavior at diagnosis (HR
= 1.32, P = 0.001), perianal disease (HR = 1.47, P =
0.04) were associated with time to first hospitalization
while disease behavior change (HR = 2.38, P = 0.002)
and need for steroids (HR = 3.14, P = 0.003) were
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associated with time to first re-hospitalization in multiple
Cox-regression analyses. More data are available
on predictors of surgery, including disease location,
complicated disease behavior, perianal disease,
[3,25]
smoking, medical strategy, and age at onset
. In
addition, the association between arthritis and need
for immunosuppressives reported in the present study
warrants further investigations. However, a possible
explanation is that extraintestinal manifestations may
be regarded as markers of patients with systemic
disease leading to more aggressive therapeutic
strategy. Finally, the need for early hospitalization was
identified as an independent marker of later disease
course, and was associated with immunosuppressive
use and surgery; this represents a major finding of
this study.
The authors are aware of the possible limitations of
the study. The indication for hospitalization is somewhat
subjective and may be influenced by factors other than
disease severity, such as insurance reimbursement or
center protocols. In this study group, reimbursement
policy and patient management did not change
significantly in the during the study period. The main
specialists delivering the majority of IBD care also
remained the same. A further strength of the study is
its population-based design, which enabled study of the
full disease spectrum, including both mild and severe
forms. We believe that this allows a more objective
assessment of importance of possible predictors,
which may not be possible in a solely referral-patient
population. Thus data obtained in population-based
setting are more objective in assess disease outcomes
and enable generalizability of the findings to real-life
IBD populations. Finally, an advantage of the present
study was that we aimed to study the era after the
approval introduction of biologicals. Thus, for the first
time, we could investigate and report the change of
hospitalization rates and indications of hospitalizations
in the era of increasing biological use. Interestingly,
only a relatively small proportion of CD patients were
exposed to anti-TNFs. Nonetheless, our study provides
an up-to-date view on the patterns and reasons for
hospitalization in patients with Crohn’s disease. In
addition, our data can contribute to the more accurate
planning of health care access requirements of CD
patients during the first 5-10 years of their disease.
In conclusion, hospitalization and re-hospitalization
rates were still relatively high in this population-based
cohort; almost half of disease-related hospitalizations
occurred within one year of diagnosis. Subsequently,
the average duration of hospitalization decreased
significantly. Non-inflammatory disease behavior
at diagnosis was identified as the pivotal predictive
factor of hospitalization and re-hospitalization. Early
hospitalization requirements were independently
associated with clinical outcomes (need for immuno
suppressives and surgery).
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Abstract
AIM: To confirm the efficacy and safety of beva
cizumab/XELOX combination for the treatment of
locally advanced or metastatic colorectal cancer (CRC)
in Italy.
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METHODS: This multicentric, prospective, open-label
study included patients with CRC previously untreated
with chemotherapy. Patients were administered
bevacizumab in combination with XELOX. The primary
efficacy end-point was progression-free survival
(PFS). Secondary end-points included time to overall
response (TOR), duration of response (DOR), time
to treatment failure (TTF) and overall survival (OS).
The incidence and type of adverse events AEs and
severe AEs were evaluated. Also, the mutational status
of BRAF and KRAS was assessed by high resolution
melting and direct sequencing, and quality of life (QoL)
was measured by the EuroQoL EQ-5D questionnaire at
baseline and at the last visit.

XELOX in terms of proliferation-free survival, without
the appearance of new areas of toxicity and an overall
acceptable safety profile.
Antonuzzo L, Giommoni E, Pastorelli D, Latiano T, Pavese I,
Azzarello D, Aieta M, Pastina I, Di Fabio F, Bertolini A, Corsi
DC, Mogavero S, Angelini V, Pazzagli M, Di Costanzo F.
Bevacizumab plus XELOX as first-line treatment of metastatic
colorectal cancer: The OBELIX study. World J Gastroenterol
2015; 21(23): 7281-7288 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i23/7281.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7281

RESULTS: The intention-to-treat population included
197 patients (mean age: 62.3 ± 9.9 years, 56.4%
males). At baseline, 16/34 evaluable subjects (47.1%)
harbored a KRAS and/or a BRAF mutation; the mean
QoL index was 80.2 ± 14.3. First-line therapy was
given for 223.7 ± 175.9 d, and after a mean followup of 387.7 ± 238.8 d all patients discontinued from
the study mainly for disease progression (PD, 45.4%)
and AEs (25.4%). Median PFS was 9.7 mo (95%CI:
8.4-10.5) and the median values for secondary endpoints were: TOR = 3.9 mo (95%CI: 2.6-4.7), DOR
= 8.5 mo (95%CI: 7.3-10.3), TTF = 6.7 mo (95%CI:
6.0-7.7) and OS = 23.2 mo (95%CI: 20.1-27.2).
Patients carrying at least one lesion had a lower
overall response rate (66.7% vs 88.9%) and a lower
probability of achieving complete or partial response
than those without mutations, but the difference
in relative risk was not statistically significant (P =
0.2). Mean EQ-5D-3L raw index score significantly
decreased to 74.9 ± 19.1 at the last visit (signed-rank
test, P = 0.0076), but in general the evaluation on QoL
perceived by patients was good.

INTRODUCTION
Vascular endothelial growth factor (VEGF) is a
common target for the inhibition of tumor growth and
metastasis, as it plays a central role in angiogenesis
[1]
within the tumor . Bevacizumab, a humanized
anti-VEGF antibody, in combination with different
chemotherapy regimens, has been tested in several
studies for the treatment of colorectal cancer (CRC).
Combined with fluorouracil-based chemotherapy,
bevacizumab significantly improved survival, compared
to placebo, in previously untreated metastatic CRC
[2,3]
(mCRC) patients and in second-line treatment .
The efficacy of XELOX (capecitabine and oxaliplatin)
in combination with bevacizumab was studied in a
factorial-design study, where patients with mCRC
were randomized to XELOX vs FOLFOX-4, and
[4]
subsequently to bevacizumab vs placebo . The clinical
benefit reported in this study did not fully satisfy
expectations, likely due to the early discontinuation of
[4]
bevacizumab . The BEAT and BriTE trials confirmed
the safety profile of bevacizumab in first-line mCRC
patients receiving various chemotherapy regimens,
[5,6]
namely FOLFOX, XELOX, FOLFIRI or capecitabine .
In this perspective, the aim of this multicentric,
prospective, open-label, single arm, non comparative
study (the OBELIX study) was to confirm previous
results on the positive outcome of bevacizumab/XELOX
treatment in locally advanced CRC (aCRC) or mCRC
patients in Italy.

CONCLUSION: The efficacy of bevacizumab in
combination with XELOX in terms of PFS in patients
with aCRC or mCRC in Italy was confirmed, with
acceptable toxicity.
Key words: Bevacizumab; Colorectal neoplasms;
Chemotherapy; anti-Vascular endothelial growth factor;
XELOX
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Patient population

Core tip: Combined with fluorouracil-based chemo
therapy, bevacizumab significantly improved survival,
compared to placebo, in previously untreated meta
static colorectal cancer (mCRC) patients and in
second-line treatment. In this perspective, the aim of
this multicentric, prospective, open-label, single arm,
non comparative study (the OBELIX study) was to
confirm previous results on the positive outcome of
bevacizumab/XELOX treatment in locally advanced CRC
(aCRC) or mCRC patients in Italy. Our findings confirm
the clinical benefit provided by bevacizumab plus

WJG|www.wjgnet.com

This study is registered at ClinicalTrials.gov. The
registration identification number is NCT00577031.
Patients were included in this single-arm, openlabel, multicentre, phase Ⅲb, prospective study if they
were ≥ 18 years old, had histologically/cytologically
proven diagnosis of CRC, chemotherapy-naïve
metastatic disease and ECOG (Eastern Cooperative
Oncology Group) performance status (PS) between 0
and 1. Patients had a life expectancy of > 12 wk and >
1 measurable lesion according to “Response Evaluation
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[7]

Criteria In Solid Tumors” . Patients provided written
informed consent. This study was approved by the
Independent Ethics Committee of each site.
Main exclusion criteria consisted of: radiotherapy
to any site within 4 wk before the study, untreated
brain metastases, history of central nervous system
disease, non-healing wounds and evidence of bleeding
diathesis or coagulopathy. Moreover, patients with
uncontrolled hypertension, clinically significant cardio
vascular disease, current or recent ongoing treatment
with anticoagulants for therapeutic purposes, chronic
treatment with high-dose aspirin (> 325 mg/d),
treatment with any investigational drug within 30 d prior
to enrolment, known allergy to any of the components of
the study medications, other co-existing malignancies
or malignancies diagnosed within the last 5 years,
lack of physical integrity of the upper gastrointestinal
tract, were excluded, as well as pregnant or lactating
women, or of childbearing potential with either a
positive or no pregnancy test at baseline and patients
unwilling to practice contraception during the study.

to treatment were recorded for up to 6 mo after the
last dose of study drug (serious events indefinitely)
and were followed up until they stabilized or returned
to baseline status. AEs unrelated to treatment were
recorded and followed up for 28 d after last study
dose.

Statistical analysis

Since comparison with historic control seems not
appropriate in a single-arm, open-label, multicentre,
non comparative phase Ⅲ study.
The planned study enrollment of 200 patients was
considered an appropriate sample size to allow the
evaluation of 190 patients (considering a dropout rate
of 5%), which would be sufficient to provide evidence
[9]
for improved PFS compared to historic controls .
Both primary and secondary efficacy analyses
were based on the intention-to-treat (ITT) population
(at least one dose of study medication taken and
at least one efficacy measurement at baseline
available), and analyses on per-protocol population
were considered as supportive. All “time-to-event”
variables were presented in Kaplan-Meier survival plots
and summarized by median and 95%CI. Descriptive
statistics of the overall lesion response were provided
by visit/tumor assessment. Absolute and relative
frequencies of patients with KRAS and BRAF mutations
were reported. QoL results were summarized by
descriptive summary tables at baseline and over
time, and changes from baseline were verified by an
ANCOVA model. Descriptive statistics were applied to
safety analysis, together with absolute and relative
frequency of subjects with events. Statistical analysis
was performed using SAS System for Windows version
9.2 (SAS Institute Inc., Cary, NC, United States). All
statistical tests were performed with a significance
level α = 0.05.

Treatment

The planned treatment schedule was the oral
5-fluorouracil pro-drug capecitabine in combination
with oxaliplatin plus the humanized anti-VEGF antibody
bevacizumab. After signing the informed consent,
eligible patients received 21-d cycles according to
the following scheme: bevacizumab 7.5 mg/kg and
2
oxaliplatin 130 mg/m (both intravenously) every
2
21 d on the first day and capecitabine 1000 mg/m
twice daily for 14 consecutive days and 7 d of rest.
XELOX therapy was administered for no more than 8
cycles (6 mo), while bevacizumab until progression of
disease (PD). Second-line chemotherapy was at the
investigator’s discretion.

Assessment

Baseline data included medical history, vital signs,
results from physical examination, concomitant
diseases, concomitant treatments, hematology and
blood chemistry parameters, proteinuria, tumor
evaluation and ECOG-PS.
The primary efficacy variable was progressionfree survival (PFS). Patients without an event were
censored at the time of the last contact where the
patient was known to be progression-free or alive. The
secondary efficacy parameters were represented by:
overall response rate (ORR), time to overall response
(TOR) such as complete response (CR) or partial
response (PR), duration of response (DOR), time to
treatment failure (TTF), overall survival (OS), radical
(R0) resection rate, KRAS and BRAF mutation status
(high resolution melting and direct sequencing) and
Quality of Life (QoL, measured by the EuroQoL EQ-5D
[8]
questionnaire) . Adverse events (AEs) were recorded
and graded according to the “National Cancer Institute
Common Toxicity Criteria” version 3.0. AEs related

WJG|www.wjgnet.com

RESULTS
Baseline characteristics

This study enrolled 205 patients from 34 centers
across Italy between February 2008 and November
2009. Baseline demographic and clinical characteristics
are shown in Table 1. The ITT population consisted
of 197 patients. All patients discontinued from the
study and the main reasons were PD (45.4%) and
the presence of AEs (25.4%). The vast majority of
patients had a baseline ECOG-PS of grade 0 (80.7%).
Hypertension and diabetes were among the most
frequent medical conditions accounting for 41.1%
and 10.2% respectively. Surgical resection of primary
tumor occurred in 152 patients (77.2%), on average
at 61.2 ± 10.2 years. The mean baseline EQ-5D-3L
QoL raw index was 78.9 ± 15.4 (range: 32-98).
Patients underwent 9.2 ± 7.3 cycles of bevacizumab,
5.9 ± 2.7 cycles of capecitabine and 5.9 ± 2.6 cycles
of oxaliplatin. The number of patients without any
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1.0

Table 1 Baseline patient characteristics

0.9

n (%)1

Total recruitment
ITT population
Age (yr)
Median (range)
mean ± SD
Gender
Males
Females
ECOG-PS
0
1
>1
Site of primary tumor
Colon (any region)
Rectum
Rectum + colon (any region)
Unknown
Prior treatments (adjuvant or neo-adjuvant)
Chemotherapy
Radiotherapy
None
N of metastases for each patient
1
2
>3
Site of metastases
Liver
Lung
Lymph nodes
Peritoneum
Other
Stage at first diagnosis
Local regional
Metastatic
KRAS and BRAF mutation status (34 evaluated)
Wild Type (KRAS/BRAF)
Mutated KRAS
Mutated BRAF
Mutated KRAS and BRAF

205 (100)
197 (96.1)

Totals

99

197

0.8
Probability of PFS

Characteristic

Events

63 (34-80)
62.3 ± 9.9

0.7
Median PFS:

0.6

9.7 mo (95%CI: 8.4-10.5)

0.5
0.4
0.3
0.2

111 (56.4)
86 (43.6)

0.1
0.0

159 (80.7)
38 (19.3)
0 (0)

0

2 4

6 8 10 12 14 16 18 20 22 24 26 28 30 32

Months since treatment start
No. patients at risk
197 162 131 103 68 48 34 24 18 12 9 5 3

141 (71.6)
46 (23.4)
8 (4.1)
2 (1.0)

2

1

1

0

Figure 1 Kaplan-Meier plot of progression free survival in the intention-totreat population. Median PFS = 9.7 mo (95%CI: 8.4-10.5). PFS: Progression
free survival.

49 (24.9)
21 (10.7)
148 (75.1)

1.0
0.9

Events

Totals

100

197

0.8
Probability of OS

105 (53.3)
72 (36.5)
20 (10.2)
150 (76.1)
70 (35.5)
27 (13.7)
14 (7.1)
98 (48)

0.7
0.6
0.5
0.4
0.3

Median OS:

0.2

23.2 mo (95%CI: 20.1-27.2)

0.1
0.0

75 (38.1)
122 (61.9)

0

3

6

9

12 15 18 21 24 27 30 33 36

39

Months since treatment start

No. patients at risk
197 171 168 157 148 133 113 81

18 (52.9)
13 (38.2)
2 (5.9)
1 (2.9)

62

43 26

12

4

0

Figure 2 Kaplan-Meier plot of overall survival. Median OS = 23.2 mo (95%CI:
20.1-27.2).

1

Values reported as number of patients and, in parentheses, percentage
on total number of patients, unless specified otherwise. ECOG-PS: Eastern
cooperative oncology group performance status; ITT: Intention-to-treat;
SD: Standard deviation.

(95%CI: 2.6-4.7); DOR = 8.5 mo (95%CI: 7.3-10.3);
TTF = 6.7 mo (95%CI: 6.0-7.7). During the study, 47
patients underwent R0 surgery of metastases and 5
patients had 2 surgical procedures, for a total of 52 ITT
patients (26.4%). Summary of R0 resection rates are
shown in Table 3.
Analysis of KRAS and BRAF mutation status
revealed that 16 out of 34 patients (47.1%) whose
tumor was evaluated had at least one gene alteration
(Table 1): 13 patients (38.2%) carried a KRAS
mutation, 2 patients (5.9%) had a BRAF mutation
and 1 patient (2.9%) harbored both mutations.
Compared to wild type (wt) patients, subjects with
KRAS or BRAF mutations had a lower ORR: 66.7%
vs 88.9%. Indeed, the estimate relative risk (RR =
0.75) suggested that the probability of achieving a
CR or PR as best overall response is lower for patients
with gene alterations. However, RR was not found
to be statistically significant (95%CI: 0.51-1.11,
P = 0.2). Considering that all patients had ECOGPS 0-1, two potential prognostic factors have been

dose modification or interruption was 44 (22.3%), 68
(34.5%) and 58 (29.4%) for bevacizumab, capecitabine
and oxaliplatin, respectively.

Efficacy

Primary efficacy parameter: In the ITT population,
median PFS was 9.7 mo (95%CI: 8.4-10.5) (Figure 1).
Treatment discontinuation, for reasons other than PD
or missing tumor assessment after baseline, occurred
in 98 cases, therefore those patients were censored.
The remaining 99 patients experienced the event of
interest (PD or death) during the treatment period.
Secondary efficacy parameters: A summary of
ORRs is reported in Table 2. Median OS was 23.2 mo
(95%CI: 20.1-27.2) (Figure 2). Median values for
the other secondary end-points were: TOR = 3.9 mo

WJG|www.wjgnet.com
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QoL was assessed at baseline and during the last
visit: using the prevalence approach, 114 patients
were evaluable and the mean EQ-5D-3L raw index
score changed from 80.2 ± 14.3 at baseline to 74.9
± 19.1 at the last visit; using the “Last Observation
Carried Forward” (LOCF) approach, 142 patients were
evaluable and the mean EQ-5D-3L raw index score
changed from 80.2 ± 14.4 at baseline to 76.3 ± 18.6
at last visit. The decreasing evaluation of overall health
during the study was statistically significant (signedrank test performed on difference values gave a P =
0.0076 with prevalence approach and P = 0.0131 with
LOCF approach).

Table 2 Overall response rate of the intention-to-treat
population
n (%)1
CR (best overall response)
PR
SD
CB (CR + PR + SD)
PD
No tumor assessment

10 (5.1)
87 (44.2)
55 (27.9)
152 (77.1)
13 (6.6)
32 (16.2)

1

Values reported as number of patients and, in parentheses, percentage on
total number of patients. CB: Clinical benefit; CR: Complete response; ITT:
Intention-to-treat; PD: Progressive disease; PR: Partial response; SD: Stable
disease.

Safety

Table 3 Summary of R0 resection rates
Reason for surgery

Residual disease

n (%)1

No (radical surgery)
Yes
Unknown
Not applicable

26 (55.8)
7 (13.5)
2 (3.9)
4 (7.7)

No (radical surgery)
Yes
Unknown
Not applicable

2 (3.9)
4 (7.7)
2 (3.9)
1 (1.9)

Yes
Not applicable

1 (1.9)
1 (1.9)

Unknown
Not applicable

1 (1.9)
2 (3.9)

Yes
Not applicable

1 (1.9)
2 (3.9)

Patients were exposed to first-line treatment for an
average of 223.7 ± 175.9 d and were observed during
follow-up for 387.7 ± 238.8 d.

Curative

Adverse events and deaths: The vast majority
(94.4%) of the safety population experienced at
least one AE. The majority of AEs were classified
as “gastrointestinal disorders” (74.6%), “general
disorders and administration site conditions” (58.9%),
“nervous system disorders” (56.9%) and “vascular
disorders” (32.0%). Serious AEs (SAEs) occurred in
56 patients (28.43%). Most AEs were drug-related
(90.9%). Overall, 87.3% of patients had at least one
AE suspected as related to chemotherapy. Concerning
AEs of grade 4 suspected to be chemotherapyrelated, 2 patients had “diarrhea”, 1 patient had
“gastrointestinal disorders”, 1 patient experienced
“vomiting” and 2 patients reported “asthenia”. Sixtyone patients (31.0%) experienced at least one AE
suspected to be related to bevacizumab. Concerning
AEs of grade 4 related to bevacizumab, 1 patient
had “intestinal perforation”, 2 patients “pulmonary
embolism”, 1 patient had “hypertension” and 1 patient
had “hypertensive crisis”. Sixteen patients (8.1%)
experienced at least one AE suspected to be related to
the combination of chemotherapy and bevacizumab:
“nausea” in 1.5% of patients, vomiting, fatigue,
asthenia and/or hypertension in 1.0% each. One
patient had “cardio-respiratory arrest” with toxicity
grade 4 suspected to be related to the combination of
chemotherapy and bevacizumab.
One-hundred patients (50.8%) died during the
course of the study. Six subjects (3.1%) prematurely
discontinued the study due to death and 94 (47.7%)
died during follow-up mainly due to progression of
their colorectal cancer (86 patients). Three cases
were considered as related to bevacizumab, whereas
no relationship with study drugs was reported in the
remaining 9 patients who died due to a SAE.

Palliative

Biopsy

Unknown

Other

1

Values reported as number of patients and, in parentheses, percentage on
total number of patients who underwent R0 resection. Patients are counted
only once in each row. Each patient could have more than one surgery
during the study period.

evaluated: number of metastatic sites (1 site vs > 1
site) and alkaline phosphatase levels (≥ 300 UI/mL
vs < 300 UI/mL). Three groups were obtained: group
1 (n = 105, 53.3%) with only one site of metastasis,
group 2 (n = 70, 35.5%) with more than one site
of metastasis and alkaline phosphatase < 300 UI/L
and group 3 (n = 14, 7.1%) with more than one
site of metastasis and alkaline phosphatase ≥ 300
UI/L. For 8 patients (4.1%) this data was missing.
Median PFS was 9.9 mo (95%CI: 8.4-12.7), 8.5 mo
(95%CI: 7.2-11.2) and 10.4 mo (95%CI: 7.9-13.2)
in group 1, 2 and 3 respectively (log-rank test P value
= 0.527), whereas median OS was 25.9 mo (95%CI:
20.8-32.3), 19.9 mo (95%CI: 17.4-28.4) and 17.9
mo (95%CI: 12.4-26.5, log-rank test P value = 0.149),
respectively. No statistically significant difference
among the three groups was detected in terms of PFS
or OS, possibly due to the different number of patients
included in each group.

WJG|www.wjgnet.com

DISCUSSION
In patients with mCRC, chemotherapy is recommended
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to reduce symptoms and prolong survival. Various
combinations of chemotherapy and biological drugs are
available for first-line treatment depending on patients’
features, disease characteristics and aim of therapy.
The combination of chemotherapy with targeted agents
as bevacizumab in molecularly unselected populations,
and anti-EGFR cetuximab and panitumumab in RAS
wt patients significantly prolonged survival in phase Ⅲ
[2,10,11]
randomized trials
.
Results from the present study confirm the efficacy
of bevacizumab in combination with XELOX in terms of
PFS of metastatic or locally advanced CRC patients. All
secondary end-points of this trial confirmed previous
results, although OS was slightly higher in our study
compared to results presented by Saltz and coworkers
[4]
(23.2 mo vs 21.3 mo) . This particular finding was not
unexpected, since one limitation of the study by Saltz
was that patients rarely received bevacizumab until PD,
but, rather, treatment in the presence of toxicities was
discontinued as a whole, instead of selectively, as the
protocol permitted. A recently published phase Ⅱ trial
performed on elderly patients showed an even higher
[12]
PFS (11.5 mo, 95%CI: 10.0-12.9) . In contrast, in
our study, bevacizumab was only discontinued after
PD, which could explain the longer OS achieved.
We have no data on single patients treated with
bevacizumab monotherapy until PD, after bevacizumab/
XELOX. OS is affected by treatment after first
progression, but unfortunately no data are available
about the later lines of chemotherapy, as in this
study second-line therapies were at the investigator’s
discretion according to local guidelines, and thus were
not recorded in the study’s CRF. In Italy, during the
study period (Februry 2008-November 2009), patients
treated in first-line with fluoropyrimidine and oxaliplatin
plus bevacizumab received mostly second-line therapy
with fluoropyrimidine plus irinotecan, whereas the use
of bevacizumab beyond progression was not allowed,
nor the use of FOLFIRI plus aflibercept. Therefore,
we can assume that patients enrolled in the present
study did not receive anti-VEGF therapy beyond PD
[13]
(TML strategy) . In the same period, patients with
KRAS wt (exon 2, codon 12 and 13) tumors were
treated with FOLFIRI plus cetuximab in second line or
with cetuximab or panitumumab monotherapy in third
line. Unfortunately, the total number of patients with
KRAS wt tumor is unknown and consequently also the
number of patients hypothetically treated with antiEGFR antibody.
Main limitations of the present study were the
lack of randomization and blinding, but since this was
intended to be a confirmatory study, randomization and
blinding would have been beyond the requirements of
the study. Moreover, although the bevacizumab/XELOX
combination has proven its efficacy in treating CRC
patients, treatment prognostic markers are still needed.
Further investigation is also warranted for selecting the
optimal treatment duration and the role of bevacizumab
in selected patients groups.

WJG|www.wjgnet.com

The exploratory analysis indicated a lower proportion
of CR and PR as best overall response during first line
treatment (66.7%) in patients with KRAS or BRAF
mutation compared to wt patients (88.9%), even
though the difference was not statistically significant. In
patients with gene alterations, PFS and the incidence of
PD or death were not significantly different compared to
wt. This is in line with previous findings of an Australian
group which evaluated the impact of KRAS and BRAF
mutational status on outcomes following treatment with
capecitabine alone or in combination with bevacizumab
and mitomycin in aCRC. It was shown that KRAS
status was neither prognostic for OS nor predictive
[14]
of bevacizumab outcome in this set of patients .
Nevertheless, in our study, the lack of statistical
significance could also be explained by the low number
of patients.
The decrease on the judgment on overall health
between last visit and baseline was highly expected,
due to the nature of the disease, but in general the
evaluation on QoL perceived by patients was good.
Concerning safety, the incidence of bevacizumabrelated AEs in this study was as expected for this kind
of patients and study treatment, and comparable to
[2-6,15]
that of previous studies
.
The number of metastatic sites involved, PS, WBC
count and alkaline phosphatase were evaluated in
multivariate analysis as factors that influenced both
response rate and OS in aCRC patients treated with
[16]
5-FU-based combinations . Subsequently, Giacchetti
[17]
et al
found that the number of sites, PS and
alkaline phosphatase were independent prognostic
[18]
factors. Saltz et al
reported that a normal lactate
dehydrogenase level and a PS = 0 were predictive
factors of improved PFS and OS. Also, hemoglobin
levels of at least 11 g/dL and a normal WBC count
were predictive for PFS and OS. Unexpectedly, an age
of > 65 years was also associated with a longer PFS. In
this study, however, the analysis of clinical prognostic
factors did not find statistical differences among the
three groups of patients identified on the basis of the
number of metastatic sites and the values of alkaline
phosphatase.
In conclusion, the present study achieved its primary
objective of confirming previous positive PFS outcomes
of bevacizumab/XELOX combination treatment in CRC
patients in an Italian setting. Secondary safety and
efficacy objectives were also achieved, confirming
the usefulness of this treatment and its good overall
tolerability profile.
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regimens with the humanized anti-Vascular endothelial growth factor (VEGF)
antibody bevacizumab led to prolongation of patient survival, likely due to the
pivotal role played by angiogenesis in CRC.

7

Research frontiers

In Italy, at the time of this study, few options were available for patients with
untreated locally advanced or metastatic CRC. Evidence pointed towards the
use of the bevacizumab/XELOX combination as an effective and safe strategy,
but data were lacking in this setting.

8

Innovations and breakthroughs

This multicentric, prospective, open-label, phase Ⅲb trial was designed as a
confirmatory study of the efficacy and safety of front-line bevacizumab/XELOX
in Italian patients with locally advanced or metastatic CRC. Indeed, the results
confirm that this combination may provide a benefit in terms of progression-free
survival in these patients, with an overall good safety profile.

9

Applications

Patients with untreated CRC may benefit from administration of bevacizumab
plus XELOX, without suffering of particular toxicity.

10

Terminology

CRC is a malignancy of colon and rectum and it is often diagnosed in already
advanced stage. As to date it remains the second leading cause of cancer
death worldwide, it is crucial to develop therapeutic strategies able to cure
these patients. Bevacizumab was the first biologic drug approved by Food and
Drug Administration in combination with chemotherapy for the treatment of
adults with CRC. The rationale relies on the importance of physiological VEGF
production, known to sustain angiogenesis, which in turn favors tumor growth.

Peer-review

11

This paper is interesting and confirms the results of progression-free survival
objectified in the Phase Ⅲ studies. The authors confirm previous results
on the positive outcome of bevacizumab/XELOX combination treatment in
patients with locally advanced or metastatic colorectal cancer in Italy. This is a
meaningful research.
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ORIGINAL ARTICLE
Prospective Study

Is endoscopic papillary large balloon dilatation without
endoscopic sphincterotomy effective?
Shigefumi Omuta, Iruru Maetani, Michihiro Saito, Hiroaki Shigoka, Katsushige Gon, Junya Tokuhisa,
Mieko Naruki
Shigefumi Omuta, Iruru Maetani, Michihiro Saito, Hiroaki
Shigoka, Katsushige Gon, Junya Tokuhisa, Mieko Naruki,
Division of Gastroenterology and Hepatology, Department of
Internal Medicine, Toho University Ohashi Medical Center,
Tokyo 153-8515, Japan

Abstract

Author contributions: Omuta S analyzed and interpreted
the data; drafted the article, collected the data and conceived
and designed the study; Maetani I conceived and designed the
study, critically revised the article and collected the data; Saito
M treated the patients and collected the data; Shigoka H also
collected the data; Gon K, Tokuhisa J and Naruki M contributed
to the treatment of the patients and collected the data; all authors
approved the final version of the paper.

METHODS: From July 2011 to August 2013, we
performed EPLBD on 41 patients with naïve papillae
prospectively. For sphincteroplasty of EPLBD,
endoscopic sphincterotomy (EST) was not performed,
and balloon diameter selection was based on the distal
common bile duct diameter. The balloon was inflated
to the desired pressure. If the balloon waist did not
disappear, and the desired pressure was satisfied, we
judged the dilatation as complete. We used a retrieval
balloon catheter or mechanical lithotripter (ML) to
remove stones and assessed the rates of complete
stone removal, number of sessions, use of ML and
adverse events. Furthermore, we compared the
presence or absence of balloon waist disappearance
with clinical characteristics and endoscopic outcome.

AIM: To evaluate the safety and efficacy of endoscopic
papillary large balloon dilatation (EPLBD) without
endoscopic sphincterotomy in a prospective study.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: The mean diameters of the distal and
maximum common bile duct were 13.5 ± 2.4 mm and
16.4 ± 3.1 mm, respectively. The mean maximum
transverse-diameter of the stones was 13.4 ± 3.4
mm, and the mean number of stones was 3.0 ± 2.4.
Complete stone removal was achieved in 97.5% (40/41)
of cases, and ML was used in 12.2% (5/41) of cases.
The mean number of sessions required was 1.2 ± 0.62.
Pancreatitis developed in two patients and perforation
in one. The rate of balloon waist disappearance was
73.1% (30/41). No significant differences were noted
in procedure time, rate of complete stone removal
(100% vs 100%), number of sessions (1.1 vs 1.3, P
= 0.22), application of ML (13% vs 9%, P = 0.71),
or occurrence of pancreatitis (3.3% vs 9.1%, P =
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0.45) between cases with and without balloon waist
disappearance.

studies have been conducted to verifying the utility of
[16,23,25,26]
this technique
, we sought to corroborate the
results. In the present study, during sphincteroplasty
of EPLBD, EST was not performed. Furthermore,
we improved the dilatation technique to make it as
minimal as possible.

CONCLUSION: EST before sphincteroplasty may
be unnecessary in EPLBD. Further investigations are
needed to verify the relationship between the presence
or absence of balloon waist disappearance.

MATERIALS AND METHODS

Key words: Endoscopic papillary large balloon dilatation;
Difficult bile duct stone; Endoscopic sphincterotomy;
Distal common bile duct; Perforation

Patients

The study participants comprised 41 consecutive
patients who underwent EPLBD at Toho University
Ohashi Medical Center from July 2011 to September
2013. The inclusion criteria were as follows: successful
selective biliary cannulation; distal common bile duct
≥ 11 mm in diameter or large bile duct stones (≥ 10
mm in diameter); multiple stones (n > 2); and postgastric reconstruction (Billroth Ⅰ or Ⅱ or Roux-en-Y).
The exclusion criteria were as follows: coagulopathy
(international normalized ratio ≥ 1.5; marked
thrombocytopenia (platelets < 50000/mL); need for
precutting to achieve selective biliary cannulation;
acute cholangitis or pancreatitis; previous EST; distal
common bile duct > 21 mm in diameter; benign or
malignant biliary stricture; or failure to give informed
consent to the procedure.
All anticoagulant and antiplatelet drugs were
discontinued before the procedure, with temporary
heparin substitution as necessary. All patients were
sedated via intravenous administration of midazolam
(5-10 mg). Scopolamine butyl bromide (20 mg) or
glucagon (1 mg) was injected intravenously to inhibit
gastrointestinal peristalsis, and each patient received
nafamostatmesilate (20 mg/d) for one day before
endoscopic retrograde cholangiopancreatography
(ERCP). Blood samples collected 2 h after ERCP were
used to determine complete blood counts and serum
amylase levels; those collected 18-24 h after were
used to measure hepatobiliary enzymes and C-reactive
protein. We did not place a pancreatic duct stent to
prevent pancreatitis.
The protocol adhered to the Helsinki Declaration
and was approved in advance by the Institutional
Ethical Review Board. The trial was registered
with the University Hospital Medical Information
Network Clinical Trials Registry (UMIN0000011533).
All participants gave written, informed consent
beforehand.

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

Core tip: Optimal approaches to sphincteroplasty of
endoscopic papillary large balloon dilatation (EPLBD)
remain controversial. We evaluated sphincteroplasty
in EPLBD. Forty-one patients with naïve papillae
received EPLBD. During sphincteroplasty of EPLBD,
endoscopic sphincterotomy (EST) was not performed.
Complete stone removal, number of sessions, use of
mechanical lithotripter (ML), and adverse events were
assessed. Complete stone removal was achieved in
97.5% of cases, and ML was used in 12.2% of cases.
The mean number of sessions required was 1.2 ±
0.62. Pancreatitis developed in two patients and
perforation in one. EST before sphincteroplasty may be
unnecessary in EPLBD.
Omuta S, Maetani I, Saito M, Shigoka H, Gon K, Tokuhisa J,
Naruki M. Is endoscopic papillary large balloon dilatation without
endoscopic sphincterotomy effective? World J Gastroenterol
2015; 21(23): 7289-7296 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i23/7289.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i23.7289

INTRODUCTION
Endoscopic sphincterotomy (EST) and endoscopic
papillary balloon dilatation (EPBD) are well-established
[1-6]
therapies to treat bile duct stones . However, the
removal of multiple stones; large stones; barrelshaped or tapering stones; or retrieving any size or
shape of stone through a tortuous distal common bile
[7]
[8]
duct, remains difficult . Ersoz et al first reported
the utility of endoscopic papillary large balloon dilation
(EPLBD) to remove large bile duct stones, with a
number of subsequent studies reporting the efficacy
[8-26]
and safety of the procedure
. However, opinions
differ on whether or not to use an EST incision and
the degree of such an incision (small, moderate
or large). Meanwhile balloon selection and dilation
[8-11,13-18,22-26]
techniques have been widely discussed
.
[16]
For example, Jeong et al
reported that EPLBD using
a large size balloon (15-18 mm) without EST was
both effective and safe. However, given that few other

WJG|www.wjgnet.com

Endoscopic procedure

EPLBD was performed using endoscopes (JF-260V™;
Olympus, Tokyo, Japan, or ED-530XT8™; Fujinon,
Tokyo, Japan), and balloons of 5.5 cm in length and
10-12, 12-15, 15-18, or 18-20 mm in diameter (CRE
esophageal/pyloric balloon™; Boston Scientific, Natick,
MA, United States) were used for dilatation. The
pressure was 10-11-12 mm: 3-5-8 atm, 12-13.5-15
mm: 3-4.5-8 atm, 15-16.5-18 mm: 3-4.5-7 atm,
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A

B

D

C

E

Figure 1 Fluoroscopic and endoscopic view of a bile duct. A: Multiple large bile duct stones and marked dilation of the common bile duct; B: Endoscopic
papillary dilatation with a large (15-18 mm) balloon. Endoscopic sphincterotomy was not performed before balloon sphincteroplasty. This case features incomplete
disappearance of the waist; C: An inflated balloon; D: A large biliary orifice was obtained; E: Large stones extraction using a retrieval balloon.

18-19-20 mm: 3-4.5-6 atm, respectively. All ERCPs
were performed by an endoscopist with career
experience of over 500 ERCPs (Maetani I, Shigoka H
or Omuta S). After accessing the major papilla, the
bile duct was cannulated by a wire-guided cannulation
technique using a catheter (Tandem XL™, Boston
Scientific, Natick MA, United States). A cholangiogram
was obtained and used to measure the diameter of
the distal common bile duct and stones, correcting for
magnification with the external diameter of the distal
end of the duodenoscope (JF 260V: 11.3 mm/ED530XT8: 11.5 mm) as a reference (Figure 1).
Balloon diameter selection was determined based
on previously described distal common bile duct
diameter. For example, for 15-mm, we selected a
15-18 mm balloon to obtain a larger opening of the
orifice. After removal of the catheter, the balloon was
passed over the guidewire and positioned across the
major papilla. An assisting endoscopist gradually
performed dilatation under endoscopic and fluoroscopic
guidance, using diluted contrast to inflate the balloon.
Inflation of the balloon was done until the desired
pressure was achieved. If the balloon waist did not
disappear, and the desired pressure was satisfied, we
judged the dilatation as complete.
When possible, stones were removed using a
retrieval balloon (Fusion Quattro™, Cook Medical,
Tokyo Japan). When stone removal was not possible
with a retrieval balloon, a mechanical lithotripter (ML)

WJG|www.wjgnet.com

(Trapezoid™; Boston Scientific) was used to crush and
capture the stones. Within a few days of initial EPLBD,
a follow-up cholangiogram was obtained to assess the
presence of residual stones. If residual stones were
detected, a second ERCP session was performed to
remove them without an additional sphincteroplasty.
Each ERCP session was finished within 60 min.

Evaluation

The primary study endpoint was the rate of complete
stone removal. Secondary endpoints were number of
ERCP sessions needed, rate of application of ML, and
adverse events, such as post-ERCP pancreatitis (PEP),
bleeding, cholangitis or perforation within 72 h after
EPLBD.
For subgroup analysis, we compared the presence
or absence of balloon waist disappearance with clinical
characteristics and endoscopic outcome. Complete
stone removal was defined as the absence of any
filling defect during a final cholangiogram performed
endoscopically or through a nasobiliary drainage
catheter. PEP was defined as continued abdominal
pain ≥ 24 h after ERCP, with a serum amylase level
[27]
more than three times the upper limit of normal .
Bleeding was defined as either or both hematemesis
[27]
or a melena or a hemoglobin drop exceeding 2g .
Cholangitis was defined as increased temperature (over
[27]
38 ℃ for > 24 h) with cholestasis . Perforation was
defined as evidence of air or luminal contents outside

7291

June 21, 2015|Volume 21|Issue 23|

Omuta S et al . Is EPLBD without EST effective?
Table 1 Baseline characteristics of patients (n = 41) n (%)
Age (yr)

Table 3 Early adverse events of endoscopic papillary large
balloon dilation (n = 41) n (%)

77.7 ± 10.8

Gender ratio (M:F)
Periampullary diverticulum
Previous gastric surgery
Billroth Ⅱ/Roux-en-Y reconstruction, n
Previous cholecystectomy
Gallbladder stone
Anticoagulant or antiplatelet therapy
Diabetes mellitus
CBD diameter (distal/maximum) (mm)
CBD stone diameter (maximum transverse) (mm)
Number of stones

Early (< 72 h)
Asymptomatic hyperamylasemia
Acute pancreatitis
Mild/moderate/severe
Bleeding
Acute cholangitis
Perforation

19:22
28 (68.3)
3 (7.3)
2/1
12 (29.2)
18 (43.9)
19 (46.3)
3 (7.3)
13.5 ± 2.4/16.4 ± 3.1
13.4 ± 3.4
3.0 ± 2.4

Table 4 Waist disappearance vs waist non-disappearance
Variables

CBD: Common bile duct; M: Male; F: Female.

Age (yr)
Gender (M:F)
Periampullary
diverticulum
Distal CBD diameter (mm)
Distal CBD diameter/stone
ratio
Number of stones
Procedure time (min)
Sessions required for
complete stone clearance
Application of ML
Acute pancreatitis

Table 2 Outcome of endoscopic papillary large balloon
dilation (n = 41) n (%)
Balloon size
10-12 mm/12-15 mm/15-18 mm/18-20 mm
Distal CBD (balloon diameter)/CBD stone ratio
Maximum CBD/CBD stone ratio
Waist disappearance
Procedure time (min)
Complete stone removal
Sessions required for complete stone removal
Application of ML
Amylase after EPLBD (IU/L)

10/20/8/3
1.03 ± 0.15
1.25 ± 0.19
30/41 (73.1)
44.5 ± 21.2
40/41 (97.5)
1.2 ± 0.62
5/41 (12.2)
427 ± 695

Waist
disappearance
(n = 30)

Waist nondisappearance
(n = 11)

P value

77.7 ± 10.8
15:15
70% (21/30)

77.5 ± 11.4
4:7
63.6% (7/11)

NS
NS
NS

13.0 ± 2.1
1.05 ± 0.13

14.8 ± 2.9
1.00 ± 0.21

NS
NS

2.8 ± 2.2
43 ± 20
1.1 ± 0.86

3.6 ± 2.7
49 ± 24
1.3 ± 0.43

NS
NS
NS

13.3% (4/30)
3.3% (1/30)

9.1% (1/11)
9.1% (1/11)

NS
NS

NS: Not significant; CBD: Common bile duct; ML: Mechanical lithotripsy.

CBD: Common bile duct; ML: Mechanical lithotripsy.

2. Complete stone removal was achieved in 97.5% of
patients (40/41), with a successful stone removal rate
during the initial EPLBD of 87.8% (36/41). Thirteen
patients required a second session, and one patient
required a third session. The mean number of sessions
required for complete stone removal was 1.2 ± 0.62.
The rate of application of ML was 12.2% (5/41), and
the rate of balloon waist disappearance was 73.1%
(30/41).
Adverse events are shown in Table 3. Mild PEP
occurred in two patients (4.9%): both were managed
successfully with conservative treatment. Perforation
developed in one patient who had undergone postgastric reconstruction (Billroth-Ⅱ) and did not have a
stricture of the distal common bile duct; the balloon
waist s disappeared immediately during balloon
dilatation. The patient required emergency surgery
and stayed in the hospital for six months. After the
patient’s condition improved, complete stone removal
was achieved using only a retrieval balloon catheter
without an additional sphincteroplasty.
On comparing clinical characteristics and endo
scopic outcomes with the presence or absence of
balloon waist disappearance (Table 4), no significant
differences were noted for distal common bile duct
diameter, procedure time, mean number of sessions
required for complete stone removal, application of ML
or occurrence of PEP.

[27]

the gastrointestinal tract . Each adverse event was
graded based on values set by the American Society
[27]
for Gastrointestinal Endoscopy (ASGE) .

Statistical analysis

Data were presented as mean ± SD with ranges. In
2
subgroup analyses, the χ test or Fisher’s exact test were
used for noncontinuous variables and Student’s t-test
was used for continuous variable comparison between
two groups. Analyses were performed using SPSS 19.0
(SPSS Inc., Chicago IL, United States). A P value less
than 0.05 was considered statistically significant.

RESULTS
Baseline characteristics and indications of the 41
consecutive patients enrolled in this study are
summarized in Table 1. The EPLBD procedure was
successfully performed in all patients. Two post-gastric
reconstruction patients had undergone a Billroth-Ⅱ,
and one had undergone a Roux-en-Y. A periampullary
diverticulum was observed 68.3% (28/41). The
mean diameter of the distal/maximum common bile
duct was 13.5 ± 2.4 mm/16.4 ± 3.1 mm. The mean
maximum transverse-diameter of the stones was 13.4
± 3.4 mm, and the mean number of stones was 3.0
± 2.4. Endoscopic outcomes are summarized in Table

WJG|www.wjgnet.com

2/41 (4.9)
2/41 (4.9)
2/0/0
0/41 (0)
0/41 (0)
1/41 (2.4)
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Retrospective
Retrospective
Retrospective
Randmized
controlled trial
Randmized
controlled trial
Retrospective
Retrospective
Retrospective
Retrospective
Prospective

Retrospective
Prospective
Randmized
controlled trial
Retrospective
Retrospective
Retrospective

Design

247
72
40
28
41

45

53
38
44
27

88
50
103

58
60
100

No. of
cases

16.4, mean
17.5, mean
10.5, median
14, mean
13.4 mean

12-20, range

14.8, mean
17.7, mean
12.7, mean
20.8, mean

14, mean
15-25, range
13, median

16/18, mean
16, mean
16, mean

CBD stone
diameter
(mm)

Not performed
Small
Not performed
Not performed
Not performed

Large

Small
Adequate
Discretion of
endoscopist
Moderate
Not performed
Large
Small

Moderate
Large
Moderate

Degree of EST

11-20, range
12-20, range
10-17, range
12-18, range
11-20, range

12-20, range

12-20, range
15-18, range
10-15, range
15-18, range

12-20, range
12-20, range
13.5, median

12-20, range
12-15, mean
12-20, range

Balloon size
(mm)

229/247 (92.7)
70/72 (97.2)
40/40 (100)
27/28 (96)
40/41 (97.5)

44/45 (97.8)

53/53 (100)
37/38 (97.4)
42/44 (95)
27/27 (100)

87/88 (98.9)
NA
102/107 (95.1)

58/58 (100)
60/60 (100)
97/100 (97)

202/247 (81.8)
63/72 (87.5)
37/40 (92.5)
25/28 (89)
36/41 (87.8)

44/45 (97.8)

51/53 (96.2)
25/37 (65.8)
37/44 (84)
23/27 (85.2)

87/88 (98.9)
NA
102/107 (95.1)

48/58 (82.8)
57/60 (95)
83/100 (83)

1.2
1.1
1.1
1.1
1.2

1.0

1
NA
1.1
1.3

1.0
NA
1.0

1.2
1.0
1.1

Complete stone Complete stone No. sessions,
removal overall, romoval initial,
mean
n (%)
n (%)

39/247 (15.8)
6/72 (8.3)
1/40 (2.5)
3/28 (11)
5/41 (12.2)

0/45 (0)

3/53 (5.7)
8/38 (21.1)
2/44 (4.5)
9/27 (33.3)

1/88 (1.1)
5/50 (10)
28/103 (27.2)

4/58 (6.9)
3/60 (5)
8/100 (8)

Application of
ML, n (%)

2/247 (0.8)
5/72 (6.9)
2/40 (5.0)
1/28 (4)
2/41 (4.9)

1/45 (2.2)

1/53 (1.9)
1/38 (2.6)
0/44 (0)
0/27 (0)

1/88 (1.1)
4/50 (8)
0/103 (0)

2/58 (3.4)
0/60 (0)
4/100 (4)

PEP,

n (%)

6/247 (2.4)
1/72 (1.3)
0/40 (0)
0/28 (0)
0/41 (0)

1/45 (2.2)

0/53 (0)
0/38 (0)
2/44 (4.5)
0/27 (0)

1/88 (1.1)
2/50 (4)
2/103 (1.9)

3/58 (5.2)
1/60 (1.7)
0/100 (0)

Bleeding,
n (%)

0/247 (0)
0/72 (0)
0/40 (0)
1/28 (4)
1/41 (2.4)

0/45 (0)

0/53 (0)
0/38 (0)
0/44 (0)
0/27 (0)

0/88 (0)
0/50 (0)
1/103 (1)

0/58 (0)
0/60 (0)
0/100 (0)

Ersoz et al first reported the use of endoscopic sphincterotomy followed by large balloon dilation as an alternative for managing difficult bile duct stones. Their reported
overall complete stone removal rate was 100%, with ML application used in 7% and an overall adverse event rate of 15%, including a 3% PEP rate. EPLBD without
[16]
preceding EST was described in 2009 by Jeong et al , who reported an overall complete stone removal rate of 97%, with a 21% rate of ML application and a 2.6% PEP
rate. A summary of the English-language literature published on EPLBD is shown in Table 5. We conducted research on PubMed/MEDLINE from 2003 to October 2014. A
search strategy was used to identify reports of randomized controlled trials, retrospective studies and prospective case series in EPLBD, with a combination of controlled
vocabulary and text words related to (1) endoscopic papillary large balloon dilatation; (2) difficult common bile duct stones; and (3) endoscopic sphincterotomy. Fifteen
[8-11,13-18,22-26]
full papers were identified, comprising eleven retrospective studies, three controlled trials and one prospective case series
.
In the present study, the rates of complete stone removal in the initial session and overall were 87.8% and 97.5%, respectively. The mean number of sessions
required for complete stone removal was 1.2, and the rate of ML application was 12.2%. Our endoscopic outcome was compared with those performed with preceding
[8-11,13-15,17,18,22,24]
EST (small to large) in Table 5
. The rates of complete stone removal in the initial session and overall ranged from 83% to 99% and 95% to 100%,
respectively, and the number of sessions required for complete stone removal and rate of ML application ranged from 1.1 to 1.3 and 0% to 27%, respectively. Thus,
our endoscopic outcomes were equivalent to those in other studies. In the studies of balloon dilatation without preceding EST, including our study, the initial and overall
[16,23,25,26]
complete stone removal rates ranged from 66% to 93% and 93% to 100%, respectively (Table 5)
, and the number of sessions required for complete stone
removal and the rate of ML application ranged from 1.1 to 1.2, and 2.5% to 21%, respectively. Thus, the efficacy data suggest that EPLBD without preceding EST was a

[8]

DISCUSSION

1/247 (0.4)
0/72 (0)
0/40 (0)
0/28 (0)
0/41 (0)

0/45 (0)

1/53 (1.9)
0/38 (0)
1/44 (2.2)
0/27 (0)

1/88 (1.1)
0/50 (0)
0/103 (0)

2/58 (3.4)
0/60 (0)
0/100 (0)

Cholangitis, n Perforation,
(%)
n (%)

Results are described as large balloon biliary sphinteroplasty alone. NA: Not available; CBD: Common bile duct; ML: Mechanical lithotripsy; PEP: Post-retrograde cholangiopancreatography pancreatitis.

Chan et al[23], 2011
Kim et al[24], 2011
Jang et al[25], 2013
Kogure et al[26], 2014
Present study

Stefanidis et al[22], 2011

Itoi et al[15], 2009
Jeong et al[16], 2009
Draganov et al[17], 2009
Kim et al[18], 2009

Minami et al[11], 2007
Misra et al[13], 2008
Attasaranya et al[14], 2008

Ersoz et al[8], 2003
Maydeo et al[9], 2007
Heo et al[10], 2007

Ref.

Table 5 Summary of published series of endoscopic papillary large-balloon dilatation for the removal of common bile duct stones n (%)
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satisfactory outcome.
PEP occurred in 4.9% of patients in our study. EPBD
has been reported to be associated with more frequent
[28-30]
and severe PEP than EST
. PEP is believed to occur
as a reaction to the direct physical compression effect
of the balloon on the papilla, the pancreatic duct orifice
or the pancreatic parenchyma, and stone removal
might induce peripapillary edema or spasm of the
[21]
sphincter . We hypothesized that the relatively low
PEP rates seen in the present study may be because
the balloon dilatation was minimized, thereby reducing
the severity of the trauma to the papilla. In addition,
we used a 15-18 mm balloon rather than a 12-15 mm
one when the distal common bile duct was 15 mm,
thereby reducing inflation time. Using a larger balloon
provided adequate dilatation of the papilla, facilitating
[31]
stone removal at the orifice. Sugiyama et al
reported that age < 60 years and bile duct diameter <
9 mm were independent risk factors for PEP, although
we noted no such correspondence in the present
[14]
study. Attasaranya et al
reported low rates of PEP
because the pancreatic duct orifice was separated
from the biliary orifice after EST and noted that balloon
dilatation forces are directed away from the pancreatic
duct. However, their evidence was insufficient to
[16]
support the hypothesis . While PEP occurrence has
been found to range from 0% to 7% in cases with
[8-11,13-15,17,18,22,24]
preceding EST
, rates ranged from
[16,23,25,26]
0.8% to 5.0% in cases without preceding EST
,
including the present study (Table 5). Therefore, we
suggest that the efficacy of EST could not be judged
based on the rate of occurrence of PEP.
Bleeding occurred less frequently with EPBD than
[7]
EST (EPBD 0% vs EST 2.0%, P = 0.001) . While
the rate of bleeding occurrence has been found to
range from 0% to 5% in procedures performed after
[8-11,13-15,17,18,22,24]
EST
, rates ranged from 0% to 2% in
[16,23,25,26]
procedures performed without EST
, including
the present study. Based on these findings, we
question the propriety of EST in EPLBD.
Perforation is considered the most serious adverse
[32]
events of EPLBD. Park et al
reported that stricture
of the distal common bile duct was an independent
factor predictive of perforation and that, if strong
resistance was encountered during balloon inflation,
additional pressure should not be applied. EPLBD has
[25,33]
been reported to be safe in Billroth Ⅱ patients
.
Perforation is understood to be caused by looping of
[34]
the scope, not by the tip of the endoscope itself .
When surgery was performed in one patient in
the present study, a very small stone was found in
the retroperitoneal region of the dorsal side of the
ampulla. This case with Billroth Ⅱ had no stricture, no
resistance on balloon dilatation and the progress of
the scope to the ampulla of Vater did not meet with
any difficulties. Regarding the endoscopic procedure,
balloon pressure was 3 atm, balloon size was 15-18
mm and the dilatation time was 125 s (from starting
inflation to finishing deflation). Upon review of this
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case, we considered that the endoscopic procedure
was not performed incorrectly, and subsequent surgical
investigation confirmed that the very small stone was
pressed into the duct wall during balloon dilatation,
resulting in perforation. Therefore, it is important that
we should confirm not only the configuration of the
distal bile duct but also the presence of very small
stones before EPLBD.
We collected the blood, and performed magnetic
resonance cholaongiopancreatography and/or abdominal
ultrasound to recognize common bile duct stone every
three months during follow-up. During the median
follow-up period of 487 d, no cases of recurrence
were noted in our study. One patient died of aspiration
pneumonia 156 d after complete stone removal.
We encountered cases where the balloon waist did
[12]
not disappear during dilatation. Lee et al
reported a
series of endoscopic lithotomies with 100% complete
stone removal in spite of a balloon waist disappearance
rate of only 69%. In the present study, we noted no
significant differences in complete stone removal,
number of sessions, rate of application of ML, or rate
of PEP between cases with and without balloon waist
disappearance. Given the relatively small number of
cases involved in the present study, further studies in a
larger number of patients are needed to validate these
findings.
[12]
Lee et al
speculated that it was caused by scar
change of the incised orifice; however, this speculation
has not been verified.
The present study was subject to several limitations.
Our sample size was small and from a single center,
with no control cases. Endoscopic outcomes were
analyzed retrospectively with respect to balloon
waist disappearance. Regarding the degree of the
waist disappearance, although we did not establish a
definition, we observed a disappearance rate of more
than 80% among the cases. In particular, further
investigations are needed to verify the relationship
between the presence or absence of balloon waist
disappearance and outcome. Based on these findings,
EST before sphincteroplasty may be unnecessary in
EPLBD. Furthermore, a randomized controlled study is
needed to evaluate any differences between prior EST
and no prior EST.
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Ersoz et al first reported on the utility of endoscopic papillary large balloon
dilation (EPLBD) to remove large bile duct stones, and a number of subsequent
studies further reported on the efficacy and safety of the procedure. However,
opinions differ on whether or not to use an endoscopic sphincterotomy (EST)
incision and the degree of such an incision (small, moderate or large).
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Jeong et al reported that EPLBD using a large size balloon (15-18 mm) without
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to verify the utility of this technique.
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distal common bile duct diameter. For example, for 15-mm, a 15-18 mm balloon
was selected to obtain a larger opening of the orifice, and inflation of the
balloon to the desired pressure was performed until the desired pressure was
achieved. When the balloon waist did not disappear and the desired pressure
was satisfied, the dilatation was judged as complete. The presence or absence
of waist disappearance with clinical characteristics and endoscopic outcome
were compared.

11

Applications

12

Complete stone removal was achieved in 97.5% of patients (40/41); the mean
number of sessions required for complete stone removal was 1.2 ± 0.62. The
rate of application of mechanical lithotripter (ML) was 12.2% (5/41), and the rate
of waist disappearance was 73.1% (30/41). Mild post-endoscopic retrograde
cholangiopancreatography pancreatitis occurred in two patients (4.9%). No
significant differences were noted in procedure time, rate of complete stone
removal, number of sessions, application of ML or occurrence of pancreatitis
between cases with and without waist disappearance.

13

14

Terminology

EST before sphincteroplasty may be unnecessary in EPLBD. A randomized
controlled study is needed to evaluate any differences between prior EST
and no prior EST. Further investigations are needed to verify the relationship
between the presence or absence of balloon waist disappearance and outcome.
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Abstract
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AIM: To compare the roles of capsule endoscopy (CE)
and double-balloon enteroscopy (DBE) in the diagnosis
of obscure small bowel diseases.
METHODS: From June 2009 to December 2014, 88
patients were included in this study; the patients had
undergone gastroscopy, colonoscopy, radiological
small intestinal barium meal, abdominal computed
tomography or magnetic resonance imaging scan and
mesenteric angiography, but their diagnoses were still
unclear. The patients with gastrointestinal obstructions,
fistulas, strictures, or cardiac pacemakers, as well as
pregnant women, and individuals who could not accept
the capsule-retention or capsule-removal surgery were
excluded. Patients with heart, lung and other vital
organ failure diseases were also excluded. Everyone
involved in this study had undergone CE and DBE. The
results were divided into: (1) the definite diagnosis (the
diagnosis was confirmed at least by one of the biopsy,
surgery, pathology or the drug treatment effects with
follow-up for at least 3 mo); (2) the possible diagnosis
(a possible diagnosis was suggested by CE or DBE,
but not confirmed by the biopsy, surgery or follow-up
drug treatment effects); and (3) the unclear diagnosis
(no exact causes were provided by CE and DBE for the
disease). The detection rate and the diagnostic yield
of the two methods were compared. The difference
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in the etiologies between CE and DBE was estimated,
and the different possible etiologies caused by the age
groups were also investigated.

INTRODUCTION
It is very difficult to diagnose small intestinal diseases
because of the specific structure and anatomical location
of the small intestine. With the development of capsule
endoscopy (CE) and double-balloon enteroscopy (DBE)
in recent years, the prospect has been brought for the
diagnosis and treatment of obscure intestinal diseases.
However, until now, because of the expensive cost
and difficult technology, studies of CE followed by DBE
simultaneously in one case have been rare.
To assess the role of CE and DBE in the diagnosis
of small bowel diseases, 88 patients were collected in
our hospital from June 2009 to December 2014. The
purpose of this study was to provide more information
for choosing the more appropriate examination for
obscure small bowel diseases.

RESULTS: CE exhibited a better trend than DBE for
diagnosing scattered small ulcers (P = 0.242, Fisher’
2
s test), and small vascular malformations (χ = 1.810,
2
P = 0.179, Pearson χ test), but with no significant
differences, possible due to few cases. However,
DBE was better than CE for larger tumors (P =
0.018, Fisher’s test) and for diverticular lesions with
bleeding ulcers (P = 0.005, Fisher’s test). All three
hemangioma cases diagnosed by DBE in this study
(including sponge hemangioma, venous hemangioma,
and hemangioma with hamartoma lesions) were all
confirmed by biopsy. Two parasite cases were found
by CE, but were negative by DBE. This study revealed
no obvious differences in the detection rates (DR) of
CE (60.0%, 53/88) and DBE (59.1%, 52/88). However,
the etiological diagnostic yield (DY) difference was
apparent. The CE diagnostic yield was 42.0% (37/88),
and the DBE diagnostic yield was 51.1% (45/88).
Furthermore, there were differences among the
2
age groups (χ = 22.146, P = 0.008, Kruskal Wallis
Test). Small intestinal cancer (5/6 cases), vascular
malformations (22/29 cases), and active bleeding (3/4
cases) appeared more commonly in the patients over
50 years old, but diverticula with bleeding ulcers were
usually found in the 15-25-year group (4/7cases). The
over-25-year group accounted for the stromal tumors
(10/12 cases).

MATERIALS AND METHODS
Patients

Eighty-eight patients who underwent CE followed by
DBE were enrolled in our hospital from June 2009 to
December 2014. The ratio of males to females was
64 to 24, with an average age of 47.19 years (range
from 16 years to 78 years). The duration of symptoms
ranged from 1 wk to 180 mo. The number of obscure
gastrointestinal bleeding (OGIB) cases was 70, and the
number of abdominal pain, diarrhea, and abdominal
discomfort cases was 18.

Inclusion criteria

CONCLUSION: CE and DBE each have their own
advantages and disadvantages. The appropriate choice
depends on the patient’s age, tolerance, and clinical
manifestations. Sometimes CE followed by DBE is
necessary.

All patients underwent gastroscopy and colonoscopy, and
some of them were given a radiological small intestinal
barium meal, an abdominal computed tomography (CT)
or a magnetic resonance imaging (MRI) scan, mesenteric
angiography or other procedures. However, the causes of
them were still not clear.

Key words: Capsule endoscopy; Double-balloon entero
scopy; Obscure small intestinal diseases

Exclusion criteria

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

Contraindications to CE, such as gastrointestinal
obstructions, fistulas, strictures, cardiac pacemakers,
pregnant women, and patients who could not accept
the capsule retention or capsule removal surgery, were
excluded.
The contraindications to DBE still included heart,
lung and other vital organ failure diseases. Informed
consent was obtained from the patients before the
procedures were performed.

Core tip: Until now, because of the expensive cost
and difficult technology, a study of capsule endoscopy
(CE) followed by double-balloon enteroscopy (DBE)
simultaneously in one case has been rarely reported.
To assess the role of CE and DBE in the diagnosis
of small bowel diseases, this study was designed to
choose the more appropriate examination (between CE
and DBE) for obscure small bowel diseases.

Methods

CE procedure: All of the patients underwent the
Pill Cam SB capsule procedure (GIVEN imaging,
Israel). Before the procedure, the patients prepared
their bowels with 3 liters of PEG (2 liters at 10:00
pm the night before the procedure, and 1 liter with
the simethicone at 4:00 am on the morning of the
procedure). The procedure was usually halted when

Zhang ZH, Qiu CH, Li Y. Different roles of capsule endoscopy
and double-balloon enteroscopy in obscure small intestinal
diseases. World J Gastroenterol 2015; 21(23): 7297-7304
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i23/7297.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i23.7297
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Table 1 Differences between the definite diagnosis cases between capsule endoscopy and double-balloon enteroscopy
Etiology

Tumor
(18)

Ulcer(6)

Diverticulum with a
bleeding ulcer (7)

Vascular
malformation (19)

Hemangioma (3)

CE (+)
CE (-)
DBE (+)
DBE (-)
P vaule

10
8
17
1
0.018

5
1
2
4
0.242

1
6
7
0
0.005

14
5
10
9
0.179

0
3
3
0
-1

Inflammtory or
hyperplastic polyps (7)
5
3
6
2
1.0

Parasites (2)
2
0
0
2
-1

1

Because of too few cases, the statistical calculation yields no significance. CE: Capsule endoscopy; DBE: Double-balloon enteroscopy.

2

the arrival of ileocecus was confirmed by the monitor
8-10 h later; otherwise, the procedure was continued
until the next morning. The image was reviewed by
two independent experienced reviewers. During the
procedure, exposure to electromagnetic fields was
avoided.

Fisher’s exact test, Pearson’s χ test, and the KruskalWallis test, with P < 0.05 considered statistically
significant.

DBE procedure: The Fuji DBE system (Japan) was
used. The antegrade DBE required the patients to
fast for 6-8 h, and the retrograde DBE required bowel
preparation with 2 L of PEG. Conscious sedation
(including 10 mg im diazepam, 100 mg im pethidine,
and 10 mg im alisodamine) was performed before the
procedure. The tip of the small intestinal endoscope
and the overtube were inserted into the duodenum or
ileum. The overtube was inflated and fixed to the small
intestine, and then the endoscope was advanced until
it could not continue. After the balloon was inflated
and fixed, the empty overtube was inserted into the
endoscopic tip and then inflated. The endoscopy and
overtube were slowly straightened. The oral and anal
procedures were marked by tattooing with a spot, if
necessary.

CE: Eighty-six cases of CE successfully passed through
the esophagus to the stomach (accounting for 97.7%,
86/88), and only two were delayed in the stomach
for more than four hours and then were passed into
the duodenum using a gastroscope. Sixty to three
hundred minutes (average 256 min) were spent by CE
to pass through the entire small intestine without any
discomfort. One capsule remained and was removed
by surgery two weeks later.

RESULTS
Characteristics of the procedure

DBE: The mean duration for the antegrade DBE was
approximately 56 min (40-80 min), and the mean
length of insertion was 130-450 cm. For the retrograde
DBE, the duration was 70 min (40-100 min) and the
length was 40-260 cm. Two cases of failure by DBE
were subsequently identified as terminal ileum cancer.

Analysis of clinical outcome indicators

Diagnostic yield of CE and DBE

The definite diagnosis: The diagnosis was confirmed
at least by one of biopsy, surgery, pathology or the
follow-up drug treatment effects.

Diagnostic yield (62/88 cases): As presented
in Table 1, CE exhibited a better trend than DBE for
diagnosing the scattered small ulcers (P = 0.242,
2
Fisher’s test), and small vascular malformations (χ
2
= 1.810, P = 0.179, Pearson χ test), but with no
significant difference. However, DBE was superior
to CE for larger tumors (P = 0.018, Fisher’s test)
and for diverticular lesions with bleeding ulcers (P
= 0.005, Fisher’s test). In this study, the latter was
almost misdiagnosed except for one case undergoing
CE. Furthermore, all three hemangioma cases
diagnosed by DBE in this study (including sponge
hemangioma, venous hemangioma, and hemangioma
with hamartoma lesions) were all confirmed by
biopsy. Later, the three cases of CE images were
again reviewed, and it was found that one case was
misdiagnosed and that the other two cases were
misdiagnosed as a protuberant lesion and active
bleeding. Two parasite cases were found by CE but
were negative by DBE. However, because the cases
of hemangioma and parasites were very few, it was
difficult to perform a statistical analysis (Figure 1).

The possible diagnosis: A possible diagnosis was
suggested by CE or DBE, but not confirmed by the
biopsy, surgery, or follow-up drug treatment.
The unclear diagnose: No exact causes of the diseases
were revealed by CE and DBE.

Statistical analysis

The SPSS 15.0 statistical analysis software was applied.
The statistical methods of this study were reviewed by
Assistant Professor Quan Ting from the Department of
Clinical Trial Statistics in the Sichuan Provincial People’s
Hospital.
Detection rate = positive detected cases/all cases
× 100%
Diagnostic yield = definitely diagnosed cases/all
cases × 100%
All data were statistically analyzed by Fisher’s test,
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Possible but not-confirmed cases (18) and notconfirmed cases (8): As shown in Table 2, CE
was superior to DBE for diagnosing active bleeding,
vascular malformation and submucosal bulges, but the
differences were not significant (P = 0.429, 0.170, and
0.143, respectively).

DBE in the same case, and the results were expected to
provide more information for future clinical choices.
CE has its unique advantages, such as convenience,
non-invasiveness, security, visibility, and comforta
bleness. This study confirmed its advantages. First, it
is much easier for CE to diagnose scattered, small and
multiple lesions than single and larger lesions. In this
study, CE accounted for 83.3% of 0.2-2 cm diameter
multiple scattered small ulcers, and 73.7% of the
enlarged vascular malformations and small-mass blue
venous angiomas; by contrast, DBE only accounted for
33.3% of ulcers and 52.6% of vascular malformations,
which demonstrated a better trend for CE than DBE.
However, the difference was not statistically significant,
possibly due to the few cases. Second, the completion
rate of CE was 97.7% without any assistance, but the
completion rate of DBE was only 1.14% in this study,
which accounted for the lower missing diagnostic
rate for CE. The lower completion rate of DBE was
due to the DBE technical difficulties, which made the
completion rate of DBE lower (5.5%-20%) than that in
[6]
the previous study . In particularly, it was sometimes
difficult for the retrograde DBE to be intubated from
[7,8]
the ileocecal valve . In this study, two lesions located
in the terminal ileum were missed by DBE because
of the retrograde endoscope intubation failure. Third,
it seemed easier to diagnose active bleeding by CE
than by DBE (100% vs 50%), but there was no
significant difference, which implied that more cases
may be necessary in the future. Previous studies have
demonstrated that the CE etiology detection rate of
active bleeding may be improved if an appropriate
[9-11]
opportunity is chosen
. During the early bleeding
stage (87%) and the overt stage (56%), CE yielded a
higher positive ratio (87% and 56%) than the occult or
[12,13]
bleeding-cessation stage (12.9%)
. In addition, in
this study, the detection ratio of the blood clots by CE
was higher than that by DBE (25% vs 0%), which was
[14]
also consistent with a previous study . Furthermore,
even if the definite bleeding cause was not revealed
by CE for the first time, some useful information about
the bleeding site or single or multiple lesions might be
provided by CE for the later performance of a surgical
procedure or other treatment. Choosing an appropriate
occasion for rechecking by CE might facilitate finding the
[15,16]
missed lesions and improving the diagnostic yield
.
Although CE is considered to have the irreplaceable
advantages, it still has some disadvantages. First,
the CE observation cannot be repeated, the direction
and speed of movement are uncontrolled, the images
are transient and random, and the quality of the
CE image is easily affected by the intestinal canal
cleanness and the speed of GI tract movement. In
addition, the risk of retention is still present, although
[17,18]
the incidence is low (1.5% to 5%)
.Therefore,
the retention risk should be assessed and informed
[19,20]
to the patients before the procedure
. Second,

Detection rate and diagnostic yield: In this study,
there was no obvious difference between CE and DBE
for the DR. The CE detection rate was 60.0% (53/88),
and the DBE detection rate was 59.1% (52/88).
However, the etiological DY difference between the
two was apparent. The CE diagnostic yield was 42.0%
(37/88), and the DBE diagnostic yield was 51.1%
(45/88).
Impact of age on etiology: According to the age
groups, the data were classified as presented in Table 3.
In sum, there were differences among the age groups
2
(χ = 22.146, P = 0.008, Kruskal-Wallis test). Small
intestinal cancers (5/6 cases), vascular malformations
(22/29 cases), and active bleeding (3/4 cases)
appeared more common in the aged patients over 50
years old, but the diverticula with bleeding ulcers were
usually found in the 15-25-year group (4/7 cases). The
over-25-year group accounted for the stromal tumors
(10/12 cases).

Comparison of the lesion appearance by CE and DBE

(1) Ulcers: CE usually showed part of the lesions, but
DBE did the whole appearance; (2) small intestinal
tumors: From the different angle, different manifes
tations were showed by CE and DBE. Sometimes,
the difference was big; (3) active bleeding: In most
conditions, CE showed the positive active bleeding
appearance. However, DBE just for few cases; (4)
inflammatory hyperplasia or polyps: DBE could show the
positive result by biopsy. However, CE just gave some
possible diagnoses, especially for adenoma or simple
hyperplasia polyps; (5) vascular malformations and
hemangiomas: CE could show vascular malformations
clearly. However, hemangiomas were often identified by
biopsy of DBE; and (6) diverticula with bleeding ulcers:
It was difficult for CE to diagnose (Figure 1).

DISCUSSION
CE and DBE have brought many prospects for diag
nosing and treating intestinal diseases. According
to previous research, CE accounts for 56%-70% of
[1]
small intestinal bleeding disorders , whereas the
[2,3]
definite diagnostic yield is only 20%-30% . DBE
accounts for 60%-70% of the diagnostic yield for
[4,5]
intestinal diseases . Therefore, there are still flaws
in the diagnoses of obscure small intestinal diseases.
In this study, the advantages and disadvantages of
examinations were reevaluated using CE followed by
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A

B

C

D

Cancer (CE)

Stromal tumor (CE)

Active bleeding (CE)

Vascular malformation (CE)
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Stromal tumor (DBE)

Active bleeding (DBE)

Vascular malformation (DBE)
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E

Parasites (CE)

F

Ulcer (CE)

G

Diverticulum with a
bleeding ulcer (DBE)

H

Hemangioma (DBE)

Figure 1 Cases showed by capsule endoscopy and double-balloon enteroscopy. A-D: Different manifestations of the same disease in different endoscope (left
figures were for CE, right ones was for DBE. A: Cancer; B: Stromal tumor; C: Active bleeding; D: Vascular malformation); E, F: CE (E: Parasites; F: Ulcer); G, H: DBE (G:
Diverticulum with a bleeding ulcer; H: Hemangioma).

Table 2 Eighteen cases with possible but not confirmed
diagnoses

Table 3 Etiologies classified according to the patients’ age
2
(Kruskal-Wallis test, χ = 22.146, P = 0.008)

Etiology
(cases)

Etiology

CE(+)
CE(-)
DBE(+)
DBE(-)
P value

Active bleeding
Vascular
(4)
malformations (10)
4
0
2
2
0.429

8
2
4
6
0.170

Submucosal
bulge (4)

(cases)
Ulcer
Small intestinal
cancer
Stromal tumor
Inflammatory hyperplasia or polyps
Vascular malformations
Active bleeding
Diverticulum with a bleeding ulcer
Hemangioma
Parasites
Submucosal bulge?

4
0
1
3
0.143

CE: Capsule endoscopy; DBE: Double-balloon enteroscopy.

it is difficult for CE to differentiate the elevated submucosal lesions without erosions or ulcers on the
[21,22]
surface from the external pressure
. At that time,
DBE is usually necessary to differentiate the lesions.
Third, for the larger tumors over 1/2 cavity, such as
the cancers or stromal tumors with erosive lesions, the
erosive lesions are easy to be misdiagnosed as local
[23,24]
inflammation and the tumors are missed
. Fourth,
it is occasionally difficult for CE to identify the lesion’s
position accurately, especially when CE fails to access
the ileocecum. In this study, one lesion’s position was
misdiagnosed in the lower segment of jejunum and
was confirmed in the duodenum’s horizontal section by
the later operation.
Compared with CE, the DBE procedure is more
uncomfortable and less tolerated. In this study,
the male-to-female ratio was 2.6 to 1, and the
lower completion rate of DBE led to a much higher

WJG|www.wjgnet.com

15-25 yr 25-50 yr

>50 yr

16
2
0

22
1
1

41
3
5

2
2
2
1
4
1
1
1

5
4
5
0
2
1
1
2

5
1
22
3
1
1
0
1

misdiagnosis rate. The lower completion ratio of
DBE led to the lower detection rate of the active
bleeding lesions, parasites, vascular malformations,
etc. Moreover, the intestinal mucosal folds made
some lesions difficult to be observed by DBE. In
addition, the bleeding and perforation complications
[25,26]
(3.8%-4.3%)
still make the DBE procedure
more complex and difficultly popular. However, DBE
has some advantages, such as direct and repeated
observation, stainability, biopsy and polypectomy,
[27-29]
etc.
. For the larger diverticula with bleeding
ulcers, DBE was better than CE. In our study, 7 cases
with diverticula were identified by DBE (7.95%, 7/88),
but for CE, the percentage was 1.14% (1/88), which
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was consistent with previous reports (CE 0.6% vs
[6,14]
DBE 3.97%)
. It is suggested that DBE can avoid
some defects of CE, such as the limited observation
angle and the nondilated lumen. Additionally, in this
study, the detection rates for CE and DBE were similar
(60.0% vs 59.1%), but the diagnostic yield ratios of
CE and DBE were 42% vs 51.1%. Compared with
the previously report, the etiological diagnosis rate of
[30,31]
69%-75% for DBE was lower in this research
. The
possible reason was the few cases, which might have
caused bias. Additional cases may help to elucidate
this finding in the future.
In conclusion, there are many advantages and
disadvantages for CE and DBE, in small intestinal
disease diagnosis. Sometimes, it is better to obtain
an overall observation by CE firstly and then decide
whether DBE is necessary for the further examination.

2

3

4

5
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Background

It is very difficult to diagnose small intestinal diseases because of the small
intestine’s specific structure and anatomical location. With the development
of capsule endoscopy (CE) and double-balloon enteroscopy (DBE) in recent
years, the prospect has been raised for diagnosing and treating obscure
intestinal diseases. However, because of the expensive cost and difficult
technology, studies involving CE followed by DBE simultaneously in one case
have been rare. Therefore, this study was designed to provide suggestions for
choosing the better examination.
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Research frontiers

According to the previous research, CE accounts for 56%-70% of small
intestinal bleeding disorders, whereas the definite diagnostic yield is only
20%-30%. DBE accounts for 60%-70% of the diagnostic yield of intestinal
diseases. Consequently, by now, there are still flaws in the diagnosis of obscure
small intestinal diseases. However, when and how to choose the appropriate
examination is the key.
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Innovations and breakthroughs

Until now, because of the expensive cost and difficult technology, studies of
CE followed by DBE simultaneously in one case have been rare. The present
investigation was designed to reevaluated the advantages and disadvantages
of the two methods in the same case and was expected to provide more
information for future clinical choices. This study revealed that some lesions
were more easily diagnosed by CE, such as scattered, small and multiple
lesions and active bleeding. Larger diverticula with bleeding ulcers and large
submucosa lesions were better diagnosed by DBE.
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Applications

Until now, because of the expensive cost and difficult technology, there are
still flaws in the diagnosis of obscure small intestinal diseases. In the future,
as research continues to foster an in-depth understanding, increasingly more
intestinal diseases will be diagnosed accurately and easily.
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Terminology

On some occasions, the diagnosis of small diseases was very difficult. With the
development of CE and DBE in recent years, the prospect has been raised for
diagnosing and treating obscure intestinal diseases. The appropriate choice
would depend on age, tolerance and clinical manifestations. Furthermore, CE
followed by DBE is sometimes necessary.
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This is a very good study; the author compared the effects of CE and DBE in
diagnosing small intestinal diseases in the same case. These study results are
helpful for patients and clinicians to choose suitable methods for obscure small
intestinal diseases.
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Abstract

Core tip: Medical treatments for acute hemorrhoidal
disease very seldom come from randomized, controlled
clinical trials. The paper describes recombinant
streptokinase suppositories, a candidate to a new
therapeutic alternative based on thrombolysis. The
results show a significant efficacy advantage with
respect to hydrocortisone acetate, a widely-used, overthe-counter product.

AIM: To compare the efficacy and safety of recombinant
streptokinase (rSK) vs hydrocortisone acetate-based
suppositories in acute hemorrhoidal disease.
METHODS: A multicenter (11 sites), randomized
(1:1:1), open, controlled trial with parallel groups was
performed. All participating patients gave their written,
informed consent. After inclusion, patients with acute
symptoms of hemorrhoids were centrally randomized to
receive, as outpatients, by the rectal route, suppositories
of rSK 200000 IU of one unit every 8 h (first 3 units)
and afterwards every 12 h until 8 administrations were
completed (schedule A), one unit every 8 h until 6 units
were completed (schedule B), or 25 mg hydrocortisone
acetate once every 8 h up to a maximum of 24
administrations. Evaluations were performed at 3, 5,
th
and 10 d post-inclusion. The main end-point was the 5 day response (disappearance of pain and bleeding, and
≥ 70% reduction of the lesion size). Time to response
and need for thrombectomy were secondary efficacy
variables. Adverse events were also evaluated.

Hernández-Bernal F, Castellanos-Sierra G, Valenzuela-Silva CM,
Catasús-Álvarez KM, Martínez-Serrano O, Lazo-Diago OC,
Bermúdez-Badell CH, Causa-García JR, Domínguez-Suárez JE,
López-Saura PA; THERESA-4 (Treatment of HEmorrhoids with
REcombinant Streptokinase Application) Group of Investigators.
Recombinant streptokinase vs hydrocortisone suppositories
in acute hemorrhoids: A randomized controlled trial. World J
Gastroenterol 2015; 21(23): 7305-7312 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i23/7305.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i23.7305

RESULTS: Groups were homogeneous with regards
to demographic and baseline characteristics. Fifth day
complete response rates were 156/170 (91.8%; 95%CI:
87.3-96.2), 155/170 (91.2%; 95%CI: 86.6%-95.7%),
and 46/170 (27.1%; 95%CI: 20.1%-34.0%) with
rSK (schedule A and B) and hydrocortisone acetate
suppositories, respectively. These 64.6% and 63.9%
differences (95%CI: 56.7%-72.2% and 55.7%-72.0%)
were highly significant (P < 0.001). This advantage was
rd
detected since the early 3 day evaluation (68.8% and
64.1% vs 7.1% for the rSK and active control groups,
respectively; P < 0.001) and was maintained even at
th
the late 10 day assessment (97.1% and 93.5% vs
67.1% for rSK and hydrocortisone acetate, respectively;
P < 0.001). Time to response was 3 d (95%CI: 2.9-3.1)
for both rSK groups and 10 d (95%CI: 9.3-10.7) in
the hydrocortisone acetate group. This difference was
highly significant (P < 0.001). All subgroup stratified
analyses (with or without thrombosis and hemorrhoid
classification) showed a statistically significant advantage
for the rSK groups. Thrombectomy was necessary in
4/251 and 14/133 patients with baseline thrombosis in
the rSK and hydrocortisone acetate groups, respectively
(P < 0.001). There were no adverse events attributable
to the experimental treatment.

INTRODUCTION
Hemorrhoid disease is one of the most common proc
tologic conditions affecting large numbers of people
in the world and is one of the principal reasons that
patients seek consultation from a colorectal surgeon.
Treatments include conservative medical management,
office procedures, and surgical approaches in an ope
[1-9]
rating room .
The Initial treatment of the hemorrhoidal illness
consists of general conservative measures (hygienicdietetic, life style changes, and symptomatic treatment)
to restore the intestinal habit and to diminish the local
symptoms. Although several medicines have been
tested, significant benefits have not been obtained
to control this condition and very seldom do these
procedures come from randomized, controlled clinical
[4,10]
trials
. Therefore, in an important group of patients,
[5,6,9,11-13]
surgery becomes the final solution
.
Streptokinase (SK) is an indirect fibrinolytic agent
that interacts with plasminogen, forming an active
complex with protease action that activates plasminogen
into plasmin. The local application of recombinant
streptokinase (rSK) on hemorrhoids, where thrombosis
and/or inflammation with microthrombi may be present
was first tested in a proof-of-concept, pilot trial in 10
[14]
patients
and afterwards in a phase Ⅱ, multicenter,
randomized, double-blind, placebo-controlled trial on
80 patients. Although a 200000 IU suppository showed
a beneficial effect on hemorrhoidal symptoms (36%

CONCLUSION: rSK suppositories showed a significant
advantage over a widely-used over-the-counter
hydrocortisone acetate preparation for the treatment
of acute hemorrhoidal illness, as well as having an
adequate safety profile.
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[19,20]

larger response rate, 5 d faster) over excipient controls
[15]
with an adequate safety profile , a 100000 IU rSK
suppository did not. Afterwards, a randomized trial
compared this product with a common phenylephrine
over-the counter preparation. A 43% advantage
th
in the 5 day response, shorter time to response,
and a reduction in the need for thrombectomy were
[16]
obtained . Further clinical development previewed
comparisons with other commonly-used products.
Corticosteroids have been used for the non[17]
invasive treatment of acute hemorrhoids . Among
them, hydrocortisone acetate is widely prescribed, and
over-the-counter preparations of this drug have been
established in common medical practice for the past
several decades. The aim of the present work was
to compare the efficacy and safety of 200000 IU rSK
suppositories versus a hydrocortisone acetate-based
commercially-available suppository for the treatment
of acute hemorrhoids in terms of clinical response,
need for thrombectomy, and adverse events through a
multicenter, randomized clinical trial. At the same time,
alternative rSK treatment schedules were compared in
order to optimize its use.

MATERIALS AND METHODS
A randomized (1:1), open, controlled, phase Ⅲ
clinical trial with parallel groups was carried out in
11 hospitals from 10 Cuban provinces. Patients aged
18-75 years old with acute symptoms and signs
of hemorrhoids (characterized by anal pain and/or
bleeding), tumors of variable size and appearance
(possibly colored red-violet), substantial associated
edema, and who gave their written, informed consent
to participate were eligible. Exclusion criteria were: SK
administration in the previous 6 mo; antecedents of
intracranial hemorrhage; allergy to SK, corticosteroids,
or any other component of the medicament; stroke,
intracranial surgery or skull trauma less than 3 mo
before; and any other bleeding-risk condition. Patients
with acute diarrhea in the last 12 h, hemorrhoids
caused by portal hypertension, septic or severe
hemorrhagic complications, associated fistula or cancer,
pregnancy, puerperium, or mental disorders were
also excluded. The trial was performed in proctology
wards from central hospitals in province capitals
throughout the country. Participant investigators were
coloproctology specialists. The protocol followed the
Declaration of Helsinki guidelines and was approved
by the Ethics Committees of the participating hospitals
and by the Cuban Regulatory Authority.
Recombinant streptokinase was produced in
Escherichia coli at the Center for Genetic Engineering
[18]
and Biotechnology (CIGB), Havana . Suppositories
®
of 2 g (Proctokinasa , Heber Biotec, Havana) were
prepared containing 200000 IU of rSK, 20 μg thimerosal,
20 mg sorbitan monostearate (Span 60), 10 mg
sodium salicylate, and hard fat (Witepsol W25). This
formulation was properly validated and its stability
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®

reached 18 mo
. Anusol-HC suppositories
(Salix Pharmaceuticals, Morrisville) contained 25 mg
hydrocortisone acetate in a hydrogenated vegetable oil
base. Their organoleptic characteristics, presentations,
and therapeutic schedules were different, which
determined that the trial could not be double-blind.
The patients included were randomly distributed to
the treatment groups: Ⅰ) rSK (schedule A): one unit
with 200000 IU every 8 h (first 3 units) and afterwards
every 12 h until completing 8 administrations were
completed; Ⅱ) rSK (schedule B): one unit with 200000
IU every 8 h until completing 6 units were completed;
and Ⅲ) hydrocortisone acetate: one suppository (25
mg) every 8 h up to a maximum of 24 administrations.
Treatment was administered by the rectal route.
Concomitant treatment for all groups included highfiber diet, abundant liquid ingestion, bed rest, local
hygiene, and oral analgesics if in pain. Thrombectomy
was performed in cases with thrombosis if there was
no improvement at all during the first 72 h and the
patient’s pain was such that it was required. Treatment
started immediately after confirmation of inclusion and
continued as an outpatient. Compliance was monitored
through a log card designed for that purpose and the
recollection of empty suppository blister packs.
Diagnosis was performed clinically or verified
by anoscopy, if necessary. Hemorrhoids were classi
fied according to their origin. External hemorrhoids
originate distal to the dentate line, arising from the
inferior hemorrhoidal plexus. Internal hemorrhoids
originate proximal to the dentate line, arising from
the superior hemorrhoidal plexus, covered with
mucosa. Internal hemorrhoids were further classified
into four grades, according to the extent of prolapse:
(1) grade Ⅰ: the hemorrhoidal tissue protrudes into
the lumen of the anal canal, but does not prolapse
outside; (2) grade Ⅱ: hemorrhoids may prolapse
beyond the external sphincter and be visible during
evacuation, but spontaneously return to lie within the
anal canal; (3) grade Ⅲ: hemorrhoids protrude outside
the anal canal and require manual reduction; and (4)
grade Ⅳ: hemorrhoids are irreducible and constantly
prolapsed. Some hemorrhoids were regarded as
mixed (internal-external), arising from the inferior and
superior hemorrhoidal plexus and their anastomotic
connections. Acute hemorrhoids could present with or
[1-3,9,21]
without thrombosis
.
Clinical evaluations were carried out by the spe
rd
th
th
cialists via outpatient visits on the 3 , 5 , and 10
days after treatment onset. The main endpoint was the
proportion of patients with complete clinical response
th
on the 5 day, determined via disappearance of pain
and bleeding, and a reduction of more than 70% of the
initial lesion size (measured with calibrated millimeter
rulers). Time to response and need for thrombectomy
were secondary efficacy variables.
Adverse events (type, duration, severity, outcome,
and causality relationship) were carefully registered.
Severity of adverse events was classified into three
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levels: (1) mild, if no therapy was necessary; (2)
moderate, if a specific treatment was needed; and
(3) severe, when hospitalization or its prolongation
was required, the reaction was life-threatening,
or contributed to the patient’s death. A qualitative
assessment was used to classify the causal relationship
[22]
as definite, probable, possible, or doubtful . Adverse
reactions known for intravenous SK (fever, shivering,
nausea, vomiting, low blood pressure, hemorrhages,
[23]
and allergy) were specially searched.
Central 1:1:1 randomization was done at CIGB in
blocks of 6 individuals by means of a computerized
random number generator. Each hospital pharmacy
received a stock with the unmasked products in sufficient
amounts to guarantee the treatment according to their
inclusion rate. The decision to accept a participant was
made by the investigators without knowledge of the
group assignment. Informed consent was obtained and
then the clinical researcher phoned (a 24-h line was
specially set up for the trial) the central trial coordinator
(FHB) who, after collecting the patient’s initials,
assigned the corresponding code (site code + patient
consecutive number) and treatment, which was then
prescribed and requested to the hospital pharmacy.
Trial on-site monitoring verified this process as well as
the accurateness accuracy of all the case report forms
versus the primary information, treatment compliance,
and all Good Clinical Practices procedures.
The trial hypothesis was to obtain a proportion of
th
70% of the patients with complete response at the 5
day after treatment onset with rSK suppositories (as
obtained in the previous studies) and a 20% advantage
(that could be considered clinically significant) over the
response rate in the active control group. Assuming
type Ⅰ and Ⅱ errors of 0.05 and 0.20, respectively, in
a superiority model, a sample size of 161 subjects was
estimated using the PASS software (www.ncss.com).
With a 5% dropout rate taken into account, the final
sample size was rounded to 170 subjects per group.

adequately and appropriately described when they are
used to verify the results; only homogeneous results
were averaged. The number of observations and
subjects (n) is given, along with and the hypothesis
used to calculate it. Losses in observations, such as
drop-outs from the study, are reported; response
values and their differences have 95% confidence
limits calculated; the word “significantly” was replaced
by its synonyms if it indicated extent, instead being
strictly reserved for indicating statistical significance,
based on a P value or a non-overlapping 95%CI. In
addition, the final report of the trial was reviewed by
the biostatistics experts of the Cuban NRA.

RESULTS
From November 2011 to January 2012, a total of 510
patients were included out of 682 that were screened.
Their disposition is shown in Figure 1. The main causes
for non-inclusion were no pain or bleeding, refusal to
consent, age, pregnancy or puerperium, bleeding risk
conditions (anti-coagulant therapy and recent surgery),
other concomitant diseases (acute diarrhea), and
other causes. Out of the 172 non-included subjects,
26 (15.1%) were due to possible contraindications or
precautions of the rSK treatment.
Treatment was completed in 98.8% and 98.2%
of the patients treated with rSK (schedule A and B,
respectively), and in 89.4% of the hydrocortisone
acetate group. Causes of non-compliance are
described in Figure 1. Abandons and thrombectomies
were due to symptom worsening and took place within
the first 72 h of treatment. These patients, as well as
the one with stroke, missed the response evaluation
visits and were considered failures.
Table 1 shows the demographic and baseline
characteristics of the patients. Most of them were
males aged 18 to 75 years-old, with the ethnic
distribution of the Cuban population in the participating
provinces. Treatment was started within 5 d after
the onset of symptoms in more than 75% of the
subjects. Hemorrhoids were 64% external and 75%
with thrombosis. Symptoms presented for the first
time in 74% of the patients, and 7% had previous
thrombectomy. No relevant imbalances between the
groups can be seen.
Table 2 shows the results of the clinical evaluations.
The analyses were “intention-to-treat” and involved all
patients who were randomly assigned. Dependence of
the complete response rate was obtained for the main
trial outcome at 5 d. rSK suppository-treated groups
showed the expected 87% complete response rate and
a > 60% advantage over the hydrocortisone group.
A multilevel analysis did not yield relevant differences
among the participating hospitals regarding this main
trial outcome (results not shown). Secondary outcome
evaluations at 3 and 10 d yielded highly significant
differences as well. Time to response was seven days
shorter in the rSK groups.

Statistical analysis

After review and query resolution, data were doubleentered in databases built with the OpenClinica
software (www.openclinica.com). SPSS version 15
software was used for statistical analyses. Complete
response rate comparison between groups was assessed
2
by the likelihood ratio χ test (or the Fisher´s exact test)
and the 95% confidence interval (CI) of the estimated
proportions and their differences. Times to complete
response were estimated by survival analyses (KaplanMeier) and compared with the log-rank test. The level
of significance chosen was α = 0.05. All analyses were
done on an intention-to-treat basis. Missing evaluations
were imputed as the last observation carried forward.
The statistical methods of this study were reviewed
by Carmen M Valenzuela-Silva (Mathematician and
Master in Statistics and Probabilities) from the Center
for Genetic Engineering and Biotechnology, Havana,
Cuba. Statistical methods are were suitable, and
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Not included:
No pain or bleeding:
Patient refused:
Patient < 18 yr or >75 yr of age:
Pregnancy or puerperium:
Acute diarrhea:
Anticoagulant treatment:
Recent surgery (< 14 d):
Others:

172
39
30
15
15
15
13
11
34

682 patients screened

510 randomized

rSK (A)
170 patients

Abandon: 1
Thrombectomy: 1

Completed
treatment: 168

rSK (B)
170 patients

Abandon: 3
Thrombectomy: 0

Hydrocortisone
170 patients

Completed
treatment: 167

Abandon: 3
Thrombectomy: 14
Stroke: 1

Completed
treatment: 152

Figure 1 Patients’ disposition and causes of non-compliance. rSK: Recombinant streptokinase.

Table 1 Patient demographic and baseline characteristics n (%)

n
Gender
Ethnicity

Age
Days from start of symptoms to treatment onset
Classification of the hemorrhoids

Male/female (%male)
White
Black
Mestizo
Median ± QR (Min; Max)
Median ± QR (Min; Max)
External
Internal
Mixed

Grade of prolapse, (I or Ⅱ):(Ⅲ or Ⅳ)
Presence of thrombosis
Debut of disease
Previous thrombectomy

rSK-A

rSK-B

Hydrocortisone

Total

170
90/80 (52.9)
76 (44.7)
18 (10.6)
76 (44.7)
46 ± 19 (19; 75)
3 ± 2 (0; 22)
103 (60.6)
56 (32.9)
11 (6.5)
54:13
122 (71.8)
130 (76.5)
12 (7.1)

170
95/75 (55.9)
98 (57.6)
18 (10.6)
54 (31.8)
46 ± 14 (19; 75)
2 ± 1 (0; 27)
112 (65.9)
51 (30.0)
7 (4.1)
37:21
129 (75.9)
122 (71.8)
12 (7.1)

170
92/78 (54.1)
80 (47.1)
20 (11.8)
70 (41.2)
46 ± 18 (18; 74)
2 ± 1 (0; 15)
112 (65.9)
48 (28.2)
10 (5.9)
43:15
133 (78.2)
123 (72.4)
11 (6.5)

510
277/233 (54.3)
254 (49.8)
56 (11.0)
200 (39.2)
46 ± 17 (18; 75)
3 ± 1 (0; 27)
327 (64.1)
155 (30.4)
28 (5.5)
134:49
384 (75.3)
375 (73.5)
35 (6.9)

QR: Quartile range; rSK: Recombinant streptokinase.

Complete response rate was > 85% in all subgroups
treated with rSK, regardless of the hemorrhoid classi
fication or type of acute event (Table 3). A significant
advantage of the rSK treatment was found for all
subgroups. Thrombectomy was needed in very few
cases but dependence was detected in significant
treatment.
A total of 14/170 and 16/340 adverse events (AE)
were reported in the hydrocortisone acetate and rSK
groups, respectively. The AE are shown in Table 4. Most
reports were mild or moderate. Only three events were
severe: two patients with local pain and one stroke
in the hydrocortisone acetate group. None of the AE
was considered to have a definite causal relationship
with treatment, since they could be explained by the
underlying illness.

WJG|www.wjgnet.com

DISCUSSION
This work reports the therapeutic efficacy of rSK
suppositories on acute hemorrhoids in a randomized
trial when compared to the commonly-used treatment
of hydrocortisone acetate. These active controls are
preferred to a placebo, due to ethical considerations,
since it is not acceptable to exclude patients from an
accepted therapy. No reports of the quantitative effect
of hydrocortisone acetate-based preparations on the
resolution of acute hemorrhoidal illness were found,
[24,25]
whether from controlled clinical trials or not
. The
sample size of the study was enough to fulfill its aim.
The multicentric character of the trial, with several
provinces involved, contributes to the generalizability
(external validity and applicability) of the findings. A
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Table 2 Results of clinical evaluations after treatment
Ⅰ: rSK schedule A

Ⅱ: rSK schedule B

Ⅲ: Hydrocortisone

P value

170
117 (68.8)
156 (91.8)
(87.3-96.2)
64.6 (56.7-72.2)
165 (97.1)
3 (2.9-3.1)

170
109 (64.1)
155 (91.2)
(86.6-95.7)
63.9 (55.7-72.0)
159 (93.5)
3 (2.9-3.1)

170
12 (7.1)
46 (27.1)
(20.1-34.0)

< 0.0011
< 0.0011

114 (67.1)
10 (9.3-10.7)

< 0.0011
< 0.0012

n
Response after 3 d
Response after 5 d (95%CI)
Difference with Ⅲ (95%CI)
Response after 10 d
Days to response, median (95%CI)
1

Likelihood ratio χ 2; 2 Log-rank test. Main outcome are represented in bold. rSK: Recombinant streptokinase.

th

Table 3 Subgroup analyses: 5 day complete response

Type of acute event
Without thrombosis
With thrombosis
Thrombectomy
Hemorrhoid classification
External
Internal + mixed
Prolapse grade
Ⅰ or Ⅱ
Ⅲ or Ⅳ

P value1

Ⅰ: rSK schedule A

Ⅱ: rSK schedule B

Ⅲ: Hydrocortisone

42/48 (87.5)
114/122 (93.4)
2/122 (1.6)

36/41 (87.8)
119/129 (92.2)
2/129 (1.6)

10/37 (27.0)
36/133 (27.1)
14/133 (10.5)

< 0.0001
< 0.0001
< 0.001

96/103 (93.2)
60/67 (89.6)

100/112 (89.3)
55/58 (94.8)

19/112 (17.0)
27/58 (46.6)

< 0.0001
< 0.0001

49/54 (91)
11/13 (85)

35/37 (95)
20/21 (95)

21/43 (49)
6/15 (40)

< 0.0001
< 0.001

1

Likelihood ratio χ 2. rSK: Recombinant streptokinase.

Table 4 Adverse events n (%)

n
Total subjects with adverse events
Events
Anal pruritus
Rectal bleeding
Anal fissure
Headache
Anal pain
Local burning sensation
Tenesmus
Constipation
Diarrhea
Discomfort due to mass sensation
Edema
Stroke

Ⅰ: rSK schedule A

Ⅱ: rSK schedule B

Ⅲ: Hydrocortisone

170
5 (2.9)

170
7 (4.1)

170
11 (6.5)

2 (1.2)
2 (1.2)
1 (0.6)
1 (0.6)
0
1 (0.6)
1 (0.6)
0
0
1 (0.6)
0
0

4 (2.4)
1 (0.6)
0
2 (1.2)
0
0
0
0
0
0
0
0

2 (1.2)
1 (0.6)
3 (1.8)
0
2 (1.2)
1 (0.6)
1 (0.6)
1 (0.6)
1 (0.6)
0
1 (0.6)
1 (0.6)

rSK: Recombinant streptokinase.

double-blind design was not possible in this case, since
the products had different presentations and schedules.
However, central randomization, concealment, and
active monitoring minimized this source of bias. The
trial performed well, without deviations and with
minimal dropouts. This was facilitated by the fact that
treatment was short lasting, simple, and inclusion
could be completed easily. Therefore, the internal
validity of the study was adequate.
The trial hypothesis was fulfilled: a > 70% complete
th
response rate was obtained on the 5 day in the rSK
treated groups and the advantage over the control

WJG|www.wjgnet.com

group was > 60%, which was far above the expected
rd
difference. The difference found at the 3 day indicates
that the effect begins shortly after treatment. At 10
d, more than 90% of the patients treated with rSK
had responded completely and the difference with
the control group was 26%, despite the fact that
the natural course of the acute event leads to its
resolution. The results confirm previous evidence
[11-13]
of effect found for this product
. Similar results
were obtained with six or eight administrations of rSK
suppositories.
The median time-to-complete response was shortened
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are indicated, are not exempted from complications. Streptokinase (SK) is a
fibrinolytic agent. Its local application on hemorrhoids, where thrombosis and/or
inflammation with microthrombi may be present, was tested in previous trials
where a 200000 IU suppository showed a beneficial effect on hemorrhoidal
symptoms (36% larger response rate, 5 d faster) over excipient controls and
(43% larger response rate, 5 d faster) over a phenylephrine-based over-thecounter suppository, with an adequate safety profile. The aim of the present
work was to compare the efficacy and safety of 200000 IU SK suppositories vs
a hydrocortisone acetate-based over-the-counter suppository for the treatment
of acute hemorrhoids through a multicenter, randomized clinical trial.

to seven days with respect to the hydrocortisone acetate
preparation. The shorter response time is an interesting
result with a potential impact on patients’ quality of life.
This illness frequently affects the active population that
needs to return as soon as possible to their normal daily
[4,26-28]
routine
. Other larger studies have reported longer
healing periods with control standard treatments and
[22,24,25,29]
other agents
.
Subgroup analyses showed the efficacy for all clinical
variants of acute hemorrhoids, including all grades of
prolapse. The differences were large enough to exclude
that any of these significant findings were from chance
alone.
Need for thrombectomy was 10.5% in the control
[9,11]
group, similar to other reports
and the control
groups in the previous rSK studies. The rSK-treated
groups showed a much smaller thrombectomy rate, in
[12,13]
agreement with the previous trial with this product
and its proposed mechanism of action as a thrombolytic
agent. Since thrombosis is a frequent complication of
hemorrhoidal disease (75% in this series), the possibility
of a non-surgical approach would be beneficial to a
noteworthy number of patients.
The results indicate that the rSK suppository is
safe and tolerable. The adverse events reported were
minimal, mild, resolved spontaneously, and had a low
causal relationship with the rSK. In the same sense,
there were no bleeding complications in the rSK group.
In fact, bleeding as a symptom of the underlying
disease cleared adequately in this group. It was
previously shown that rSK suppository application does
[11]
not alter systemic hemostasis .
The results of this trial show that rSK suppository
preparation has significant advantages over widely
used over-the-counter hydrocortisone acetate control
preparation for the treatment of acute hemorrhoidal
illness, with an adequate safety profile. These results
completed the requirements for product approval in
[30]
Cuba by the National Regulatory Authority . Further
pharmacosurveillance of the use of this product in
actual clinical practice should confirm its effectiveness
and explore its use in other clinical settings in order to
optimize the cost-benefit ratio.

Research frontiers

Medical treatments for acute hemorrhoid episodes very seldom come from
randomized, controlled clinical trials. The current paper describes that a
candidate to a new therapeutic alternative, based on thrombolysis, shows
significant efficacy advantage with respect to a widely-used over-the-counter
product.

Innovations and breakthroughs

The results of this trial show that the SK suppository preparation has significant
advantages over the widely-used over-the-counter hydrocortisone control
preparation for the treatment of acute hemorrhoidal illness (91% response rate
at 5 d vs 27% with the control; median time to response: 3 d vs 10 d in the
control), with an adequate safety profile. Fewer thrombectomy procedures were
necessary (1.6% vs 10.5% in the controls).

Applications

These results confirm the efficacy of a new first-in-class treatment for this
common disease. Further pharmacosurveillance of the use of this product in
actual clinical practice should confirm its effectiveness and explore its use in other
clinical settings in order to optimize the cost-benefit ratio.

Terminology

Fibrinolysis: breakdown of fibrin that forms the clots that occlude blood flow
in veins or arteries. Streptokinase: indirect fibrinolytic agent that interacts with
plasminogen, forming an active complex with protease action that activates
plasminogen into plasmin, which is the direct fibrinolytic enzyme.

Peer-review

In this paper, the authors investigated the efficacy and safety of recombinant
streptokinase suppositories in acute hemorrhoidal disease. Previous studies
showed that the local application of streptokinase in patients with thrombosed
hemorrhoids had a significantly beneficial effect on hemorrhoidal symptoms.
This is a topic of interest to researchers in related areas.
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Abstract
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AIM: To analyze the available evidence about the risk
of extrapancreatic malignancies and pancreatic ductal
adenocarcinoma associated to pancreatic intraductal
papillary mucinous tumors (IPMNs).
METHODS: A systematic search of literature was
undertaken using MEDLINE, EMBASE, Cochrane and
Web-of-Science libraries. No limitations for year of
publication were considered; preference was given
to English papers. All references in selected articles
were further screened for additional publications. Both
clinical series and Literature reviews were selected. For
all eligible studies, a standard data extraction form was
filled in and the following data were extracted: study
design, number of patients, prevalence of pancreatic
cancer and extrapancreatic malignancies in IPMN
patients and control groups, if available.
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RESULTS: A total of 805 abstracts were selected and
read; 25 articles were considered pertinent and 17
were chosen for the present systematic review. Eleven
monocentric series, 1 multicentric series, 1 casecontrol study, 1 population-based study and 3 case
report were included. A total of 2881 patients were
globally analyzed as study group, and the incidence of
pancreatic cancer and/or extrapancreatic malignancies
ranged from 5% to 52%, with a mean of 28.71%.

Correspondence to: Gian Luca Baiocchi, Professor, Department
of Medical and Surgical Sciences, Surgical Clinic, University
of Brescia, Ⅲ Chirurgia, Spedali Civili di Brescia, P.le Spedali
Civili 1, 25123 Brescia, Italy. gianluca.baiocchi@unibs.it
Telephone: +39-30-3995600

WJG|www.wjgnet.com

7313

June 21, 2015|Volume 21|Issue 23|

Baiocchi GL et al . Pancreatic IPMNs and associated malignancies

When a control group was analyzed (6 papers), the
same incidence was as low as 9.4%.

partially unclear. At diagnosis, 10%-20% of cases
harbour invasive carcinoma, 10%-20% in situ
carcinoma and the remaining 60%-80% intraductal or
intracystic papillomatosis with simple dysplasia. In the
published series, resectability was 90%-100%, while
mortality and morbidity were similar to those related
to pancreatic surgery for ductal adenocarcinoma;
5-year survival is 100% for adenomas and borderline tumours, 80%-90% for in situ carcinomas and
50%-70% for invasive carcinomas.
One of the most surprising and most interesting
characteristic of IPMNs is to be frequently associated
with other neoplasms, both pancreatic and extrapan
creatic. Some initial reports of this feature date back
[18]
at least 20 years ago , and were later confirmed
by numerous studies. Though it is not yet known
the underlying mechanism, however this figure
substantially has never been questioned ever since;
it has been reported that patients affected by IPMN
would be more likely to die of other neoplasm than
[17]
from IPMN itself ; of course this entails major
practical implications, particularly with respect to the
diagnostic phase and to the follow-up.
The present article discusses the literature focused
on this subject, and commits the clinical questions, to
date unsolved, resulting therefrom.

CONCLUSION: The available Literature is unanimous in
claiming IPMNs to be strongly associated with pancreatic
and extrapancreatic malignancies. The consequences in
IPMNs management are herein discussed.
Key words: Intraductal papillary mucinous neoplasm;
Pancreas; Diagnosis; Follow-up; Tumors; Computed
18
tomography scan; FDG-PET
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper enter a clinical debate which has real
relevance in the daily practice in the field of pancreatic
cystic neoplasm, as a number of asymptomatic intraductal
papillary mucinous tumors (IPMNs) are diagnosed every
day by abdominal imaging, and the actual most common
clinical attitude provides for a weak diagnostic pathway.
However, in the light of an unanimous literature, this
attitude would be a while dangerous, as up to 30%-40%
of IPMN cases would develop a second malignancy in
their life. The same should be underlined when discussing
the follow-up protocols.
Baiocchi GL, Molfino S, Frittoli B, Pigozzi G, Gheza F, Gaverini
G, Tarasconi A, Ricci C, Bertagna F, Grazioli L, Tiberio GAM,
Portolani N. Increased risk of second malignancy in pancreatic
intraductal papillary mucinous tumors: Review of the literature.
World J Gastroenterol 2015; 21(23): 7313-7319 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i23/7313.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i23.7313

MATERIALS AND METHODS
Search methods

A systematic search of literature was performed
using MEDLINE, EMBASE, Cochrane and Web-ofScience libraries. No limitations for year of publication
were considered. Search terms were: IPMN, IPMNassociated cancers, extrapancreatic neoplasm. MeSH
terms were: Adenocarcinoma, Mucinous/diagnosis,
Adenocarcinoma, Mucinous/surgery, Adenocarcinoma,
Mucinous/prognosis, Pancreas/pathology, Pancreatic
Neoplasms/diagnosis, Pancreatic Neoplasms/prognosis,
Pancreatic Neoplasms/surgery.
Preference has been given to English publications, but
abstracts from other languages were also included. All
references in selected articles were further screened for
additional publications. Articles were retrieved according
to the Preferred Items for Reporting of Systematic
Reviews and Meta-Analyses guidelines (Figure 1).

INTRODUCTION
Intraductal papillary mucinous tumors (IPMNs) belong
to the group of cystic neoplasms of the pancreas,
and are characterized by a communication with
the Wirsung duct and by the absence of ovarian[1]
type stroma ; the cystic expansion of the main or a
branch pancreatic duct is due to a papillary growth
of the epithelium, with rich mucin production. IPMNs
[2]
were firstly described in 1982 , and subsequently
classified as adenoma, borderline or carcinoma (in situ
[3,4]
or invasive) tumors . In the following years, from a
[5-9]
number of clinical series
based both upon surgical
[10-13]
[14-17]
treatment
and radiological follow-up
, clinical
and pathological features characteristic of IPMNs clearly
emerged: the neoplasm is symptomatic in many
cases, recurrent acute pancreatitis without recognised
biliary or alcoholic etiology being the most frequent
expression. The diagnosis is based on CT and MRI
imaging, which further distinguish 2 different variants,
the main duct tumor (MDT) and the branch duct
tumor (BDT), having different incidence of malignancy
and prognosis. The natural history of IPMNs remains
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Study selection

Articles were selected if their abstract showed an
association between IPMN and pancreatic adenocar
cinoma and/or extrapancreatic neoplasms before, after
or at the same time of IPMN diagnosis. Both clinical
series and Literature reviews were selected. Papers
reporting genetic characteristic or proteomic assessment
in IPMN, studies of risk factors for malignancy, congress
presentations and letters to the editor were excluded.

Data extraction

For all eligible studies, a standard data extraction form
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805 publications screened

780 publications excluded:
30 non-English
90 risk factors
350 irrelevant
203 IPMN-genetic or proteomic assessment
102 congress presentation and letters to the editor

25 publications eligible

8 publications excluded:
1 narrative review
4 irrelevant
3 abstract

17 publications included:
1 population-based study
11 retrospective analysis
3 case report
1 case-control study
1 multicentric-cohort study

Figure 1 Articles retrieval strategy, according to the Preferred Items for Reporting of Systematic Reviews and Meta-Analyses guidelines. IPMN: Intraductal
papillary mucinous tumor.
[35]

was filled in and the following data were extracted:
study design, number of patients, prevalence of
pancreatic cancer (PC) and extrapancreatic malignancies
(EPM) in IPMN patients and control groups, if available.
For statistical analysis, it was considered significant P <
0.05, when published.

Uehara et al
(2008), reporting a prevalence of
PC of only 5% (but this paper does not consider the
extrapancreatic malignancies). Another paper reporting
a somewhat lower incidence of EPM was published in
2007 by Riall and Coll.; in this study data of more than
18500 patients with pancreatic cancer were collected
from the SEER Tumor Registry, and in this group the
incidence of EPM was compared between patients with
pancreatic adenocarcinoma and patients with IPMN.
Thus, only malignant or invasive IPMNs were included.
Six studies reported a control group analysis; in all
of them, a significantly higher prevalence of PC/EPM
in IPMN patients than in control-group was reported;
furthermore, in all the studies the incidence of EPM
exceeded the expected rate of the same malignancies in
the general population. When reported, in the majority
of cases, the extrapancreatic neoplasm associated to
IPMN patients were colorectal cancers (3%-12%).

RESULTS
The titles and abstracts of a total of 805 articles were
screened separately by 2 authors (Gian Luca Baiocchi,
Sarah Molfino) for eligibility. Out of these, 780 articles
were excluded, either for having abstract unavailable
(n = 30), or for reporting risk factors for malignancy
(n = 90), or being irrelevant to our topic (n = 355), or
because they described other features such as genetic
proteomic assessment of IPMN (n = 203); excluded
congress presentations and letters to the editor were
102. This resulted in 25 articles, 8 of which were further
excluded after full text examination, either for being
narrative review (n = 1), or comments to other papers (n
= 4), or only available in abstract form (n = 3).
The remaining 17 articles were fully analyzed and
[19-35]
data were extracted as summarized in Table 1
.
A total of 2881 patients were globally analyzed
as study group, and the mean incidence of PC/EPM
was 28.71%. When a control group was analyzed (6
papers), the same incidence was as low as 9.4%.
The majority of studies are retrospective (n = 11),
while a case-control study and a multicentric-cohort
were also included. Prevalence of PC/EPM in patients
with IPMN was 14.1%-52%, with the exception of
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DISCUSSION
Pancreatic IPMNs are observed with increasing
[36]
frequency in asymptomatic patients , and still
represent in the majority of cases a clinical dilemma.
Identifyng the small subgroup pf malignant cases is
of upmost importance: from one side, resecting all
the IPMNs cases would represent an over-treatment
in more than 75% of patients, but on the other side
unrecognising malignancy would significantly worsen
the prognosis of those cases. Thus, while in presence
of clear malignant features the surgical indication
is supported by good survival results, nevertheless
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Table 1 Studies reporting pancreatic cancer and extrapancreatic malignancies incidence in patients with intraductal papillary
mucinous tumors
Ref.

Year

Study design

Lubezky et al[19]

2012

Retrospective

Riall et al[20]
Yoon et al[21]

2007 Population-based
2008
Retrospective

Kamisawa et al[22]
Ishida et al[23]
Ishida et al[24]
Goh et al[25]
Eguchi et al[26]
Choi et al[27]

2005
2008
2013
2006
2006
2006

Calculli et al[28]
Reid-Lombardo et al[29]
Oh et al[30]
Baumgaertner et al[31]

n

3

(IPMN)

Prevalence
EPM

Colon
Ca

Gastric
Ca

NET

Group 2

82

20%

31%

NR

NR

Pancreatic ductal
adenocarcinoma
Other neoplasm1
Non-IPMN
cystic pancreatic
neoplasm

992
210

10%
33.8%

3%
7%

0.1%
14%

NR
NR

Retrospective
Retrospective
Case report
Case report
Retrospective
Retrospective

79
61
1
3
69
61

35%
24.6%
100%
100%
42%
39%

9%
8%
0
0
12%
7%

15%
10%
0
0
6%
13%

NR
NR
100
100
NR
NR

2010
2010
2009
2008

Retrospective
Retrospective
Retrospective
Case-control

142
471
37
178

14.1%
52%
38%
17%

4%
8%
10%

0
8%
NR

NR
NR
NR
NR

Tanno et al[32]
Larghi et al[33]

1999
2013

42
390

48%
23.6%

12%
12.4%

10%
NR

NR
NR

Tewari et al[34]
Uehara et al[35]

2013
2008

Retrospective
Multicentric
cohort
Case report
Retrospective

0
NR

0
NR

100%
NR

3
60

100%
54

n
Prevalence P vaule
(group 2) EPM - group
2 (%)
150

6

0.002

18655
175

10
12

NS
< 0.001

Other neoplasm2
Other pancreatic
neoplasm

301
38

12
8

< 0.001
< 0.001

Aged and
gender-matched
control

356

8.4

0.003

1

Data from SEER Tumor Registry; 2Data from Osaka Cancer Registry; 3Control-group, if present; 4Pancreatic adenocarcinoma. NR: Not reported; IPMN:
Intraductal papillary mucinous tumor.

at higher risk of developing a second malignancy, both
[17,18]
before, concurrent or after IPMN diagnosis
.
An extensive literature search does not reveal
a clear aetiopathogenetic explanation. The merely
assumption that patients, once diagnosed to harbor
IPMN, are subjected to instrumental examinations
which therefore detect with greater frequency other
malignancies, is not confirmed either by the fact that
most of the associated tumors were diagnosed before
the IPMN, either because the examination currently
regarded as the gold standard for IPMNs, namely the
MRCP, is an organ-specific and much less panoramic
test compared to other investigations (including
CT, which is less often used for the great number
of necessary examinations and then the elevated
radiation dose). The only speculative indications come
from the analysis of risk factors for PC/EPC in IPMNs:
female gender, white race, and above all advanced
age [as early as 55-64 years, but with a peak to
75-84 years; for this age group the odds ratio for EPM,
compared to the general population, is as high as 4.0
(95%CI: 2.4-6.7)]. Very few studies sought to analyze
the molecular characteristics of IPMNs cases with PC/
EPC; among them, Lee and Coll. found only correlation
with the expression of the MUC2 gene and not of other
[45]
genes, including p53 . As in other fields of oncology,
the thorough study of patients with IPMN and
associated malignancies would provide an interesting
model for the study of carcinogenesis. Unfortunately,

a number of controversies remain for IPMNs at low
risk of malignancy, relative to the diagnostic protocol
to be adopted and to the surgical indication. Finally,
it remains still not clear what kind of follow-up is
indicated in both patients with resected IPMN and
patients not submitted to surgery, as the likelihood of
developing malignant recurrence and of progress into
malignancy, respectively, is very low from the available
series.
Comprehensive imaging, including ultrasonography
(US) and contrast-enhanced US, CT scan, magnetic
resonance cholangiopancreatography (MRCP) and
endoscopic ultrasound, is highly sensitive and very
[37]
low specific (down to about 20% ) in recognising
malignancy, when the Sendai criteria, evidence-based
treatment guidelines, published by a consortium of the
International Association of Pancreatology in 2006 and
[38,39]
2012
, are strictly applied. Endo-US fine-needle
cytology significantly increases the specificity, but it is
18
fairly invasive. FDG-PET was also investigated in a
few published series, whit a reported accuracy rate of
[40-44]
[37]
85%-95%
, and a specificity rate up to 100% .
However, Sendai guidelines do not take into account
18FDG-PET, which is besides very expensive and finally
poorly employed in the majority of Centres.
When evaluating a rationale strategy for IPMNs
staging and follow-up, an important and unique
feature should be taken into consideration: it appears
from the Literature that patients harbouring IPMNs are
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Innovations and breakthroughs

currently available data does not allow the precise
identification of the subset of IPMN patients at greater
risk of developing PC/EPM. Even in patients with small
BDT, high incidences have been reported.
The most significant claim coming from the analysis
of this data, to some extent surprising and still partially
unexplained, concerns the clinical pathway. Indeed,
the concept that at least one third of patients with
IPMN develop in the course of their live PC/EPM cannot
be overlooked. The first implication is related to the
initial management of patients with newly diagnosed
IPMN. There is currently a strong tendency to consider
the BDT- IPMNs, without clinical and radiological signs
which lead them in groups “high risk stigmata” and
“worrisome features” according to Sendai guidelines,
a disease of limited clinical relevance, for which no
[46]
further investigation are warranted . Although such a
trend appears to be fully justified regarding the IPMN
itself, what is described in the present paper leads
to a reflection about the opportunity to submit these
patients to instrumental examinations whit total-body
value.
The second consideration concerns the IPMNs at
high risk of malignancy (“high risk stigmata” according
to Sendai): in these cases, since surgery is frequently
performed, it might be smart to subject the patients to
an even more comprehensive diagnostic preoperative
work-up, including for example a colonoscopy and
gastroscopy, in sight of a possible combined intervention.
The third consideration refers to the follow-up
protocols: despite the low risk of malignant dege
neration of resected IPMNs, and of not resected IPMNs
without Sendai criteria, it appears at least careless to
abandon these patients and end the follow-up, even
though it is clearly expensive.
Of course, the points made above have conse
quences on the most widely used imaging modality
in IPMNs: in addition to the MRCP, other panoramic
examinations such as thorax-abdomen contrast medium
enhanced CT and 18FDG-PET become relevant.
In conclusion, the literature appear unanimous
in reporting that patients with IPMNs have a high
risk, in the order of at least 30%, to develop PC and
EPM; hence the opportunity to deepen, at the time of
the first finding, and in any case preoperatively, the
search for such tumors; and to maintain an high index
of suspicion, and a constant follow-up, in all IPMNs
patients, with total body examinations.

Comprehensive imaging, including ultrasonography (US) and contrastenhanced US, computed tomography (CT) scan, magnetic resonance
cholangiopancreatography (MRCP) and endoscopic ultrasound, is highly
sensitive and very low specific (down to about 20%) in recognising malignancy,
when the Sendai criteria, evidence-based treatment guidelines, published by a
consortium of the International Association of Pancreatology in 2006 and 2012,
are strictly applied.

Applications

The points made above have consequences on the most widely used imaging
modality in IPMNs: in addition to the MRCP, other panoramic examinations
such as thorax-abdomen contrast medium enhanced CT and 18FDG-PET
become relevant.

Peer-review

This in an interesting review article presented by Baiocchi et al which focuses
on intraductal papillary mucinous neoplasmas of the pancreas and their
association with pancreatic and extrapancreatic malignancies.
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Abstract
We report a case of a 42-year-old man with a rare
disorder known as primary intestinal lymphangiectasia,
which is characterized by dilated intestinal lymphatics
that lead to the development of protein-losing
enteropathy. The patient presented with a grand mal
seizure caused by malabsorption-derived electrolytes
and a protein disorder. Signs of the disease, including
chronic diarrhea and peripheral edema, manifested
10 years ago, but a diagnosis was never made. The
diagnosis was suspected because of the clinical
manifestations, laboratory tests, imaging and endoscopic
findings. Hyperemic and edematous mucosa of the
small intestine corresponded to scattered white spots
with dilated intestinal lymphatics and whitish villi in the
histological specimen of the biopsied jejunal mucosa.
Although numerous therapeutic strategies are available,
only octreotide therapy proved to be an effective means
of therapeutic resolution in this patient. Although the
patient had a partial remission following the use of a
slow release formula of octreotide, his prognosis, clinical
course, and future treatment challenges are yet to be
determined.
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derived electrolytes and a protein disorder caused
by primary intestinal lymphangiectasia. After an
extensive management and exclusion of secondary
intestinal lymphangiectasia, a diagnosis was suspected
because of the clinical manifestations, laboratory tests,
imaging and endoscopic findings. Although numerous
therapeutic strategies are available, only octreotide
therapy proved to be a potentially effective means of
therapeutic resolution; however, a longer follow-up
period is needed. More case reports and/or studies
on similar cases are needed to determine the best
possible treatment strategies for this rare disorder.

transferred to the Department of Gastroenterology
and Hepatology within the same hospital. On physical
examination, only peripheral edema was present. The
patient’s previous medical history was unremarkable.
The patient had noticed occasional bilateral perima
leolar edema over the previous ten years, which
was predominant during the summer and also had
one episode of scrotal edema a few months ago. He
had a history of large-volume non-bloody diarrhea
for six months, three times a day, associated with
cramps in the lower part of the abdomen; the patient
had also lost six kilos of weight. Two months before
admission, he started having nocturnal diarrhea.
On admission, laboratory findings were as follows:
decrease in total proteins 28 g/L, albumins 14 g/
L, globulins 14 g/L, serum calcium 1.26 mmol/L,
magnesium 0.46 mmol/L, immunoglobulins (IgG <
3.8 g/L, IgM 0.47 g/L, IgA 0.47 g/L), and fibrinogen
1.6 g/L. Although leukocytes were within the referral
range, a diagnosis of lymphocytopenia was made;
lymphocytes comprised 13% of the white blood cell
count. Direct stool examination was negative for occult
blood and culture showed no pathogens. Secondary
hyperparathyroidism and subsequent osteoporosis
were diagnosed. Immunological and thyroid disorders,
renal and hepatic impairment, tuberculosis, and
human immunodeficiency virus were excluded.
Additional tests were made to exclude possible
secondary intestinal lymphangiectasia. Levels of serum
chromogranin A and 5-Hydroxyindoleacetic acid in
24-h urine were within the referral range. Multislice
computed tomography of the chest and abdomen
showed no signs of lymphoma, lymphadenopathy or
tumors, and an abdominal Doppler ultrasound showed
no signs of portal hypertension or compromised
mesenteric venous circulation. An X-ray examination
of the small intestine revealed thickened folds, as
well as a dilated lumen of the jejunum and ileum
(Figure 1). Upper endoscopy showed mucosal changes
characteristic of chronic gastritis (H. pylori negative)
and duodenitis; colonoscopy demonstrated terminal
ileitis. Histological examinations of biopsied mucosa
excluded Whipple’s and celiac disease. Double balloon
enteroscopy was highly suggestive of intestinal
lymphangiectasia, which demonstrated white spots
overlying edematous and hyperemic duodenal and
jejunal mucosa (Figure 2). Histology of the intestinal
biopsy specimens demonstrated dilated lymphatic
vessels in the tips of whitish jejunal villi (Figure 3).
Scintigraphy with Technetium 99 m labeled human
serum albumin showed extravasation of radio
pharmaceutical throughout small intestine (Figure
4). After an extensive management and exclusion of
secondary intestinal lymphangiectasia, a diagnosis of
PIL was suspected. A low-fat diet supplemented with
medium-chain triglyceride (MCT), human albumin
transfusion, vitamins, and electrolyte supplements
were introduced, but neither clinical nor laboratory
improvement was observed. Although there was no
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INTRODUCTION
[1]

Defined in 1961 , primary intestinal lymphangiectasia
(PIL) is a rare, undiagnosed, clinical entity. It has a
diverse clinical presentation, diagnostic and treatment
management, which may result in various outcomes.
The present recommendations are derived from
no more than 200 cases; there are an insufficient
numbers of cases to make concrete statements
and create diagnostic algorithms, which are much
needed. PIL, or Waldman disease, is a disorder with
an unknown underlying etiology; its histopathological
findings are characterized by dilated and tortuous
lymphatics in the small bowel mucosa and submucosa,
resulting in protein-losing enteropathy and its sequela.
Although mostly affects children, it is not exclusively a
childhood disease. Intermittent diarrhea and edema,
accompanied by other signs of malnutrition and
hypoalbuminemia, are the most common symptoms
[2]
of PIL . The principles of treatment are similar to the
treatment of other forms of protein-losing enteropathy,
with no exact recommendations on dosage and
duration of therapy. We present a case report based on
our experience in PIL treatment; we also present both
past and present challenges and concerns regarding
this rare disease.

CASE REPORT
A 42-year-old male patient presented with an isolated
episode of a grand mal seizure. The patient was
admitted to the Department of Neurology at the
Clinical Hospital “Sveti Duh”, Zagreb, Croatia. The
neuroradiological assessment excluded any neurological
system pathology. The patient presented with signs
of severe malabsorption (anemia, hypocalcaemia,
hypomagnesaemia and hypoproteinemia) and was

WJG|www.wjgnet.com

7321

June 21, 2015|Volume 21|Issue 23|

Troskot R et al . Primary intestinal lymphangiectasia
pleural or pericardial effusions. We report a patient who
presented with a grand mal seizer as a consequence
of a malabsorption-derived electrolyte imbalance,
predominantly hypocalcemia; to the best of our
knowledge, there has been only one other similar
[3]
published case .
Although several therapeutic management strategies
for PIL have been proposed, no standardized algorithms
exist.
A high-protein, low-fat diet supplemented with
medium chain triglycerides (MCT) has been proven to
be the most effective and widely prescribed treatment,
with minimal side effects. The benefit of this treatment
is accomplished through several mechanisms: the
exclusion of long-chain fatty acids prevents congestion
and rupture of dilated lymphatics; and MCTs directly
absorb into the portal venous circulation, which avoids
[4]
[5]
lymphatic vessel overload . Desai et al showed
that this type of diet not only improves symptoms
of the disease, but also reduces mortality. Based on
the published study results, it was suggested that
diet supplemented with MCTs should be continued
as a lifelong therapy, regardless of the inadequate
patient response. We also tried dietary modification,
combined with albumin infusions, calcium salts, and
water soluble forms of fat soluble vitamins, without
any improvement. The reason for the introduction of
the concomitant albumin infusion was the previously
proven short transit effects in improving complications
of hypoproteinemia, which were present in this case.
In case of poor response to the above treatment,
partial or total parenteral nutrition (TPN) should be
considered. In addition, gamma globulin infusions
should be considered in the presence of recurrent
infections, preceded by low serum IgG. We did not
[6]
apply either therapy, as Aoyagi et al have shown
that enteral nutrition is an effective substitute for TPN
in patients with PIL. Gamma globulin therapy was not
used because there was no obvious infection.
Instead, we started with corticosteroid therapy,
even though there was no confirmed underlying
inflammatory or autoimmune disease. The efficacy of
corticosteroids for PIL remains unclear. In our case, they
had no effect; therefore, we tapered and discontinued
therapy after two months.
Other treatment modalities described in the literature,
with variable efficacy, include antiplasmin therapy,
octreotide, small bowel resection, peritoneovenous
(Levine) shunt, and intestinal transplant.
The antiplasmin therapy affects fibrinolysis locally
[7]
and improves lymphatic permeability for proteins .
Previous studies have confirmed its use (trans-4aminothylcyclohexamine carboxylic acid (tranexamic
acid, Cyklokapron, Transamin, Cyclo-F and Femstrual))
in partially improving serum albumin, immunoglobulins,
endoscopically observed duodenal lesions, and
gastrointestinal bleeding. Our patient did not have
signs of gastrointestinal bleeding; therefore, we did not
consider using antiplasmin therapy.

Figure 1 X-ray examination of the small intestine. X-ray examination of
the small intestine revealing thickened folds as well as a dilated lumen of the
jejunum and ileum.

concomitant autoimmune disease established in this
patient, we prescribed corticosteroid therapy for two
months, without any improvement. Finally, octreotide
(Sandostatin) 200 mcg subcutaneously twice daily
for two weeks resulted in clinical and laboratory
improvement. The patient later recovered, showing
no signs of malabsorption and was discharged from
the hospital with dietary modifications as a life-long
therapy. Two months later, the patient relapsed with
more severe signs of malabsorption and catabolic
syndrome [creatine kinase 5818 U/L, aspartate
aminotransferase 274 U/L, alanine aminotransferase
108 U/L, lactate dehydrogenase (LDH) 2109 U/L, total
proteins 29 g/L, albumins 16 g/L, serum calcium 1.17
mmol/L, ionized calcium 0.83 mmol/L, magnesium
0.38 mmol/L]; the patient also showed signs of minor
pleural effusion and ascites. We decided to treat the
patient with the same therapy regime (octreotide a 200
mcg sc, twice a day), together with infusions of human
albumins. Although the aforementioned laboratory
results and endoscopic findings improved, the patient
still had significant hypoproteinemia persistent at
discharge. Considering the patient’s clinical course,
we decided to continue with a slow-release formula of
®
octreotide (Sandostatin LAR 20 mg) once every 4 wk,
in the outpatient clinic. Surgical resection was not an
option because of the extent of the disease.

DISCUSSION
PIL is a rare condition, which results in malabsorption
and can be fatal. Although it occurs predominantly in
children, this patient experienced his first symptoms
as an adult. The most frequent clinical manifestations
of PIL are intermittent diarrhea and peripheral
edema; there may also occasionally be steatorrhea,
accompanied by fat-soluble vitamin deficiencies, and
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Figure 2 Double balloon enteroscopy. Double balloon enteroscopy demonstrating edematous distal duodenum and jejunal mucosa scattered with white spots. A-C:
duodenum; D-F: Jejunum.

endoscopic findings, decreasing stool frequency, and
maintaining serum albumin at normal levels, thus
reducing requirements for albumin infusions. Among
the severe adverse side effects, only acute pancreatitis
[11]
has been reported . In published case reports,
octreotide at dosage of 150-200 mcg subcutaneously
two times daily showed good results; however, there
is no standardized recommended dose or duration
[10,12-14]
of therapy
. Therapy with octreotide 200 mcg
subcutaneously two times daily in this case led to the
resolution of almost all symptoms. The discontinuation
of therapy in the majority of cases resulted in recurrence
of the disease; restarting the therapy resulted in
[15]
remission . Although regular administration is desi
rable, depending on symptoms the short-term use
of octreotide may be considered. The slow release
®
formation of octreotide (Sandostatin LAR 20 mg) has
been shown to be effective as a regular form, but the
high cost is an obstacle for its long-term use. To confirm
whether octreotide is an adequate and effective longterm therapy in this patient, a longer follow-up period
is needed. Unfortunately, cost considerations meant
that we cannot confirm for how long we will be able
to provide this therapy. The patient continues to show
signs of significant hypoalbuminemia.
This case report demonstrated that PIL is a serious
chronic disease. The frequent recurrence has had
a significant impact on the patient’s quality of life.
More case reports and/or studies on similar cases
are needed to determine the best possible treatment

Figure 3 Histopathological findings. Histopathological findings: dilated
lymphatic vessels in the tips of whitish jejunal villi (hematoxylin-eosin stain,
magnification × 40).

Surgery is reserved for palliation of large ascites
or resection of segmental and localized intestinal
[8,9]
lymphangiectasia .
Octreotide, a somatostatin analog, is a treatment
of choice in patients in which treatment with MCT has
failed; however, it is expensive and requires parenteral
administration, which usually decreases patients’
compliance. The proposed mechanism of action of
octreotide in PIL includes the decreased intestinal
absorption of fats, inhibition of gastrointestinal vasoactive
peptides, and stimulation of the autonomic nervous
[10]
system . Long-term therapy with octreotide showed
good results in PIL by improving histopathological and
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Figure 4 Technetium 99m human serum albumin scintigraphy.
Scintigraphy showing Technetium 99m labeled human serum albumin
extravasation throughout small intestine after 6 h of injection (A and B)
and presence in the large intestine after 24 h of injection (C and D).

20 mg once every 4 wk) were applied.

strategies for this rare disorder.

Related reports

Case characteristics

PIL is rare chronic clinical entity without exact recommendations on dosage
and duration of therapy; therefore, we presented a case report based on our
experience in PIL treatment. We also present both past and present challenges
and concerns regarding this rare disease.

Clinical diagnosis

This case report demonstrated that PIL is a serious chronic disease
characterized by challenging treatment strategies and only octreotide therapy
was proved to be an effective means of therapy resolution in this patient.

Differential diagnosis

Although treatment strategies are the focus of this case report, it is also highly
important to exclude secondary intestinal lymphangiectasia and take into
account numerous diseases and disorders that are mentioned in the text.
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Abstract
Hemangioma is the most common type of benign tumor
that arises in the liver. Although rupture and hemorrhage
of hepatic hemangioma are rare complications, they
can be the cause of mortality. The authors report a
case of hemorrhagic hepatic hemangioma: in a 54-yearold woman who was admitted with epigastric pain.
She had taken oral contraceptives several weeks prior.
The results of a blood examination were normal. An
abdominal computed tomography scan revealed a
tumor in hepatic segment 4, and a hemorrhage inside
the cystic mass was suspected. The mass was removed
laparoscopically to confirm the tumor properties and
control the hemorrhage. The pathologic findings
of the resected mass were consistent with hepatic
hemangioma with intratumoral hemorrhage. The patient
was discharged 8 d after the surgery, without further
complications or complaints, and the patient’s condition
was found to have improved during follow-up.
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Core tip: Hemangioma is the most common type of
benign tumor arising in the liver. Although rupture
and hemorrhage of hepatic hemangioma are rare
complications, they can be fatal. The authors report a
case of hemorrhagic hepatic hemangioma. Compared
to other benign hepatic tumor masses, the clinical
importance of hemangioma can be easily overlooked.
However, if the patient exhibits abdominal symptoms
with a history associated with increased blood estrogen
levels, a careful examination is necessary to determine
whether these symptoms might be accompanied by
internal hemorrhage.
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(ALP) level: 56 U/L (normal range: 104-338 U/L),
aspartate aminotransferase (AST) level: 27 U/L (normal
range: 8-38 U/L), alanine transaminase (ALT) level: 16
U/L (normal range: 4-44 U/L), γ-glutamyltransferase
(γ-GT) level: 23 U/L (normal range: 16-73 U/L),
bilirubin level: 0.9 mg/dL (normal range: 0.0-0.4 mg/
dL), HBsAg negative, anti-HBs Ab positive, and antiHCV Ab negative. Concentrations of all tumor markers
were within the normal range: alpha fetoprotein
(AFP): 2.96 ng/mL (normal range: < 8.1 ng/mL),
carcinoembryonic antigen(CEA): 2.65 ng/mL(normal
range: < 2.5 ng/mL), and carbohydrate antigen 19-9
(CA 19-9): 0.60 U/mL (normal range: < 37 U/mL).
An ultrasound examination performed at a private
clinic 3 d before admission, and revealed a cystic
mass, approximately 5cm in size in the left lobe of the
liver. An abdominal computed tomography (CT) scan
identified a 44 mm × 28 mm cystic mass in hepatic
segment 4 (Figure 1, arrows), and a high density, nonenhanced lesion was found within the cyst (Figure
1). While the overall size and shape of the liver were
normal, a number of small cysts were observed.
The spleen, pancreas, gall bladder and kidneys
were unremarkable. Since hemorrhage inside the
cystic mass was suspected upon abdominal CT scan,
Doppler sonography was performed. Heterogeneous
echotexture was found inside the round and solid
mass upon Doppler sonography (Figure 2), but active
bleeding was not found. Although a histological
examination was performed to confirm the properties
of the tumor, a firm conclusion could not be reached
from the obtained data. Therefore, to confirm the tumor
properties and control the hemorrhage, the mass was
removed laparoscopically. The surgically confirmed
mass was rubbery and round-shaped, containing
necrotic materials and hemorrhagic components. The
results of the histological examination of the resected
mass were consistent with hepatic hemangioma with
intratumoral hemorrhage (Figure 3).
The patient was discharged 8 d after the surgery,
without further complications or complaints, and the
patient’s condition was found to have improved during
follow-up.

Kim JM, Chung WJ, Jang BK, Hwang JS, Kim YH, Kwon JH,
Choi MS. Hemorrhagic hemangioma in the liver: A case report.
World J Gastroenterol 2015; 21(23): 7326-7330 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i23/7326.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i23.7326

INTRODUCTION
Hemangioma is the most common type of benign
tumor arising in the liver and is frequently detected
[1]
incidentally during imaging examinations . The
prevalence of biopsy-confirmed hemangioma is
about 3%-20%, and is most common in middle-aged
[2]
women .
Because patients with hepatic hemangioma often
do not have clear symptoms, and most exhibit normal
[3]
liver function , in many cases, tumor progression is
monitored without treatment. Treatment becomes
necessary when the tumor size increases to the
point of causing symptoms such as abdominal pain,
vomiting, abdominal discomfort, loss of appetite, or
[4-6]
complications such as tumor rupture or hemorrhage .
Although rupture and hemorrhage of hepatic
hemangioma are rare complications, , they can be
[7]
fatal . While there have been a considerable number
of reports on the natural rupture of hemangioma
[7-10]
to date
, reports on internal hemorrhage are
[11-13]
rare
. The authors report a case of hemorrhagic
hepatic hemangioma diagnosed incidentally during the
examination of a 54-year-old woman hospitalized for
epigastric pain.

CASE REPORT
A 54-year-old woman was admitted to Keimyung
University Dongsan Hospital. She experienced
persistent pain in the epigastrium lasting 2 mo, and
initially visited a private clinic, where a tumor mass
was detected by an ultrasound examination. She
continued to experience a dull pain which eventually
intensified. She had no history of viral hepatitis, had
taken oral contraceptives several weeks prior, and did
not experience recent weight loss. Her father had died
of lung cancer, but no other notable conditions were
present in the family history. On physical examination,
her conjunctiva was not pale, jaundice was not
observed in her sclera, and no irregular noise was
heard from her heart or lungs on auscultation. Her
liver was not palpable below the costal margin, but
epigastric tenderness was observed without rebound
tenderness. No ascites or lower extremity edema was
observed.
A blood test identified the following: white blood
3
cell count: 4400/mm (normal range: 5200-12000/
3
mm ), hemoglobin level: 12.4 g/dL (normal range:
3
12-18 g/dL), platelet count: 289000/mm (normal
3
range: 130000-400000/mm ), alkaline phosphatase
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DISCUSSION
Because most hemangiomas are relatively small,
they are typically observed only after significant
time has passed. Various imaging techniques are
used to diagnose hemangioma; while ultrasound,
CT, or magnetic resonance imaging (MRI) are the
techniques most often used, occasionally positron
emission tomography (PET) or angiography are used
for diagnosis. The sensitivities of ultrasound, CT, or
MRI are greater than 90%, while specificity reportedly
[14]
ranges from 55%-85%
. Using ultrasound,
hemangioma appears as a uniform hyperechoic mass
with a relatively clear boundary, but can appear
hypoechoic when the mass is accompanied by
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A

B

C

Figure 1 Abdominal dynamic computed tomography findings. A: Precontrast; B: Arterial phase; C: Delayed phase.

A

B

Figure 2 Abdominal ultrasonography findings. A: A Round and solid mass with heterogeneous echotexture in hepatic segment 4; B: Doppler sonography showing
low vascularity within the mass.

A

B

C

D

Figure 3 Gross photographic and pathological findings. A: Macroscopic specimen showing intratumoral hemorrhage within hemangioma; B: Variably sized
vascular spaces lined with flat endothelial cells and myxoid stroma [hematoxylin-eosin (HE) staining, magnification × 40]; C: Widely dilated vascular spaces filled with
thrombi in the resected specimen (HE staining, magnification × 40); D: HE staining, magnification × 100.
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[15]

hemorrhage, fibrosis, or calcification . In multiphasic
CT, nodular or spherical contrast enhancement around
the tumor edges is observed in the initial contrast
phase, and afferent contrast is enhanced as time
progresses. In the late contrast phase, contrast is
[16]
uniformly enhanced in the entire tumor . In addition,
when intratumoral hemorrhage is present, the he
mangioma appears as a mass with a highly dense
[13]
interior .
A hemangioma larger than 4 cm is classified as a
[17]
“giant hemangioma” and causes abdominal discomfort
or pain as the tumor size increases. Treatment,
including surgery, is necessary for giant hemangioma
[4-6]
accompanied by symptoms or complications . The
most serious complications include tumor rupture,
internal hemorrhage, and a coagulation disorder
called Kasabach-Merritt syndrome. Since the mortality
rate is very high when these complications occur,
immediate treatment is necessary. Because the patient
in the current case complained of epigastric pain, and
a hemangioma larger than 4 cm accompanied by
internal hemorrhage was found upon examination,
immediate treatment was considered necessary, and
surgery was performed.
The treatment methods for hepatic hemangioma
include transarterial embolization, radiological therapy,
and liver transplantation, in addition to surgical
[6,18]
resection
. Transarterial embolization increases
surgical safety by reducing hemorrhage. Radiotherapy
and hepatic artery ligation therapy are known to
be less effective than transarterial embolization.
Liver transplantation is an option for treating giant
[19]
hemangioma for which surgical resection is impossible .
In a recent report, a hemangioma was shrunk using
[14]
monoclonal antibodies such as bevacizumab
or
[20]
sorafenib .
While the pathophysiology of hemangioma is not
clearly defined, it is known that abnormal vasculo
[21]
genesis and angiogenesis may be involved . These
processes are prompted by an increase in angiogenic
factors such as vascular endothelial growth factors
(VEGF) and matrix metalloproteinases (MMPs) and
[22,23]
a decrease in anti-angiogenic factors
. Tumor
growth is promoted by high blood estrogen levels
during puberty, pregnancy, oral contraceptive use, and
[2]
androgen treatment . The patient in the current case
had taken oral birth control pills for an extended period
of time, and there is a possibility that this led to an
internal hemorrhage in the hemangioma.
Reports on internal hemorrhage of hemangioma
are very rare, and only three cases have been
[12]
reported worldwide. Graham et al
reported a case
of internal hemorrhage of hemangioma in a pregnant
[13]
patient, and Shimoji et al
reported a case of
hemangioma accompanied by subacute hemorrhage
and hemorrhagic anemia in a patient who was
undergoing a 5-year follow-up after being diagnosed
[11]
with hemangioma. Feldman et al
reported a case
of internal hemorrhage of hemangioma in a 39-year-
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old man without any indicative factors in his history.
Although there have been cases of hemangioma
rupture in Korea, there have been no reported cases
of internal hemorrhage of hemangioma. Compared
to other benign hepatic tumor masses, the clinical
importance of hemangioma can be easily overlooked,
since it is relatively common and mostly asymptomatic.
However, if the patient exhibits abdominal symptoms
with a history indicative of increased blood estrogen
levels, a careful examination is necessary to determine
whether these symptoms might be accompanied by
internal hemorrhage.
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Abstract
Citrin deficiency typically presents as neonatal
intrahepatic cholestasis and resolves in late infancy.
Here we report a case of citrin deficiency that presented
as acute liver failure in late infancy in an apparently
healthy child. The full-term male infant weighed
3400 g at birth, and exhibited normal development
for eight months, at which time he contracted
bronchial pneumonia. The infant developed jaundice
and laboratory tests indicated elevated bilirubin and
ammonia levels and an abnormal coagulation profile.
Plasma amino acid analysis showed elevated levels
of tyrosine, methionine, citrulline, and arginine. Citrin
deficiency was suspected, and genomic DNA analysis
revealed a mutation (IVS16ins3kb) in SLC25A13 , which
encodes a mitochondrial aspartate-glutamate carrier
protein. The infant was immediately put on a lactosefree, medium-chain-triglyceride-enriched formula
with ursodeoxycholic acid and lipid-soluble vitamins.
However, cholestasis and abnormal laboratory indices
persisted, and the infant died at the age of 11.5 mo,
two days before a scheduled liver transplantation. This
case demonstrates that citrin deficiency can present in
late infancy as acute liver failure triggered by infection,
and may require liver transplantation.

Supported by National Natural Science Foundation of China,
No. 813111071; and Key projects of Shanghai Municipal Health
Bureau, No. 2013-27.
Ethics approval: Genetic tests were approved by the Ethics
Committee on human research of the Jinshan Hospital of Fudan
University.
Informed consent: The patient’s parents provided informed
written consent prior to study enrollment.
Conflict-of-interest: The authors declare no conflicts of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Jian-She Wang, Professor, Department
of Pediatrics, Shanghai Medical College, Fudan University, The
Center for Pediatric Liver Diseases, Children’s Hospital of Fudan
University, No. 399 Wanyuan Road, Minhang District, Shanghai
201102, China. jshwang@shmu.edu.cn
Telephone: +86-21-64931171
Fax: +86-21-64931901

Key words: Citrin deficiency; Infant; Liver failure;
Respiratory infection; SLC25A13
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: November 5, 2014
Peer-review started: November 7, 2014
First decision: January 8, 2015

WJG|www.wjgnet.com

Core tip: Citrin deficiency typically presents as neonatal
intrahepatic cholestasis in early infancy and resolves
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spontaneously in late infancy. However, this case report
demonstrates that citrin deficiency can also present as
acute liver failure triggered by infection in apparently
healthy late infancy. Thus, citrin deficiency should be
considered in cases of acute liver failure in older infants.
Dietary therapy may be ineffective, necessitating liver
transplantation in such circumstances.

plasma and albumin transfusions. Respiratory
symptoms disappeared but jaundice and prolonged
prothrombin time were not improved. Tandem mass
spectrometry analysis revealed elevated plasma
levels of tyrosine, methionine, citrulline, arginine,
and several acylcarnitines. Gas chromatographymass spectrometry analysis of urine showed elevated
4-hydroxyphenyl lactic and pyruvic acids. Based on
these results, a citrin deficiency was suspected and
the patient was referred to our hospital for further
evaluation.

Zhang MH, Gong JY, Wang JS. Citrin deficiency presenting
as acute liver failure in an eight-month-old infant. World J
Gastroenterol 2015; 21(23): 7331-7334 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i23/7331.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i23.7331

Intake assessment

Jaundice was observed upon physical examination. The
infant’s height and weight were normal, at 74 cm and
10 kg, respectively. There were no obvious signs of
spider angiomata or palmar erythema. The abdominal
girth was 60 cm with noted abdominal distension.
The superior epigastric vein was visible. The liver was
palpable 3 cm below the right costal margin, and the
spleen was palpable 4 cm below the left costal margin.
The infant could stand for a moment on his own and
call for his mother.
Laboratory tests on admission showed elevated
alanine aminotransferase (63 U/L; normal: < 40 U/L),
aspartate aminotransferase (210 U/L; normal: < 40 U/
L), total bilirubin (709.5 µmol/L; normal: 2-20 µmol/L),
direct bilirubin (409 µmol/L; normal: 0-6 µmol/L), and
plasma ammonia (114 µmol/L; normal: 9-33 µmol/L).
Normal values were observed for levels of gammaglutamyl transpeptidase (30 IU/L) and albumin (37.1
g/L). However, the prothrombin time (39.1 s; normal:
9.0-14.5 s) and activated partial thromboplastin
time (72.3 s; normal: 25-39 s) were elevated after
intravenous administration of vitamin K1. The
international normalized ratio was also elevated (4.08;
normal: 0.77-1.25). Markers for active hepatitis A, B,
C, and E infection were negative, as well as for IgM
antibodies to toxoplasma, cytomegalovirus, herpes
virus, and Epstein-Barr virus. An abdominal ultrasound
revealed mild hepatosplenomegaly.

INTRODUCTION
Citrin deficiency is an autosomal recessive disorder
[1,2]
caused by SLC25A13 mutations . As citrin functions
as a calcium-stimulated aspartate-glutamate carrier
[3]
in the liver , a deficiency can induce a variety of
biochemical and metabolomic alterations, leading
to a series of clinical manifestations and laboratory
[4-6]
abnormalities
. Mutations in SLC25A13 produce
three phenotypes: neonatal intrahepatic cholestasis,
[7]
adult-onset citrullinemia type Ⅱ , and failure to thrive
[8,9]
and dyslipidemia .
The first case of neonatal intrahepatic cholestasis
caused by citrin deficiency (NICCD) was reported in
[10]
2001 in Japan . The majority of NICCD cases that
have since been diagnosed occur within the first
months of life. The symptoms generally ameliorate by
one year of age either spontaneously or with dietary
[4]
adjustment , though progression to liver failure
has been reported, requiring liver transplantation
or resulting in death from liver cirrhosis or severe
[4,8,11-16]
infections
. However, the presentation of citrin
deficiency in late infancy is very rare. Herein, we report
a case of citrin deficiency in an 8-mo-old infant who
presented with acute liver failure following an infection,
which ultimately resulted in death.

Management

The clinical manifestations and laboratory results
indicated a diagnosis of acute liver failure, and citrin
deficiency was highly suspected. The parents initially
refused a liver transplantation, and the infant was
given lactose-free, medium-chain-triglyceride-enriched
formula (Alfare; Nestle, Vevey, Switzerland) and lipidsoluble vitamins and ursodeoxycholic acid (5 mg/kg
bid). After two weeks, the cholestasis and laboratory
indices did not improve, and the parents agreed to
schedule a liver transplant. Unfortunately, the infant
died two days before the scheduled operation at the
age of 11.5 mo.

CASE REPORT
Patient history

An 8-mo-old male infant was initially referred to a
local tertiary hospital for bronchial pneumonia and
jaundice. The infant had been full-term at birth (via
emergency caesarean section), weighing 3400 g,
was formula-fed, and showed normal growth and
development. Laboratory tests conducted at that
time showed elevated liver enzymes and a prolonged
coagulation time even after vitamin K1 injection.
Hepatobiliary scintigraphy indicated that hepatic
uptake was not impaired, and the isotope appeared
in the bowel. The infant was given intravenous
antibiotics and oral ursodeoxycholic acid for two
weeks, and received a total of three fresh-frozen

WJG|www.wjgnet.com

Mutation identification

With approval by the Ethics Committee on human
research of the Jinshan Hospital of Fudan University

7332

June 21, 2015|Volume 21|Issue 23|

Zhang MH et al . Citrin deficiency presenting as liver failure
and informed consent of the parents, a 1.5 mL
peripheral blood sample was obtained and SLC25A13
[5,17]
mutations were tested as previously reported
.
Briefly, DNA was extracted using the Tiangen
Blood Genomic DNA Isolation Kit (Tiangen Biotech,
Shanghai, China) according to the manufacturer’s
instructions. All the coding exons and adjacent intronic
sequences of SLC25A13 gene were amplified and
sequenced. The known large insertion IVS16ins3Kb
and deletion Ex16+74IVS17-32del1516 were tested
by long-range PCR and electrophoresis directly. RefSeq
[12]
NM_014251.2 was used as the SLC25A13 reference .
A homozygous known big insertion for IVS16ins3Kb
was detected.

alone may be ineffective, and liver transplantation may
be needed in such circumstances.

COMMENTS
COMMENTS
Case characteristics

An apparently healthy 8-mo-old infant presented with acute liver failure
triggered by infection.

Clinical diagnosis

Acute liver failure, jaundice, abdominal distension, superior epigastric vein, and
hepatosplenomegaly was observed; no obvious signs of spider angiomata or
palmar erythema were observed.

Differential diagnosis
Acute viral hepatitis.

Laboratory diagnosis

Conjugated hyperbilirubinemia with significantly prolonged prothrombin time
and hyperammonemia; a known IVS16ins3kb mutation of SLC25A13 was
detected upon genomic analysis; the patient was negative for infectious
hepatitis strains.

DISCUSSION
Citrin deficiency is a condition that affects individuals
[10,14,18-23]
worldwide
. Adult-onset citrullinemia type Ⅱ
presents as an acute hepatic and neurologic disorder in
[7]
adolescents or adults (11-79 years of age) , whereas
NICCD typically presents before three months of age
with jaundice, discolored stools, hepatosplenomegaly
[4,5,10,14,17,23]
and coagulopathy
. Here, we report a
previously unreported presentation of citrin deficiency
as acute liver failure triggered by respiratory tract
infection in a child in late infancy. The patient was
apparently healthy before the infection, as the parents
did not observe any prior signs of jaundice, dark urine,
or pale stool. Moreover, the growth and development
of the infant were comparable to the national standard,
suggesting that he was in good condition before the
trigger infection.
Most NICCD patients recover spontaneously or after
dietary adjustment. However, there are a few reported
cases where end-stage liver disease developed,
[4,8,11-13,15,16]
resulting in liver transplantation or death
.
[14]
A case reported by Chew et al
presented at 10-wkold as conjugated hyperbilirubinemia and progressed
to liver failure precipitated by infection. In contrast,
our case presented as acute liver failure precipitated
by infection in an apparently healthy 8-mo-old infant.
Given that the development of end-stage liver disease
in NICCD patients is extremely rare in late infancy, we
presume that the multiple hyperaminoacidemia and
elevated acylcarnitines were secondary to severe liver
dysfunction. As a definite diagnosis of citrin deficiency
is determined by a mutation of SLC25A13, a genetic
study was performed, confirming the diagnosis by
detection of the IVS16ins3kb mutation, which is a
known causative mutation that is common in East
[4,24]
Asians
.
In conclusion, this case demonstrates that citrin
deficiency can present as infection-triggered acute
liver failure in late infancy. Therefore, citrin deficiency
should be taken into account in the differentiation of
acute liver failure in patients within this age group.
Furthermore, this case shows that dietary therapy
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Imaging diagnosis

Abdominal ultrasound revealed mild hepatosplenomegaly.

Treatment

The infant was administered a lactose-free, medium-chain-triglyceride-enriched
formula supplemented with lipid-soluble vitamins and ursodeoxycholic acid.

Related reports

A few neonatal intrahepatic cholestasis caused by citrin deficiency (NICCD)
cases have been reported developing end-stage liver disease, which resulted
in liver transplantation or death. However, the case presented here is the first
report of citrin deficiency presenting as acute liver failure in an apparently
healthy late-stage infant.

Term explanation

Citrin deficiency is an autosomal recessive disorder caused by mutations in
gene SLC25A13, which encodes a calcium-stimulated aspartate-glutamate
carrier named citrin.

Experiences and lessons

Citrin deficiency typically presents with jaundice within the first three months
after birth, but our case was apparently healthy for the first eight months;
as citrin deficiency can present as acute liver failure in such a child after a
common infection, it should be considered in differential diagnosis and liver
transplantation should be considered in similar cases.

Peer-review

This article indicates that citrin deficiency cannot be excluded from the
differential diagnosis of acute liver failure in healthy late-stage infants.
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Abstract
Primary liver carcinosarcoma is rare. Here we report
an unusual case of liver carcinosarcoma containing
combined hepatocellular cholangiocarcinoma. A
mass in the right liver lobe of a 45-year-old man was
accidentally discovered by ultrasonic inspection and
computed tomography (CT) scan. Surgical resection
was performed following a diagnosis of primary liver
cancer. Micropathologically, both carcinomatous and
sarcomatous elements were present, and diagnosis of
liver carcinosarcoma was confirmed. The carcinomatous
element consisted of hepatocellular carcinoma and
foci of cholangiocellular carcinoma. The sarcomatous
element was composed of spindle cells and bizarre cells,
as well as foci of osteosarcoma and chondrosarcoma.
Hepatocellular carcinoma cells diffusely expressed
both hepatocyte specific markers cytokeratin (CK)
8/18 and cholangiocyte specific markers CK19, and
sarcoma cells were positive for vimentin. Interestingly,
both carcinomatous and sarcomatous cells expressed
epithelial membrane antigen. CD117-positive ductular
reactions and small undifferentiated cells were observed.
A liver progenitor cell origin of the liver carcinosarcoma
was proposed.
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cinoma; Hepatocellular carcinoma; Liver neoplasm;
Stem cells

on the edge. An enhanced computed tomography
(CT) scan of the tumor revealed heterogeneous
enhancement during the arterial phase with delayed
washout in the portal and delayed phases (Figure 1).
The tumor was growing exophytic ally, and there was
no imaging evidence of tumor metastasis. The main
findings of laboratory examinations were: normal
liver function, elevated serum alpha-fetoprotein level
of 24.55 ng/mL (normal range: < 8.78 ng/mL) and
carbohydrate antigen 12-5 level of 141 U/mL (normal
range: 1-35 U/mL), and hepatitis B virus DNA copies
4
of 7.42 × 10 . Both carbohydrate antigen 19-9 and
carcinoembryonic antigen levels were within normal
ranges. Under a diagnosis of primary liver cancer,
segmentectomy of liver segments Ⅴ and Ⅷ was
performed. A 0.5-cm white nodule on the peritoneum
of the diaphragm was suspected to be a metastasis
during the operation and thus was resected.
Macropathology of the tumor showed that it
measured 8 cm in the largest dimension. The exophytic
portion of the tumor was 8 cm × 4 cm in size, and
the cut surface was grayish-yellow and grayish-red
with several firmer areas. The intrahepatic portion of
the tumor was 5 cm × 3 cm, and the cut surface was
grayish-white. The tumor was not surrounded by a
fibrous capsule. The diameter of the junction between
the two portions was about 2 cm.
Micropathologically, the tumor-adjacent liver
parenchyma showed obvious portal cirrhosis (Figure
2A). The intrahepatic portion of the tumor was
comprised mainly of a carcinomatous element,
consisting of hepatocellular carcinoma (> 90%)
and foci of cholangiocellular carcinoma (Figure 2C).
Each of the two types of carcinoma showed various
differentiation degrees, and there was no clear
boundary between the two elements. The exophytic
portion of the tumor mainly contained a sarcomatous
element. At the boundary area between the
carcinomatous and sarcomatous components, there
was a transitional zone with intermingled cells of the
two elements (Figure 2B). The sarcomatous element
was composed of spindle cells and bizarre cells, as
well as foci of osteosarcoma and chondrosarcoma
(Figure 2D). A metastasis nodule was composed of
undifferentiated sarcoma cells with deeply stained
nuclei (Figure 2E and F).
The results of immunohistochemical staining are
summarized in Table 2. A hepatocellular carcinoma
(HCC) component was positive for various epithelial
markers. Being strongly positive for hepatocytespecific markers such as cytokeratin (CK)8/18 and
hepatocyte, the HCC component diffusely expressed
cholangiocyte-specific markers, such as Pan-CK and

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

Core tip: Primary mixed-type hepatocellular-cholan
giocellular sarcoma is extremely rare. The histogenetic
origin of this tumor is controversial. We report a
case with special characteristics and propose a new
hypothesis combining stem cell theory and “conversion”
theory, which may be more appropriately applied to
this case.
Xiang S, Chen YF, Guan Y, Chen XP. Primary combined
hepatocellular-cholangiocellular sarcoma: An unusual case.
World J Gastroenterol 2015; 21(23): 7335-7342 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i23/7335.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i23.7335

INTRODUCTION
Primary liver carcinosarcoma is a very rare liver
malignant tumor. According to the World Health
Organization definition, liver carcinosarcoma should
be composed of both carcinomatous and sar
comatous elements. Carcinomatous elements may
be hepatocellular or cholangiocellular components
[1]
or both . The incidence of liver carcinosarcoma with
carcinomatous elements containing both hepatocellular
and cholangiocellular is extremely rare, and only
three cases have been reported to date in the English
[1-3]
literature (Table 1) . Here we report a case of liver
carcinosarcoma containing combined hepatocellular
cholangiocarcinoma.

CASE REPORT
A mass was accidentally discovered by ultrasonic
inspection in the right liver lobe of a 45-year-old
Chinese man with a ten-year history of hepatitis B
virus infection during a routine follow-up examination
in a local hospital. The patient was transferred to
our hospital. He had experienced mild, right upper
abdominal pain for more than two months, but did
not pay special attention to it. No positive signs
were present upon physical examination. Abdominal
ultrasonography showed a well-defined hypoechoic
mass in liver segments Ⅴ and Ⅷ. The mass was 5 cm
× 7 cm in size, and blood flow signals were present
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Table 1 Summary of reported cases of liver carcinosarcoma with combined hepatocellular cholangiocarcinoma
Ref.

Age
(yr)

Sex

Positive
tumor
marker

HBV HCV

Cirrhosis

Size (cm)

Sarcoma element

Treatment

Nakajima et al[2]

74

M

-

-

NA

Precirrhotic
fibrosis

15 × 13

Mitomycin C

-

-

-

4.0 × 5.2

Pleomorphic
cells, spindle
shaped cells, and
osteoplastic cells
Spindle cells

Papotti et al[3]

59

M

-

Goto et al[1]

73

M

Present case

45

M

AFP
CEA
CA19-9
DCP
AFP
CA 12-5

+

NA

+

3 × 2.5 × 2

+

-

+

7×5

Metastasis

Outcome

Liver, lung, Died within
lymph nodes,
5 mo
stomach,
peritoneum
Right
PVTT
Died within
hepatectomy
4 mo
Chondrosarcoma, Segmentectomy
19 mo, alive
osteosarcoma

Chondrosarcoma, Segmentectomy
osteosarcoma,
spindle cells, and
bizarre cells

Diaphragm

7 mo, alive

AFP: Alfa-fetoprotein; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; DCP: Des-g-carboxy prothrombin; HBV: Hepatitis B virus;
HCV: Hepatitis C virus; NA: Not available; PVTT: Portal vein tumor thrombus.

A

B

C

D

Figure 1 Contrast-enhanced computed tomography showing a 5 cm × 7 cm mass in segments Ⅴ-Ⅷ of the liver. A: Baseline scan; B: Arterial phase; C: Portal
venous phase; D: Delayed phase.

CK19 (Figure 3A and B). The CK19 immunostaining
signal in HCC was not uniform in either intensity
or staining pattern. Some CK19-positive HCC cells
showed an intermediate hepatobiliary cell-like pattern
[4]
(Figure 3B), similar to the report by Durnez et al .
Carcinomatous elements were strongly positive for
epithelial membrane antigen (EMA) (Figure 3C).
Interestingly, sarcomatous elements, such as spindle

WJG|www.wjgnet.com

cells and chondrosarcoma cells, were also positive for
EMA (Figure 3D). Small foci of HCC cells were weekly
positive for CD117, and showed small ductular
reactions adjacent to the HCC. The immunostaining
signals for CD117 were strong in some of the nearby
small, undifferentiated cells (Figure 3E). Sarcoma
cells were positive for CD117 (Figure 3F) and diffusely
positive for vimentin and smooth muscle actin (Figure
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A

B

C

D

E

F

Figure 2 Microscopic appearance of the specimen (hematoxylin and eosin staining). A: Tumor-adjacent liver parenchyma showed portal cirrhosis (magnificaton
× 100); B: A transitional zone could be defined between the carcinomatous (lower left) and sarcomatous components (upper right). There were intermingled cells of
the two elements (magnificaton × 100); C: Foci of cholangiocellular carcinoma with various grades of differentiation (magnificaton × 100); D: Neoplastic osteoid and
chondroid formation was observed in the sarcoma element (magnificaton × 100); E: Metastasis nodule was composed of undifferentiated sarcoma cells with deeply
stained nuclei (magnificaton × 40); F: Higher-magnification view of the squared part in panel E.

3G and H).
The tumor recurred on the peritoneum two
months after the operation, and the patient received
chemotherapy for four courses. The patient was alive
at the last follow-up on November 9, 2014.

Table 2 Results of immunohistochemistry
Marker
EMA
CK19
CK8/18
Hepatocyte
Pan-CK
Galectin-3
CD117
VIM
SMA
S-100
DES
Ki-67

Carcinomatous
component

Sarcomatous
component

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

+
+
+
++
++
+
++

DISCUSSION
Primary liver carcinosarcoma is very rare. No more
than 56 cases have been reported in the English
[5-12]
literature
. Nearly half of the cases were reported
after 2010, and the largest series report of 14 cases
[9]
was by Wang et al in 2012. Liver carcinosarcoma
exhibits no specific clinical presentation. In the
early stage, the tumor develops no obvious sym
ptoms and usually is found during routine health
[2,10,11,13]
examinations
. In the middle and advanced
stages, symptoms are similar to HCC. Upon imaging,

-: Negative; +: < 50% cells are positive or mildly immunostained; ++:
Diffusely positive or strongly immunostained. CK: Cytokeratin; EMA:
Epithelial membrane antigen; SMA: Smooth muscle actin; VIM: Vimentin;
DES: Desmin.
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A

B

C

D

E

F

G

H

Figure 3 Immunohistochemical expression of the carcinosarcoma. A: Pan-cytokeratin staining showed diffuse and strong signals for HCC cells; B: HCC
elements showed various staining pattern for cytokeratin 19 with intermediate hepatobiliary cell-like tumor cells (arrows); C: Carcinomatous elements were strongly
positive for epithelial membrane antigen; D: Spindle cells and chondrosarcoma cells (area fenced by dotted line) were positive for epithelial membrane antigen; E:
Carcinoma cells were positive for CD117, as were ductular reactions (arrows) and undifferentiated cells (arrows, inset); F: Sarcoma cells were positive for CD117; G:
Sarcomatous elements strongly stained for vimentin; H: Diffuse staining for smooth muscle actin in sarcoma cells; All magnifications are × 100.

sonography. Contrast-enhanced ultrasonography is
more informative for diagnosis than conventional
ultrasonography, but is not much more valuable than
CT. Although preoperative percutaneous transhepatic

liver carcinosarcoma presents no specific features,
and cannot be precisely diagnosed preoperatively.
[5]
Liu et al reported the characterization of a case
of liver carcinosarcoma by contrast-enhanced ultra
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biopsy can be done and provide pathologic findings,
diagnosis is usually uncertain or inaccurate because
[14,15]
of insufficient tissue or ample necrotic tissues
.
Diagnosis of primary liver carcinosarcoma is usually
established through extensive sampling from
surgical specimens or autopsy, and should be differ
entiated from liver sarcomatoid carcinoma via
immunohistochemical studies. In our case, foci of
sarcomatous elements were typically differentiated,
such as chondroid and osteoid components, and
the spindle cells diffusely expressed mesenchymal
markers such as smooth muscle actin and vimentin.
Thus, this case of neoplasm met the criteria for
primary liver carcinosarcoma.
The present case has several characteristics. First,
the tumor growth was exophytic, and the exophytic
portion was mainly composed of a sarcomatous
element, while the intrahepatic portion consisted
of a carcinomatous element with transitional zones
between the two elements. These findings suggest
that the sarcomatous element might have transformed
from the pre-existing combined carcinoma, and grew
more rapidly. Second, the carcinomatous element was
a combined hepatocellular cholangiocarcinoma, and
HCC occupied the majority of the tumor. Third, the
sarcomatous element consisted of various types of
mesenchymal cells, including chondroid and osteoid
cells.
The histogenetic origin of liver carcinosarcoma
is still controversial. One theory is that both carcino
matous and sarcomatous neoplasms arise from differ
[7,8]
entiated multipotent stem cells
, and the other
is that the sarcomatous element is transformed or
dedifferentiated from pre-existing carcinoma based on
[13,14,16,17]
the observation of a transitional zone
. Goto
[2]
et al reported a case with c-kit-positive tumor cells
and the presence of transitional zones, advocating
the possibilities of the two hypotheses. We propose a
hypothesis combining these two theories, which may
be more appropriately applied to our case of liver
carcinosarcoma. Liver progenitor cells malignantly
transformed to cancer stem cells and developed into
liver cancer. Microenvironmental change and genetic
mutation might promote epithelial-mesenchymal
transition (EMT) of these cancer stem cells or their
progeny, and result in formation of the sarcomatous
elements.
In the cancer stem cell theory, cancer stem
cells are thought to be the “root” of a tumor, and
they possess the ability of indefinite self-renewal
[18]
that drives tumorigenesis . Liver progenitor cells
expressing both hepatocellular and cholangiocellular
lineage markers can be activated and mediate
liver regeneration when mature hepatocytes are
[19]
suppressed in the diseased liver . They also exist
in more than half of the foci of small-cell dysplasia,
which are considered to be genuine preneoplastic
[20]
lesions . Meanwhile, human HCCs can express liver
[19]
progenitor markers such as CK7 and CK19 , and
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these cancers tend to be poorly differentiated . Liver
progenitor cells might transform into cancer stem
cells that promote liver cancer development. Our
previous study showed that combined hepatocellular
cholangiocarcinoma originates from liver progenitor
[22]
cells . In our case, the carcinomatous element
consisted of both HCC and cholangiocellular carcinoma,
and a large number of HCC cells expressed CK19,
suggesting liver progenitor cell origin of this cancer.
Our previous study found that LE/6 cells could
form mesenchymal tumor tissue through EMT after
subcutaneous transplantation, suggesting that liver
progenitor cells are not determined stem cells, which
[23]
have limited differentiation potential . In another
study, we observed that intrahepatic transplantation of
HBx-transfected oval cells could generate tumors with
combined histologic features of HCC and mesenchymal
[24]
tumors . These results suggest that liver progenitor
cells could be the cell origin of liver tumors containing
both carcinomatous and sarcomatous elements.
[25]
CD117 is one of the liver progenitor cell markers .
In the present case, HCC cells and sarcoma cells were
immunostained with CD117. More interestingly, small
ductular reactions that represent liver progenitor cells
in diseased liver could also be clearly identified as
positive for CD117. These findings further suggest
that the present case was generated from liver
progenitor cells. Recently, geographic mutational
analysis indicated the origin of a carcinosarcoma from
a common progenitor cell that underwent divergent
[10,26]
clonal evolution
.
Many authors favoring the theory of transformation
of carcinoma into mesenchymal elements show
evidence of transitional zones between carcinoma and
[13,14,16,17]
sarcoma
. In the present case, not only are
there transitional zones, but also the sarcoma mainly
occupied the exophytic portion of the tumor. Thus,
the “transformation” theory could be employed in this
case. The idea of epithelial origin also is also based
[1]
on sarcoma cells positive for epithelial markers .
Similarly, besides diffusely expressing mesenchymal
markers, most sarcoma cells in the present case also
expressed EMA, suggesting an obvious bi-directionally
differentiated feature of the sarcoma (epithelial and
mesenchymal), which could have originated from
transformed epithelial cells.
In summary, we report an unusual case of
liver carcinosarcoma with combined hepatocellular
cholangiocarcinoma and many differentiated
heterologous sarcomatous elements, and propose
that liver progenitor cells could be the cell origin of
the liver carcinosarcoma, while the sarcomatous
element is generated from aberrant liver progenitor
cells that undergo EMT.
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cholangiocarcinoma.

Clinical diagnosis

8

A mass was found in the right liver lobe by ultrasonic inspection, and the patient
had a history of ten-year hepatitis B virus hepatitis. Primary liver cancer was
diagnosed.

9

Differential diagnosis

Primary liver cancer should be differentially diagnosed from liver sarcomatoid
carcinoma.

Laboratory diagnosis

10

Laboratory examination showed an elevated serum alpha-fetoprotein level of
24.55 ng/mL and carbohydrate antigen 12-5 level of 141 U/mL, and hepatitis B
virus DNA copies of 7.42 × 104.

11

Imaging diagnosis

Abdominal ultrasonography showed a well-defined hypoechoic mass in liver
segments Ⅴ and Ⅷ, and enhanced CT of the tumor revealed heterogeneous
enhancement during the arterial phase with delayed washout in the portal and
delayed phases.

12

Pathological diagnosis

Liver carcinosarcoma was diagnosed based on the presence of both
carcinomatous and sarcomatous elements in the tumor.

13

Treatment

Surgical resection was performed.

Related reports

No more than 56 cases of liver carcinosarcoma have been reported in
the English literature, and only three cases were reported to contain both
hepatocellular and cholangiocellular carcinoma.

14

Experiences and lessons

The authors reported an unusual case of liver carcinosarcoma with combined
hepatocellular cholangiocarcinoma and many differentiated heterologous
sarcomatous elements, and propose that liver progenitor cells could be the cell
origin of the liver carcinosarcoma, while the sarcomatous element is generated
from aberrant liver progenitor cells that undergo EMT.

15
16

Peer-review

The authors present a nice, unusual case of a primary carcinosarcoma-a mixed
type hepatocellular-cholangiocellular sarcoma.
17
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Pavel Soucek, Prague
Miroslav Zavoral, Prague
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Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim

III

Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
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Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest

VI

Qatar
Abdulbari Bener, Doha
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Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
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Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara

VII

Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
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EDITORIAL

Perioperative chemotherapy for resectable gastric cancer:
MAGIC and beyond
Audrey H Choi, Joseph Kim, Joseph Chao
chemotherapy and chemoradiation protocols. The
objective of this editorial is to review the current highlevel evidence supporting the use of chemotherapy,
chemoradiation and anti-HER2 agents in both the
neoadjuvant and adjuvant settings, as well as to provide
a clinical framework for use of this data based on our
own institutional protocol for gastric cancer. Major studies
reviewed include the SWOG/INT 0116, Medical Research
Council Adjuvant Gastric Infusional Chemotherapy
(MAGIC), CLASSIC, ACTS-GC, Adjuvant Chemoradiation
Therapy in Stomach Cancer (ARTIST) and Trastuzumab
for Gastric Cancer trials. Although these studies have
demonstrated that multiple approaches in terms of
the timing and therapy for gastric cancer are effective,
no standard of care is widely accepted and questions
regarding the optimal timing of chemotherapy, the
benefit of radiotherapy, the minimum required extent of
lymphadenectomy and optimal chemotherapy regimen
still exist. Protocols from the upcoming ARTIST Ⅱ,
CRITICS, TOPGEAR, Neo-AEGIS and MAGIC-B studies
are outlined, and results from these studies will provide
critical information regarding optimal timing and
treatment regimen. Additionally, the future directions
of gastric cancer research predicated on molecular
profiling and tailored therapies based on targetable
genetic alterations in individual patient’s tumors are
addressed.
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Core tip: Although multiple phase Ⅲ trials have
been performed around the world, no standard of
care exists for the treatment of gastric cancer. We
reviewed the existing high-level evidence supporting
the use of neoadjuvant and adjuvant chemotherapy,
chemoradiation, and anti-HER2 therapies in gastric
cancer, as well as provide a clinical framework for the
treatment of gastric cancer patients at our institution

Abstract
Over the last 15 years, there have been major advances
in the multimodal treatment of gastric cancer, in
large part due to several phase Ⅲ studies showing
the treatment benefits of neoadjuvant and adjuvant
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based on these studies. Also highlighted in this editorial
are current clinical trials in progress and future directions
of gastric cancer research based on next generation
sequencing data.

led to routine criticism that the improved survival
observed in the chemoradiation group was due to
multimodality therapy compensating for inadequate
surgical clearance of involved lymph nodes. While
the median 10-year follow-up data from the study
showed continued benefit in the chemoradiation
group irrespective of extent of lymphadenectomy, it is
difficult to draw definitive conclusions on the benefit of
chemoradiation in patients with D2 lymphadenectomy
[5]
due to the small number of patients (n = 54) .
The Adjuvant Chemoradiation Therapy in Stomach
Cancer (ARTIST) trial aimed to address the question
of whether adjuvant chemoradiation benefits patients
who already have adequate surgical lymph node
clearance. Korean patients undergoing curativeintent gastrectomy with D2 lymphadenectomy were
randomized either to surgery followed by chemo
therapy or surgery followed by chemoradiation.
On initial reporting, 3-year disease-free survival
[6]
(DFS) was similar between the two groups . The
exception was an unplanned subgroup analysis of
node-positive patients, where 3-year DFS favored
the chemoradiotherapy group (P = 0.0365). These
hypothesis-generating results suggest that radiation
therapy is beneficial for locoregional control and that
perhaps only node-positive patients may benefit from
adjuvant chemoradiation. This will be further tested
in ARTIST-Ⅱ, which will randomize only node-positive
patients to one of two adjuvant chemotherapy arms
or a third arm that includes adjuvant chemoradiation.
Additionally, it is unclear whether the ARTIST data can
be extrapolated to Western populations because results
from Asian gastric cancer trials have consistently
shown improved outcomes compared to Western
studies. Those disparities may represent a difference in
biology or regional treatment patterns. Gastric cancers
in Asia tend to be intestinal type, located in the distal
stomach, compared to more diffuse tumors located in
the proximal stomach and gastroesophageal junction
in the West. Additionally, the impact of diet and active
gastric cancer screening programs in Asia may also
play a role in the difference in outcomes. Fortunately,
the upcoming results of the Dutch ChemoRadiotherapy
after Induction chemoTherapy in Cancer of the
Stomach (CRITICS) trial may provide additional
information regarding the benefit of chemoradiation in
a Western population that has received perioperative
[7]
chemotherapy (Table 1) . This study is designed to
provide neoadjuvant chemotherapy to all randomized
patients who are then assigned to either adjuvant
chemotherapy or chemoradiation after surgical
resection.
Apart from the controversy regarding the addition
of radiation therapy in gastric cancer, current trials
are still addressing the optimal timing of adjuvant
therapy. The two major trials showing survival benefit
for postoperative chemotherapy are the Japanese
[8,9]
ACTS-GC trial and the Korean CLASSIC trial . While

Choi AH, Kim J, Chao J. Perioperative chemotherapy for
resectable gastric cancer: MAGIC and beyond. World J
Gastroenterol 2015; 21(24): 7343-7348 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7343.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7343

Major advances in the multimodal treatment strategy
for gastric cancer have changed clinical management
of the disease over the last 15 years, with multiple
phase Ⅲ trials showing survival benefit for several
perioperative chemotherapy and adjuvant treatment
strategies (Table 1). Despite high-level evidence
supporting the use of adjuvant therapy after curativeintent surgery, questions regarding the optimal timing
of chemotherapy, the benefit of radiotherapy, the
minimum required extent of lymphadenectomy and
optimal chemotherapy regimen still exist. As a result,
there is no global standard of care for adjuvant therapy
in gastric cancer, but rather local standards that exist
according to the phase Ⅲ trials that were conducted
in those regions. The two major studies of adjuvant
therapy in Western populations are the Intergroup
0116 (INT 0116) trial and the Medical Research
Council Adjuvant Gastric Infusional Chemotherapy
(MAGIC) trial. Despite level 1 evidence from these
phase Ⅲ studies demonstrating survival benefit
leading to category 1 recommendations in the NCCN
[1]
Guidelines , utilization of these approaches has been
reported to be surprisingly low in the United States.
A recent study of the Surveillance, Epidemiology,
and End Results (SEER)-Medicare database suggests
that the number of gastric cancer patients eligible for
additional treatment who actually received adjuvant
therapy is quite low, and the number receiving
[2]
perioperative chemotherapy is even lower . From
2002-2009, only 25% of eligible patients received
adjuvant chemoradiation and only 3% received
perioperative chemotherapy, though this proportion
[2]
steadily increased with time .
Prior to the publication of INT 0116 in 2001, highlevel evidence supporting adjuvant chemoradiation was
[3]
lacking and in fact argued against such an approach .
INT 0116 finally demonstrated significantly improved
overall survival (OS) and 3-year recurrence-free
survival (RFS) in patients receiving bolus 5- fluorouracil
(5-FU) plus leucovorin with radiation therapy after
surgical resection compared to those receiving
[4]
surgery alone . Because this trial was conducted at
a time when modified D2 lymphadenectomy was not
routinely performed in the United States, 90% of the
patients underwent D0 or D1 lymphadenectomy. This
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Table 1 Completed and ongoing phase Ⅲ trials of perioperative chemotherapy and chemoradiation in gastric cancer
Timing,
intervention

Treatment arms (n )

Results

INT0116[4]
United States

Adjuvant,
chemoradiation

Surgery alone (n = 275)

ARTIST[6]
South Korea

Adjuvant,
chemoradiation

Surgery + 5-FU/LV/RT (n = 281)
Surgery (D2 resection) + capecitabine/cisplatin (n = 228)
Surgery (D2 resection) + capecitabine/cisplatin/RT (n = 230)

ARTIST Ⅱ[28]
South Korea
ACTS-GC[9]
Japan

Adjuvant,
chemoradiation
Adjuvant,
chemotherapy

Surgery (D2 resection, node-positive only) + capecitabine/cisplatin
Surgery (D2 resection, node-positive only) + capecitabine/cisplatin/RT
Surgery alone (D2 resection) (n = 30)
Surgery (D2 resection) + oral S-1 postop (n = 529)

Median OS: 27 mo
HR = 1.35, 95%CI: 1.09-1.66
(P = 0.005)
Median OS: 36 mo
3-yr DFS: 74.2%
3-yr DFS: 78.2%
(P = 0.08)
In progress

CLASSIC[8]
South Korea

Adjuvant,
chemotherapy

Surgery alone (D2 resection) (n = 515)
Surgery (D2 resection) + 8 cycles oral capecitabine + Ⅳ oxaliplatin
(n = 520)

MAGIC[10]
United Kingdom

Perioperative,
chemotherapy

Surgery alone (n = 253)
3 cycles ECF preop + surgery + 3 cycles ECF postop (n = 250)

FNCLCC/FFCD[11]
France

Perioperative,
chemotherapy

Surgery alone (n = 111)
5-FU/cisplatin preop + surgery + 5-FU/cisplatin postop (n = 113)

Neoadjuvant,
chemoradiation

2.5 cycles PLF preop + surgery (n = 59)
2 cycles PLF then PLF/RT preop + surgery (n = 60)

Perioperative,
combination
Perioperative,
combination

3 cycles ECX/EOX preop + surgery + capecitabine/cisplatin/RT postop
3 cycles ECX/EOX preop + surgery + 3 cycles ECX/EOX postop
3 cycles ECF preop + surgery + 3 cycles ECF postop
2 cycles ECF with 5-FU/RT preop + surgery + 3 cycles ECF postop

Perioperative,
combination
Perioperative,
chemotherapy

3 cycles ECF preop + surgery + 3 cycles ECF postop
Carboplatin/paclitaxel/RT preop + surgery
3 cycles ECX preop + surgery + 3 cycles ECX postop

POET[15]
Germany

CRITICS[7]
The Netherlands
TOPGEAR[12]
Australia/New Zealand/
Europe/Canada
Neo-AEGIS[13]
Ireland
MAGIC-B[22]
United Kingdom

5-yr OS: 61.1%
5-yr OS: 71.7
HR = 0.67, 95%CI: 0.54-0.83
3-yr DFS: 59% (53%-64%)
3-yr DFS: 74% (69%-79%)
HR = 0.56, 95%CI: 0.44-0.72
(P < 0.0001)
5-yr OS: 23%
5-yr OS: 36%
HR = 0.75, 95%CI: 0.60-0.93
(P = 0.009)
5-yr OS: 24%
5-yr OS: 38%
HR = 0.69, 95%CI: 0.50-0.95
(P = 0.02)
3-yr OS: 27.7%
3-yr OS: 47.4%
HR = 0.67, 95%CI: 0.41-1.07
(P = 0.07)
In progress
In progress

In progress
In progress

3 cycles ECX with lapatinib or bevacizumab preop + surgery + 3 cycles
ECX with lapatinib or bevacizumab postop
OS: Overall survival; DFS: Disease-free survival; 5-FU: 5-Fluorouracil; LV: Leucovorin; RT: Radiotherapy; ECF: Epirubicin/cisplatin/5-FU; PLF: Cisplatin/
fluorouracil/leucovorin; ECX: Epirubicin/cisplatin/capecitabine; EOX: Epirubicin/oxaliplatin/capecitabine.

these well-conducted studies have led to postoperative
chemotherapy being adopted as the major adjuvant
modality in Asian countries following surgery with D2
lymphadenectomy, the question of applicability of these
studies to a Western population persist. Although most
patients in the United States receive chemoradiation
in the adjuvant setting, a perioperative treatment
strategy emerged as an alternate standard of care
following the publication of the MAGIC trial in 2006.
The results showed that the 5-year survival for patients
randomized to perioperative epirubicin, cisplatin, and
fluorouracil (ECF) was significantly improved compared
to those undergoing surgery alone (36% vs 23%, P =
[10]
0.009) . Of note, 40% of these patients underwent
D2 lymphadenectomy and 42% of patients were able
to complete all 6 planned cycles of chemotherapy.
Results of the MAGIC trial and the smaller French
[11]
FNCLCC/FFCD trial
have solidified perioperative
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chemotherapy as an acceptable treatment strategy in
the US. The use of upfront chemotherapy has several
potential benefits including the early treatment of
micrometastases, higher dose intensity of delivered
chemotherapy prior to the morbidity of surgery,
improved chance of complete pathologic response and
curative resection, and the ability to assess biological
response to a particular chemotherapy regimen that
may affect the choice of postoperative regimen.
However, with currently published studies, pathologic
complete response remains dismally low with 0% in
the MAGIC trial and 3% in the French FNCLCC/FFCD
trial demonstrating pathologic T0 disease in their
surgical specimens. Furthermore, patients in both
studies received the same post-surgery chemotherapy
regimens despite lack of a pathologic response in the
majority of cases, and as such there is currently no
data to indicate choosing a differing postoperative
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[17]

regimen will be of benefit.
These issues and questions still remain to be
addressed, though further evaluation and refinement of
this treatment strategy continues in global prospective
trials. In addition to the upcoming CRITICS trial which is
investigating the addition of adjuvant chemoradiotherapy,
the Australian Trial of Preoperative Therapy for Gastric
and Esophagogastric Junction Adenocarcinoma
(TOPGEAR) trial is also evaluating a perioperative
treatment approach by assigning patients to either
perioperative ECF or perioperative ECF with neoadjuvant
[12]
chemoradiation (Table 1) . The Irish ICORG 10-14 or
Neo-AEGIS trial is randomizing patients with esophageal
and gastroesophageal tumors to perioperative ECF
or neoadjuvant concurrent weekly carboplatin and
paclitaxel with radiotherapy as established to be
[13,14]
superior to surgery alone in the Dutch CROSS trial
.
A neoadjuvant chemoradiotherapy approach has
been suggested to be beneficial when investigated in
the German POET trial. This study aimed to establish
if the addition of neoadjuvant chemoradiotherapy
to neoadjuvant chemotherapy improves survival
outcomes for patients with adenocarcinomas of the
[15]
gastroesophageal junction . The chemoradiotherapy
group demonstrated an improvement in median survival
compared to the chemotherapy alone group (3-year
survival 47.4% vs 27.7%), though this did not meet
their prespecified boundary for statistical significance
(P = 0.07). Likely a large component for the lack of
statistical significance was due to poor accrual, with
the study only randomizing 126 patients out of its
target accrual of 354 patients. However, benefit from
the addition of chemoradiotherapy was also suggested
by a higher rate of post-therapy pathologic complete
response in the surgical specimens (15.6% vs 2.0% in
the chemotherapy alone group). In a retrospective case
series of 235 patients with cancers of the esophagus
and gastroesophageal junction treated at MD Anderson,
achievement of a complete pathologic response after
chemoradiotherapy was a highly favorable prognostic
[16]
factor . Five-year overall survival was doubled when
compared to the presence of post-therapy residual
carcinoma (65% vs 29%, P = 0.003), and the authors
conclude pathologic complete response may be an
attractive surrogate for survival in future prospective
trials. These upcoming trial results will be met with
great interest as they may address ongoing questions
regarding the benefit of chemoradiation and the optimal
timing of perioperative chemotherapy or chemoradiation.
Since the publication of the Trastuzumab for
Gastric Cancer (ToGA) trial, the use of the monoclonal
antibody trastuzumab has become a standard option
for patients with HER2-overexpressing gastric cancer.
This study randomized patients to receive either
chemotherapy alone (capecitabine plus cisplatin
or fluorouracil plus cisplatin) or chemotherapy in
combination with trastuzumab. The chemotherapy
plus trastuzumab group demonstrated a median
overall survival of 13.8 mo compared to 11.1 mo
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in the chemotherapy alone group (P = 0.0046) .
Currently there are several ongoing trials investigating
the efficacy of targeting HER2-overexpressing tumors
in the perioperative setting. Pertuzumab, a monoclonal
antibody that recognizes a different epitope of HER2
than trastuzumab, has been shown to provide more
comprehensive inhibition of HER2 signaling in preclinical
[18]
xenograft models when combined with trastuzumab .
In addition to trials examining the combination in the
metastatic setting such as the phase Ⅲ JACOB trial
[19]
(NCT01774786) , a 3-arm, randomized phase Ⅱ trial is
being conducted by the EORTC (European Organization
for Research and Treatment of Cancer) to evaluate if
neoadjuvant dual HER2-blockade with chemotherapy
may lead to higher pathologic complete response rates
than trastuzumab and chemotherapy or chemotherapy
[20]
alone in resectable gastric cancer (NCT02205047) .
For patients who have undergone upfront resection,
the phase Ⅱ TOXAG study is assessing the safety,
tolerability, and early efficacy of adding trastuzumab
to adjuvant capecitabine and oxaliplatin chemotherapy
[21]
and chemoradiation (NCT01748773) . The MAGIC-B
trial is also investigating the addition of the HER2
tyrosine kinase inhibitor lapatinib to perioperative ECX
(epirubicin, cisplatin, capecitabine) chemotherapy in the
subset of patients whose tumors demonstrate HER2
[22]
overexpression .
Lastly, the future direction of gastric cancer
trials will likely be supported by information gleaned
from next-generation sequencing and bioinformatic
technologies. Recently published data from The Cancer
Genome Atlas (TCGA) project classifies gastric cancers
into four major subtypes on the basis of molecular
and genetic data: (1) Epstein-Barr virus (EBV)associated tumors; (2) microsatellite unstable tumors;
(3) genomically stable tumors; and (4) tumors with
[23]
chromosomal instability . Many tumors in these
major subcategories were found to harbor targetable
genetic mutations, providing a necessary research
platform to enhance novel drug development efforts
and guide the design of prospective perioperative or
neoadjuvant chemotherapy protocols. For example,
EBV-associated tumors demonstrated PIK3CA mu
tations, and amplification of JAK2, ERBB2, CD274,
and PDCD1LG2, of which the latter two encode the
immune checkpoint inhibitor targets PD-L1 and PD-L2,
respectively. Tumors with chromosome instability
demonstrated genomic amplification of several
receptor tyrosine kinase signaling mediators, including
the gene encoding the proangiogenesis ligand VEGFA.
Currently, the MAGIC-B trial is randomizing patients
to receive the perioperative regimen administered in
the original MAGIC trial with or without the VEGFA
[22]
inhibitory monoclonal antibody bevacizumab . The
availability of both pre-treatment biopsies and paired
surgically-resected specimens will hopefully provide
the necessary tissues to find predictive biomarkers
that may identify patients who will derive the greatest
benefit from the use of perioperative bevacizumab.
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This will be especially critical in the event this
study does not meet its prespecified endpoint for
a molecularly unselected patient population in light
of the negative results of the AVAGAST trial, which
investigated the use of bevacizumab in an advanced
[24]
unresectable gastric cancer population . Further
suggestion that disease biology may trump clinical
factors such as nodal staging stems from longer
[25]
term follow-up of the ARTIST trial . With a median
7 years of follow-up no difference in OS was seen
with the addition of chemoradiotherapy, paralleling
the lack of difference in DFS in the intent to treat
population. Patients with Lauren classification diffuse
histology, however, also appeared not to demonstrate
any benefit from the addition of chemoradiation
in contrast to the patients with intestinal subtype
tumors. In the TCGA dataset, cancers with Lauren
diffuse histology predominantly were classified
as genomically stable tumors that demonstrated
infrequent targetable genetic alterations other than
RHOA mutations and CLDN18-ARHGAP6 or ARHGAP26
fusions. These genes are implicated in cellular adhesion
and motility and their dysregulation is consistent with
the pathologic behavior of diffuse subtype tumors.
Follow-up mechanistic studies to confirm that these
alterations are driver mutations and drug development
efforts that may inhibit these oncogenic events are
desperately needed if perioperative or adjuvant
treatment outcomes are to improve with this poor
prognostic subset of patients.
At our institution, patients amenable to curative
surgical resection are discussed in a multidisciplinary
fashion and are either offered upfront surgery or
perioperative chemotherapy based on currently
published data. For those patients who have significant
nodal disease on clinical staging or elect to proceed with
perioperative chemotherapy, we utilize modifications of
the ECF regimen such as EOX (epirubicin, oxaliplatin,
capecitabine), which is deemed acceptable in the NCCN
guidelines and proven to be non-inferior for locally[26]
advanced disease in the REAL2 trial . For elderly
patients or patients with significant comorbidities who
we feel would poorly tolerate a 3-drug regimen, we
feel utilization of a fluoropyrimidine and a platinumbased drug alone is acceptable given the positive
survival outcome with this approach based on the
French FNCLCC/FFCD perioperative chemotherapy
trial. Our preferred regimen in this situation would be
modified infusional FOLFOX6 (fluorouracil, leucovorin,
oxaliplatin) given its close approximation to the FLO
regimen. This regimen demonstrated a survival
benefit in comparison to infusional 5-FU and cisplatin
on subset analysis of patients older than 65 years of
age in a phase Ⅲ trial for advanced gastric cancer
[27]
conducted by the German AIO study group . In
patients who have upfront surgery, D2 lymph node
dissection is routinely performed at our institution. For
patients who do not exhibit pathologic lymph node
involvement we would prescribe 6 mo of modified
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FOLFOX6 or capecitabine and oxaliplatin as per the
design of the phase Ⅲ CLASSIC trial. For patients
who have pathologically-involved nodes within the
D2 lymph node dissection specimen, we would also
incorporate adjuvant chemoradiation, as this is
suggested to be of benefit in that subgroup of patients
within the ARTIST trial.
In summary, ongoing prospective randomized
trials may help better refine clinical factors to best
determine timing of chemotherapy and radiation in
relation to surgery for gastric cancer. Further molecular
characterization of gastric cancers will likely help
identify additional targets to evaluate in prospective
biomarker-driven trials to define subgroups of patients
who will benefit from targeted therapies based on the
genetic makeup of their tumors. Better understanding
of disease biology and predictive biomarkers will help
refine molecular factors to optimize radiation timing,
choice of chemotherapy and/or molecularly targeted
therapy and the overall possibility of long-term cure for
our patients.
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EDITORIAL

Effector and suppressor T cells in celiac disease
Giuseppe Mazzarella
plays a pathogenic role in CD. While these effector T
cell subsets produce proinflammatory cytokines, which
cause substantial tissue injury in vivo in CD, recent
+
studies have suggested the existence of additional CD4
T cell subsets with suppressor functions. These subsets
+
+
include type 1 regulatory T cells and CD25 CD4
regulatory T cells, expressing the master transcription
factor Foxp3, which have important implications for
disease progression.
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Core tip: Although it is evident that effector gliadinspecific Th1 cells play an important role in celiac disease
(CD) pathogenesis, recent studies have implicated
Th17 effector cells in the disease process. Contrasting
evidence has been reported on the ability of gliadinspecific cells to produce IL-17A. In addition, regulatory
T cells, formerly known as suppressor T cells, have
been identified in intestinal biopsy specimens of patients
with active CD. Nevertheless, despite the presence of
an endogenous counter-regulatory mechanism in the
intestinal mucosa of celiac patients, the inflammatory
response is not suppressed. In this review, we provide an
overview of the current knowledge of the contribution
of both Th1 and Th17 effector T cells and Treg cells in
controlling mucosal inflammation in CD.
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Abstract

Mazzarella G. Effector and suppressor T cells in celiac disease.
World J Gastroenterol 2015; 21(24): 7349-7356 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i24/7349.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i24.7349

Celiac disease (CD) is a T-cell mediated immune disease
in which gliadin-derived peptides activate lamina
propria effector CD4+ T cells. This activation leads to
the release of cytokines, compatible with a Th1-like
pattern, which play a crucial role in the pathogenesis
of CD, controlling many aspects of the inflammatory
immune response. Recent studies have shown that
a novel subset of effector T cells, characterized by
expression of high levels of IL-17A, termed Th17 cells,
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INTRODUCTION
Celiac disease (CD) is an immune-mediated disease
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triggered by the ingestion of wheat gliadin and
related prolamins from other toxic cereals, such as
barley and rye, and is responsible for enteropathy in
genetically susceptible individuals. Much of the genetic
susceptibility maps to the HLA region on chromosome
6, as approximately 95% of CD patients carry an
almost identical HLA DQ2 heterodimer (DQA1*0501
DQB1*0201). In most individuals who are negative
for this haplotype, this disease is associated with the
class Ⅱ alleles DQA1*0301 and DQB1*0302, which
[1]
encode a DQ8 molecule linked to DR4 haplotypes .
Consistently, gliadin-specific CD4+T cells isolated from
intestinal biopsies of CD patients respond to gliadin
peptides presented via HLA-DQ2 or HLA-DQ8. Such
gliadin-reactive T cells recognize a variety of different
epitopes, which generally are much better recognized
by the T cells after deamidation through the enzyme
[1]
transglutaminase 2 .
The immune response against prolamins of toxic
cereals is mediated through cytokines produced via
[2]
both innate and adaptive immune branches . In the
early phase of CD, epithelial cells are likely destroyed
via toxic gliadin peptides, such as 19-mer, that might
activate the innate immune system, thereby up[3]
regulating interleukin (IL)-15 secretion . Therefore,
immunoadaptive peptides, such as the 33-mer, can
enter the lamina propria, where the HLA class Ⅱ
molecules DQ2+ or DQ8+ present these peptides to
T cells, which activate gluten-reactive T helper (Th)1
cells and produce high levels of proinflammatory
[4]
cytokines .
Although T-cell receptor (TCR)-mediated T-cell
activation by gliadin peptides has been well documented
for CD4+ cells restricted by the HLA class Ⅱ molecules
DQ2 and DQ8, we have identified a peptide recognized
in the context of HLA class Ⅰ molecules by CD8+ T
[5]
lymphocytes isolated from CD mucosa . This peptide
induces interferon (IFN)-γ production and the lysis of
[6]
target cells through specific CD8+ T cells .
[7]
Recently, consistent with our data , other studies
have reported that IL-17 is highly produced in the
[8-10]
inflamed gut of patients with CD
, confirming the
involvement of a novel subset of effector T cells,
termed Th17 cells, in CD pathogenesis. Th17 cells,
which are highly enriched in the intestine, have been
implicated in the pathogenesis of various immune[11]
mediated disorders .
Concomitantly with the pro-inflammatory response,
high amounts of the anti-inflammatory cytokines IL-10
and transforming growth factor-β (TGF-β) are also
[12-14]
produced in the untreated intestinal mucosa
. This
apparent paradoxical milieu of both pro-inflammatory and
suppressive cytokines strongly suggests that regulatory
mechanisms might operate to counterbalance the
gliadin-triggered, abnormal immune activation in
[15]
untreated CD . Importantly, we have observed that
celiac intestinal mucosa harbors two subsets of regulatory
T cells (Tregs), known as type 1 regulatory T cells (Tr1)
and Foxp3+ Tregs, which, through the release of both
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IL-10 and TGF-β, inhibit the pathogenic response to in
[16,17]
vitro gliadin challenge
.
Herein, we provide an overview of the current
knowledge about the immune-mediated effects of
cytokines produced by effector Th1 and Th17 cells and
suppressor Treg cells in CD.

TH1 CELLS
Although the innate immune response is a prerequisite
for the excessive activation of adaptive immunity, the
latter is the more proximate driver of the tissue damage
that manifests in CD patients. Upon activation, gliadinspecific CD4+ T cells polarize along the T helper (Th)
1-type pathway, substantiated by an ability to produce
large amounts of IFN-γ, the signature cytokine of
[18]
Th1 responses . Indeed, mRNA for IFN-γ is more
increased in untreated disease than the message for
IL-2, IL-18, and TNF-α. Furthermore, the IFN-γ mRNA
levels in the biopsies of treated patients have been
demonstrated to reach that of untreated patients by in
[18]
vitro stimulation with gliadin . Therefore, IFN-γ might
be much more involved in the generation of gliadindriven mucosal damage in CD, as indicated by the
efficacy of anti-IFN-γ antibodies in preventing villous
[19]
atrophy .
The biological effects of IFN-γ primarily rely on the
activity of the transcription factor signal transducer and
activator of transcription (STAT) 1 and the intracellular
levels of suppressor of cytokine signaling (SOCS)-1,
a negative regulator that controls the amplitude and
[20,21]
duration of STAT-1 activation
. Once activated
through IFN-γ, STAT-1 dimers migrate to the nucleus
and bind to the γ-activated sequence (GAS) element
contained within the promoters of IFN-γ-inducible
immune-inflammatory genes (e.g., MHC class Ⅱ
[20]
antigens, CD86, IRF-1, INOS, and ICAM-1) . SOCS-1
is also induced through the IFN-γ/STAT-1 pathway and
[21]
therefore participates in a negative feedback loop .
We have observed that STAT-1 phosphorylation is
enhanced in CD mucosa, whereas no SOCS-1 protein
[22]
was detected . These data suggest that exaggerated
IFN-γ and defective SOCS-1 protein expression result in
persistent STAT1 activation in CD, thereby contributing
to the expansion and maintenance of the local
inflammatory response.
Although there is evidence that effector T cells in the
[23]
human small intestine produce enteropathy , the final
effector molecules involved in mucosal damage in CD
remain poorly understood. Matrix metalloproteinases
(MMPs) are a family of endopeptidases that play a key
role in tissue remodeling under both physiological and
pathological conditions. The levels of MMP expression
[24,25]
are increased in CD
, and importantly, studies
have shown that IFN-γ induces the secretion of certain
MMPs from fibroblasts with consequent degradation of
[25]
extracellular matrix components . Therefore, IFN-γ
might be responsible for the production of particular
MMPs, thereby contributing to the characteristic mucosal
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Figure 1 Influence of the distinct cytokine milieu in the differentiation of gliadin reactive CD4+T cells. The red arrows show the differentiation of gliadinreactive cells in the presence of particular cytokines. The blue arrows represent the autocrine amplification loop. IL: Interleukin; TNF: Tumor necrosis factor; TGF:
Tumor growth factor; IFN: Interferon.

lesions of CD, i.e., villous atrophy and crypt hyperplasia.
Concerning intestinal damage mechanisms, recent
studies have demonstrated the marked expression of
the stress molecule MICA in enterocytes in patients
with active disease and the involvement of the MICANKG2D interaction in enterocyte lysis through CD8+
[26,27]
intraepithelial lymphocytes (IELs)
. Interestingly,
the activation of these killer IELs, although gliadintriggered, is TCR independent and most likely
mediated through IL-15, an inflammatory cytokine
that is highly upregulated in patient-derived mucosa,
[28]
produced from both enterocytes and dendritic cells .
Although TCR-mediated T-cell activation through
gliadin peptides has only been demonstrated for
CD4+ cells restricted by the HLA class Ⅱ molecules
DQ2 and DQ8, our recent evidence also supports the
[5,6]
involvement of HLA classⅠ-restricted CD8+ T cells .
We previously reported the TCR-dependent activation of
intestinal CD8+ T cells through a gliadin-derived peptide
[5]
(pA2) in HLA-A2+ CD patients . This peptide induced
IFN-γ production and the lysis of target cells through
specific CD8+ T cells. Furthermore, we showed that
the intestinal mucosa of HLA-A2+ CD patients harbors
CD8+ T cells, activated through pA2 gliadin peptide
following the in vitro challenge of intestinal mucosa.
These cells recognize gliadin peptide when presented
by epithelial cells, produce IFN-γ, and contribute to
the lesion of the intestinal epithelial layer by inducing
[6]
enterocyte apoptosis . Therefore, these data show that
a gliadin peptide activates mucosa infiltrating CD8+ T
cells in the context of HLA classⅠrestriction, suggesting
a role for these cells in CD epithelial cell death.
In summary, these observations demonstrate
that IFN-γ triggers various effector mechanisms, such
as the upregulation of HLA expression facilitating T
cell priming and expansion, the secretion of tissuedamaging MMPs from fibroblasts, the heightened
cytotoxicity of IELs against enterocytes with increased
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enterocyte apoptosis and villous flattening.
The mediators of the polarization of naïve T-cells
[29]
[30]
[31]
into Th1 cells in CD are T-bet , IFN-α
and IL-21 ,
as shown by the high expression of these molecules
in the biopsies of CD patients compared with controls.
T-bet is a member of the T-box family of transcription
[32]
factors that not only direct Th1 lineage commitment
+
but are also essential for IFN-γ production in CD4 T
[33]
cells . In 2002, Monteleone and colleagues revealed
[34]
that T-bet was upregulated in untreated CD mucosa .
Subsequently, the same authors observed that IFN-γ
induced T-bet through the STAT-1 signaling pathway
[29]
in vitro , suggesting that in CD mucosa, optimal
IFN-γ/STAT-1 signaling is necessary to expand and
stabilize the committed Th1 cell phenotype through
the enhanced expression of T-bet (Figure 1).
Some studies have identified two other cytokines,
IFN-α and IL-21, as possible candidates to drive and/or
amplify the Th1 response in CD. IFN-α, a Type I IFN,
exerts potent antiviral and immuneregulating activity,
promoting the differentiation and maintenance of Th1
[35]
cells . In a previous study, consistent with others
[34,36]
reports
, we showed the enhanced production of
[30]
IFN-α and IL-18 in CD mucosa . Both IFN-α and
IL-18, produced from dendritic cells, can enhance Th1
polarization and promote IFN-γ synthesis in human
[37]
beings . Notably, blocking IFN-α, but not IL-18,
inhibits IFN-γ transcripts induced through gliadin in
[30]
cultured celiac biopsy specimens . These findings
suggest a role for IFN-α in inducing and maintaining
the local Th1 inflammatory response in celiac disease
(Figure 1). Nevertheless, the molecular mechanisms
underlying the effects of gluten on the upregulation of
IFN-α remain elusive.
IL-21 is a member of the IL-2 family of cytokines
that is involved in both the differentiation of Th17 cells
[38]
and the maintenance of ongoing Th1 responses .
Recently, it has been shown that IL-21 expression is
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increased in the intestinal mucosa of patients with
[31]
active CD . Importantly, the stimulation of treated
CD biopsies with gliadin enhanced IL-21 expression in
CD4+ T cells, and the neutralization of IL-21 activity
decreased the expression of IFN-γ and T-bet. Because
IFN-γ enhances T-bet, these findings suggest that
IL-21 enhances IFN-γ production by lamina propria
CD4+ T cells through an autocrine amplification loop,
thus facilitating the amplification and stabilization of
the committed Th1 cell phenotype in CD (Figure 1).
Together, these studies indicate that IFN-α,
produced from innate cells, and IL-21, produced from
CD4+ T cells, might act in concert to promote the
proinflammatory TH1 response in CD.

lineage differentiation towards Treg development
[46,47]
through the induction of Foxp3
(Figure 1). At
low concentrations and in the presence of IL6, TGF-β
induces Th17 differentiation and IL21 production in the
[8,10,18,30,48-50]
CD mucosa
(Figure 1). Therefore, these data
suggest that the importance of the intestine as the site
of Th17 and Treg cells development might reflect the
prevailing cytokine environment. However, in CD, TGF-β
activity is impaired due to IL-15, thus arguing against
the possibility that this cytokine might play a role in
Th17 differentiation.
In summary, although it is clear that Th17 cells
have emerged as a novel subset of a key immune cell
population, a role for these cells in CD pathogenesis
remains ambiguous, and further studies should be
conducted to clarify the potential of Th17 cells for
therapeutic intervention.

TH17 CELLS
The heterogeneity of CD4 cells was expanded by
the recent description of a novel subpopulation
characterized by the production of a distinct set of
proinflammatory cytokines, including IL-17A, IL-17F,
IL-21 and IL-22. These cells are generally referred to as
[39]
Th17 . Th17 cells are involved in several autoimmune
[40]
or inflammatory diseases . In 2008, Castellanos[8]
Rubio implicated the Th17 immune response in CD
pathogenesis, evidenced by the increased expression
of several Th17-related cytokines in patients with active
CD. Subsequently, additional studies have confirmed
that IL-17A is highly produced in the inflamed gut of
[7,9,10,41-43]
patients with CD
. In particular, Monteleone
and colleagues showed that CD4+ and CD4+ CD8+
[9]
T cells are major sources of this cytokine . Moreover,
these authors showed that IL-17A-producing T cells
also coexpress IFN-γ, and blocking IL-21 activity using
a neutralizing IL-21 Ab reduced IL-17A expression in
cultures of active CD, suggesting that IL-21 is important
for the development of Th17 cells, through an autocrine
amplification loop (Figure 1).
Contrasting evidence of the ability of gliadinspecific cells to produce IL-17A opens this issue for
[41]
further investigation. In 2010, Bood and colleagues
reported that IL-17, in contrast with IL-21 and IFN-γ,
is not produced in gliadin-specific CD4+ T cells,
suggesting that the activation of Th17 is generated
through bystander effects. In contrast, gluten-specific
IL-17A-producing cells have been recently observed in
[42]
the duodenum of CD patients , thus supporting an
active role for Th17 cells in the pathogenesis of CD.
Furthermore, it was shown that gliadin-specific Th17
cells also produce IFN-γ and IL-21 proinflammatory
cytokines, mucosa-protective IL-22, and regulatory
TGF-β. This finding suggests that Th17 cells in CD,
secreting both proinflammatory and anti-inflammatory
cytokines, show functional plasticity. Several studies
have reported that TGF-β is a critical signaling cytokine
[44,45]
in Th17 differentiation
. However, TGF-β signaling
pathways also play a significant role in the development
of Treg. Th17 and Treg are antagonistically related.
At high concentrations, TGF-β alone can divert
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REGULATORY T CELLS
CD results from a break of tolerance in which the
regulation of the mucosal immune response to dietary
gliadin might be altered. Several Tregs subsets are
[51]
involved in immune tolerance . These subsets include
natural Treg cells expressing the forkhead box P3
(Foxp3) transcription factor, which are selected in the
thymus, and antigen-induced Foxp3+ cells, generated
[52]
in the periphery . Tr1 cells, that downregulate naive
and memory T-cell responses upon the local secretion
[53]
of IL-10 and TGF-β
and TGF-β-producing Treg cells
[54]
(Th3)
are other important subsets, induced in the
periphery, that possess regulatory properties. TGF-β
and IL-10 play an essential role in the differentiation of
[46,55]
Foxp3+ and Tr1 cells, respectively
(Figure 1).
In the untreated intestinal mucosa, concomitantly
with the pro-inflammatory response, high amounts of
the anti-inflammatory cytokines IL-10 and TGF-β are
[12-14]
also produced
. This apparent paradoxical milieu
of both pro-inflammatory and suppressive cytokines
strongly suggests that regulatory mechanisms might
operate to counterbalance the gluten-triggered,
[15]
abnormal immune activation in untreated mucosa .
Among cytokines with regulatory properties,
IL10 is a molecule with a strong immunomodulatory
activity. IL10 is a potent immunoregulatory cytokine
that suppresses the T cell-mediated immune response
through either the inhibition of costimulatory molecule
[56]
expression on antigen-presenting cells
or the direct
induction of the long-term unresponsiveness of specific
[57]
T cells .
Several groups, including our group, have reported
higher IL10 mRNA and protein levels in the intestinal
mucosa of untreated celiac patients than in controls;
however, these patients also show significantly higher
[58]
levels of proinflammatory cytokines, such as IFN-γ .
Moreover, the addition of exogenous IL10 to the organ
culture of biopsies from untreated celiac patients does
[14]
not control the inflammatory process . Nonetheless,
the addition of IL10 in the organ culture system
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of treated celiac mucosa challenged with gliadin
downregulates the specific mucosal immune response
to gliadin in terms of the reduced densities of CD25+
cells, reduced expression of CD80/CD86 costimulatory
[14]
molecules and mRNA for inflammatory cytokines .
Furthermore, we have shown that the production of
IFN-γ upon gliadin stimulation is absent at 3 weeks
after the isolation of gliadin-specific T-cell lines (iTCLs)
from biopsies cultured with gliadin in presence of
IL10, suggesting that IL-10 treatment induces an
anergic state of mucosa-derived, gliadin-reactive T
[14]
cells . Interestingly, when the functions of IL-10
and TGF-β (the two main Tr1 cytokines) are blocked
using specific neutralizing antibodies, an increased
immune activation to gliadin stimulation is observed
in the vast majority of iTCLs generated, suggesting
the existence of endogenous anti-inflammatory
mechanisms in celiac disease mucosa to control local
gliadin-induced inflammation. Subsequently, the cell
cloning of gliadin-specific iTCLs revealed that the celiac
intestinal mucosa harbors gliadin-reactive Tr1 cells
that show a low proliferative rate to gliadin stimuli,
but suppress pathogenic T cells through the release of
[16]
both IL-10 and TGF-β . Collectively, these ex vivo and
in vitro results suggest that gliadin-specific Tr1 cells
differentiate in vivo most likely as a consequence of
the marked IL-10 production in inflamed celiac disease
mucosa (Figure 1).
Although Tr1 cells have some properties similar to
[59]
those of Treg cells, these cells do not express Foxp3 ;
this phenomenon suggests that Tr1 cells are functionally
distinct and might represent another level of regulation
of the inflammatory response. Foxp3 has been identified
as a Treg marker, and subsequently several studies have
demonstrated that the development of Foxp3+ Tregs in
[60]
vivo occurs through a TGF-β-dependent mechanism
(Figure 1). Similarly, IL-2 plays an essential role in the
+
[61]
differentiation of Foxp3 Tregs (Figure 1).
The exact mechanism of suppression through
Foxp3+ Tregs remains uncertain. In vitro studies
have shown that the suppressive function is cell
[62,63]
contact dependent and cytokine independent
.
However, additional studies involving animal models
have suggested a role for IL-10 in the suppression
[64,65]
through Foxp3+ Treg
. More recently, Huber and
[66]
colleagues
demonstrated that Foxp3+ Tregs control
Th17 and Th17/Th1 cells in an IL-10-dependent
manner in vivo.
Several studies have found that the number of
Foxp3+ T cells are significantly increased in the small
intestinal mucosa with active CD compared with both
[67,68]
treated CD and non-CD controls
. In general, these
data suggest that Foxp3 expression is associated with
the Th1-driven mucosal immune response to gliadin.
Indeed, the expansion of this subset, proportional to
the intensity of local inflammation, could play a role
in the negative feedback loop of T-cell activation.
Recently, in in vitro gliadin challenge systems, we
provided evidence that Foxp3+ Treg cell can be
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expanded locally during gliadin-specific stimulation
in the CD intestinal mucosa as a likely attempt to
[17]
curtail the mucosal immune response . Moreover,
we showed that CD4+ CD25+ Foxp3+ T cells isolated
from intestinal samples of active CD patients exert
regulatory effects in vitro in terms of the inhibition
of proliferation and IFN-γ secretion of CD4+ CD25[17]
responder T (Tresp) cells .
These data suggest that intestinal Treg cells of
untreated CD patients are not functionally deficient and
could control the ongoing immune response to gliadin
and consequent inflammation. Despite the increased
frequency and suppressive activity in vitro, Treg cells
do not control the development of inflammation in the
small intestinal mucosa with active CD, suggesting
a defect in the activation of regulatory mechanisms.
The Cerf-bensussan group showed that IL-15 not only
plays a pleiotropic role at the interface between innate
and adaptive immunity in CD, but also interferes with
two important immunoregulatory mechanisms. First,
IL-15 was involved in the local downregulation of TGF-β
[69]
signaling , required to maintain Tregs and sustain the
suppressor functions and Foxp3 expression in these
[70]
cells . Second, IL-15 renders effector T cells resistant
[71,72]
to suppression through Tregs
. In addition, we
showed that IL-15 impairs the functions of Treg cells,
making Tresp cells refractory to the regulatory effects
of CD4+ CD25+ T cells, in terms of the proliferation
[17]
and production of IFN-γ . The sensitivity of these cells
to IL-15 action likely reflects the enhanced expression
[17]
of the IL-15 receptor , which is consistent with other
[73]
studies in CD patients. In support of this hypothesis,
we recently showed that in “potential” CD (patients
with positive CD serology, low local inflammation
[67]
and increased number of Foxp3-expressing cells ),
the suppressive effects of intestinal CD4+ CD25+
Foxp3+ T cells were not impaired through IL-15 and
that the reduced sensitivity to IL-15 in potential CD
patients likely reflects the reduced expression of IL-15
[74]
receptor . Therefore, the low-grade inflammation in
potential CD patients could reflect active regulatory
mechanisms, preventing progression toward mucosal
damage.
Based on these results and the finding that IL-15
is overexpressed in the intestinal mucosa of patients
with active CD, suggesting that in target tissues, the
function of Tregs might be substantially limited through
these cytokines, and therapies aimed at neutralizing
these cytokines might not only decrease bystander
T-cell activation but also reconstitute the suppressor
function of regulatory T cells. Furthermore, it would
be of great importance to investigate strategies to
boost the numbers and/or function of gliadin-specific
Tr1 cells, giving rise to new therapeutic avenues for
CD. Thus, in Crohn’s disease, the administration of
antigen-specific Tregs was well tolerated with dose[75]
related efficacy , suggesting Treg-based therapy as
a therapeutic option to restore or induce tolerance in
T-cell-mediated diseases.
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CONCLUSION

9

In conclusion, some key aspects of the immuno
pathogenesis of CD are well understood. We know
that peptide HLA-DQ complexes induce adaptive Th1
responses that increase the production of cytokines,
particularly IFN-γ, a key cytokine in the downstream
initiation of mucosal damage. However, there is
accumulating evidence of a relevant role for the novel
Th17 immune response in CD, thus highlighting the
complexity of the mucosal cytokine network and
suggesting that anti-cytokine approaches that target
a single pro-inflammatory cytokine will have major
limitations in terms of offering an effective therapy for
CD.
Furthermore, Tregs have also been found in
intestinal biopsy specimens of patients with celiac
disease, but the regulatory properties of these cells
are influenced through the signals received from the
tissue environment. Indeed, the pro-inflammatory
microenvironment identified in intestinal biopsies from
CD subjects might promote the differentiation and
development of Th1 and Th17 cells, thus restricting
Treg activity. Therefore, therapeutic approaches to reestablish regulatory and effector cell homeostasis by
boosting the number of Treg cells or Treg cell functions
might be effective for the treatment of CD.
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EDITORIAL

Impact of muscle wasting on survival in patients with liver
cirrhosis
Maria Kalafateli, Christos Konstantakis, Konstantinos Thomopoulos, Christos Triantos
in approximately 40% of patients with cirrhosis. Its
etiology is multifactorial subsequent to liver failure and
its prevalence increases along with disease severity.
Cross-sectional analytic morphometry using computed
tomography (CT) scan or magnetic resonance imaging
are considered by consensus the gold standards to
assess muscle size in cirrhosis for research purposes
because they are not biased by fluid accumulation.
Several studies have assessed the impact of muscle
wasting on overall survival of patients in the waiting
list for liver transplantation and there is a general
agreement that decreased muscle size assessed by
CT scan is an independent predictor for mortality in
cirrhosis. It has been proposed that the addition of
cross-sectional muscle area into the Model for End-stage
Liver Disease can increase its prognostic performance.
Nevertheless, the use of CT scan in assessing muscle
size is inappropriate for routine clinical practice and an
alternative cost-effective, easy to use and accurate tool
should be developed. In conclusion, muscle wasting has
a detrimental impact on survival of patients with cirrhosis
and, thus, it remains to be elucidated if nutritional
interventions and exercise could improve muscle wasting
and, subsequently, survival in this setting.
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Core tip: Malnutrition is a common feature of cirrhosis and
its detrimental impact on the survival of these patients has
been early recognized. Malnutrition is not synonymous
to muscle wasting but there is a great overlap between
them with malnutrition to be significantly associated with
muscle depletion. Muscle wasting assessed by using the
computed tomography cross-sectional area of skeletal
muscles at the level of the third lumbar vertebra has been
found to be independently associated with mortality. The
hypothesis that nutritional interventions and exercise
aiming to correct muscle depletion could possibly improve

Abstract
Muscle wasting is defined as the progressive and
generalized loss of muscle mass. Muscle depletion
is a common feature of chronic liver disease found
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the survival of patients with cirrhosis needs to be further
investigated.

associated with underlying illness and characterized
[5]
by muscle mass loss with or without fat mass loss .
Malnutrition is defined as a continuum of inadequate
intake and/or increased requirements and the diagnosis
is documented based on 2 or more of the following
6 characteristics: weight loss, inadequate energy
intake, loss of muscle mass, loss of subcutaneous fat,
fluid accumulation and diminished functional status
[6]
assessed by hand grip strength . Sarcopenia is
significantly associated with physical inactivity and low
[7]
dietary intake in liver cirrhosis , reflecting the wide
overlap among these conditions. Sarcopenic obesity
is defined as muscle loss and dysfunction associated
with pathological accumulation of adipose tissue and is
highly prevalent in ageing, malignancy and rheumatoid
arthritis. Approximately 20% of patients with cirrhosis
awaiting liver transplantation have sarcopenic obesity.
This condition is of highest importance because it is
associated with increased morbidity and mortality as it
[8]
combines the risks of sarcopenia with those of obesity .
The detrimental impact of malnutrition on survival
of patients with cirrhosis has been early recognized
[9]
with Pugh et al to include nutritional status as a
qualitative variable in the original Child-Pugh (CP) classi
fication-a prognostic tool to assess disease severity, and
subsequently prognosis, in cirrhotic patients. Gunsar
[10]
et al aimed to evaluate the survival prognostic value
of nutritional status in 222 cirrhotic patients using
the Royal Free Hospital-Global Assessment (RFHGA) tool which includes both subjective and objective
anthropometric variables, namely body mass index,
mid-arm muscle circumference and dietary intake. In
the final multivariate Cox regression model, moderate
and severe malnourishment by RFH-GA, together
with CP grade, urea, prothrombin time and age were
independent predictors of survival.
A number of assessment techniques have been
introduced to evaluate muscle mass. According to
the European Working Group on Sarcopenia in Older
[1]
People (EWGSOP) guidelines , computed tomography
(CT) and magnetic resonance imaging (MRI) are
considered the gold standards to estimate muscle
mass for research purposes. These techniques can
accurately distinguish between fat and other soft
tissues, can provide quantitative measurement of
skeletal muscle size and, most importantly, they are
not biased by the fluid retention, which is common
in decompensated cirrhosis and which makes other
techniques (i.e., bioelectrical impendance or dual
energy X-ray absorptiometry) inappropriate for muscle
[11,12]
mass assessment in this setting
. However, they are
not without their limitations; the high cost, the potential
unavailability at some sites and, mainly, the exposure to
radiation limit their use in routine clinical practice.
A number of recent clinical studies have used
cross-sectional analytic morphometry to evaluate
the prevalence and the clinical significance of muscle
[13]
wasting in cirrhosis. In a study by Tandon et al ,
sarcopenia was assessed using the skeletal muscle

Kalafateli M, Konstantakis C, Thomopoulos K, Triantos C.
Impact of muscle wasting on survival in patients with liver
cirrhosis. World J Gastroenterol 2015; 21(24): 7357-7361
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i24/7357.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i24.7357

MUSCLE WASTING AND CIRRHOSIS
Muscle wasting is defined as the progressive and
generalized loss of muscle mass and is considered by
[1]
a European consensus the main criterion to diagnose
sarcopenia together with a decline of muscle function
(loss of strength or physical performance). The primary
cause of muscle depletion is ageing but the etiology of
sarcopenia is multifactorial with many chronic diseases
[1]
to be accompanied with secondary sarcopenia .
Muscle wasting is considered one of the major
complications of end-stage liver disease and its
incidence increases along with disease progression. A
variety of mechanisms contribute to muscle wasting in
[2]
liver cirrhosis . Reduced nutrient intake is frequent and
it is mainly associated with dietary restrictions in sodium
and water for the prevention of fluid accumulation or
in protein intake for hepatic encephalopathy, with a
decrease in taste sensation related to micronutrient
deficiencies, or with a decrease in appetite caused
by increased leptin and pro-inflammatory cytokine
levels. Nausea and early satiety caused by tense
ascites, gastroparesis or small bowel dismotility can
contribute to the poor nutrient intake of these patients.
Another important mechanism is the reduced intestinal
absorption secondary to maldigestion caused by
pancreatic insufficiency, to drug-related diarrhea or to
intestinal bacterial overgrowth due to decreased small
bowel motility. The disturbances in the metabolic rate
consequent to liver cirrhosis include increased energy
expenditure, high protein catabolism, insulin resistance
and increased fat turnover resulting in a hypermetabolic
[2]
state . Molecular studies have shown that patients
with cirrhosis have a higher skeletal muscle expression
and increased plasma concentrations of myostatin, a
member of the transforming growth factor-b family that
inhibits protein synthesis through impaired mammalian
target of rapamycin (mTOR) signaling, compared to
[3]
controls . Furthermore, skeletal muscle autophagy is
[4]
enhanced in cirrhosis . Hyperammonia seems to be
the underlying mechanism that induces both autophagy
[3,4]
and up-regulation of myostatin .
As described previously, muscle wasting is a
component of sarcopenia and sarcopenia is not
synonymous to malnutrition or frailty or cachexia;
however, there is a great overlap among these conditions.
Cachexia is defined as a complex metabolic syndrome
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cross-sectional area at the third lumbar (L3) vertebra
level and was defined using certain cut-offs based on
a study comprised of cancer patients; 41% of 142
cirrhotic patients in the liver transplant waiting list were
sarcopenic. Male sex, dry-weight body mass index
and CP class C cirrhosis were independent predictors
of sarcopenia. In the multivariate analysis, sarcopenia
was a predictive factor for overall waiting-list mortality
with a hazard ratio (HR) of 2.36 (95%CI: 1.23-4.53),
together with increasing age (1.06; 95%CI: 1.01-1.1)
and Model for End-stage Liver Disease (MELD) score
(1.13; 95%CI: 1.09-1.19). In a study by Montano[14]
Loza et al , 45 (40%) of 112 cirrhotic patients had
sarcopenia defined using the L3-skeletal muscle index
[13]
as in the study by Tandon et al . However, in this
study sarcopenia was not associated with the severity
of liver disease measured by the MELD or the CP
score. Sarcopenic patients had worse median survival
than non-sarcopenic patients (19 ± 6 mo vs 34 ± 11
mo). By multivariate Cox regression, sarcopenia (HR
= 2.21; 95%CI: 1.23-3.95), CP (HR 1.85; 95%CI:
1.02-3.36) and MELD score (HR = 1.08; 95%CI:
1.03-1.14) were independently associated with overall
[15]
mortality. In a recent study, Durand et al
aimed
to evaluate if CT muscle mass measurements add
prognostic information to the MELD score. Thus, they
evaluated transversal psoas muscle thickness (TMPT)
assessed by CT as a predictor of waiting list mortality
in a pre-MELD cohort (n = 186) and in a MELD-era
cohort (n = 376) of patients with cirrhosis. In the
pre-MELD cohort, a score combining both MELD and
TMPT/height (MELD-psoas score) had a c-statistic
of 0.84 (95%CI 0.62-0.95), moderately superior to
that of MELD score (0.82; 95%CI: 0.59-0.93). In
the MELD-era cohort, the c-statistic of MELD-psoas
score (0.82; 95%CI: 0.64-0.93) was slightly superior
to that of MELD score (0.80; 95%CI: 0.60-00.91)
and similar to that of MELD-Na score (0.82; 95%CI:
0.63-0.93). The discrimination of MELD-psoas
score was also superior in patients with MELD < 25
and in patients with refractory ascites. Lastly, in a
retrospective study of 120 patients with cirrhosis, 86%
of patients had sarcopenia using the skeletal muscle
index. Sarcopenia was more prevalent in alcoholic liver
cirrhosis compared to other etiologies. Independent
predictors of mortality were sarcopenia, CP class B and
C, and no supplementation with branched-chain amino
[16]
acids (BCAA) . Muscle wasting is characterized by
both a decrease in muscle size and an increased fat
accumulation; the latter can be assessed by measuring
the density in CT Hounsfield Units with lower density
to reflect more fat infiltration. In a recent study of
98 patients with cirrhosis, lower L4-L5 average total
psoas density (HR = 0.965, 95%CI: 0.936-0.995) was
independently associated with mortality together with
[17]
higher CP score (HR = 1.2, 95%CI: 1.021-1.41) .
Muscle wasting has been shown to be a significant
survival predictor also in patients with cirrhosis
and hepatocellular carcinoma (HCC). A total of
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116 patients with cirrhosis and HCC evaluated for
liver transplantation had CT scans at the L3 level
to define sarcopenia using the L3 skeletal muscle
index. Sarcopenic patients were older, had higher
INR values and showed a trend towards higher MELD
and CP scores. The L3-skeletal muscle index was not
correlated with tumor characteristics. Median survival
for sarcopenic individuals was 16 ± 6 mo compared to
23 ± 8 mo for non-sarcopenic patients. By multivariate
Cox regression analysis, only MELD score (HR = 1.08;
95%CI: 1.01-1.12), Child-Pugh (HR = 2.14; 95%CI:
1.43-4.01), sodium (HR = 0.89; 95%CI: 0.81-0.98),
TNM stage (HR = 1.92; 95%CI: 1.45-2.84), and
sarcopenia (HR = 2.04; 95%CI: 1.21-4.02) were
[18]
independently associated with mortality . The
prevalence of muscle wasting according to the etiology
of cirrhosis is shown in Table 1.
Consequently, muscle wasting is a common com
plication of cirrhosis, its prevalence increases as the
disease progresses, and it is associated with diminished
survival in the pre-transplant setting. Current dietary
recommendations aim to provide cirrhotic patients
with sufficient caloric intake considering the increased
energy requirements consequent to liver disease, to
prevent further protein breakdown, to meet nutritional
daily requirements, to avoid prolonged fasting periods
[19]
and to correct micro-nutrient deficiencies . Apart from
the basic energy and dietary recommendations, there
is evidence that nutritional supplements can increase
protein stores and, subsequently, improve muscle
protein synthesis in patients with cirrhosis. According
to a randomized controlled trial, nocturnal nutritional
supplementation over a 12-mo period improved total
[20]
body protein in cirrhotics . Furthermore, a prospective
study showed that a single oral BCAA mixture enriched
with leucine reversed impaired mTOR1 signaling and
increased autophagy in the skeletal muscles of patients
[21]
with cirrhosis seven hours after administration .
The current nutritional guidelines seem to improve
[22]
nutritional indices and quality of life
and combined
with appropriate exercise could potentially improve
long-term muscle mass and performance. However,
there is no prospective or randomized controlled trial
to provide evidence regarding the impact of nutritional
interventions and/or exercise on muscle wasting of
patients with cirrhosis. Lack of patients’ compliance,
difficulty in accessing dietary guidance, absence of
both accurate and easy-to-use tools for longitudinal
assessments of muscle size and the rather slow
improvement in anthropometry indices following
nutritional treatment are certain limitations in the
management of muscle wasting. However, considering
not only the effect of sarcopenia on survival but also to
[23]
post-transplantation outcomes , further research is
needed in this setting. Of note, muscle size is just one
component of global health performance and novel
studies should also take into consideration muscle
strength, muscle performance, muscle fat accumulation,
functional performance, anthropometry measurements
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Table 1 Prevalence of muscle wasting in patients with cirrhosis according to etiology of liver disease
Ref.

Number of
patients

Definition of muscle wasting

Method of
assessment

Prevalence of muscle wasting according to
etiology

Montano-Loza
et al[14], 2014
Hanai et al[16], 2015

112

CT scan

Meza-Junco et al[18],
2013

116

L3-SMI (≤ 52.4 cm2/m2 in men, ≤ 38.5 cm2/m2 in
women)
L3-SMI (≤ 52.4 cm2/m2 in men, ≤ 38.5 cm2/m2 in
women)
L3-SMI (≤ 41 cm2/m2 in women, and ≤ 53 cm2/m2 in
men with body mass index ≥ 25 and ≤ 43 cm2/m2 in
patients with BMI < 25)
SMI (< 6.87 kg/m2 in men, < 5.46 kg/m2 in women)
and/or Muscle strength (< 24 kg in men, < 14 kg in
women)
L3-SMI (≤ 41 cm2/m2 in women, and ≤ 53 cm2/m2 in
men with body mass index ≥ 25 and ≤ 43 cm2/m2 in
patients with BMI < 25)
L4-TPA (lowest sex-stratified tertile)

Alcohol: 44%, HCV: 46.9%, Alcohol + HCV:
38.9%, HBV: 0, AILD: 42.9%, Other: 21.4%
HBV: 73.3%, HCV: 67.2%, Alcohol: 82.8%,
Other: 50%
Alcohol: 53.8%, HCV: 20.8%, HCV+Alcohol:
40.3%, HBV: 25%, NASH: 62.5%, Other:
33.3%
Viral: 40%

130

Hayashi et al[7],
2013

50

Montano-Loza
et al[24], 2014

248

Krell et al[25], 2013

207

CT scan
CT scan

BIA
Hand Grip
Strength
CT scan

CT scan

Alcohol: 52.2%, HCV: 40.9%, AILS: 40.5%,
HBV: 47.6%, NASH: 71.4%, Other: 33.3%
HCV: 40.7%, HBV: 22.2%, HCC: 19.2%,
Acohol: 36.7%, PSC: 28.6%, PBC: 40%, AIH:
36.4%, NASH: 25%, Other: 39.3%

SMI: Skeletal muscle index; L3: Third lumbar vertebra; CT: Computed tomography; BIA: Bioelectrical impedance analysis; NASH: Non-alcoholic
steatohepatitis; AILS: Autoimmune liver diseases; TPA: Total psoas area; HCC: Hepatocellular carcinoma; PSC: Primary sclerosing cholangitis; PBC:
Primary biliary cirrhosis; AIH: Autoimmune hepatitis.

and nutritional status. The way that all these overlap
and correlate with each other is an area that needs to
be elucidated and an appropriate assessment tool which
would overcome the difficulties of CT/MRI scan should
be developed.
8

REFERENCES
1

2
3

4

5

6

7

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T,
Landi F, Martin FC, Michel JP, Rolland Y, Schneider SM, Topinková
E, Vandewoude M, Zamboni M. Sarcopenia: European consensus on
definition and diagnosis: Report of the European Working Group on
Sarcopenia in Older People. Age Ageing 2010; 39: 412-423 [PMID:
20392703 DOI: 10.1093/ageing/afq034]
O’Brien A, Williams R. Nutrition in end-stage liver disease:
principles and practice. Gastroenterology 2008; 134: 1729-1740
[PMID: 18471550 DOI: 10.1053/j.gastro.2008.02.001]
Qiu J, Thapaliya S, Runkana A, Yang Y, Tsien C, Mohan ML,
Narayanan A, Eghtesad B, Mozdziak PE, McDonald C, Stark
GR, Welle S, Naga Prasad SV, Dasarathy S. Hyperammonemia
in cirrhosis induces transcriptional regulation of myostatin by an
NF-κB-mediated mechanism. Proc Natl Acad Sci USA 2013; 110:
18162-18167 [PMID: 24145431 DOI: 10.1073/pnas.1317049110]
Qiu J, Tsien C, Thapalaya S, Narayanan A, Weihl CC, Ching JK,
Eghtesad B, Singh K, Fu X, Dubyak G, McDonald C, Almasan
A, Hazen SL, Naga Prasad SV, Dasarathy S. Hyperammonemiamediated autophagy in skeletal muscle contributes to sarcopenia of
cirrhosis. Am J Physiol Endocrinol Metab 2012; 303: E983-E993
[PMID: 22895779]
Evans WJ, Morley JE, Argilés J, Bales C, Baracos V, Guttridge
D, Jatoi A, Kalantar-Zadeh K, Lochs H, Mantovani G, Marks D,
Mitch WE, Muscaritoli M, Najand A, Ponikowski P, Rossi Fanelli F,
Schambelan M, Schols A, Schuster M, Thomas D, Wolfe R, Anker
SD. Cachexia: a new definition. Clin Nutr 2008; 27: 793-799 [PMID:
18718696 DOI: 10.1016/j.clnu.2008.06.013]
White JV, Guenter P, Jensen G, Malone A, Schofield M. Consensus
statement: Academy of Nutrition and Dietetics and American Society
for Parenteral and Enteral Nutrition: characteristics recommended
for the identification and documentation of adult malnutrition
(undernutrition). JPEN J Parenter Enteral Nutr 2012; 36: 275-283
[PMID: 22535923 DOI: 10.1177/0148607112440285]
Hayashi F, Matsumoto Y, Momoki C, Yuikawa M, Okada G,

WJG|www.wjgnet.com

9

10

11
12

13

14

15

16

7360

Hamakawa E, Kawamura E, Hagihara A, Toyama M, Fujii H,
Kobayashi S, Iwai S, Morikawa H, Enomoto M, Tamori A, Kawada
N, Habu D. Physical inactivity and insufficient dietary intake
are associated with the frequency of sarcopenia in patients with
compensated viral liver cirrhosis. Hepatol Res 2013; 43: 1264-1275
[PMID: 23489325 DOI: 10.1111/hepr.12085]
Prado CM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB,
Martin L, Baracos VE. Prevalence and clinical implications of
sarcopenic obesity in patients with solid tumours of the respiratory
and gastrointestinal tracts: a population-based study. Lancet
Oncol 2008; 9: 629-635 [PMID: 18539529 DOI: 10.1016/
S1470-2045(08)70153-0]
Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams
R. Transection of the oesophagus for bleeding oesophageal varices.
Br J Surg 1973; 60: 646-649 [PMID: 4541913 DOI: 10.1002/
bjs.1800600817]
Gunsar F, Raimondo ML, Jones S, Terreni N, Wong C, Patch D,
Sabin C, Burroughs AK. Nutritional status and prognosis in cirrhotic
patients. Aliment Pharmacol Ther 2006; 24: 563-572 [PMID:
16827812 DOI: 10.1111/j.1365-2036.2006.03003.x]
Schloerb PR, Forster J, Delcore R, Kindscher JD. Bioelectrical
impedance in the clinical evaluation of liver disease. Am J Clin Nutr
1996; 64: 510S-514S [PMID: 8780372]
Fiore P, Merli M, Andreoli A, De Lorenzo A, Masini A, Ciuffa
L, Valeriano V, Balotta MT, Riggio O. A comparison of skinfold
anthropometry and dual-energy X-ray absorptiometry for the
evaluation of body fat in cirrhotic patients. Clin Nutr 1999; 18:
349-351 [PMID: 10634919 DOI: 10.1016/S0261-5614(99)80014-4]
Tandon P, Ney M, Irwin I, Ma MM, Gramlich L, Bain VG,
Esfandiari N, Baracos V, Montano-Loza AJ, Myers RP. Severe
muscle depletion in patients on the liver transplant wait list: its
prevalence and independent prognostic value. Liver Transpl 2012;
18: 1209-1216 [PMID: 22740290 DOI: 10.1002/lt.23495]
Montano-Loza AJ, Meza-Junco J, Prado CM, Lieffers JR, Baracos
VE, Bain VG, Sawyer MB. Muscle wasting is associated with
mortality in patients with cirrhosis. Clin Gastroenterol Hepatol
2012; 10: 166-73, 173.e1 [PMID: 21893129 DOI: 10.1016/
j.cgh.2011.08.028]
Durand F, Buyse S, Francoz C, Laouénan C, Bruno O, Belghiti J,
Moreau R, Vilgrain V, Valla D. Prognostic value of muscle atrophy
in cirrhosis using psoas muscle thickness on computed tomography.
J Hepatol 2014; 60: 1151-1157 [PMID: 24607622 DOI: 10.1016/
j.jhep.2014.02.026]
Hanai T, Shiraki M, Nishimura K, Ohnishi S, Imai K, Suetsugu A,

June 28, 2015|Volume 21|Issue 24|

Kalafateli M et al . Muscle wasting and cirrhosis

17

18

19

20

21

Takai K, Shimizu M, Moriwaki H. Sarcopenia impairs prognosis of
patients with liver cirrhosis. Nutrition 2015; 31: 193-199 [PMID:
25441595 DOI: 10.1016/j.nut.2014.07.005]
Triantos C, Karatzas A, Kalafateli M, Tselekouni P, Tsiaoussis G,
Koukias N, Koutroumpakis E, Thomopoulos K, Nikolopoulou V,
Kalogeropoulou C, Labropoulou-Karatza C. Muscle fat infiltration
using total psoas density in computed tomography predicts mortality
in cirrhosis. Hepatology 2014; 60 Suppl 1: 440A
Meza-Junco J, Montano-Loza AJ, Baracos VE, Prado CM, Bain
VG, Beaumont C, Esfandiari N, Lieffers JR, Sawyer MB. Sarcopenia
as a prognostic index of nutritional status in concurrent cirrhosis and
hepatocellular carcinoma. J Clin Gastroenterol 2013; 47: 861-870
[PMID: 23751844 DOI: 10.1097/MCG.0b013e318293a825]
Cheung K, Lee SS, Raman M. Prevalence and mechanisms of
malnutrition in patients with advanced liver disease, and nutrition
management strategies. Clin Gastroenterol Hepatol 2012; 10:
117-125 [PMID: 21893127 DOI: 10.1016/j.cgh.2011.08.016]
Plank LD, Gane EJ, Peng S, Muthu C, Mathur S, Gillanders
L, McIlroy K, Donaghy AJ, McCall JL. Nocturnal nutritional
supplementation improves total body protein status of patients with
liver cirrhosis: a randomized 12-month trial. Hepatology 2008; 48:
557-566 [PMID: 18627001 DOI: 10.1002/hep.22367]
Tsien C, Davuluri G, Singh D, Allawy A, Ten Have GA, Thapaliya
S, Schulze JM, Barnes D, McCullough AJ, Engelen MP, Deutz NE,

22

23

24

25

Dasarathy S. Metabolic and molecular responses to leucine-enriched
branched chain amino acid supplementation in the skeletal muscle
of alcoholic cirrhosis. Hepatology 2015; 61: 2018-2029 [PMID:
25613922 DOI: 10.1002/hep.27717]
Yamanaka-Okumura H, Nakamura T, Miyake H, Takeuchi H,
Katayama T, Morine Y, Imura S, Shimada M, Takeda E. Effect of
long-term late-evening snack on health-related quality of life in
cirrhotic patients. Hepatol Res 2010; 40: 470-476 [PMID: 20412329
DOI: 10.1111/j.1872-034X.2010.00637.x]
Montano-Loza AJ. Muscle wasting: a nutritional criterion to
prioritize patients for liver transplantation. Curr Opin Clin Nutr
Metab Care 2014; 17: 219-225 [PMID: 24613858 DOI: 10.1097/
MCO.0000000000000046]
Montano-Loza AJ, Meza-Junco J, Baracos VE, Prado CM, Ma
M, Meeberg G, Beaumont C, Tandon P, Esfandiari N, Sawyer MB,
Kneteman N. Severe muscle depletion predicts postoperative length
of stay but is not associated with survival after liver transplantation.
Liver Transpl 2014; 20: 640-648 [PMID: 24678005 DOI: 10.1002/
lt.23863]
Krell RW, Kaul DR, Martin AR, Englesbe MJ, Sonnenday CJ, Cai S,
Malani PN. Association between sarcopenia and the risk of serious
infection among adults undergoing liver transplantation. Liver
Transpl 2013; 19: 1396-1402 [PMID: 24151041 DOI: 10.1002/
lt.23752]
P- Reviewer: Naqvi IH, Su ZJ S- Editor: Yu J L- Editor: A
E- Editor: Wang CH

WJG|www.wjgnet.com

7361

June 28, 2015|Volume 21|Issue 24|

World J Gastroenterol 2015 June 28; 21(24): 7362-7366
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i24.7362

© 2015 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Immunomodulation of enteric neural function in irritable
bowel syndrome
Dervla O’Malley
and pain sensitivity associated with IBS. However,
partly due to the lack of disease-defining biomarkers,
understanding the aetiology of this complex and
multifactorial disease remains elusive. Anecdotally,
IBS patients have noted that periods of stress can
result in symptom flares and many patients exhibit comorbid stress-related mood disorders such as anxiety
and depression. However, in addition to psychosocial
stressors, infection-related stress has also been
linked with the initiation, persistence and severity of
symptom flares. Indeed, prior gastrointestinal infection
is one of the strongest predictors of developing IBS.
Despite a lack of overt morphological inflammation, the
importance of immune factors in the pathophysiology
of IBS is gaining acceptance. Subtle changes in the
numbers of mucosal immune cell infiltrates and elevated
levels of circulating pro-inflammatory cytokines have
been reproducibly demonstrated in IBS populations.
Moreover, these immune mediators directly affect
neural signalling. An exciting new area of research
is the role of luminal microbiota in the modulation of
neuro-immune signalling, resulting in local changes
in gastrointestinal function and alterations in central
neural functioning. Progress in this area has begun to
unravel some of the complexities of neuroimmune and
neuroendocrine interactions and how these molecular
exchanges contribute to GI dysfunction
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Abstract

Core tip: This article assesses the importance of
neuroimmune modulation of gastrointestinal function
in the functional bowel disorder, irritable bowel
syndrome (IBS). Recent progress in understanding the
molecular mechanisms underlying the pathophysiology
of IBS reveals the neuromodulatory effects of mast cell
mediators, cytokines and luminal microbiota.

Irritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder which is characterised by
symptoms such as bloating, altered bowel habit and
visceral pain. It’s generally accepted that miscom
munication between the brain and gut underlies
the changes in motility, absorpto-secretory function
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increase in the risk of developing the functional bowel
[13]
disorder following GI infection .
Elevated levels of pro-inflammatory cytokines
[14-16]
such as interleukin (IL)-6 and IL-8
have been
measured in IBS plasma samples, although not all
[17,18]
studies detected such increases
. Furthermore,
in peripheral blood mononuclear cells isolated from
IBS patients, abnormal secretion of pro-inflammatory
cytokines in response to immune challenges was
[16]
observed . However, changes in circulating levels
of cytokines are not merely biomarkers of the
[19]
[20]
disorder, cytokines such as IL-6 , IL-1β
and
[21]
tumour necrosis factor α
can in fact have direct
effects on neuronal activity, which in turn alters gut
[22]
[19]
contractility , absorption and/or secretion . Buhner
[10]
et al
demonstrated that soluble mediators released
from IBS colonic biopsies stimulate enteric neuronal
activation and we found that IBS plasma stimulates
rat submucosal neurons using an IL-6 dependent
[23]
mechanism
and myenteric neurons via IL-6 and
[24]
IL-8 . IL-6 and IL-1β also influence mucosal ion
[19,25]
transport and epithelial permeability
.
Breakdown of the mucosal barrier by IL-6 and
[25]
other pro-inflammatory cytokines may allow foreign
particles to breach the epithelial barrier, leading to an
immune response in the submucosal and myenteric
neuronal plexi. In IBS, where circulating IL-6 levels
are elevated and the hypothalamus-pituitary[14]
adrenal stress axis is hyper-activated , a coincident
compromise of the mucosal barrier is observed. Thus,
increased permeability of the mucosal barrier and the
subsequent initiation of an immune response may
contribute to the increase in sensitivity to visceral pain
[26]
in IBS patients . Indeed, targeting cytokine signalling
in the GI tract may relieve some of the functional
symptoms of IBS such as visceral pain and altered
[24]
motility .

O’Malley D. Immunomodulation of enteric neural function
in irritable bowel syndrome. World J Gastroenterol 2015;
21(24): 7362-7366 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7362.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7362

INTRODUCTION
Although no overt morphological inflammation is
evident in the functional gastrointestinal (GI) disorder
[1]
Irritable bowel syndrome (IBS) , mounting evidence
now supports the importance of immune activation
in the pathophysiology of this disorder. This common
condition affects between 10% and 20% of the
world’s population. Symptoms, which significantly
impinge on the quality of life of sufferers, include
recurrent abdominal pain or discomfort coupled with
[2]
bloating and disturbed bowel habits . Brain-gut
axis communication involving the neural, endocrine
and immune systems is hypothesised to underlie
[3]
IBS symptoms but a thorough understanding of
the disorder is still emerging, which means that
therapeutic strategies are limited. Significant evidence
has been garnered to demonstrate the role of stress
in the initiation, exacerbation and persistence of
[4]
symptoms during flares . However, the contribution of
the immune response, which is appropriately primed
in the GI tract to protect the body’s internal milieu
from potential luminal pathogens, is now also being
recognised as a key player in IBS pathophysiology.
Indeed, low-grade inflammation in the gastrointestinal
tract, coupled with hyperactivity of the stress system,
during periods of perceived environmental stress, may
interact to induce and prolong symptom flares in IBS
[5]
patients .

IMMUNE ACTIVATION IN IBS

DYSBIOSIS OF MICROBIOTA IN IBS

Subtle changes in mucosal immune cell populations
and circulating cytokine profiles have been identified
[6]
in several studies in IBS patients . Biopsies from
IBS patients display increased numbers of immune
cells, including mast cells and lymphocytes recruited
[7,8]
to the mucosa . Degranulated mast cells release a
range of inflammatory mediators such as proteases,
prostaglandins, histamine, and cytokines. Moreover,
mast cells in IBS biopsies appear to lie in closer
proximity to colonic nerve endings and this strongly
[9]
correlates visceral pain sensitivity and IBS biopsy
supernatants activate enteric neurons in a manner that
[10]
is dependent on mast cell-derived mediators . It has
been proposed that these immune mediators (Figure 1)
modulate GI motor and sensory neurons and muscle
function resulting in the initiation and perpetuation of
[11]
IBS symptoms . Indeed, one of best predictors of
developing IBS is a prior history of bacterial or viral
[12]
gastroenteritis , with one study showing a sevenfold

WJG|www.wjgnet.com

Microbiota-host interactions are an additional con
sideration in understanding IBS-mediated immune
[27]
activation . The intestinal epithelium is exposed to the
bacterial antigens of both commensal and pathogenic
microbiota which aids in sustaining the function and
integrity of the epithelial barrier and its blood supply.
This host-microbiota interaction also promotes the
development of gut associated lymphoid tissue and
is essential for normal gut motility as evidenced by
impaired gut function in microbiota-deficient germ-free
[28]
mice . Changes in the balance and composition of
commensal microbiota strains in the human gut have
[29,30]
been reported in several IBS studies
. Such dysbiosis
of the microbiota could allow opportunistic pathogens
to breach the innate immune defences. The luminal
microbiota represents a virtual organ which is also
integrated into the bi-directional communication system
between the gut and the brain. Indeed, manipulation
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Myenteric plexi
Barrier Breakdown
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immune response

Immune cells:
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and Circular
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Figure 1 Illustrates a possible mechanism underlying symptom flares in irritable bowel syndrome. Breach of the mucosal barrier as a result of activation of
the hypothalamic-pituitary-adrenal axis and/or immune activation can stimulate an antigen-induced immune response. The primed gut has increased numbers of
immune cells present which release cytokines that are associated with exacerbation of IBS symptoms. IL: Interleukin; TNF: Tumor necrosis factor; IBS: Irritable bowel
syndrome.

of the microbial environment with probiotics has been
[31]
shown to improve symptoms in IBS patients
by
[32]
suppressing pro-inflammatory cytokines , maintaining
[33]
intestinal barrier integrity
and causing down[34]
regulation of T cells . Moreover, probiotics have been
shown to prevent adhesion of enteric pathogens to the
[35]
wall of the GI tract . That said, more recent studies did
not detect an improvement in IBS symptoms following
[36,37]
longer-term treatment with probiotics
.
Expression of pattern recognition receptors such
as toll-like receptors (TLRs), which form part of the
innate immune system, are also altered in IBS. TLRs
recognise and respond to a variety of pathogens.
Thus, altered expression of TLR4, 5, 7 and 8 in
mucosal biopsies from IBS patients further supports
the importance of interactions between the luminal
[38]
microbes and the host in this disorder . Although this
is an exciting new area of research, the mechanisms
by which changes in luminal microbiota modulate
neuro-immune signalling, both locally in the GI tract
and also in the central nervous system, are far from
clear. Studies are challenged by the need to account
for a number of variables including the inter-individual
heterogeneity of IBS, environmental factors such as
stress and diet and the malleable nature of human
bacterial composition.

neity of this functional GI disorder, recent progress in
the field of IBS research has begun to unravel some
of the intricacies of neuroimmune and neuroendocrine
interactions and how molecular crosstalk between
these systems may contribute to GI dysfunction. These
advances in our understanding of IBS pathophysiology
give hope for the identification and development of
new targeted therapeutic strategies.
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EDITORIAL

Impaired glucose tolerance in acute pancreatitis
Kazuhiro Kikuta, Atsushi Masamune, Tooru Shimosegawa

Abstract

Kazuhiro Kikuta, Atsushi Masamune, Tooru Shimosegawa,
Division of Gastroenterology, Tohoku University Graduate
School of Medicine, Sendai 980-8574, Japan

Acute pancreatitis (AP) is an acute inflammatory disease
of the exocrine pancreas. In spite of the pivotal role of
the endocrine pancreas in glucose metabolism, the impact of impaired glucose tolerance on AP has not been
fully elucidated. A meta-analysis of seven observational
studies showed that type 2 diabetes mellitus (DM) was
associated with an increased risk of AP. The increased
risk of AP shown in the meta-analysis was independent
of hyperlipidemia, alcohol use and gallstones. Antidiabetic drugs including incretins might increase the
risk of AP, but no intervention trials have confirmed
this. Although a controversial finding, DM seems to be
associated with severe attacks and organ failure in AP.
We analyzed the results of a nationwide epidemiological
survey of AP in Japan. We studied the impact of pre-existing DM on the clinical course of AP in 1954 cases for
which information on DM status was available at the onset of AP. The prevalence of DM in AP patients (12.8%)
was higher than that in the general population in Japan
(10.5%). AP patients with DM had higher morbidity
of cardiovascular and renal failure than those without
DM. About 35% of the idiopathic AP patients with DM
had renal failure. The mortality of AP patients with DM
(4.0%) was higher than that of AP patients without DM
(1.7%). If stratified by etiology, idiopathic, but not alcoholic or biliary, AP patients with DM were predisposed
to increased mortality (9.7%). In conclusion, impaired
glucose tolerance might have an impact on the development and clinical outcome of AP. However, the impact
might depend on the cause of hyperglycemia, the condition of DM including severity, duration and treatment,
and the characteristics of the AP patients including age,
etiology and comorbidity.
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and five times higher in the youngest diabetic cohort
(under the age of 45) than in the age-matched nondiabetic cohort. In the United Kingdom, patients with
type 2 DM had a 1.49-fold higher risk of AP than those
[9]
[10]
without diabetes . In Taiwan, Lai et al reported that
patients with type 2 DM had 1.95-fold greater incidence
of AP compared with non-diabetics (27.7 vs 14.2 per
10000 person-years). In agreement with the result of
[8]
Noel et al , the age-specific risk was highest in type 2
DM subjects aged 20-39 years, followed by aged 40-64
years, and aged 65 years and older, compared with the
[10]
non-diabetic age-matched group . A meta-analysis
of seven observational studies including these three
[8-14]
studies
showed that type 2 DM was associated
with an increased risk of AP [relative risk = 1.92; 95%
[15]
confidence interval (CI): 1.50-2.47] .
Although DM may play a causative role in AP, the
underlying mechanisms remain largely unknown.
[16]
Solanki et al
conducted a systematic search of the
scientific literature for the years 1965-2011 exploring
the mechanisms of pathogenesis of AP in patients
with DM. They found that no clinical studies could
be identified which directly provide pathogenetic
mechanisms of DM in the causation of AP. The available
data on DM and its associated metabolic changes and
therapy indicate that hyperglycemia coupled with the
factors influencing insulin resistance (tumor necrosis-α,
nuclear factor-κB, and amylin) cause an increase in
the generation of reactive oxygen species in pancreatic
[16]
acinar cells . On the other hand, the susceptibility
of DM to AP might result from confounding factors
because the risk factors for AP such as alcohol
consumption, gallstones, obesity, hypertriglyceridemia
and chronic pancreatitis are also complications and risk
[17-19]
factors for DM
. A history of DM might represent
both an underlying pathogenetic mechanism and a
potential confounding factor for the development of AP.
However, the increased risk of AP shown in the metaanalysis was independent of hyperlipidemia, alcohol
[15]
use and gallstones .

Core tip: We analyzed the results of a nationwide
epidemiological survey of acute pancreatitis (AP) in
Japan to clarify the impact of pre-existing diabetes
mellitus (DM) on the clinical course of AP. AP patients
with DM had higher mortality and morbidity of
cardiovascular and renal failure than those without DM.
About 35% of the idiopathic AP patients with DM had
renal failure. If stratified by etiology, idiopathic, but
not alcoholic or biliary, AP patients with DM had higher
mortality than those without DM. Impaired glucose
tolerance might have an impact on the development
and clinical outcome of AP.
Kikuta K, Masamune A, Shimosegawa T. Impaired glucose
tolerance in acute pancreatitis. World J Gastroenterol 2015;
21(24): 7367-7374 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7367.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7367

INTRODUCTION
Acute pancreatitis (AP) is an acute inflammatory
disease of the pancreas characterized by a sudden
onset of upper abdominal pain, nausea, emesis, and
an increase of pancreatic digestive enzymes in the
[1,2]
serum and urine . Most patients with AP have a mild
disease that only affects the pancreas and resolves
spontaneously. However, 10%-20% of the patients
develop necrosis of the pancreas and multiple organ
[1,2]
failure, which may eventually lead to death . In
Japan, the overall mortality of AP was found to be
[3]
2.6% and in severe AP, 10.1% . Various factors such
as gallstones, alcohol, comorbidity and age affect
[1-4]
the development and the clinical condition of AP .
Diabetes mellitus (DM), a metabolic disease with
a globally increasing prevalence, has an impact on
[5]
various diseases including cardiovascular diseases ,
[6]
[7]
cancer and sepsis . In spite of the pivotal role of the
endocrine pancreas in glucose metabolism, the impact
of impaired glucose tolerance on AP remains to be fully
elucidated. In this editorial, we review the association
of DM with AP. In addition, we analyzed the results
of a nationwide survey of AP in Japan to clarify the
susceptibility of diabetic patients to AP and the impact
of impaired glucose tolerance on the clinical outcome
of AP.

ANTI-DIABETIC DRUGS AND RISK OF AP
It has been of debate whether anti-diabetic drugs
increase the risk of AP. Among the biguanides, both
phenformin and metformin, the latter in patients with
renal insufficiency, have been reported in case reports
[20,21]
as a potential cause of AP
. Sulphonylureas have
also been found in cohort studies to increase the
[14]
AP risk. Gonzalez-Perez
reported that past use of
sulphonylureas was associated with an increased risk
of AP compared with that of non-users (OR = 2.58,
[10]
95%CI: 1.34-4.96). Conversely, Lai et al reported that
patients taking anti-diabetic drugs had a reduced risk
of AP. The hazard ratios (HRs) of developing AP ranged
from 0.44 to 0.63 (all P < 0.05) for subjects taking
α-glucosidase inhibitors, metformin, sulfonylureas, or
thiazolidinediones, after controlling for sex, age and comorbidities. The beneficial effect of insulin was likely,

PRE-EXISTING DM AND RISK OF
DEVELOPING AP
Epidemiological evidence suggests that individuals
with type 2 DM have an increased risk of AP. Noel et
[8]
al evaluated the risk of AP in patients with type 2
DM in a United States insurance claims database and
found that the risk of AP was 2.83 times higher in the
overall diabetic cohort than in the non-diabetic cohort,
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Table 1 Mortality of acute pancreatitis in patients with pre-existing diabetes mellitus and those without diabetes mellitus
Ref.

Country

Graham et al[26], (2010)
Shen et al[27], (2012)
Zhao et al[33], (2012)
Kikuta et al, (present study)

United States
Taiwan
China
Japan

Diagnosis of DM

Prevalence of DM

Mortality of
AP with DM

Two patients databases
Undescribed
Undescribed
The Taiwan National
Case-control study
3.5%
Insurance Research Databese
History or HbA1c
12.6% (40/318)
15.0%
Questionnaire
12.8% (250/1954)
4.0%

Mortality of AP
without DM

Mortality of AP
with DM compared
to AP without DM

Undescribed
4.1%

Lower
Lower

1.1%
1.7%

Higher
Higher

AP: Acute pancreatitis; DM: Diabetes mellitus.

but not statistically significant (HR = 0.81, 95%CI:
0.64-1.02). Interestingly, the beneficial effects were
increased as the number of drugs taken increased.
From an adjusted HR of 0.7 for patients who had used
two medications, the adjusted HR was reduced to 0.31
(95%CI: 0.18-0.56) in patients taking five anti-diabetic
drugs. There was a significant dose-response effect of
the duration of taking anti-diabetic drugs on reducing
[10]
the risk of AP . The HR decreased to 0.14 among
patients taking metformin, and to 0.13 among those
taking sulfonylureas, when the treatment was longer
than 3 years. The beneficial effect was also observed
among those using insulin for more than a year.
Several case reports and the United States Food
and Drug Administration pharmacovigilance database
indicate an association between AP and incretinbased agents: dipeptidyl peptidase-4 inhibitors and
glucagon-like peptide-1 receptor agonists (reviewed
[22]
in ). In the drug development program and clinical
trials of both incretin classes, the incidence of AP
was similar to placebo-treated cohorts, and a meta[23]
analysis confirmed this result . In addition, none of
the intervention trials investigating these compounds,
including two large randomized controlled trials with
cardiovascular endpoints, confirmed the increased
risk of AP with incretin use. In the EXAMINE trial, the
incidence of AP was 0.4% in the alogliptin group and
[24]
0.3% in the placebo group . In the SAVOR-TIMI53
trial, cases of definite AP were confirmed in 17 (0.2%)
vs 9 (0.1%) (HR = 1.88, 95%CI: 0.86-4.41, P = 0.17)
and definite plus possible pancreatitis in 22 vs 16 (HR
= 1.36, 95%CI: 0.72-2.64, P = 0.42) in the saxagliptin
[25]
and placebo arms, respectively . No differences
in time to event onset, concomitant risk factors for
pancreatitis, investigator-reported causality from study
medication or disease severity, and outcome were
found between treatment arms. Further understanding
of the association between anti-diabetic drugs and AP
may provide clues to developing preventive strategies
in patients with DM.

diabetes had a lower risk of hospital mortality, but
with conflicting results. The University HealthSystem
Consortium database and the prospective Mayo Clinic
database showed that diabetic patients discharged with
a diagnosis of AP experienced a significantly decreased
[26]
mortality (Table 1) . A retrospective cohort study in
Taiwan also showed that AP patients with DM had a
lower risk of hospital mortality (adjusted OR = 0.77,
[27]
95%CI: 0.65-0.91) . It is not clear why diabetes
may have such an intriguingly protective effect on the
mortality in AP patients. A survival advantage of DM has
[28]
been reported in patients with other critical illnesses
[26]
such as pneumonia, congestive heart failure , and
[29]
sepsis . The proposed biological mechanisms that
favor diabetes during critical illnesses include the antiinflammatory effect of some antidiabetic agents such as
[30]
[31]
insulin
and thiazolidinediones , and the preventive
[29,32]
effects against acute lung injury
. Furthermore,
nonbiological mechanisms such as an improvement of
lifestyle before the onset of AP and vigilant treatments
after admission for patients with DM could explain,
at least in part, the finding of decreased mortality in
patients with DM.
In contrast, several studies have shown that AP
patients with DM might have more severe courses and
[4]
poor outcomes. Frey et al reported that DM increased
the risk of multi-organ failure (≥ 2 systems) (OR =
1.6, 95%CI: 1.4-1.8). AP patients with a previous
history of DM or with glycosylated hemoglobin A1c
higher than 6.5% had a higher mortality than those
[33]
[27]
without DM . Shen et al
retrospectively compared
18990 first-attack AP patients with DM to 37980
matched control subjects from Taiwan’s National
Health Insurance Research Database between 2000
and 2009. They showed that AP patients with DM had
a higher risk of severe attack than their non-diabetic
counterparts (adjusted OR = 1.21, 95%CI: 1.16-1.26).
When severity criteria, defined by the modified Atlanta
classification, were individually analyzed, diabetic AP
patients had a 58% higher risk of intensive care unit
admittance and more life-supporting treatments,
especially hemodialysis and mechanical ventilation,
[27]
than non-diabetic AP patients . Diabetic AP patients
had a 30% higher risk of local complications than
[33]
AP patients without diabetes. Zhao et al
reported
that AP patients with DM had a longer length of
hospitalization than those without DM (18.3 ± 4.6 d vs

IMPACT OF IMPAIRED GLUCOSE
TOLERANCE ON THE CLINICAL COURSE
OF AP
Some studies have shown that AP patients with
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Table 2 Characteristics of the study population n (%)

Patients, n
Sex
Male
Female
Age, yr, mean ± SD
Etiology
Alcoholic
Biliary
Idiopathic
Miscellaneous
Undescribed
BMI, mean ± SD
Triglyceride, mg/dL,
median (1st, 3rd quartile)

P value

Total AP patients

AP patients with DM

AP patients without DM

1954

250

1704

1289 (66.0)
665 (34.0)
59.3 ± 18.0

185 (74.0)
65 (26.0)
60.3 ± 16.6

1104 (64.8)
600 (35.2)
59.1 ± 18.2

0.004

621 (31.8)
482 (24.7)
319 (16.3)
482 (24.7)
50 (2.6)
22.5 ± 4.0

97 (38.8)
52 (20.8)
34 (13.6)
60 (24.0)
7 (2.8)
23.5 ± 4.2

524 (30.8)
430 (25.2)
285 (16.7)
422 (24.8)
43 (2.5)
22.3 ± 4.0

0.107

97 (64, 170.5)

137 (79.5, 526)

94 (63, 157.75)

0.319

< 0.001
0.004

AP: Acute pancreatitis; DM: Diabetes mellitus.

13.2 ± 5.1 d).

of the Pancreas, targeting AP patients treated in 2007
in Japan. The details of the survey were published
[38]
elsewhere . Briefly, a first survey was performed
by sending a questionnaire to randomly selected
3027 departments to determine the number of
hospitalized patients with AP during 2007. A second
survey was conducted by sending a questionnaire to
693 departments in which hospitalized patients with
AP were treated based on the first questionnaire.
This study was approved by the Ethics Committee
of Tohoku University School of Medicine (article No.
2008-327, 2014-220). We studied the impact of DM
on the clinical outcome of AP using 1954 cases for
which information on DM status was available at the
onset of AP. DM was diagnosed by respondents to
the questionnaire, based on clinical information such
as history, hemoglobin A1c and blood sugar level.
The clinico-epidemiological information on individual
patients including patient profile, etiology, symptoms,
blood biochemical findings, computed tomography (CT)
findings, and prognosis was collected from medical
records of patients. The characteristics of the study
population are shown in Table 2.
Respiratory failure was defined as necessity of
ventilatory support. Cardiovascular failure was defined
as systolic blood pressure ≤ 80 mmHg or symptoms
of shock. Renal failure was defined as blood urea
nitrogen ≥ 40 mg/dL or serum creatinine ≥ 2.0 mg/dL.
Three organ failures were evaluated daily until 72 h
after AP onset.
CT findings within 48 h of onset were graded
based on the severity scoring system of AP proposed
by the Japanese Ministry of Health, Labour and
[39]
Welfare . Extrapancreatic inflammation was graded
into four categories: none, anterior pararenal space,
root of mesocolon, and beyond lower pole of kidney.
The pancreas was conveniently divided into three
segments (head, body, and tail), and hypoenhanced
lesion of the pancreas by contrast-enhanced CT was
also graded into four categories: none, localized in
each segment, extends to 2 segments, and occupies 2

TRANSIENT HYPERGLYCEMIA IN THE
EARLY COURSE OF AP
Hyperglycemia is the common early feature of AP
[34,35]
and is used in prognostic models
. The association
between hyperglycemia and poor clinical outcomes
in critically ill patients has been demonstrated in
[28,36]
a number of observational studies
, but the
adverse effect of hyperglycemia may be complicated
[28]
by pre-existing diabetes. Egi et al
showed that
hyperglycemia while staying in an intensive care unit
was strongly associated with the outcome in patients
without pre-existing DM but showed no significant
association with the outcome in patients with preexisting DM. This finding suggests that acute and
chronic impaired glucose tolerance may be distinct
pathophysiological entities and may have different
clinical consequences. Hence, hyperglycemia in the
early phase of AP seems to be complicated and may
arise from mechanisms such as uncontrolled preexisting DM, damage to the endocrine pancreas due
to severe attack of AP, and metabolic stress associated
[37]
with critical illness .

THE IMPACT OF DM ON CLINICAL
COURSE OF AP BASED ON THE
NATIONWIDE SURVEY IN JAPAN
As described above, the impact of impaired glucose
tolerance in AP seems to be complicated. To clarify
this issue, we examined the impact of DM on the
clinical course of AP using the results of the nationwide
epidemiological survey of AP in Japan.

Methods

A nationwide epidemiological survey was conducted
by the Research Committee of Intractable Diseases

WJG|www.wjgnet.com

7370

June 28, 2015|Volume 21|Issue 24|

Kikuta K et al . Diabetes and acute pancreatitis
Table 3 Prevalence of diabetes mellitus in patients with acute pancreatitis stratified by age
Age

General population
(MHLW 2007)

All AP patients

Alcoholic AP

Biliary AP

Idiopathic AP

Total

10.5%
(420/4003)
Not available

12.8%b
(250/1954)
5.3%
(1/19)
9.3%d
(9/97)
12.0%d
(25/208)
12.8%d
(34/265)
12.2%a
(41/336)
14.8%
(50/338)
13.3%
(87/652)
7.7%
(3/39)

15.6%d
(97/621)
0%
(0/1)
11.9%d
(5/42)
13.0%d
(15/115)
12.8%d
(21/164)
13.9%a
(21/151)
22.6%
(19/84)
29.1%a
(16/55)
0%
(0/9)

10.8%
(52/482)
No patients

10.7%
(34/319)
16.7%
(1/6)
3.4%
(1/29)
13.8%c
(4/29)
16.7%a
(4/24)
15.6%
(5/32)
13.5%
(7/52)
8.5%a
(12/141)
0%
(0/6)

< 19
20-29
30-39
40-49
50-59
60-69
> 70
Uncertain age

0.5%
(1/204)
1.4%
(8/589)
4.7%
(26/557)
8.0%
(57/711)
17.7%
(165/934)
16.2%
(163/1008)
No patients

0%
(0/4)
0%
(0/18)
14.3%a
(4/28)
7.8%
(5/64)
13.0%
(13/100)
11.2%
(29/259)
11.1%
(1/9)

The prevalence of DM in the Japanese general population in 2007 was cited from a report by the Ministry of Health, Labour and Welfare (http://www.
mhlw.go.jp/bunya/kenkou/eiyou09/dl/01-kekka-01.pdf). aP < 0.05, bP < 0.01, cP < 0.005, dP < 0.001 vs the prevalence of DM in Japanese general
population. AP: Acute pancreatitis; DM: Diabetes mellitus.

whole segments or more.
The number and percentage of patients were
calculated and compared between groups by the chisquare test or a two-tailed Fisher’s exact test (when
at least one expected cell value in 2 × 2 table was less
than 5). Risk factors for mortality of AP were assessed
using logistic regression analysis. Stepwise logistic
regression analysis with a variable entry criterion of P
< 0.10, and a variable retention criterion of P < 0.05
was used to identify multivariable risk factors. Logistic
regression results were summarized as the OR, 95%CI
for OR, and P value. Data were analyzed using JMP7
software (SAS Institute, Inc., Cary, NC). All statistical
tests were 2-sided and P < 0.05 was used to indicate
statistical significance.

DM had higher morbidity of cardiovascular and renal
failure than those without DM, although the morbidity
of respiratory failure was not different between the
patients with DM and those without DM. Interestingly,
the morbidity of organ failure varied among etiologies
in DM patients, but not in non-DM patients. About
35% of the idiopathic AP patients with DM had renal
failure.

Prevalence of DM at the onset of AP

Mortality

CT findings

CT findings within 48 h of AP onset are shown in Figure
2. CT findings did not differ between the patients
with DM and those without DM. Even if stratified by
etiology, pre-existing DM did not have an impact on CT
findings (data not shown).

The prevalence of DM in AP patients (12.8%) was
significantly higher than that in the general population
in Japan (10.5%) (Table 3). If stratified by etiology,
patients with alcoholic AP (15.6%) had a significantly
higher prevalence of DM than the Japanese general
population. The prevalence of DM in patients with
biliary or idiopathic AP was not different from that
in the Japanese general population. Of note, the
prevalence of DM in AP patients under 60 years old
was significantly higher than in the Japanese general
population of the same generation.

Mortality was assessed excluding the patients whose
outcome was unspecified and who died due to other
causes than AP. The mortality of AP patients with DM
(4.0%) was higher than that of AP patients without
DM (1.7%) (Tables 1 and 4). In particular, AP patients
with DM aged 70 or older manifested an increased
mortality (9.5%). If stratified by etiology, idiopathic
AP patients with DM were predisposed to increased
mortality (9.7%). On the other hand, DM did not affect
the mortality of alcoholic AP patients. In addition, sex,
body mass index (BMI) and triglyceride level, in which
there was a significant difference between the patients
with DM and those without DM (Table 2), did not affect
the mortality of the study population. The mortality
of male and female AP patients was 1.8% (22/1197)
and 2.3% (14/616) (P = 0.59), and that of AP
patients with BMI ≥ 30 and < 30 was 0% (0/62) and
1.8% (25/1390) (P = 0.62), respectively. Stepwise

Organ failure

The morbidity of organ failures diagnosed within
72 h of AP onset is summarized in Figure 1. In AP
patients without pre-existing DM, the morbidity of
cardiovascular, respiratory and renal failures was
around 1%, 2% and 5%, respectively. AP patients with
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Cardiovascular failure

A

20%

20%

20%

20%

18%

18%

18%

18%

16%

16%

16%

16%

14%

14%

14%

14%

12%

12%

12%

12%

10%

10%

10%

10%

8%

8%

8%

8%

6%

6%

6%

4%

4%

4%

2%

2%

2%

2%

0%

0%

0%

6%

a

4%

0-24
Hours from onset

Respiratory failure

B

0-24

24-48
48-72
Alcoholic

0-24

24-48
  Biliary

48-72

0%

10%

10%

10%

8%

8%

8%

8%

6%

6%

6%

6%

4%

4%

4%

4%

2%

2%

2%

2%

0-24
Hours from onset

Renal failure

48-72

10%

0%

C

24-48
  Overall

24-48
  Overall

48-72

0%

0-24

24-48
48-72
Alcoholic

0%

0-24

24-48
  Biliary

48-72

0%

40%

40%

40%

40%

35%

35%

35%

35%

30%

30%

30%

30%

25%

25%

25%

25%

20%

20%

20%
15%

20%
b

a

a

a

15%

15%

15%

10%

10%

10%

10%

5%

5%

5%

5%

0%

0%

0%

0-24
Hours from onset

24-48
  Overall

48-72

0-24

24-48
48-72
Alcoholic

0-24

24-48
  Biliary

48-72

0%

DM
Non-DM
a

0-24

24-48
48-72
  Idiopathic
DM
Non-DM

0-24

24-48
48-72
  Idiopathic
DM
Non-DM

b

a

0-24

24-48
48-72
  Idiopathic

Figure 1 Morbidity of organ failure. The morbidity of cardiovascular failure (A), respiratory failure (B) and renal failure (C) was compared between the AP patients
with or without DM (aP < 0.05, bP < 0.01 vs non-DM; Fisher’s exact test). AP: Acute pancreatitis; DM: Diabetes mellitus.

A

Beyond lower pole of kidney
Root of mesocolon
Anterior pararenal space
Absent

100%

80%
60%
40%
20%
0%

Occupies 2 whole segments or more
Extends to 2 segments
Localized in each segment
Absent

Hypo-enhanced lesion of the pancreas

Extra-pancreatic inflammation

100%

B

Non-DM

DM

80%
60%
40%
20%
0%

Non-DM

DM

Figure 2 Comparison of the computed tomography findings between the acute pancreatitis patients with or without diabetes mellitus. A: Extra-pancreatic
inflammation; B: Hypo-enhanced lesion of the pancreas. There were no significant differences in the distribution of the extra-pancreatic inflammation and hypoenhanced lesions between non-DM and DM patients (χ 2 test). DM: Diabetes mellitus.
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Table 4 Mortality of the acute pancreatitis patients stratified
by age, etiology and diabetes mellitus

Table 5 Multivariate analyses of risk factors of mortality
Variable

AP patients with
DM
Total AP patients
< 19
20-29
30-39
40-49
50-59
60-69
> 70
Uncertain age
Alcoholic AP
< 19
20-29
30-39
40-49
50-59
60-69
> 70
Uncertain age
Biliary AP
< 19
20-29
30-39
40-49
50-59
60-69
> 70
Uncertain age
Idiopathic AP
< 19
20-29
30-39
40-49
50-59
60-69
> 70
Uncertain age

4.0% (9/226)
0% (0/1)
0% (0/8)
0% (0/25)
0% (0/34)
0% (0/41)
4.9% (2/41)
9.5% (7/74)
0% (0/2)
1.1% (1/92)
No patients
0% (0/4)
0% (0/15)
0% (0/21)
0% (0/21)
0% (0/16)
6.7% (1/15)
No patients
2.3% (1/44)
No patients
No patients
No patients
0% (0/4)
0% (0/5)
0% (0/11)
4.3% (1/23)
0% (0/1)
9.7% (3/31)
0% (0/1)
0% (0/1)
0% (0/4)
0% (0/4)
0% (0/5)
16.7% (1/6)
20.0% (2/10)
No patients

AP patients
without DM
1.7% (27/1587)
0% (0/17)
0% (0/82)
1.2% (2/173)
0.5% (1/217)
1.1% (3/277)
1.8% (5/271)
3.1% (16/516)
0% (0/34)
1.2% (6/489)
0% (0/1)
0% (0/34)
1.1% (1/93)
0.7% (1/134)
0.8% (1/120)
4.9% (3/61)
0% (0/38)
0% (0/8)
1.0% (4/409)
No patients
0% (0/4)
0% (0/17)
0% (0/23)
1.8% (1/57)
0% (0/86)
1.4% (3/214)
0% (0/8)
2.7% (7/261)
0% (0/4)
0% (0/26)
0% (0/24)
0% (0/20)
0% (0/27)
2.6% (1/39)
5.2% (6/115)
0% (0/6)

P value

95%CI

Multivariate

P value Adjusted 95%CI

P value

OR
Age (yr)
DM
(present/
absent)
BMI (kg/m2)
TG (mg/dL)

0.036
> 0.999
> 0.999
> 0.999
> 0.999
> 0.999
0.231
0.017
> 0.999
> 0.999
Not determined
> 0.999
> 0.999
> 0.999
> 0.999
> 0.999
0.283
Not determined
0.402
Not determined
Not determined
Not determined
> 0.999
> 0.999
> 0.999
0.337
> 0.999
0.078
> 0.999
> 0.999
> 0.999
> 0.999
> 0.999
0.252
0.125
Not determined

1.05
2.40

1.02-1.07
1.05-4.97

< 0.001
0.038

0.98
1.00

0.88-1.08
0.98-1.00

0.672
0.712

1.05
2.50

1.02-1.07
1.09-5.24

< 0.001
0.032

BMI: Body mass index; CI: Confidence interval; OR: Odds ratio; TG:
Triglyceride.

CONCLUSION
In conclusion, patients with DM appear to have
an increased risk of AP. The impact of impaired
glucose tolerance on AP may depend on the cause of
hyperglycemia, the condition of DM including severity,
duration and treatment, and the characteristics of the
AP patients including age, etiology and comorbidity.
Further elucidation of the mechanisms linking
impaired glucose tolerance and AP would facilitate
better understanding of the pathogenesis of AP and
development of preventive strategies.
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Abstract
Chronic infection with the hepatitis B virus (HBV)
is the leading risk factor for the development of
hepatocellular carcinoma (HCC). With nearly 750000
deaths yearly, hepatocellular carcinoma is the second
highest cause of cancer-related death in the world.
Unfortunately, the molecular mechanisms that contri
bute to the development of HBV-associated HCC
remain incompletely understood. Recently, microRNAs
(miRNAs), a family of small non-coding RNAs that play
a role primarily in post-transcriptional gene regulation,
have been recognized as important regulators of
cellular homeostasis, and altered regulation of miRNA
expression has been suggested to play a significant
role in virus-associated diseases and the development
of many cancers. With this in mind, many groups have
begun to investigate the relationship between miRNAs
and HBV replication and HBV-associated disease.
Multiple findings suggest that some miRNAs, such as
miR-122, and miR-125 and miR-199 family members,
are playing a role in HBV replication and HBV-associated
disease, including the development of HBV-associated
HCC. In this review, we discuss the current state of our
understanding of the relationship between HBV and
miRNAs, including how HBV affects cellular miRNAs,
how these miRNAs impact HBV replication, and the
relationship between HBV-mediated miRNA regulation
and HCC development. We also address the impact
of challenges in studying HBV, such as the lack of an
effective model system for infectivity and a reliance
on transformed cell lines, on our understanding of the
relationship between HBV and miRNAs, and propose
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potential applications of miRNA-related techniques that
could enhance our understanding of the role miRNAs
play in HBV replication and HBV-associated disease,
ultimately leading to new therapeutic options and
improved patient outcomes.

and cellular miRNAs is important to many facets of
HBV replication and pathogenesis. The focus of this
review will be to summarize these studies and our
current understanding of the HBV-miRNA relationship
as it relates to the overall liver miRNA profile, HBV
replication and pathogenesis, and the development of
HBV-associated hepatocellular carcinoma (HCC).

Key words: Hepatitis B virus; MicroRNA; Hepatocellular
carcinoma; Hepatitis B virus replication

MICRORNA OVERVIEW

© The Author(s) 2015. Published by Baishideng Publishing
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miRNAs are small, non-coding RNAs that are involved
primarily in post-transcriptional regulation of gene
expression through translational repression or
[2,11,12]
degradation of targeted mRNAs
. Regulation of
miRNAs, their biogenesis, and target identification have
been described in detail elsewhere (for biogenesis and
[11,12]
[2]
regulation see
and for targeting see ) and are only
briefly summarized here. Primary miRNAs (pri-miRNAs),
the first product of the miRNA biogenesis pathway, are
transcribed by RNA polymerase Ⅱ and may contain
a single miRNA or a cluster of multiple miRNAs. Once
transcribed, the capped and polyadenylated pri-miRNA
is processed by a microprocessor complex to remove
the flanking sequence from a hairpin structure. This
generates an approximately 70-90 nucleotide (nt)
precursor miRNA (pre-miRNA) hairpin that is exported
out of the nucleus and into the cytosol, where it is
further processed to unwind and remove one strand
of the dsRNA. Ultimately, a single-stranded 20-23 nt
mature miRNA is assembled with specific proteins,
including a member of the Argonaut family of RNAbinding proteins, to form the mature RNA-induced
[13-18]
silencing complex (RISC)
. Canonical RISC-mediated
silencing is facilitated by complementary base pairing of
a specific seed-sequence within nt approximately 2-7
at the 5’ end of the mature miRNA to a complementary
target sequence, usually within the 3’ untranslated
[2]
region (UTR) of the targeted mRNA . Recent evidence
suggests that the majority of mRNAs that are targeted
by miRNAs are regulated through mRNA destabilization
and degradation, although the degree to which target
mRNA sequestration and translational repression
[19]
contribute to silencing is still under investigation .
The recent recognition, through the application of
transcriptome-wide target-identification techniques,
has expanded the rules of targeting beyond the seedsequence regulated pathway to include non-seed
sequence matching and target sites outside of the
[20-23]
mRNA 3’ UTR
. This highlights the importance
of miRNA studies that use techniques such as highthroughput sequencing of RNA isolated by crosslinking
immunoprecipitation (HITS-CLIP) or photoactivatable
ribonucleoside-enhanced (PAR)-CLIP, which assess
miRNAs and target mRNA contained within functional
[22,24-26]
RISC complexes
.
Since the discovery of the first miRNA, lin-4, the
study of miRNA regulation and function has grown
[27]
exponentially . Importantly, considerable conservation

Core tip: In this review, we discuss the current state
of our understanding of how hepatitis B virus (HBV)
affects the expression profile of cellular microRNAs
(miRNAs), how these miRNAs impact HBV replication,
and the relationship between HBV-mediated miRNA
regulation and hepatocellular carcinoma development.
Importantly, we address challenges in studying the
relationship between HBV and miRNAs, including the
lack of an experimental system that effectively models
HBV infection and a reliance on the use of transformed
cell lines. Finally, we propose applications of techniques
to address the functional impact of HBV-mediated
regulation of miRNA expression, which could enhance
our understanding of the role miRNAs play in HBV
replication and disease.
Lamontagne J, Steel LF, Bouchard MJ. Hepatitis B virus and
microRNAs: Complex interactions affecting hepatitis B virus
replication and hepatitis B virus-associated diseases. World J
Gastroenterol 2015; 21(24): 7375-7399 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7375.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7375

INTRODUCTION
The identification of microRNAs (miRNAs) as
[1]
mediators of RNA-induced silencing has spawned
an exciting new field of research into the role of
miRNAs in cell physiology. As the central role of
miRNAs in the regulation of cellular homeostasis
has been established, it has become apparent that
disruption of miRNA expression or function can
[2]
contribute to the development of many diseases
including neurodegenerative, cardiovascular, and
[3-6]
kidney diseases, and many cancers . The results
of numerous studies also support a role for miRNAs
in many aspects of a viral infection and virusassociated diseases and suggest that some viruses
have developed mechanisms to utilize miRNAs and the
miRNA machinery to optimize cellular conditions for
[7-10]
virus replication and survival
.
A number of groups have begun to examine the
relationship between miRNAs and human hepatitis B
virus (HBV) infection; these studies have produced
compelling evidence that the interplay between HBV
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of the sequence of many miRNAs exists across distant
species, implying an essential role in cellular function.
In fact, recent studies estimate that as many as 60%
of all mRNAs in a mammalian cell can be regulated
[28]
in some way by miRNAs , and this estimate can
increase to over 90% when non-canonical target sites
[29]
are considered . The same cellular signal transduction
pathways that control the expression of protein-coding
RNA transcripts can also regulate miRNA expression,
and it is expected that disease-associated alterations
to transcription-regulating pathways can also disrupt
normal expression of miRNAs and affect cellular
physiology.

RNA transcripts, which makes specifically targeting
the HBx gene with small interfering RNAs (siRNAs) or
miRNAs impossible without also targeting the other
transcripts. This is an important consideration when
evaluating studies purporting to have specifically
targeted the HBx transcript with siRNAs in cells
expressing the entire HBV genome.
HBx is a non-structural regulatory protein encoded
by the smallest ORF of HBV. Various studies in cell
lines, primary hepatocytes, and animal models
have provided considerable evidence that HBx
plays an important, likely essential, role during HBV
[37-41]
replication
. HBx is a multifunctional protein that
can modulate hepatocyte calcium, apoptosis, and
proliferation signals, among other pathways, and
can activate multiple transcription factors, including
activator proteins 1 and 2 (AP-1 and AP-2), nuclear
factor of activated T cells (NFAT), and nuclear factor
kappa-light-chain-enhancer of activated B cells (NF[39,40,42-51]
. HBx can also regulate cellular signaling
κB)
factors, such as Wnt/β-catenin, p53, and Akt, that
[45,50-55]
have been implicated in HCC
. Recently,
modulation of miRNA expression has been included
in the functions of HBx, as studies have begun to
look at miRNA expression in response to HBV and
HBx (reviewed below). It is possible that the many
functions attributed to HBx could actually be the result
of a few fundamental HBx functions that can affect
multiple cellular signal-transduction pathways in a
context-dependent manner.
Global epidemiological studies have identified
chronic HBV infection of the liver as the leading risk
[36,56]
factor for the development of HCC (reviewed in
).
Despite the availability of a vaccine, 350-500 million
people worldwide are chronically infected with HBV,
and as many as 25% of these individuals will go on
[56,57]
to develop HBV-associated HCC (reviewed in
).
HCC is the second deadliest cancer worldwide with
approximately 750000 deaths per year and an
[58]
incidence to mortality rate near 1 , underscoring the
need for a better understanding of the mechanisms
that lead to its development. In particular, defining
HBV-mediated changes to the cellular miRNA profile,
and how these changes affect cell physiology, could
help identify molecular mechanisms that link a chronic
HBV infection to the development of HCC.

MICRORNAS IN THE LIVER
The miRNA profile of the liver is unique in that
50%-70% of the total liver miRNA is a single miRNA,
[30,31]
miR-122
. Few studies have specifically examined
the miRNA profile of the normal liver. Those studies
that have been conducted indicate that nearly 90% of
the total miRNAs in the liver may be comprised of only
[30,32]
about 10 miRNAs, including miR-122
. Multiple
studies confirm abundant expression of members of
the let-7 family as well as miR-125b, miR-92, miR-192,
and miR-143. Other miRNAs, including miR-16,
miR-126, and miR-199a/b, have also been shown to
[30,32,33]
be highly expressed in the normal liver
. Since
hepatocytes account for 80% of the cell mass in the
liver, miRNA profiling of liver tissue largely reflects
[34]
miRNA expression in hepatocytes . The recognition
that only a small number of miRNAs are significantly
expressed in the liver suggests that studies attempting
to assign physiological consequences to a change in
expression of an miRNA in the liver should consider
observed changes in miRNA expression levels in the
context of the percentage of the overall expression of
that miRNA in the liver.

HUMAN HEPATITIS B VIRUS
HBV is a hepatotropic virus that has a narrow host
range and only naturally infects humans. An HBV
infection can be an acute and self-limiting infection, a
chronic, decades-long infection, or an occult infection
in which the extremely low level of viremia is below
the level of detection by standard diagnostic tools. HBV
has a circular, partially double-stranded, 3.2 kb DNA
genome with four overlapping open reading frames
(ORF) that encode the viral capsid (core), envelope
(surface antigens), polymerase/reverse transcriptase,
and HBV X (HBx) proteins. The HBV genome is highly
compact, with most nucleotides being utilized in more
[35,36]
than one ORF (reviewed in
). Interestingly, all viral
transcripts share the same polyadenylation signal, and
the sequence of each smaller transcript is contained
within any larger transcript (Figure 1). For example,
as the smallest transcript, the sequence of the HBx
transcript makes up the 3’ end of all of the larger HBV

WJG|www.wjgnet.com

MODEL SYSTEMS THAT HAVE BEEN
USED TO STUDY THE INTERPLAY OF
HOST CELL MIRNAS AND HBV
Cell culture models of HBV infection

The study of HBV has been hampered by the lack
of model systems able to faithfully reproduce all
aspects of a human HBV infection. Consequently,
most HBV studies have relied on imperfect cell culture
and animal models, each with its own advantages
and disadvantages (see Table 1). For instance, the
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Figure 1 Genome structure of hepatitis B virus with proposed microRNA target sites. A: The partially double-stranded DNA genome of hepatitis B virus (HBV)
is depicted at the center, surrounded by the overlapping open-reading frames (ORFs) (thick colored arrows). The outer, black arrows represent the viral mRNA
transcripts; B: Linear arrangement of overlapping ORFs and viral transcripts. Transcripts and ORF are aligned with each other according to genomic location and are
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[59]

hepatoblastoma-derived cell line HepG2
and the
[60]
hepatoma-derived cell line Huh7
are often used
in studies of HBV biology. Similar to the majority of
available human liver cell lines, HepG2 and Huh7
cells cannot be directly infected by HBV, in part due
[61]
to lost expression of the HBV receptor . These cells
do, however, support HBV replication when the HBV
genome is introduced by transfection of a plasmid
or infection with a virus-based delivery vehicle,
such as adenovirus, that encodes a greater-thanunit-length copy of the HBV genome. Alternatively,
HepG2.2.15 cells, derived from HepG2 cells and
containing two integrated copies of a head-to-tail
[62]
dimer of the HBV genome , have been used in
tandem with HepG2 cells as a means to study cells
with and without replicating HBV. A disadvantage

WJG|www.wjgnet.com

of all of these cell systems, however, is that these
cell lines are derived from tumors and therefore are
transformed. Because the cellular miRNA profile is
significantly altered in cancer, the use of transformed
cell lines means experiments are done in an already
altered background of miRNA expression. Moreover,
continuous passage over the decades since their
development may have contributed to differences
between HepG2.2.15 cells and the parental HepG2
cells, such as miRNA expression profiles, that are not
solely due to the presence of replicating HBV.
Other cell systems that have been used to compare
hepatocyte miRNA expression in the presence and
absence of HBV replication or HBV gene products are
described in Table 1. One cell line, HepAD38 cells,
is a HepG2-derived cell line in which transcription of
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Table 1 Cell-based model systems for the study of hepatitis B virus
Model system
Cell lines
HepG2
HepG2.2.15

Source

Characteristics

Human hepatoblastoma[59]

Transformed cell line that is easy to grow and maintain. Serves as a model system for HBxdependent HBV replication, although these cells cannot be directly infected by HBV
Stably replicates HBV and produces infectious virus; however, continuous passage since
development has created a large separation from the parental HepG2 cells so that differences
between HepG2 and HepG2.2.15 cells may not be HBV-specific
Presence or absence of tetracycline (tet) allows cell line to act as its own baseline. HBV replication
easily controlled, but only pgRNA expression is under tet-control, so some viral proteins may
still be made in the presence of tet

HepG2 with two integrated
head-to-tail dimers of HBV
genome[62]
HepG2 stably expressing HBV
pgRNA that is controlled
by a tetracycline-responsive
promoter[63]
Human hepatoma[60]

HepAD38

Huh7
PLC/PRF/5

Human hepatoma[185]

HepaRG

Human hepatoma[186]

Primary cells
Cultured primary
human hepatocytes
Cultured primary
mouse/rat
hepatocytes
Liver tissue
samples

Peripheral blood
mononuclear cells

Transformed cell line that is easy to grow and maintain. Cells cannot be directly infected by HBV.
For reasons that remain unknown, HBV replication in these cells is HBx-independent
Transformed cell line that is easy to grow and maintain. These cells express HBsAg from integrated
HBV DNA
Transformed cell line, but differentiation can be induced to promote primary hepatocyte-like
characteristics. After differentiation, these cells can be directly infected with HBV, although the
infection efficiency is low. Acquisition of a differentiated, hepatocyte-like phenotype requires twoweek maintenance in 2% DMSO prior to induction of differentiation; this process generates a mixed
culture of hepatocytes and cholangiocytes

Hepatocyte isolation from
liver tissue

Natural target of an HBV infection; however, quickly lose susceptibility to an HBV infection after
isolation and culture. These cells can be difficult to acquire, difficult to maintain in culture, and
begin to de-differentiate soon after isolation and plating. These cells can be difficult to transfect
Perfused liver and isolation of Primary cells that can be cultured to maintain a "normal" phenotype and serve as a surrogate model
hepatocytes
for studies in primary human hepatocytes. Support HBV replication although not direct HBV
infection. Isolation requires access to animals and ability to reliably isolate high quality hepatocytes
HCC and adjacent normal
Primary cells can give a more accurate profile of the liver RNA transcripts and expressed proteins
liver tissue; HBV and nonthan transformed cell lines. Disease versus normal tissue comparisons facilitate analysis of diseaseHBV liver tissue
mediated differences; however, it is often difficult to determine if differences are a cause or
consequence of the disease. Requires access to patient samples that is often hampered by a finite
supply and limited access such that these samples are often only used for primary screens or final
confirmation
Circulation
Easier to acquire than primary hepatocytes, but only support low levels of HBV infection and
replication

HBV: Hepatitis B virus; HBx: Hepatitis B virus -X protein.

In vivo models

the HBV pgRNA, and therefore HBV replication, is
regulated by an inducible, tetracycline-responsive
[63]
[59]
element . Additional cell lines include Hep3B
[64]
and PLC/PRF/5
cells, which are derived from HBVpositive tumors and contain integrated HBV DNA.
Both Hep3B and PLC/PRF/5 cells produce some
HBV proteins, but neither produces infectious virus.
Although HBV-infected primary human hepatocytes
have been used in some miRNA-profiling studies,
because cultured primary human hepatocytes quickly
lose their ability to be infected by HBV after only a few
days in culture, their use has been limited. Primary
hepatocytes from other systems, namely mouse
and rat, have also been used to study the impact of
HBV replication on regulation of gene expression,
although these cells cannot be directly infected by
HBV. The recent discovery that Sodium taurocholate
cotransporting polypeptide (NTCP/SLC10A1) serves as
[61]
a receptor for HBV
is an important step forward in
the development of improved cell culture models for
studies on the effects of natural HBV infection and the
functional significance of any changes that might occur
in miRNA levels in non-transformed hepatocytes.

WJG|www.wjgnet.com

Due to the limited host range of HBV, few suitable
animal models exist for studying an in vivo HBV
infection. The treeshrew, Tupaia belangeri, is one of
the very few animals which can be experimentally
infected with HBV, and Tupaia belangeri has been
used as a model to study the immediate effects of
[65]
HBV infection on gene expression in the liver . In
fact, freshly isolated primary treeshrew hepatocytes
were recently used in the identification of NTCP as
[61]
the HBV receptor
and have subsequently been
used for assessing the miRNA profile of HBV-infected
[66]
hepatocytes .
HBV- and HBx-transgenic mice are another
commonly used animal model for studying the impact
[67-72]
of HBV on cellular miRNAs
. Although mouse
hepatocytes cannot be directly infected with HBV,
the use of HBV-transgenic mice allows studies of
the impact of HBV replication on the cellular miRNA
profile. Similarly, HBx-transgenic mice aid in the
study of HBx-mediated effects on the cellular miRNA
profile. While these are valuable tools, they do have
their drawbacks as well. For example, there is no
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Table 2 Methods for studying microRNA expression levels
Strategy

Advantages

Disadvantages

qRT-PCR

Can determine absolute miRNA-expression level
when compared to standard curve, requires minimal
bioinformatics analysis
miRNA
Can be used to determine expression changes for a large
microarray
group of miRNAs
Next-generation Identifies the complete miRNome and determines absolute
sequencing
expression values in the context of all other cellular miRNAs

Analysis of single miRNA at a time; often used to determine expression
of small numbers of miRNAs; requires prior identification of miRNAs of
interest
Data are expressed as fold change relative to a baseline and not absolute
expression values; can require prior identification of miRNAs of interest
Expensive and requires extensive bioinformatics analysis

miRNA: microRNA; qRT-PCR: Quantitative reverse transcription polymerase chain reaction.

inflammatory response against HBV in an HBVtransgenic mouse, which could be important in miRNArelated studies because of the important role miRNAs
play in regulating the immune response. Additionally,
because HBV-transgenic mice do not produce HBV
cccDNA, there is some concern over whether this
system accurately mimics all aspect of HBV replication
[73]
in humans .
HBV-induced changes in host miRNA expression
have also been assessed by analyzing miRNA profiles
in liver tissue, or in some cases serum samples, from
individuals infected with HBV. Often, this approach has
been used to compare miRNAs in patients at different
stages of liver disease, progressing from chronic
HBV infection through fibrosis, cirrhosis, or HCC, or
with different underlying etiologies of liver disease,
[74-76]
including both HBV and HCV infection
. The goal
in these studies has been to identify markers of
disease etiology, progression, prognosis, or response
to treatment, or to increase the understanding of
these processes for the development of new therapies.
Ideally, results from these studies would align with
those of cell-based studies, but, as we describe below,
that has often not been the case.

expressed at physiologically relevant levels.
An increasing number of studies have begun
using broader techniques such as qRT-PCR arrays
and microarrays as a means of identifying expression
changes in the population of miRNAs in cells. This
has resulted in multiple attempts to independently
establish an “HBV-mediated miRNA profile” by
identifying miRNAs with altered expression in the
presence of HBV. Despite the widespread use of these
techniques, whether it is due to technical limitations,
heterogeneity of the samples, or still unknown factors,
observations in these HBV-miRNA studies have often
differed. For example, a comparison of the results of
three different microarray analyses of HepG2.2.15
miRNAs, all done using the same microarray platform,
shows that the studies respectively identified 18, 31,
and 47 miRNAs with altered expression compared to
the parental HepG2 cells. Of these, only four were in
common among all of the studies (miR-146a, miR181a, miR-181d, and miR-338-3p), and only ten were
[82-84]
in common between any two of the studies
. While
this comparison highlights the potential variation
between HepG2 and HepG2.2.15 cells, it also serves as
an example of inconsistencies among HBV microarray
studies and the need for follow-up studies to confirm
altered miRNA expression.
One approach that could aid in establishing
a consensus HBV-mediated miRNA profile is the
application of techniques such as transcriptomewide next-generation sequencing, which allows a
determination of absolute miRNA levels instead of
relative changes, as reported in microarray analyses.
A determination of absolute miRNA levels is important
because it distinguishes more abundantly expressed
miRNAs from those present at only low levels.
Abundant miRNAs have a higher potential to regulate
cellular pathways in physiologically significant ways,
whereas a several fold change in a low-abundance
miRNA may have little effect. In one such study in
primary treeshrew hepatocytes, the profile of all
miRNAs expressed at a given time was established
by deep-sequencing of primary treeshrew hepatocyte
small RNAs. These studies identified 25 miRNAs that
are both significantly expressed in the liver and show
HBV-mediated expression changes. Interestingly,

METHODS USED TO ANALYZE
MICRORNA EXPRESSION IN CELLS
EXPRESSING REPLICATING HBV OR HBV
PROTEINS
Experimental protocols typically used in determining
HBV-mediated changes to miRNA expression include
targeted approaches such as quantitative reverse
transcription polymerase chain reaction (qRT-PCR)
and broader approaches such as microarray or
deep sequencing of the cellular RNA transcriptome
(Table 2). qRT-PCR is often used to analyze the
expression level of a single miRNA, a small panel
of miRNAs, or as a follow-up step for confirmation
of results seen in broader studies such as miRNA
[74,76-81]
microarray studies
. Although microarray and
qRT-PCR are reliable for assessing relative changes
in miRNA expression, it is important to note that
these techniques do not determine if the miRNAs are
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HBV
miR-125b
miR-372/373
miR-210
miR-181

miR-17-92
miR-501
miR-602

miR-125a
miR-152

miR-29 family
miR-122
miR-199
family
miR-15/16
family
let-7 family

HBx
miR-148a
miR-21

Figure 2 microRNAs altered by hepatitis B virus and -X
protein or in hepatitis B virus-associated hepatocellular
carcinoma. Venn diagram depicting microRNAs discussed
in the text that have altered expression levels in the context
of hepatitis B virus (HBV) replication, HBV-X protein (HBx)
expression, and/or HBV-associated hepatocellular carcinoma
(HCC).

miR-101
miR-224
miR-205

HBV-associated
HCC
miR-22
miR-143
miR-145

this included miR-146a, one of the four miRNAs
consistently identified in the previously described
microarray experiments, and miR-122 and let7a, two highly abundant miRNAs in the liver. These
results have particular relevance because of the use
of infectious HBV instead of exogenous delivery of the
viral genome by transfection or expression from an
[66]
integrated transgene . As the use of transcriptomewide techniques expands, it will be informative to apply
a deep-sequencing approach to a larger population of
HBV-infected individuals to discover and understand
the functional significance of any alterations in miRNA
expression profiles in HBV-infected cells. In addition,
techniques that specifically investigate functional
[22,24-26]
miRNAs (discussed in Future Directions)
will
help to determine the physiological impact of HBVmediated alterations to the miRNA expression profile
by identifying miRNAs that are actively involved
in targeting, not simply the miRNAs with altered
expression levels.

potentially altered by HBV (Figure 2, Table 3).

miR-122

The expression of miR-122 is highly specific to
hepatocytes, where this single miRNA can account for
[30,31]
50%-70% of the entire cellular miRNA population
.
miR-122 has a role in maintaining the differentiated
phenotype of hepatocytes and is involved in the control
of lipid metabolism, circadian rhythm, apoptosis,
[85-91]
and iron homeostasis
. The down-regulation of
miR-122 levels in HCC has been observed in many
[30,76,92-94]
studies
, consistent with the dedifferentiated
status of transformed hepatocytes; the contribution of
HBV infection to this down-regulation in the context of
HBV-associated HCC is less well characterized.
The effect of HBV infection on the expression of
miR-122 has often been studied by comparing its
levels in uninfected cells with those in cells either
stably or transiently transfected with the HBV genome.
While many of these studies have found reduced
[69,79,95-98]
levels of miR-122 in HBV producing cells
,
[81,83]
others have not
. Similarly, a down-regulation of
miR-122 was observed in some analyses of liver tissue
from chronically HBV-infected patients as compared
[98]
[30,76,99]
to normal liver tissue , but not in others
. On
the other hand, HBV infection of primary tree shrew
hepatocytes was reported to result in an increase in
[66]
miR-122 levels . It will be of interest to discover if
this striking difference from reports of HBV downregulation of miR-122 is due to the use of an authentic
HBV infection system, as opposed to transfection of
HBV genomic constructs into transformed cell lines, or

EFFECTS OF HBV ON HOST CELL MIRNA
EXPRESSION
While there have been some inconsistencies in the
results of studies that have sought to define HBVinduced changes in cellular miRNA expression
[30,66,76,82-84]
profiles
, a small number of miRNAs have
been identified more often than others as having
expression changes that are associated with HBV
infection. We focus our review first on these miRNAs,
followed by a discussion of some additional miRNAs
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Table 3 Hepatitis B virus-mediated regulation of cellular microRNAs
miRNA

Regulation

HBV-mediated regulation
miR-122
Down
Down

Down

Down
Up
Up
Down
Down
Up
Up
Down
Down

let-7a/g
let-7a
let-7 family
let-7a
miR-15/16
family

miR-125b

Down
Down
Down
Up
Up
Up
Down

miR-181a

Up

miR-22
miR-29c
miR-125a-5p

mIR-199b
Down
miR-372/373
Up
miR-501
Up
miR-602
Up
HBx-mediated regulation
miR-122
Down
let-7 family
Down
miR-15/16
Down
family
miR-21
Up
miR-21
Up
miR-29a
Up
miR-101

Down

miR-143

Up

miR-148a
miR-152

Down
Down

miR-199a

Up

miR-205

Down

miR-224

Up

HBV-associated HCC
miR-122
Down
Down
let-7 family
Down
miR-199a/b-3p
Down
miR-199b
miR-22
miR-29c
miR-101
miR-143

Down
Down
Down
Down
Up

Sample type

Proposed target

Proposed targeted pathway

Method of detection

Ref.

HepG2.2.15
HBV-transfected HepG2/Huh7/
SK-Hep-01, HBV-transgenic mice,
HBV-infected liver tissue
HepG2.2.15

HO-1
PBF

Inflammation and apoptosis
Cell proliferation

qRT-PCR
qRT-PCR

[151]
[69]

Cyclin G1

In-situ hybridization,
qRT-PCR

[98]

NDGR3
-

Cell cycle regulation; p53mediated repression of HBV
transcription
Cell proliferation
-

[95]
[66]

Bcl-2

Apoptosis

qRT-PCR
Next-generation
sequencing, qRT-PCR
microarray
microarray
qRT-PCR
microarray
microarray
microarray
qRT-PCR

[77,159]
[84]
[106]
[84]
[81]
[84]
[70]

CDKN1A
TNFAIP3
SCCND1

Cell proliferation
Cell proliferation
-

microarray
qRT-PCR
qRT-PCR
qRT-PCR
microarray
qRT-PCR
microarray, qRT-PCR

[83]
[167]
[166]
[121]
[82,83]
[106]
[123]

E2F5

Cell proliferation

qRT-PCR

[138]

NFIB
HBXIP
RASSF1A

HBV replication
HBV replication
Apoptosis, tumor suppressor

microarray
microarray
microarray, qRT-PCR
microarray, qRT-PCR

[82]
[82]
[81]
[99]

miR-122 transcription
Cell proliferation
Cell cycle

qRT-PCR
microarray, qRT-PCR
microarray, qRT-PCR

[97]
[107]
[129]

Akt, cell proliferation
Cell migration
Akt, cell migration

qRT-PCR
qRT-PCR
qRT-PCR

[145]
[187]
[67]

DNA methylation

qRT-PCR

[147]

Cell proliferation

qRT-PCR

[168]

mTOR
DNA methylation

qRT-PCR
microarray, qRT-PCR

[144]
[188]

-

microarray, qRT-PCR

[107]

DNA methylation, cell
proliferation
Cell proliferation

qRT-PCR

[72]

in-situ hybridization,
qRT-PCR

[68]

HepG2.2.15
HBV-infected primary treeshrew
hepatocytes, HBV patient serum
HBV patient serum
HBV-transfected HepG2
HBV-transfected HepG2
HepG2.2.15
HepG2.2.15
HBV-transfected HepG2
HBV-transfected HepG2,
HepG2.2.15, HBV-transgenic mice,
HBV-associated HCC
HepG2.2.15
HepG2.2.15
HepG2.2.15
HBV-infected liver tissue
HepG2.2.15
Transfected Cell Line
HepG2.2.15, HBV-transfected
HepG2
HepG2.2.15, AdHBV-infected
HepG2
HBsAg+ liver tissue
HepG2.2.15
HepG2.2.15
HepG2.2.15

HBx-expressing HepG2
PPARγ
HBx over-expressing HepG2, HCC
Stat3
HBx-expressing HepG2/Huh7/SKCyclinD1
HEP-1 cells
HBx-expressing HepG2/Huh7
PDCD4, PTEN
HBx-expressing MIHA
HepG2.2.15, HBx-expressing
PTEN
HepG2, HBx-transgenic mice
HepG2.2.15, HBx-expressing
DNMT3A
HepG2
HBx-expressing HepG2, HBxFNDC3B
transgenic mice
HBx-expressing LO2/HepG2 cells
HPIP
HepG2.2.15, HBx-expressing
DNMT`1
HepG2, HBx-transgenic mice
HBx-expressing HepG2,
HepG2.2.15, HBV infected HCC
HBx-expressing HepG2, HBVassociated HCC
HBx-transgenic mice
Smad4

HBV-associated HCC
HBV-associated HCC
HCC
HCC liver samples (HBV and nonHBV)
HBV-associated HCC
HBV-associated HCC
HBV-associated HCC
HBV-associated HCC
HBV-associated HCC
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PBF
NDGR3
Stat3
PAK4

Cell proliferation
Cell proliferation
Cell proliferation
ERK, cell proliferation

qRT-PCR
qRT-PCR
microarray, qRT-PCR
NGS, qRT-PCR

[69]
[95]
[107]
[30]

CDKN1A
TNFAIP3
DNMT3A
FNDC3B

Cell proliferation
Cell proliferation
DNA methylation
Cell proliferation

qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR

[74]
[167]
[166]
[147]
[168]
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miR-145
miR-224
miR-224

Down
Up
Up

HBV-associated HCC
HBV-associated HCC
HBV-associated HCC

Smad4

cell proliferation

miR-501
miR-602

Up
Up

HBV-associated HCC
HCC liver samples
(HBV and non-HBV)

HBXIP
RASSF1A

HBV replication
Apoptosis, tumor suppressor

qRT-PCR
qRT-PCR
in-situ hybridization,
qRT-PCR
microarray, qRT-PCR
microarray, qRT-PCR

[74]
[74]
[68]
[81]
[99]

HBV: Hepatitis B virus; HBx: Hepatitis B virus-X protein; HCC: Hepatocellular carcinoma; miRNA: microRNA; qRT-PCR: Quantitative reverse transcription
polymerase chain reaction.

if it reflects an inherent difference between human and
tree shrew hepatocytes.
A variety of hypotheses have been put forth
to explain changes in miR-122 expression in HBVproducing cells. One report suggested that HBV
regulates the transcription of miR-122 through
interactions between HBx and peroxisome proliferatoractivated receptor γ (PPARγ) that prevent ligandinduced activation of the miR-122 promoter by
[97]
PPARγ . However, decreased miR-122 promoter
activity is contrary to the established activation of
multiple miR-122-activating transcription factors
such as hepatocyte nuclear factor 4α (HNF4α) and
CCAAT-enhancer-binding protein α (C/EBPα) in cells
[69,100-102]
with replicating HBV
. In fact, an increase in
miR-122 promoter activity in the presence of HBV,
although with decreased levels of mature miR-122,
[69]
has been reported . It was proposed that this lower
level of mature miR-122 was due to sequestration of
miR-122 through binding to a conserved sequence
detected at the 3’ end of all HBV transcripts (Figure
1). This miRNA sponge effect, in turn, may lead to
a derepression of cellular mRNAs normally targeted
by miR-122, such as pituitary tumor-transforming
gene 1 binding factor (PBF), resulting in increased cell
[69]
proliferation . However, it has been shown elsewhere
that extremely high levels of competitive endogenous
RNAs (ceRNAs), or endogenous RNAs that act to
sequester miRNAs away from their target mRNAs, are
required before a sponge effect can be demonstrated
to derepress cellular targets of an miRNA, and miR-122
[103]
in particular
. It remains to be tested whether a
natural infection with HBV results in high enough
amounts of HBV RNAs to sequester miR-122 at levels
sufficient to alter the targeting pattern of endogenous
mRNAs. Another report investigating HBV- or HBxmediated effects on miR-122 promoter activity found
no change to the miR-122 promoter activity, but
suggested that HBx reduces the expression of Gld2, a
poly(A) polymerase that can stabilize miRNAs through
[104]
the addition of a single adenylate residue ; reduced
expression of Gld2 would ultimately contribute to
[96]
destabilizing and reducing miR-122 levels . Clearly,
a better understanding of the control of miR-122
expression will be necessary before conflicting reports
of changes induced by HBV replication can be resolved,
or the mechanism by which HBV gene products might
affect miR-122 transcription, stability, and function can
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be understood.

Let-7 family

In humans, the let-7 family of miRNAs consists of 12
closely related miRNAs and represents some of the
most highly expressed miRNAs in the liver. These
miRNAs are classified as tumor-suppressor miRNAs,
and the loss of members of the let-7 family is a
common factor in the development of many forms
[105]
of cancer, including HCC
. In addition, miRNA
microarray and qRT-PCR analyses have demonstrated
that let-7 expression is altered in HepG2.2.15 cells,
HBV-transfected cell lines, HBx-expressing cell lines,
[81,82,84,106,107]
and HBV-infected human liver samples
.
In one study, multiple members of the let-7 family
were identified by miRNA microarray as being downregulated in HBx-expressing HepG2 cells, and a similar
down-regulation of let-7a was shown in patients with
HCC. Interestingly, this down-regulation of let-7a was
correlated with an increase in cellular proliferation,
in agreement with the established role of let-7 in the
[108]
repression of cell proliferation factors such as Ras
[109]
and Myc
. These studies also demonstrated that
both HBx expression and let-7 inhibition increased the
levels of STAT3, a transcription factor that regulates
cell proliferation, supporting the overall role of let-7 as
[107]
an inhibitor of multiple proliferation pathways .
Additional studies have shown that HBx can upregulate the proteins Lin28A and Lin28B, known
[110-112]
inhibitors of let-7 expression
. In fact, Lin28
and let-7 form a double-negative feedback loop, with
[113,114]
each inhibiting the expression of the other
. Upregulation of Lin28 expression has been observed in
multiple HCC cell lines, HepG2.2.15 cells, and in HBxtransgenic mice, and Lin28 up-regulation was directly
linked to increased tumor growth in HBx-transgenic
[71]
mice . While levels of let-7 were not directly
measured in these Lin28 studies, these observations
suggest that HBx-mediated regulation of the Lin28/
let-7 axis could play a role in the development of HBVassociated HCC. This suggestion is strengthened by
the well-established oncogenic role of Lin28 and tumor
suppressive role of let-7 that has been linked to both
let-7-independent effects of Lin28 as well as to let-7
targeting of known oncogenes such as Ras and Myc, a
let-7 effect that would be countered by up-regulation
[105,115]
of Lin28 expression
.
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miR-125 family

a down-regulation of miR-199 family members in HBVexpressing cells. This down-regulation has been shown
in HepG2 cells transfected with a plasmid expressing
the HBV genome, in HepG2.2.15 cells, and in HBV[82,84,99,125]
infected patients
, and down-regulated miR199b has been proposed as a biomarker for early
[74]
detection of HBV-associated HCC . Additional studies
are needed to determine the cellular impact of HBVmediated altered miR-199 expression.

The miR-125 family is one of the most studied miRNA
families because lin-4, its homolog in C. elegans,
[27]
was the first described miRNA . Both miR-125a
and miR-125b display altered regulation in various
[30,116]
diseases including HCC
. Targets of this family
[117]
include regulators of apoptosis, such as p53
and
[118]
[119]
Bak1
, the stress response factor HuR
, and the
[120]
Lin28 proteins
. Interestingly, miR-125a has been
identified in multiple profiling studies as being upregulated in HepG2.2.15 cells as compared to HepG2
cells, and recent studies have also demonstrated that
miR-125a expression is up-regulated in HBV-infected
patient samples. A qPCR-based analysis of levels
of miR-125a-5p in the liver directly correlated miR125a-5p expression with liver HBV DNA levels and
the severity of disease in chronically HBV-infected
[121]
patients . A follow-up study attempted to determine
the mechanism for HBV-mediated up-regulation of
miR-125a by examining the role of HBx in this same
cohort of chronically HBV-infected HBV patients. Of
these patients, those with high HBV viral load had
3.6-fold higher levels of HBx compared to patients with
low viral load, which correlated with a 3-fold increase
in the level of liver miR-125a in the same patient
groups. Transfection of HBx into HepG2 and Huh7 cells
[122]
also increased the level of miR-125a expression
.
While these data suggest a correlation between the
levels of HBx and the levels of miR-125a, additional
research is needed to determine the mechanism by
which HBV may be regulating expression of miR-125a.
Recently, miRNA microarray analysis of HepG2.2.15
cells and HBV-expressing HepG2 cells identified a
set of 35 miRNAs that exhibited similar regulation
in both cell types when compared to HepG2 cells.
Among these miRNAs, miR-125b was shown to be
down-regulated in both HepG2.2.15 cells and HepG2
cells transfected with a HBV-expressing plasmid, and
this regulation was subsequently confirmed by qRT[123]
PCR
. While these results suggest opposing HBVmediated regulation of miR-125a and miR-125b, which
have the same seed sequence and might target a
similar set of mRNAs, together they indicate that HBV
is likely playing a role in regulating the miR-125 family.

miR-15 family

The miR-15 family of miRNAs represents one of the
earliest identified examples of a tumor-suppressor
[3]
miRNA family . Decreased expression of many of
the six miR-15 family members (miR-15a, miR-15b,
miR-16-1, miR-16-2, miR-195, miR-497) is common
in multiple forms of cancer, including HCC, and
their targets include important cellular factors such
[126,127]
as regulators of the cell cycle and apoptosis
.
Studies have shown decreased expression of members
of this family in cell lines transfected with a plasmid
expressing the HBV genome, in HepG2.2.15 cells, in
HBV-infected liver samples, in HBV-associated HCC,
[83,84,106,128-131]
and in cells expressing HBx
. This alteration
could be explained, in part, by the previously identified
[54,129,132]
induction of c-Myc by HBx
and c-Myc-mediated
[133]
repression of the miR-15a/miR-16 cluster
.
Importantly, studies have confirmed the significance
of this down-regulation of the miR-15a/16 cluster by
demonstrating derepression of miR-15a/16 targets,
[129]
including Cyclin D1, in HBx-expressing cells .
Additional evidence of HBV-mediated regulation of
the miR-15 family was obtained in two independent
studies that suggested that HBV transcripts act as
miRNA sponges to sequester miR-15 family members
and decrease the interactions of miR-15 family
members with endogenous targets. The first study
used the TargetScan algorithm to identify four target
sites for miR-15a and miR-16-1 within a sequence
contained in all HBV mRNA transcripts. Interestingly,
while transfection of HepG2 cells with HBV altered
the expression of 8 miRNAs (miR-210, miR-602, miR199a, miR-125a, and miR-29a up; miR-15a, miR-16-1,
let-7a down), this regulation was retained when
HepG2 cells were transfected with a plasmid encoding
an HBV genome with a premature stop codon
preventing production of HBx. Additionally, transfection
of a plasmid encoding either HBx or a mutant that
made HBx RNA but not HBx protein resulted in
decreased expression of miR-15a and miR-16-1. This
implied that while HBx over-expression was able to
down-regulate miR-15a and miR-16-1, this regulation
was not through the HBx protein. Pull-down assays
conducted in this study also demonstrated that miR15a can bind HBx RNA, and it was hypothesized that
HBx RNA acts as an miRNA sponge to decrease the
levels of miR-15a available in the cell. Support of this
hypothesis was shown by up-regulation of miR-15a

miR-199 family

Analysis of the total miRNA population in normal liver
samples by next-generation sequencing of small RNAs
identified members of the miR-199 family as being
among the most abundant miRNAs in the liver, with
miR-199a/b-3p representing an average of 4.9% of
[30]
the total miRNAs in the liver . Because of the relative
abundance of these miRNAs, changes in the levels of
expression of miR-199 family members are likely to
result in significant changes in the expression of mRNA
targets. Although some studies suggest increased
expression of miR-199a in HepG2.2.15 cells and HBV[30,124]
positive liver samples
, many other studies report
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targets, such as the cell cycle regulator Cyclin D1 and
[106]
anti-apoptotic Bcl-2, in the presence of HBx RNA
.
It should be noted, however, that because this target
site is located within the HBx transcript, it is also within
all HBV RNA transcripts (Figure 1). Therefore in cells
with replicating HBV, each of the HBV transcripts would
have the potential to have a similar sponge effect.
Additional studies have shown that the levels
of miR-15a and miR-16 are significantly decreased
in transformed cell lines expressing HBV, in HBVtransgenic mice, and in HBV-associated HCCs.
Using TargetScan, another miR-15/16 target site
was identified within the region of the HBV genome
shared in all HBV transcripts and independent from
[106]
the previously identified miR-15/16 target sites
described above (Figure 1). Transfection of a plasmid
expressing this target site or a plasmid expressing
a greater-than-unit length copy of the HBV genome
reduced levels of miR-15a and miR-16, while ex
pression of an HBV genome in which the target site
was mutated caused no change in the levels of miR15a or miR-16. Together, these results suggest that
HBV transcripts can bind to miR-15a and miR-16 and
may act as an miRNA sponge. In HBV-associated
HCC patient samples, a strong negative correlation
was seen between expression of HBV transcripts
and expression of miR-15/16, and a strong positive
correlation was seen between HBV transcript levels
and expression of the apoptosis inhibitor Bcl-2, a
[70]
known target of the miR-15 family . These data
support the hypothesis that HBV transcripts can divert
miR-15 family members away from endogenous
targets, as seen by increased expression of Bcl-2
and a significant decrease in apoptosis induction in
cells expressing HBV. Together, these studies suggest
a mechanism, potentially in addition to the HBx[129]
mediated activation of c-Myc previously described ,
by which HBV regulates the levels of the miR-15
family to optimize cellular homeostasis by decreasing
apoptosis and modulating cell cycle regulators. As
[103]
shown for miR-122 , it is important to point out that
very high levels of the target transcript may be needed
for an miRNA sponge to have a physiological effect,
and it remains to be seen whether the levels of HBV
[103]
transcripts in the cell reach this threshold .

were significantly up-regulated in the presence of HBV
replication. It was further shown that c-Myc inhibition
blocked HBV-mediated up-regulation of the miR-17-92
cluster, indicating that this regulation was through
[135]
HBV-mediated activation of c-myc
. Interestingly,
next-generation sequencing of the miRNAs in HBVinfected liver samples showed significant up-regulation
of miR-92a compared to normal tissue, and even
[30]
higher expression in HBV-associated HCC . In
contrast to observations in HepAD38 cells and patient
samples, multiple studies have shown that members
of the miR-17-92 cluster are down-regulated in
[82-84]
HepG2.2.15 cells
. These differences could reflect
differences between the various cell types and assay
methods used in these studies, and suggest that
cellular context should be considered when interpreting
these HBV-miRNA studies.

Other miRNAs and miRNA-regulated pathways affected
by HBV

In addition to the miRNAs discussed above, other
miRNAs and miRNA-regulated pathways that are
altered in the context of HBV replication have been
described. Because these studies of HBV-mediated
miRNA regulation have been identified in fewer,
sometimes only single, studies, they have been
grouped together and are discussed here. In addition,
some of these miRNAs are not highly expressed in
the liver, and therefore their physiological role during
an HBV infection may require careful interpretation.
For example, miR-501 was shown by microarray
and qRT-PCR to be up-regulated in HepG2.2.15 cells
compared to HepG2 cells and in liver samples from
HBV-associated HCC patients with a high viral load
compared to patients with a lower viral load. Upregulation of miR-501 led to increased targeting of
hepatitis B X-interacting protein (HBXIP), a cofactor
[81,136]
for the anti-apoptotic protein Survivin
. Similarly,
HBV-mediated up-regulated of miR-602 was shown in
a study examining normal liver samples, HBV-infected
liver samples, and HBV-associated HCC samples; Ras
association domain family 1 isoform A (RASSF1A), a
target of miR-602, important tumor suppressor, and
[137]
regulator of apoptosis
, was down-regulated in the
presence of HBV. Increased miR-602 expression was
confirmed in both HepG2.2.15 cells and HepG2 cells
stably expressing HBx, and targeting of RASSF1A
was blocked in these cells with the addition of a
[99]
miR-602 inhibitor . Another study demonstrated
that HBV-associated HCCs and HepG2.2.15 cells
express increased levels of the miR-371/372/373
miRNA cluster and that this up-regulation caused a
[82]
decrease in the levels of nuclear factor I/B (NFIB) .
A high-throughput sequencing analysis of the miRNAs
expressed in the human liver, however, showed
miR-501, miR-602, and the miR-371 cluster as having
poor expression in the liver (< 10 transcripts per
[30]
million reads) . Alternatively, miR-181a, an miRNA

miR-17-92 cluster

The miR-17-92 cluster is composed of six miRNAs:
miR-17, miR-18a, miR-19a, miR-19b-1, miR-20a,
and miR-92a-1. This cluster is well characterized as
having increased expression in multiple cancers and
has been referred to as oncomir-1 due to its oncogenic
[134]
potential
. Analysis of expression of this miRNA
cluster in the HepAD38 cell line, in which expression
of the HBV pgRNA and therefore HBV replication,
is under the control of a tetracycline-responsive
promoter, showed that both the precursor and mature
forms of multiple members of the miR-17-92 cluster
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miR-224

[68]

miR-21

[145]
HBx

PTEN

mTOR

Autophagy

miR-29a

[67]
[144]

Akt

miR-148a

HPIP

Figure 3 Model of potential hepatitis B virus X protein-mediated metabolic regulatory network. Potential regulatory network involving hepatitis B virus (HBV)-X
protein (HBx)-regulated microRNAs (miRNAs) and their downstream targets. See text for description and abbreviations.

over-expressed in numerous cancers, and shown to
have moderate liver expression (approximately 150
[30]
transcripts per million reads in normal liver) , was
up-regulated in HepG2.2.15 cells and in HepG2 cells
infected with an adenoviral vector containing a greater[82-84,138]
than-unit length copy of the HBV genome
. This
up-regulation of miR-181a decreased expression of
its predicted target E2F5, a transcription factor known
to be involved in proliferation regulation, leading to
increased cellular proliferation and tumor growth in
[138]
nude mice .
During an HBV infection, non-infectious HBsAg is
secreted from the cell as empty viral particles, known
as subviral particles, typically in a 1000 to 100000-fold
[139]
excess compared to infectious particles
. Nextgeneration sequencing of small RNAs from HepG2
cells over-expressing HBsAg showed that the miRNA
profile is significantly altered in response to HBsAg
expression. Some of the miRNAs up-regulated by
HBsAg expression are known or predicted to target
the major histocompatibility complex class I-related
molecules A or B (MICA or MICB), two ligands involved
in activation of natural killer (NK) cells. miR-373,
miR-107, and miR-29a/b, three miRNAs shown to be
up-regulated in HBsAg-expressing cells, were each
shown to target MICA or MICB, resulting in decreased
surface expression of these ligands and decreased NK
[140]
cell-mediated cell death
. Emerging evidence has
supported a role for NK cells in the innate immune
[141]
response to HBV , and HBV down-regulation of NK
cell-activating ligands such as MICA and MICB could
contribute to the establishment of a chronic HBV
infection and associated diseases. Further research
is needed to determine the correlation between the
amount of HBsAg expression required to induce
expression of the MICA/MICB-regulating miRNAs and
the amount of HBsAg that is present during a normal
infection, but these studies suggest a potential role
for MICA and MICB down-regulation in chronic HBV
infection.
An interesting aspect of miRNA-related research
has been the recognition of miRNA-mediated
regulatory networks, in which multiple cellular factors
and miRNAs combine to form a cascade of cellular
signals. Together these regulatory networks, involving
factors such as NF-κB/Lin28/let-7/IL-6 or miR-124/IL-
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6R/HNF4, are important for maintaining the normal
function of the cell, and their disruption may be a cause
[142,143]
of disease
. Various studies have independently
identified a number of HBx-mediated effects on cellular
metabolism through disruption of cellular miRNAs
(Figure 3). When considered together, these studies
could imply a regulatory mechanism through which
HBx modulates cellular metabolism by influencing the
levels of specific miRNAs to regulate expression or
activation of a group of important metabolism-related
cellular factors. For example, one group demonstrated
that HBx inhibits p53-mediated activation of miR-148a,
resulting in increased expression of the miR-148a
target, hematopoietic pre-B cell leukemia transcription
factor-interacting protein (HPIP). This increase in HPIP
activated Akt and extracellular signal-regulated kinase
(ERK), and ultimately mechanistic target of rapamycin
[144]
(mTOR)
. HepG2.2.15 cells, HBx-transgenic mice,
and cells over-expressing HBx each were also shown
to have increased levels of miR-29a, which targets
PTEN, a negative regulator of Akt activation, resulting
in HBx-mediated Akt activation and increased cell
[67]
migration . Studies in HBx-transfected HepG2 and
Huh7 cells have also suggested that HBx up-regulates
the oncogenic miR-21, resulting in decreased PTEN
[145]
expression and increased Akt activation
. In yet
another finding, HBV-associated tumors and tumors
from HBx-transgenic mice were shown to have
increased levels of miR-224. This directly correlated
with low levels of autophagy activation and low levels
of the miR-224 target Smad4, which when inhibited
[68]
results in increased tumorigenicity . Together these
results support a role for HBx-mediated regulation
of miRNA expression in the overall regulation of
the metabolic processes of the cell. Because HBx
modulates the levels of Akt activation through altered
miRNA expression, HBx might also control the level
of mTOR activation and autophagy to optimize the
cellular environment for HBV replication.
HBx-mediated regulation of miRNAs has also been
suggested to play a role in altered DNA methylation.
Two different groups demonstrated HBx regulation
of DNA methylation through HBx down-regulation
of miR-101 and miR-152. In one study, miR-152
was down-regulated in HepG2.2.15 cells and in
HepG2 cells expressing HBx, and this correlated
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with an increased expression of the miR-152 target
DNA methyltransferase 1 (DNMT1). Increased DNA
methylation by DNMT1, including at sites epigenetically
silenced in HBV-associated HCC, was seen in cells
[146]
treated with an inhibitor of miR-152
. Similar
results were observed with miR-101 and its target
DNA methyltransferase 3A; HBx-mediated downregulation of miR-101 increased expression of DNMT3A
[147]
and increased DNA methylation by DNMT3A
.
Interestingly, additional evidence suggests that
[97]
[148]
expression of both miR-122
and miR-205
may
be regulated through HBx-mediated alteration of
methylation of their transcription promoters. Taken
together, these studies suggest that HBx can regulate
expression of miRNAs to affect epigenetic modulation
of gene expression.

cells, which express moderate amounts of miR-122,
and HepG2 cells, which express very low levels of
miR-122. After co-transfection of Huh7 cells with a
plasmid encoding the HBV genome and a miR-122
inhibitor, HBsAg and HBeAg were increased compared
to cells transfected with HBV and a control miRNA
inhibitor, indicating a negative regulatory effect of
miR-122 on HBV gene expression. Similarly, when
miR-122 was over-expressed in HBV-transfected
HepG2 cells, HBsAg and HBeAg levels significantly
[151]
decreased
. In the same series of experiments,
however, the over-expression of miR-122 was shown
to decrease levels of heme oxygenase-1 (HO-1), and
miR-122 inhibitors increased HO-1 levels. Consistent
with the previously demonstrated role of HO-1 as a
[152]
suppressor of HBV replication
, over-expression
of HO-1 in HepG2 cells was sufficient to inhibit HBV
protein production. Conversely, siRNA knockdown
of HO-1 resulted in increased HBsAg and HBeAg,
suggesting an indirect, but positive, regulatory effect
of miR-122 on HBV replication. To explain these
seemingly contradictory effects of miR-122 on HBV
gene expression, a double regulatory mechanism was
proposed in which miR-122 represses both HBV and
HO-1, but the anti-HBV effects are dampened by the
[151]
reduced ability of HO-1 to inhibit HBV replication .
Another indirect mechanism of miR-122 regulation
of HBV replication may be mediated through the
[91]
activity of cyclin G1, a known target of miR-122 .
[153]
Cyclin G1 interacts with p53
, preventing p53
binding to HBV enhancer Ⅰ and Ⅱ elements, which
normally suppresses HBV transcription, thus relieving
repression of HBV transcription. A down-regulation of
miR-122 in HBV-infected cells, then, would result in a
feed-forward loop by allowing increased levels of cyclin
G1 expression, increased sequestration of p53, and
[98]
further increases in HBV transcription .
Additional studies support the conclusion that
miR-122 can suppress the expression of HBV proteins
[69,77,79,95,96]
or HBV replication
. For instance, it has
been shown that HepG2.2.15 cells express lower
levels of miR-122 than the already low levels found in
HepG2 cells, and when miR-122 is over-expressed in
HepG2.2.15 cells, there is a decrease in the production
[95]
of HBV proteins . It should be noted, however, that
while direct infection with HBV increased miR-122
levels in both HepG2 cells stably transfected to
express the HBV receptor and in primary treeshrew
hepatocytes, neither miR-122 over-expression nor
[66]
inhibition had any impact on HBV replication .
Although only a single study, the use of models of
direct infection with HBV that more closely mimic
an authentic HBV infection suggest that this study
may more accurately reflect miR-122 effects on HBV
replication and HBV protein expression during a natural
HBV infection.
Direct targeting of HBV RNAs by miR-122 has
been explored as a mechanism of post-transcriptional

EFFECTS OF CELLULAR MIRNAS ON HBV
REPLICATION
The role of cellular miRNAs during viral infections
of mammalian cells has been a matter of debate.
In general, miRNAs could act as a cellular anti-viral
defense, as siRNAs do in plants and lower eukaryotes,
or miRNAs could be exploited by the virus to help
establish a cellular environment that promotes virus
replication or persistence. In the preceding discussion,
we described the impact of HBV replication and
HBV proteins on miRNA expression; in the following
sections, we discuss evidence indicating that cellular
miRNAs can directly affect the outcome of an HBV
infection (Table 3).

miR-122

The high abundance and liver-specific expression
of miR-122 has led many groups to investigate its
effects on the replication of hepatotropic viruses.
While miR-122 is a required factor for HCV replication
[149]
(reviewed in
), the effects of miR-122 on HBV
replication remain less clear. Multiple studies, including
those using libraries of miRNA mimics or miRNA
inhibitors to examine the impact of miRNAs on HBV
replication, failed to identify miR-122 as a candidate
[80,124,150]
regulator of HBV replication
. A growing body of
evidence, however, suggests that there is a correlation
between miR-122 levels and the presence of replicating
HBV or the expression of HBV gene products. While
many studies have examined alterations of miR-122
levels in the presence of replicating HBV (discussed
above), others have found evidence for the downregulation of HBV gene expression by miR-122. The
various mechanisms that have been considered,
including the direct targeting of HBV transcripts by
miR-122, and indirect effects where miR-122 can
suppress cellular targets that affect HBV replication,
are discussed below.
One of the first studies to demonstrate miR-122mediated effects on HBV gene regulation utilized Huh7
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repression, and potential binding sites have been
identified in conserved regions of the HBV genome
[69,79]
(Figure 1)
. One potential miR-122 binding site
was identified in the HBV pgRNA, just downstream
of the core protein ORF and within the polymerase
ORF. miR-122 targeting of this site was investigated
in studies with various HBV plasmids that included
sequence variations at this site or in studies with
miR-122 mimics carrying mutations designed either to
prevent or restore miR-122 interactions with this site.
HBsAg and HBeAg levels were reduced in HepG2 cells
expressing HBV and co-transfected with a miR-122
mimic, but only when the HBV-expression plasmid and
miR-122 mimic carried either wild type HBV sequence
or compensating mutations to allow complementary
[79]
interactions . These studies provide evidence that
miR-122 regulates HBV replication through direct
targeting of HBV transcripts. These studies also raise
the interesting question, however, of why or how HBV,
a very narrowly hepatotropic virus, has adapted to
replicate in the same cells that express a potentially
antiviral miRNA at unusually high levels. The authors
propose that reduced viral replication mediated by
miR-122 promotes HBV persistence by preventing
excessive cell damage or a strong immune response.
It is also possible, however, that the miR-122 binding
site in HBV RNAs is not available for targeting by
miR-122 in infected cells, either due to binding of other
proteins at that site or to secondary structure in the
RNAs. Similar masking of potential miRNA binding
[154,155]
sites has been demonstrated in HIV-1 mRNAs
.
Additional experiments addressing these issues could
help to explain how HBV tolerates the potentially antiviral effects of miR-122.

HepG2.2.15 cells were treated with either iron, which
significantly increased HBV replication, or TGFβ,
which significantly decreased HBV replication, and
the expression of 814 miRNAs was measured by
high-throughput sequencing. Two miRNAs showed
opposing regulation under these treatment conditions:
TGFβ increased miR-125a-5p and miR-21 expression
whereas iron decreased miR-125a-5p and miR-21
expression. In these studies, transfection of a miR125a-5p mimic abrogated the iron-induced increase
in HBV replication; however, inhibition of miR-125a5p did not block the TGFβ-mediated decrease in HBV
replication. When taken together with the results of
the previously discussed study, these miR-125a-5p
studies suggest a regulatory network in which miR125a-5p decreases HBV replication through control of
HBsAg translation. As with some other miRNAs that
inhibit HBV replication, miR-125a-5p is paradoxically
up-regulated in HBV-expressing cells and HBV[82,83,121]
infected patients
. In the studies that describe
HBV-mediated up-regulation of antiviral miR-125a,
this up-regulation was proposed to be a potential
mechanism for HBV to regulate its own replication by
controlling the levels of cellular miRNAs that inhibit the
virus; additional studies are needed to validate this
hypothesis.
In addition to studies examining miR-125a, a
study identified miR-125b as down-regulated in HBVexpressing cells and showed that miR-125b negatively
regulates HBV replication. In this study, HepG2.2.15
cells over-expressing miR-125b had decreased levels
of HBV DNA and HBV proteins, and this effect was
lost when the cells were transfected with a miR-125b
inhibitor. This effect was proposed to be through
regulation of the miR-125b target sodium channel,
[123]
non-voltage-gated 1 alpha (SCNN1A)
; however,
further experiments will be needed to verify that this
target is, in fact, playing a role in HBV regulation.

miR-125 family

A study in the PLC/PRF/5 cell line, which expresses
HBsAg from integrated HBV DNA, demonstrated
that miR-125a down-regulates expression of HBsAg
[156]
through direct targeting of HBV RNAs
. Using a
computational approach, seven potential miRNA
target sites were identified within a conserved 995bp
sequence of the HBV polymerase and HBsAg ORFs.
Assays using luciferase reporter constructs, in which
the target site is cloned into the luciferase 3’ UTR,
in a panel of human liver cancer cell lines confirmed
targeting of one of these sites by miR-125a; this effect
was lost when the predicted region complementary to
the miR-125a seed sequence was mutated. Although
the effects on HBV replication were not analyzed
directly in this study, down-regulation of HBsAg
expression was observed when a miR-125 mimic was
transfected into PLC/PRF/5 cells, whereas transfection
of a miR-125a inhibitor into these cells increased
[156]
HBsAg expression .
Another recent study correlated the regulation of
miR-125a-5p expression to the opposing effects on
HBV replication that are observed following treatment
[157]
of HBV-expressing cells with either iron or TGFβ
.
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miR-15 family

The miR-15 family has also been shown to regulate
HBV replication. In one study that described the ability
of HBV transcripts to act as miR-15a and miR-16-1
sponges, over-expression of miR-15a or miR-16-1
decreased HBV replication in HepG2 cells transfected
with a plasmid containing the HBV genome and
decreased HBx expression in cells transfected with an
[106]
HBx-expressing plasmid
. While the mechanism(s)
of miR-15a/16 regulation of replication was not directly
examined, multiple miR-15a/16 targets were disrupted
by the sponge effect of the HBV transcripts. Among
these targets, Cyclin D1 has previously been shown
to be up-regulated by HBx, and this up-regulation
may be required for HBV replication in primary rat
[40]
hepatocytes . Consequently, regulation of members
of the miR-15 family could influence HBx-mediated
alteration of the cell cycle and regulation of HBV
replication.
Another study identified a complex regulatory
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miR-17/92 cluster

cascade in which miR-15b may be playing a role in
establishing HBV persistence. Expression of miR-15b
was decreased in cell lines expressing HBx or stably
expressing HBV, and ectopic expression of miR-15b
in HepG2.2.15 cells increased HBV replication and
increased production of viral antigens. In contrast,
inhibition of miR-15b decreased HBV replication in
HepG2.2.15 cells. Because HBV transcript levels were
increased in the presence of over-expressed miR15b, the authors reasoned that miR-15b was not
likely directly targeting viral transcripts, unlike what
had been shown for other members of this miRNA
[70,106]
cluster
. Instead, the authors hypothesized that
miR-15b could be modulating activity at one of the
viral transcription promoter or enhancer regions. After
identifying the Enhancer Ⅰ region as the regulatory
region affected by miR-15b, the transcription factor
HNF1α, which represses Enhancer Ⅰ activity, was
identified as a target of miR-15b. Targeting of HNF1α
by miR-15b resulted in increased viral replication,
which ultimately created a negative feedback loop
[131]
that decreased the levels of miR-15b . While further
studies are needed to determine how these findings
relate to other studies that demonstrated that miR-15
family members inhibit HBV replication, together each
of these studies supports the hypothesis that members
of this miRNA family could be involved in regulation of
HBV replication.

Members of the miR-17-92 cluster of miRNAs have
also been identified as regulators of HBV replication
through direct targeting of viral transcripts. For
example, inhibition of miR-20a and miR-92a-1, both
members of the miR-17-92 miRNA cluster, increased
the levels of HBV RNAs. Predicted target sites for
these miRNAs within the HBx and polymerase ORFs
were identified computationally, and confirmed using
a luciferase reporter construct in which approximately
450 bp of the HBV genome that included the predicted
target sites was cloned downstream of the luciferase
[135]
ORF
. Unfortunately, these studies were limited to
this reporter assay and did not extend to analyses of
mutated sites within the HBV genome nor did they
introduce mutations into their reporter construct to
attempt to inhibit targeting, so additional studies are
needed to confirm this miRNA-mediated regulation of
HBV.

Other miRNAs

While the most commonly studied miRNAs that
have been proposed to regulate HBV replication are
described above, additional miRNAs have been shown
to regulate HBV replication. For example, the results
of one study showed that HBV-mediated up-regulation
of miR-501 led to increased targeting of HBXIP, an
inhibitor of HBV replication, resulting in increased HBV
[81]
replication . Increased levels of the miR-371/372/373
miRNA cluster, which was observed in HBV-associated
HCCs and HepG2.2.15 cells, were also shown to
increase HBV replication, and this occurred primarily
through miR-372 and miR-373 targeting of nuclear
factor Ⅰ/B (NFIB), an inhibitor of HBV replication.
Increased miR-372 and miR-373 levels increased HBV
Enhancer Ⅰ and core promoter activity, potentially
through decreased NFIB-mediated transcriptional
[82]
repression .
Libraries of miRNA mimics have been transfected
into HBV-expressing cells to identify miRNA-dependent
changes in the level of HBV replication. In one study
in HepG2 cells, miR-141, miR-125a, and miR-125b
were identified as negative regulators, and miR-98
as a positive regulator, of HBV replication. PPARα, a
transcription factor required for HBV replication, was
[80]
identified as a target of miR-141 . Using a similar
library of miRNA mimics in HepG2.2.15 cells, another
study identified miR-1, miR-146, and miR-214 as
enhancing HBV replication and miR-210 as inhibiting
HBV replication. miR-1 was further shown to enhance
HBV replication by targeting histone deacetylase 4
(HDAC4), ultimately transactivating the HBV core
promoter through enhanced farnesoid X receptor
[150]
. There did not appear to be
α(FXRA) expression
overlap between the identified miRNAs in these two
studies, although a similar study utilizing a pool of
antagomirs transfected into HepG2.2.15 cells did

miR-199a-3p

In addition to studies describing HBV-mediated
regulation of miR-199 family members, there is
evidence that these miRNAs may play a role in
regulating HBV replication. For example, in experiments
where a pool of antisense miRNAs was used to screen
for inhibitors of HBV replication, both miR-199a-3p
and miR-210 were shown to inhibit HBV replication
in HepG2.2.15 cells. This study used antisense
oligonucleotides against 328 known human miRNAs
to detect the loss of miRNA-dependent effects on HBV
replication and surface antigen secretion. The predicted
target sites of miR-199-3p and miR-210 within surface
antigen and the PreS1 coding sequences were cloned
into a luciferase reporter vector to confirm functional
[124]
targeting of the sites . Interestingly, these sites are
located in different transcripts across HBV genotypes,
and the miR-210 target site is not completely con
served, which potentially alters the interpretation of
these studies. The fact that miR-199a/b-3p is a highly
abundant miRNA in the liver and is up-regulated in
[30]
HBV-infected liver
suggests that miR-199a-3p could
be effective in targeting and regulating HBV during an
infection. As with a number of other miRNAs reported
to be inhibitory to HBV, the level of this anti-HBV miRNA
was shown to be higher in HepG2.2.15 cells than
[124]
HepG2 cells , potentially as a mechanism to control
the level of viral replication.
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[124]

identify miR-210 as an inhibitor of HBV replication .
Finally, a purely computational approach was
used to predict six potential miRNA target sites
within the HBV genome by compiling results from
four commonly used target prediction algorithms.
Using a previously published next-generation
sequencing dataset of miRNAs expressed in HBVinfected and normal liver samples, liver expression
of the predicted miRNAs was examined. Four of the
six predicted miRNAs were shown to be expressed
in the liver in this sequencing dataset, but because
no experimental data were presented to support the
predicted target sites, it remains to be seen whether
these predicted miRNA targets in the HBV genome are
[158]
actually targeted
. Moreover, the expression levels
of each of these miRNAs, as determined in the nextgeneration sequencing dataset described above, was
extremely low, and well below the threshold value
[30]
set by the original study . This raises the question
of whether these four miRNAs are expressed at high
enough levels to have functional relevance for affecting
HBV replication, and underscores the importance of
considering the cellular context of miRNA expression
when using computational approaches.

proposed to be due to HBx-mediated regulation of SP1
[161]
and AP-2 transcription factors
. In another study,
it was shown that HepG2.2.15 cells and HepG2 cells
expressing HBV have lower levels of DGCR8 than
HepG2 cells, potentially through HBV-mediated upregulation of the transcription factor YY1. It was shown
that YY1 inhibits DGCR8 promoter activity, and that
HepG2.2.15 cells express higher levels of YY1 than
HepG2 cells. Although both of these studies showed a
decrease in essential miRNA machinery components,
no quantification of miRNA levels was conducted, and
further studies are needed to determine the impact of
this regulation on the cellular miRNA profile.

MICRORNAS AND HBV-ASSOCIATED
HCC
Since HBV is the leading worldwide risk factor for
developing HCC, many studies assessing the rela
tionship between HBV and miRNAs have attempted to
correlate the cellular impact of changes to the miRNA
profile or specific miRNAs to tumorigenesis. There are
also multiple studies describing the utility of serum or
liver miRNA profiles as early detection markers for HCC.
While we describe below the importance of miRNAs as
they relate to HCC, particularly in the context of HBVassociated HCC, more extensive reviews of miRNAs in
[162,163]
HCC are found in
.
There are many reasons for the high mortality
rate of HCC, but foremost among these is the lack
of early detection methods and effective treatments
[164]
(reviewed in
). As with all cancers, HCC develops
in an environment of cellular proliferation. In a
normal liver only about 1 in 20000 hepatocytes is
undergoing mitosis at a given time, so the uncontrolled
proliferation associated with HCC requires a signal that
[165]
induces and maintains hepatocyte proliferation
.
Many HBV-related miRNA studies have attempted
to identify miRNA targets that are directly involved
in increasing cellular proliferation. For example, in
one study, decreased levels of miR-122 during HBV
replication resulted in increased pituitary tumortransforming gene 1 (PTTG1) binding factor (PBF)
expression. This led to enhanced proliferation and
invasiveness of HCC cells and tumorigenicity in
vivo through PBF-mediated activation of the PTTG1
transcription factor. Importantly, decreased miR-122
and increased PBF were confirmed in liver samples
from patients with chronic hepatitis or HBV-associated
[69]
HCC . Similar relationships have been seen with miR[166]
29c and its target TNFAIP3 , miR-22 and its target
[167]
[168]
CDKN1A
, and miR-143 and its target FNDC3B .
While the majority of these studies demonstrate
altered regulation of their respective miRNAs in HBVassociated HCC samples, what is often lacking in these
studies is direct confirmation of inverse expression
of the identified mRNA target in the HCC samples.
Because of the lack of an effective model system for

HBV-MEDIATED REGULATION OF
MICRORNA MACHINERY
Recent studies have attempted to correlate HBV
replication and protein expression with alterations in
the cellular miRNA processing machinery. In HepG2
cells stably expressing HBV, the RISC protein Ago2 colocalized in multiple intracellular compartments with
HBcAg and HBsAg, and this co-localization seemed to
occur specifically, as it was not seen between Ago2
and HBx. Knockdown of Ago2 with siRNA decreased
HBV DNA and HBsAg secretion, implying that Ago2 is
[159]
important for HBV replication
. As is the case with
some other viruses, it was proposed that HBV might
utilize some of the non-silencing related functions of
[160]
Ago2, such as its role in P-body formation . This is
an interesting hypothesis that warrants further study,
as it could lead to a better understanding of cellular
influences on HBV replication. These findings are,
however, in direct contrast to studies that used siRNA
knockdown of multiple components of the miRNA
machinery, including Ago2, in HepG2 cells transfected
with a plasmid expressing the HBV genome. In these
studies, knockdown of the miRNA machinery increased
HBV replication, implying an overall inhibitory role for
[106]
miRNAs in HBV replication . Further studies will be
required to determine if either effect is relevant to a
natural HBV infection.
Two additional studies took a more direct approach
and quantified the levels of miRNA machinery elements
in HBV-expressing cells. In one study, levels of Drosha
were significantly down-regulated in HepG2.2.15
cells compared to HepG2 cells, an effect that was
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studying HBV and HBV-associated HCC, for most
studies the mRNA target identification and validation
was performed in cell lines, without a definitive ability
to confirm that the target is regulated by the miRNA
in the original cell or tissue samples. Because of the
heterogeneity of tumors, and the use of already
transformed cell lines for confirmatory studies, it is
difficult to determine which factors are involved in
HCC development and which are consequences of the
systems being used. This could be contributing to the
extensive number of factors being identified as HCCrelated miRNA-target pathways.
Profiling studies of miRNAs in HBV-associated
HCC have mainly focused on identifying a distinct set
of miRNAs that could be used for early detection or
progression of disease. A study specifically designed
to determine the effectiveness of using miRNAs as
diagnostic markers utilized 454 sequencing and
bioinformatics to show that using a panel of miRNAs
was more effective at predicting HCC recurrence after
resection than single miRNAs, validating this profile[93]
based approach . Profiling studies have incorporated
PCR-based arrays, microarrays, and next-generation
sequencing to address the question of which miRNAs
are consistently altered at various stages of HCC
development. One example is the use of nextgeneration sequencing of small RNAs from normal liver
samples, HBV-infected liver samples, HBV-associated
HCC samples, HCV-infected liver samples, HCVassociated HCC samples, and non-viral HCC samples
to characterize miRNA expression in the various
etiologies of HCC. From these studies, it was concluded
that there is not a distinct influence of HBV or HCV on
the miRNA profile compared to normal tissue. In HCC,
however, there was a significant reduction of multiple
miRNAs, regardless of HCC etiology. Only one, miR199a/b-3p, was consistently altered, and its downregulation correlated with decreased patient survival.
Confirmation of the sequencing results by qRTPCR showed that 40 out of 40 HBV-associated HCC
samples had a significant decrease in miR-199a/b-3p
while only 45% had decreased miR-122. Additional
studies showed that miR-199a/b-3p has tumorsuppressor capability; increased expression of miR199a/b-3p in cell lines or with adeno-associated virus
(AAV)-mediated delivery in human HCC-bearing nude
mice inhibited tumor growth and increased tumor
[30]
necrosis .
In another study, qRT-PCR was used to analyze
expression of 188 miRNAs in liver samples from normal
liver, chronic HBV infected livers, chronic HCV-infected
livers, HBV-associated HCC, and HCV-associated
HCC. In contrast to the profiling study described
[30]
above , each of these groups could be segregated
from its parent group based solely on a specific panel
of miRNAs, indicating that miRNA expression profiles
can differentiate between HBV and HCV, and between
normal liver, chronically HBV- or HCV-infected livers,
and HBV- or HCV-associated HCC. An investigation
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of the altered miRNAs and their putative targets
suggested that pathways involved in apoptosis, DNA
damage, recombination, and signal transduction were
often affected in tumors from HBV-infected patients,
while pathways involved in the immune response,
antigen presentation, cell cycle control, proteasome
activity, and lipid metabolism were more often affected
in tumors from HCV-infected patients. Interestingly,
a strong correlation between changes in miRNA
expression in HBV- and HCV-infected liver samples
and corresponding studies done in HBV or HCV cell line
models was also seen, supporting the use of cell lines
[76]
as models for miRNA studies with these viruses .
Instead of directly comparing miRNA expression
in HCC and normal tissue samples, another approach
has been to examine miRNA expression through the
multiple stages of HBV-associated HCC development.
In one such study, qRT-PCR was used to examine a
panel of seven miRNAs (miR-221, miR-21, miR-224,
miR-10b, miR-145, miR-199b, and miR-122) in
dysplastic nodules, small HCCs, and normal liver
tissue from HBV-infected patients. While there was
altered expression of these miRNAs at various stages
of HCC development, altered expression of miR-145,
miR-199b, and miR-224 occurred in pre-malignant
dysplastic nodules and was maintained through the
development of HBV-associated HCC. This study
suggests that because of their consistently altered
expression from the early stages of HCC, miR-145,
miR-199b, and miR-224 might be useful as markers
[74]
for the early detection of HBV-associated HCC .
The current methods for screening and diagnosis
of HCC involve a combination of imaging techniques,
[169,170]
serum assays, and histology
. Many of these
tests are either invasive, in the case of liver biopsy,
or unreliable, in the case of serum proteins such as
[171]
AFP
. Identification of an HCC-associated serum
miRNA profile could relieve the need for invasive
procedures and offer a reliable and specific method of
detection. It has previously been shown that miRNAs
in the serum are stable and reproducibly detected,
[172]
supporting their use as serum biomarkers
. A
number of studies have characterized the serum
miRNA profile in HBV-infected patients. A panel of
13 miRNAs that differentiated HBV-infected and
HBV-associated HCC samples from control and HCV
samples was identified in one study that used Solexa
sequencing followed by confirmation with qRT-PCR
[75]
to analyze serum miRNAs of 513 patients . Another
study examined the expression of 723 miRNAs
followed by confirmation of specific miRNAs with qRTPCR in 137 plasma samples; these data were used
to generate a panel of 7 miRNAs that was able to
reliably diagnose HCC (sensitivity 83.2%, specificity
93.9%), chronic HBV infection (sensitivity 79.1%,
specificity 76.4%), and cirrhosis cirrhosis(sensitivity
75.0%, specificity 91.1%) in an independent cohort
[78]
of 390 patients . Although the development of HCC
is a multi-stage process, and probably not caused by
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disruption of a single or a small handful of miRNAs,
cumulatively, the results of these studies suggest that
the use of an miRNA profile for early detection of HCC,
especially in the serum, could prove to be an important
diagnostic tool. Moreover, the significant contribution of
HBV infection to the worldwide burden of HCC makes
understanding the role of miRNAs in the development
of HBV-associated HCC an important research goal.

a more extensive review on the development of RNAi
[174]
based HBV therapeutics see Ivacik et al .

Studies of functional RISC complexes

It is generally accepted that miRNA-mediated silencing
acts as a “fine tuning” mechanism for regulating
[178,179]
cellular protein expression
and that in vivo
changes in target protein levels in response to miRNAs
[180,181]
often do not exceed two fold
. In addition,
results suggest that in most cell types, a small subset
of miRNAs, maybe as few as 10-20, make up over
90% of the total miRNAs, and the pool of miRNAs
functionally involved in miRNA-mediated silencing
can be much smaller than that suggested by miRNA
[30,182]
profiling studies
. These findings support the idea
that exogenous over-expression of single miRNAs or
shifts in the expression of a few miRNAs in response
to a stimulus, such as disease or viral infection, may
have minimal physiological consequences, leading
some to question the relevance of studies that
claim that endogenous miRNAs mediate an antiviral
[183]
response, directly or indirectly
. What this means
for the relevance of many of the studies described in
this review remains to be seen. As only a handful of
these studies dealt with miRNAs that are considered to
have even moderate abundance in the liver, whether
the described miRNA-mediated effects are actually
occurring in the course of a natural HBV infection
or the development of HBV-associated HCC cannot
be determined until different approaches are taken
for studying HBV effects on the profile of functional
miRNAs in hepatocytes. Recent advances in technology
have allowed researchers to attempt to answer
these types of questions by specifically investigating
miRNAs that are involved in miRNA-mediated
silencing. By isolating and identifying miRNAs and
their mRNA targets that can be found within cellular
RISC complexes, a clearer picture of the physiological
impact of changes in miRNA expression level and
the mRNAs they are targeting can be determined.
The application of these types of techniques that
specifically investigate functional miRNAs, such as
[25,26]
[22]
[24]
CLIP-based techniques
, CLASH , or RISC-trap ,
is an important next step in investigating the HBVmediated profile of miRNAs that are actively involved
in targeting instead of simply those miRNAs that
exhibit HBV-mediated changes in expression level.

FUTURE DIRECTIONS
RNA silencing-based therapeutics

Ideally, the identification of miRNAs that are important
during an HBV infection and the progression of HBVassociated HCC could lead to the development of
targeted therapeutics. Such an approach is currently in
clinical trials for HCV with Miravirsen, a locked nucleic
acid-modified antisense oligonucleotide that binds to
and sequesters miR-122. Because efficient replication
of HCV requires miR-122 binding in the HCV RNA 5’
UTR, Miravirsen is a promising treatment for reducing
HCV viral load and has proven successful in Phase 2a
[173]
clinical trials . In contrast, no single miRNA or small
group of miRNAs has emerged as being absolutely
required for maintaining an HBV infection, and instead
multiple miRNAs have been identified as playing a role
in some facet of HBV replication and pathogenesis.
Without a specific miRNA to modulate therapeutically,
the inhibition of particular cellular miRNAs may not be
a successful approach for treatment of HBV infections.
Another approach that currently holds more pro
mise, and has been explored by multiple groups, is
engineering small RNAs that target specific sequences
within HBV RNAs. This approach has shown success
in cell culture-based assays and in vivo studies using
[174-176]
mouse models of HBV infection (reviewed in
).
Interfering RNAs have been tested as synthetic
siRNAs, sometimes chemically modified to enhance
their stability, and as RNAs that are expressed from
plasmid or viral vectors as short hairpin (sh) RNAs or
miRNA-formatted RNAs. In all cases, the interfering
RNA can be designed with complete complementarity
to target sequences in HBV transcripts, resulting in
degradation of the targeted RNAs and highly effective
down-regulation of those RNAs. Additionally, multiple
interfering RNAs that target different regions of the
[176]
HBV genome can be expressed from a single vector
[177]
or even from a single transcript
to promote efficacy
against a range of viral serotypes and discourage
the emergence of viral escape mutants. Together
these studies have helped to lay the groundwork for
the development of anti-HBV RNA silencing-based
therapies. To date, the lack of a suitable animal model
for early phase testing has meant that the majority
of these studies have been done either in cell culture,
or in small animal models with known deficiencies in
their application to a true HBV infection. In addition,
the effective in vivo delivery of these reagents to all
or most cells of the liver has proven problematic. For
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Improved model systems

The identification of NTCP as a functional receptor for
HBV should help to establish a better understanding of
the cellular functions and pathways involved in an HBV
[61]
infection . Beyond that, however, is the potential use
of systems expressing this receptor to generate more
physiologically relevant data about the cellular impact
of a natural HBV infection. The current standards
of delivering the HBV genome through transfection
or expression from viral vectors can themselves
cause physiological changes within a cell that are
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independent of HBV-mediated effects. Eliminating this
variable by directly infecting with HBV will generate
a clearer picture of the miRNA response to HBV
infection, although other issues will remain. Among
these issues is the use of transformed cell lines,
such as HepG2 cells, to make receptor-based HBVinfection model systems. While a direct HBV infection
in these cells may remove some variables, it does not
alleviate the concerns that the parental transformed
cell line is far-removed physiologically from a normal
primary hepatocyte. This is particularly important
when investigating miRNAs, as an altered baseline
of miRNA expression could introduce significant
bias into experiments. The generation of receptorcomplemented animal models will allow in vivo studies
that could help to establish HBV-mediated changes
to cell physiology over the course of a chronic HBV
infection and the development of HBV-associated HCC,
but recent studies showing that the human NTCP alone
is not enough to render mouse hepatocytes susceptible
[184]
to HBV infection
indicates that more research is
needed before these systems come to fruition.

miRNAs that target HBV to inhibit viral replication
add particular appeal to understanding the role that
miRNAs could be playing during the course of an
HBV infection and associated disease progression.
As our understanding of the cellular roles of miRNAs
continues to evolve along with advancing technologies
for assessing miRNA levels and functions, the impact
of HBV on cellular miRNAs and the role that these
miRNAs play during an infection and the subsequent
development of HBV-associated HCC will become
clearer.
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Abstract
Human hepatitis B virus (HBV) is a member of the
family Hepadnaviridae , and causes acute and chronic
infections of the liver. The hepatitis B surface antigen
(HBsAg) contains the large (L), middle (M), and small
(S) surface proteins. The L protein consists of the S
protein, preS1, and preS2. In HBsAg, the preS domain
(preS1 + preS2) plays a key role in the infection of
hepatocytic cells by HBV and has several immunogenic
epitopes. Based on these characteristics of preS,
several preS-based diagnostic and therapeutic materials
and systems have been developed. PreS1-specific
monoclonal antibodies (e.g. , MA18/7 and KR127)
can be used to inhibit HBV infection. A myristoylated
preS1 peptide (amino acids 2-48) also inhibits the
attachment of HBV to HepaRG cells, primary human
hepatocytes, and primary tupaia hepatocytes.
Antibodies and antigens related to the components
of HBsAg, preS (preS1 + preS2), or preS1 can be
available as diagnostic markers of acute and chronic
HBV infections. Hepatocyte-targeting delivery systems
for therapeutic molecules (drugs, genes, or proteins)
are very important for increasing the clinical efficacy of
these molecules and in reducing their adverse effects
on other organs. The selective delivery of diagnostic
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molecules to target hepatocytic cells can also improve
the efficiency of diagnosis. In addition to the full-length
HBV vector, preS (preS1 + preS2), preS1, and preS1derived fragments can be useful in hepatocyte-specific
targeting. In this review, we discuss the literature
concerning the applications of the HBV preS domain in
bio- and nanotechnology.

hepatocytes and HCC cells. In HBsAg, the preS
domain (preS1 + preS2) plays a key role in HBV
infection and the host immune responses (see below).
Because of these functions, the preS domain can act
as a diagnostic or therapeutic target or as material for
developing inhibitors of HBV infection, HBV vaccines,
diagnostic tools for HBV infection, and hepatocytetargeting delivery systems for diagnostic or therapeutic
molecules (Figure 1).
In this review, we discuss the literature concerning
the applications of the HBV preS domain in bio- and
nanotechnology.

Key words: Hepatitis B virus; Hepatocyte; delivery
system; Vaccine; Hepatitis B surface antigen; Diagnosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The hepatitis B surface antigen (HBsAg) of
human hepatitis B virus (HBV) contains the large (L),
middle (M), and small (S) surface proteins. The L
protein consists of the S protein, preS1, and preS2. In
HBsAg, the preS domain (preS1 + preS2) plays a key
role in the infection of hepatocytic cells by HBV and
has several immunogenic epitopes. Therefore, the preS
domain can act as a diagnostic or therapeutic target or
as material for developing inhibitors of HBV infection,
HBV vaccines, diagnostic tools for HBV infection, and
hepatocyte-targeting delivery systems for diagnostic or
therapeutic molecules.

STRUCTURE OF HBV
The HBV particle contains HBsAg and the hepatitis B
core antigen (HBcAg), together with a double-stranded
DNA molecule and the hepatitis B envelope antigen
[1,4,6-8]
(HBeAg)
. HBeAg shares its residue 1-149 region
[9,10]
with HBcAg
. The sizes of the HBV particle and
[1,11]
HBsAg are about 44 and 22 nm, respectively
.
HBsAg consists of the large (L), middle (M), and
small (S) surface proteins. The L and M proteins
contain the S protein (226 amino acids [aa]) and 55
hydrophilic aa at the N-terminus of the S protein (called
“preS2”). The L protein has an extension of hydrophilic
residues (108 or 119, depending on the genotype),
[6-8]
called “preS1”, at the N-terminus of preS2
(Figure 1
and 2A).
The preS1 domain has receptor binding sites (aa
1-48), containing essential residues at aa 9-18 in
genotype D. The eight HBV genotypes show very
[7,12,13]
similar sequences in the essential residues
. The
preS1 domain is myristoylated at the glycine residue
at position 2 and this N-terminal myristoylation
[6,7,12]
dramatically increases HBV infectivity
. Previous
studies have also reported that residues 21-47 of
preS1 are important in the attachment of HBV to the
[14,15]
receptors on hepatocytes
(Figure 2B). (Note that
residues 21-47 correspond to aa 10-36 in genotype D).
The asialoglycoprotein receptor on the surfaces of
human hepatocytes and HCC cells is considered to be
[7,16,17]
a functional preS1-specific receptor
. Recently, the
sodium taurocholate cotransporting polypeptide (NTCP)
[18,19]
was identified as a novel preS1-specific receptor
,
and inhibitors that block its metabolic functions may
[20]
be able to prevent HBV entry (e.g., cyclosporine A
[21]
and irbesartan ).
Human and tupaia hepatocytes can be reproducibly
infected with HBV, but HBV infection in tupaia
hepatocytes causes only mild and transient infection,
with low viral titers. Because mice are not infected
by HBV, transgenic or human-liver-chimeric mice are
[22-24]
used as animal models of HBV infection
. However,
a recent study reported that the myristoylated preS1
peptide (aa 2-48) can bind to primary hepatocytes
derived from nonsusceptible species, such as the
[6]
mouse, rat, dog, and rabbit . However, the previous
study of these researchers reported the conflicting

Toita R, Kawano T, Kang JH, Murata M. Applications of human
hepatitis B virus preS domain in bio- and nanotechnology. World
J Gastroenterol 2015; 21(24): 7400-7411 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7400.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7400

INTRODUCTION
Human hepatitis B virus (HBV) is a double-stranded
circular DNA virus that causes acute and chronic
infections of the liver. Most adults with acute HBV
infections make a full recovery, but about 5%
suffer chronic hepatitis B. The occurrence of acute
HBV infection in neonates and infants (< 4 years)
dramatically increases the risk of chronic HBV
infection by up to 90%. Chronic HBV infection causes
severe liver diseases, including liver cirrhosis and
hepatocellular carcinoma (HCC), and HCC is associated
[1-4]
with significant morbidity and mortality .
The HBV virus is subdivided into eight genotypes
(A-H), which show distinct geographic distributions.
In brief, genotypes A, D, and H are prevalent in
Western countries (e.g., Central and North America
and northwestern Europe) and India, and genotypes
B and C are prevalent in Asian countries (e.g., Japan,
Taiwan, Korea, China, and East Asia). Genotype E has
been detected in Africa, genotype F in Central and
South America, and genotype G in France and North
[2,3,5]
America
.
The HBV particle contains the hepatitis B surface
antigen (HBsAg), which specifically recognizes human
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Development of HBV vaccine

Structure of HBsAg

L protein
Components of HBsAg

preS1

M protein

preS2

Blood

Anti-HBV Ab

S protein

HBV

Prevention of HBV infection

Target cell-specific delivery

Blood

Ligands

Inhibitors

Diagnosis of HBV infection

Therapeutic or
diagnostic molecules
X

Infection
prevention

Infection

Target cells

X

Non-target cells

Negative

Positive

Figure 1 hepatitis B surface antigen consists of the S protein, M protein (S and preS2 proteins), and L protein (S, preS1, and preS2 proteins). In hepatitis
B surface antigen (HBsAg), the preS domain (preS1 + preS2) plays a key role in the human hepatitis B virus (HBV) infection of hepatocytic cells by facilitating HBV
attachment and entry, and contains several immunogenic T- and B-cell epitopes. Therefore, the preS domain containing HBV-binding sites and immunogenic epitopes
is a diagnostic and therapeutic target or material. In fact, several diagnostic and therapeutic materials and systems based on preS have been developed, including
inhibitors of HBV infection, HBV vaccines, diagnostic tools for HBV infection, and hepatocyte-targeting delivery systems for diagnostic and therapeutic molecules.

result that the myristoylated preS1 peptide (aa 2-48)
cannot bind to primary rodent hepatocytes or the
[12]
mouse liver cell line AML-12 . Furthermore, after an
intravenous injection of the preS1 lipopeptide (aa 2-48)
into mice, rats, and dogs, its accumulation in the livers
[25]
was detected .
NTCP is regarded as a receptor that binds the
myristoylated preS1 peptide (aa 2-48) to the
[26,27]
hepatocytes of nonsusceptible hosts (e.g., mouse)
.
In fact, the preS1 lipopeptide (aa 2-48) can bind
to mouse NTCP and human NTCP, but its affinity is
higher for human hepatocyte NTCP than in mouse
[26,27]
hepatocyte NTCP
. In contrast, the expression of
NTCP is higher for mouse (five times), rat (four times),
and monkey livers (twice) than in human liver. Rat
hepatocytes show three times higher levels of NTCP
than human hepatocytes. However, the expression of
[28]
NTCP in HCC is half that in the normal human liver .
Therefore, the higher binding of the myristoylated
preS1 peptide (aa 2-48) to mouse and rat hepatocytes
may be associated with their higher levels of NTCP.
However, the higher binding of myristoylated preS1
peptide (aa 2-48) to mouse and rat hepatocytes does

WJG|www.wjgnet.com

not mean high levels of HBV infection in the rat and
mouse, because HBV entry is restricted by mouse
NTCP, and efficient HBV infection does not even occur
[26,27,29]
in mouse hepatocytes expressing human NTCP
.
Although aa 84-87 and aa 157-165 of human NTCP
play important roles in preS1 binding and HBV entry,
the region at residues 84-87 is a major host infectiondetermining area. In fact, although HBV entry into
mouse hepatocytes through mouse NTCP is restricted,
HBV entry is possible when mouse NTCP aa 84-87 are
[26,27]
substituted with their human counterparts
.
The preS domain (preS1 + preS2) also contains
[30-32]
several immunogenic epitopes
. These epitopes
may be potential targets for HBV vaccines and
antibodies that inhibit HBV infection (see below).

PreS-SPECIFIC ANTIBODIES AS
INHIBITORS OF HBV INFECTION
PreS1-specific antibodies can be used to inhibit HBV
infection. The very N-terminal part of preS1 (aa 1-21)
and the C-terminal part (aa 78-116) are nonneutralizing
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Figure 2 Scheme of the preS domain (preS1 + preS2) and PreS1 sequence. A: Schematic representation of the preS domain containing HBV attachment sites,
antibody-binding sites, and sites for virion formation (modified from ref.[7]). The receptor-binding sites are important in hepatitis B virus (HBV) attachment and entry,
and the antibody-binding sites for developing preS1-specific antibodies and HBV vaccines; B: PreS1 sequence (aa 1-50) in different HBV genotypes (A-H), obtained
from ref.[12]. The essential residues for receptor binding (aa 9-18) are very similar in genotypes A-H (gray).
[32]

epitopes
and the region at residues 21-48 is
[32-34]
considered a virus-neutralizing epitope
(Figure 2A).
For example, the monoclonal antibody (mAb) MA18/7,
which specifically recognizes a preS1 epitope (aa 20-23;
[35]
DPAF) , can block the HBV infection of primary tupaia
[36]
hepatocytes . The mAb KR127, which binds to aa
[37]
37-45 of the preS1 domain , shows virus-neutralizing
activity and confers efficient protection against HBV
[38]
infection in chimpanzees . In addition to MA18/7 and
[39]
KR127, an mAb targeting preS1 aa 32-47 (F35.25)
[40]
or preS1 aa 30-35
has been constructed, but its
efficiency in inhibiting HBV infection of hepatocytes or
animals has not yet been demonstrated.

preS1 peptide (aa 2-48) efficiently prevented HBV
[43]
infection . The results of a recent phase IIa trial of
the myristoylated preS1 lipopeptide (aa 2-48) are
available from the company website (http://www.
hepatera.ru//node/53?ln=en).
In the preS1 sequence at aa 2-48 of genotype D,
the region defined by residues 2-18 is essential for
the inhibition of HBV infection, whereas the aa 19-48
[12,41,42]
region has no or little effect on this inhibition
.
A deletion or mutation between residues 2 and 18
dramatically reduces the efficiency of inhibition of HBV
[6,42]
infection
. Recently, a modified myristoylated preS1
peptide aa 2-19 showed significantly higher affinity
for HepG2 and HuH-7 cells than two unmodified
myristoylated peptides derived from preS1 aa 2-19 of
[44]
genotypes A-D . However, the palmitoylated preS1
sequence aa 11-31 of genotype C, which corresponds
to sequence aa 1-19 of genotype D, potentially inhibits
[45]
HBV infection (Figure 2B).
Several preS1-binding peptides obtained from a
phage display library have been developed to inhibit
[46-49]
HBV infection
. Theoretically, they block the binding
of the HBV preS1 domain to target cells. However,
there are very few in vitro or in vivo data regarding
their efficiency in inhibiting HBV infection, other than
a recent study in which two preS1-binding peptides
(LKKKW and LRNIR) inhibited HBV attachment to
[49]
HepG2 cells .

PreS-DERIVED OR-TARGETING PEPTIDES
AS INHIBITORS OF HBV INFECTION
A preS1-derived lipopeptide (myristoylated preS1
peptide; also known as Myrcludex B) containing aa 2-48
[6,41,42]
inhibits the attachment of HBV to HepaRG cells
,
[6,41]
primary human hepatocytes
, and primary tupaia
[6,12]
hepatocytes
, but the nonmyristoylated preS1
peptide failed to inhibit HBV infection of these
[6,12,42]
cells
. Interestingly, the replacement of myristic
acid (tetradecanoic acid) in the lipopeptide with
palmitic acid (hexadecanoic acid) or a cholesteryl
moiety enhanced its inhibition of HBV infection,
whereas caprylic acid (octanoic acid) or valeric
acid (pentanoic acid) reduced its inhibition of HBV
[12]
infection .
In an in vivo experiment using urokinase+/type plasminogen activator (uPA ) transgenic
-/-/mice crossed with RAG-2 /perforin mice lacking
mature T, B, and NK cells, the injection of humanhepatocyte-transplanted mice with the myristoylated
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PreS-RELATED ANTIBODIES AND
ANTIGENS AS A DIAGNOSTIC TARGET
OF HBV
The levels of serum HBV-related antibodies and antigens,
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HBV DNA, and aminotransferases (e.g., alanine ami
notransferase and aspartate aminotransferase) are
commonly assayed for the diagnosis of acute and chronic
[1,3,4]
HBV infections
.
HBV-related antibodies and antigens, such as antihepatitis B core antibody (anti-HBc), HBeAg and antiHBeAg antibody (anti-HBe), and HBsAg and antiHBsAg antibody (anti-HBs), are potential markers for
diagnosing HBV infection. HBsAg appears in the first
stage after HBV infection and anti-HBc is detected
within 2 wk of the appearance of HBsAg. For these
reasons, HBsAg and anti-HBc can be considered
useful markers for diagnosing the acute phase of
[1,4]
HBV infection
. However, an HBsAg-targeting
immunoassay often produces false-negative results in
[50,51]
patients infected with mutant HBsAg
or in patients
with low HBsAg levels, because HBsAg can disappear
[1,3]
at any stage of the disease .
HBsAg can be detected as a diagnostic marker
in serum and saliva samples from patients infected
[52-54]
with HBV
. However, during recovery from illness,
HBsAg disappears more rapidly from the saliva than
[52]
from the sera of patients with acute HBV infections .
To detect HBsAg in serum and saliva samples, an
[52,55]
[55]
enzyme immunoassay
, ELISA , time-resolved
[56]
fluoroimmunoassay (TRFIA) , or chemiluminescence
[50,53-55]
immunoassay
is commonly used. Recently,
modified versions of these assays for the more
sensitive detection of HBsAg have been reported, such
[57]
as assays based on magnetic beads and TRFIA
and
a bioluminescent enzyme immunoassay using firefly
[58]
luciferase .
Antibodies and antigens related to the components
of HBsAg, preS (preS1 + preS2), or preS1 are also
available as diagnostic markers of acute and chronic
[59-61]
HBV infections
. Serum preS1-related antibodies
are detected with a typical ELISA microplate coated
with one or two copies of preS1 (e.g., aa 21-47 or
[62,63]
21-119) fusion proteins
. In another assay, an
indirect ELISA was constructed by coating the plates
with two copies of the preS1 peptide (aa 21-47)
fused to glutathione S-transferase through a flexible
[64]
linker . However, these assays targeting serum
preS1-related antibodies show relatively low positive
rates in diagnoses using sera from HBV-infected
[62,63]
patients
.
ELISA and TRFIA are applicable to the detection
[65-67]
of serum preS1 antigen
. However, an analysis of
serum preS1 antigen showed that TRFIA is better than
[67]
ELISA in its precision, specificity, and sensitivity .
An immunoassay in which a plate is coated with
a polyclonal antibody directed against preS (preS1
+ preS2) has been used to detect serum HBV preS
antigen. Its sensitivity, specificity, and accuracy
in serum samples from patients with chronic HBV
infection were 81% (72%-89%), 65% (58%-70%),
[66]
and 72%, respectively . A double-sandwich
immunoassay in a plate coated with two mAbs,
anti-PreS1 mAb and anti-HBc mAb, has also been
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developed. In HBsAg-positive serum samples infected
with the wild-type viruses of four genotypes (A-D),
the assay using two mAbs displayed higher sensitivity
than the assay using anti-preS1 mAb, anti-HBc mAb,
or anti-HBe mAb alone, but lower sensitivity than the
assay using anti-HBs mAb. However, the sensitivity
of the assay based on the anti-preS1 and anti-HBc
mAbs for the serum samples of 10 patients infected
with an HBsAg-mutant virus was 80% (8/10, 95%CI:
[68]
44.4%-97.5%) .

PreS AS A TARGET FOR DEVELOPING
HBV VACCINES
The HBV surface and core proteins are regarded as
potential targets for the development of HBV vaccines.
Although the S protein is the major component
of HBsAg, the preS1 and preS2 regions are more
[2,32,69]
immunogenic targets within HBsAg
.
To prevent HBV infection, two types of vaccines
have been developed, HBV protein vaccines and HBV
DNA vaccines. Protein-based HBV vaccines containing
recombinant HBsAg usually require adjuvants. They
also induce ineffective T-cell responses, but these
problems can be improved by their formulation with
novel adjuvants, e.g., 3-deacylated monophosphoryl
lipid A or saponins purified from Quillaja saponaria
[70,71]
Molina
. HBV DNA vaccines expressing HBsAg
are produced by inserting the HBsAg gene into an
expression vector. The efficiency of DNA immunization
can be enhanced by combining it with an optimized
[72]
delivery technology, such as electroporation
or the
[73]
gene gun .
Conventional yeast-derived HBV vaccines (second
generation) contain the S protein of HBV. These
vaccines induce protective antibody responses in
healthy adult recipients (about 90%), but fail to
elicit adequate antibody production in up to 10% of
individuals, who may become chronic HBV carriers and
[2,74,75]
develop liver disease (e.g., liver cirrhosis or HCC)
.
Mutations in the S gene may be associated with
inadequate control of HBV infection after vaccination
[2,76]
with conventional HBV vaccines
. However, when
combined with the core antigen, conventional vaccines
can exert more potent and efficient therapeutic
[77,78]
effects
.
In contrast, a third-generation HBV vaccine,
Sci-B-Vac™ (also known as Hepimmune or BioHep-B), containing the S, preS1, and preS2 protein
components, is safe and more immunogenic than
[79-81]
conventional HBV vaccines
because the preS1
and preS2 domains contain T- and B-cell-specific
[30-32]
epitopes
. An HBV vaccine containing the preS1
and preS2 domains can elicit protective antibody
levels in non- or low responders to conventional
[82,83]
HBV vaccines
. HBV-specific T-cell proliferation
and interferon γ (IFN-γ) production are induced in
non- or low responders after the injection of Sci-B-
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Vac™, whereas non- or low responders display no
proliferation of T cells, which are important for an
[83]
efficient B-cell response .
HBsAg DNA vaccines expressing either the L,
M, or S protein can induce anti-HBs antibodies, but
interestingly, HBsAg DNA vaccines expressing the L
protein was less immunogenic than the HBsAg DNA
vaccine with the M or S protein. However, HBsAgspecific interleukin 2 (IL-2) and IFN-γ secretion in
mouse splenocytes did not differ significantly after
vaccination with either of the three HBsAg DNA
[84]
vaccines . In contrast, the modified HBsAg DNA
vaccine that expresses the truncated N-terminal
sequence (aa 1-18) within the preS1 region, enhances
anti-HBs antibody levels in mice earlier and with higher
titers than the HBsAg DNA vaccine expressing the
full L protein. However, the two vaccines do not differ
in the levels of IFN-γ and IL-4 secreted from mouse
[81,84]
splenocytes after vaccination
. These data suggest
that the HBsAg DNA vaccine expressing N-terminaltruncated preS1/preS2/S proteins can induce both
anti-HBs antibodies and T- and B-cell immune
responses more efficiently than full-length preS1/
preS2/S proteins.
HBV vaccines constructed by fusing the preS1
peptide to the core protein or S protein induce efficient
[72,85,86]
cellular and humoral immune responses
, as
mentioned above, because preS1 contains immunogenic
T- and B-cell epitopes, e.g., preS1 aa 21-30 contains a
[31]
T-cell epitope and aa 12-32 and 32-53 contain B-cell
[30]
epitopes .
Generally, the immune system is weakened in
patients with chronic HBV infection. Therefore, thera
peutic vaccines that can efficiently stimulate the
immune responses will be useful in treating chronic
[87]
HBV infection . According to the results of several
studies, HBV vaccines containing the preS1 domain
can be used to treat chronic HBV infection because
[81,86,88,89]
they induce highly potent immune responses
.
Furthermore, a combined therapy with the preS1/
preS2/S vaccine and antiviral drugs (e.g., lamivudine
and clevudine) induces more efficient viral suppression
and enhanced immune responses than the antiviral
[89-91]
drug or vaccine alone
.

Recombinant HBV is used as a vector for delivering
[93-96]
genes to hepatocytes or HCC cells
. For example,
the delivery of small interfering RNA (siRNA) by
recombinant HBV successfully inhibited HBsAg expre
ssion in primary tree shrew hepatocytes infected with
[96]
wild-type HBV .
In addition to the full-length HBV vector, preS
(preS1 + preS2), preS1, and preS1-derived fragments
can be useful in hepatocyte-specific targeting. As a
simple gene delivery system, the preS1 peptide (aa
21-47) fused to an arginine 9-mer, which binds to
anionic genes, efficiently delivered siRNA into HepG2
[97]
cells .
The conjugation of viral vectors (e.g., bacterio
[98]
phages)
with a preS1 peptide makes it possible to
deliver genes into hepatocytic cells. Bacteriophage
T7 displaying a preS1 fragment (aa 60-108) was
constructed as a vector for delivering genes into
HepG2 cells. Recombinant T7 phage particles containing
preS1 aa 60-108 displayed higher recovery in HepG2
cells than T7 phage particle containing preS1 aa
[99]
1-47 . The incorporation of preS1 peptides into a
mutant herpes simplex virus type 1 (HSV-1) virus,
from which the glycoprotein that binds to the host
cell glycosaminoglycans was deleted, increased their
binding activity to HepG2 cells compared with that
of the mutant HSV-1 virus alone, but no data are
[100]
available for nonhepatocytic cells .
A preS-conjugated liposome has been constructed,
simply by mixing a His-tagged C-terminal recombinant
preS protein with cationic liposomes. In a transfection
experiment using different cells, the conjugate
containing plasmid DNA (pDNA) expressed more
β-galactosidase in human hepatocytes than in human
pulmonary artery smooth muscle cells, human renal
epithelial cells, human dermal fibroblasts (fetal), or
human cardiac fibroblasts. The β-galactosidase activity
was higher in the livers of immunocompromised mice
treated with the preS-conjugated liposome/pDNA
complex than in mice treated with the liposome/pDNA
[101]
complex
. In a recent study, the incorporation of
a preS1-derived lipopeptide (aa 2-48 with myristic
acid) into a PEGylated liposome enhanced its uptake
by primary mice hepatocytes and its accumulation in
the liver. The livers of mice treated with a PEG-preS1liposome containing silybin were more efficiently
protected from carbon tetrachloride (CCl4)-induced
acute hepatitis than were those of mice treated with
the PEG-liposome containing silybin or with silybin
[102]
alone .
An L-protein-based bionanocapsule that contains
the preS1 region has been developed to deliver
[103]
genes into human hepatocytes
. A complex of the
bionanocapsule and a cationic liposome (EL-01-A)
significantly increased its transfection efficiency in
HepG2 cells compared with that of the bionanocapsule
[104]
alone
. The injection of a bionanocapsule/liposome
complex containing the GFP gene into mice carrying
tumor cells induced GFP expression in HCCs (NuE

HEPATOCYTIC CELL-TARGETED
DELIVERY SYSTEMS OF THERAPEUTIC
OR DIAGNOSTIC MOLECULES USING
preS
Hepatocyte-targeting delivery systems for therapeutic
molecules (drugs, genes, or proteins) are very
important for increasing the clinical efficacy of these
molecules and in reducing their adverse effects on
other organs. The selective delivery of diagnostic
molecules to target hepatocytic cells can also improve
[92]
the efficiency of diagnosis .
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tumors), but in neither mouse liver nor human
[104]
epidermoid carcinoma (A431)
. In another study,
mice bearing NuE tumors were injected with GFP fused
with preS (preS1 + pesS2), and no GFP fluorescence
was found in the mouse liver, but was observed in
[105]
the NuE tumors
. These results contradict those of
recent studies in which a myristoylated preS1 peptide
(aa 4-48) accumulated in the livers of mice and rats
after its intravenous injection, and bound to mouse
[6,25-27]
hepatocytes
. Therefore, further studies are
required to establish definitively whether myristoylated
preS1 peptides (aa 4-48), full preS1, and preS (preS1
+ preS2) differ in their affinity for human and mouse
hepatocytes.
Mixing liposomes with preS1 or preS (preS1 +
preS2) is a simple method of constructing hepatocytetargeting gene delivery systems. However, according
to a recent study, a mixture of myristoylated preS1
(aa 4-48) and liposomes caused myristic acid to be
inserted into the lipid layer of the liposomes, markedly
[102]
reducing the efficiency of liver targeting .
A protein-based nanocage composed of HSP16.5
can be fused to several peptides and proteins, and is
used as a cell-targeting delivery system for genes and
[106-109]
drugs
. A nanocage fused to preS1 increased
its specificity for HCC cells (HepG2 and Huh-7)
more significantly than for human breast cancer
cells (MCF-7) or human epithelial carcinoma cells
[110]
(HeLa)
. The myristoylated-preS1-fused nanocage
also displays higher affinity for HepaRG cells than the
[111]
nonmyristoylated preS1-fused nanocage .
99m
A construct in which technetium-99m ( Tc) is
conjugated to a stearoylated preS1 peptide (aa 2-48)
through a mercaptoacetyltriglycerin linker has been
synthesized as a single-photon emission computed
tomography (SPECT) tracer. After the tracer was
injected intravenously into rats, its accumulation was
higher in their livers than in other tissues (heart, lung,
spleen, kidney, muscle, brain, intestine, duodenum,
[112]
and tail)
. In that study, stearic acid was used
instead of myristic acid. In a previous study, peptides
conjugated with a palmitoyl moiety (C16) with a
longer carbon chain or a cholesteryl moiety (C27) with
more carbon atoms than the myristoyl moiety (C14)
increased its affinity for primary tupaia hepatocytes,
whereas fatty acids with shorter carbon chains (e.g.,
caprylic acid [C8] and valeric acid [C5]) markedly
[12]
reduced its affinity for hepatocytes . Stearic acid
is a fatty acid with 18 carbon atoms. Therefore,
the affinities of stearoylated preS1 aa 2-48 and
myristoylated preS1 aa 2-48 for hepatocytes may
differ.
Although preS (preS1 + preS2)- and preS1conjugated delivery systems can specifically target
hepatocytes and HCC cells, they cannot distinguish
between normal and abnormal hepatocytic cells
(e.g., cirrhotic liver and HCC cells). A novel gene
delivery system has been reported that responds to
the hyperactivated intracellular signals of tumor cells
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(e.g., protein kinase A [PKA] and PKCα), but not to
the normal intracellular signals of normal cells or
[113-115]
tissues
. Combining this system with nanoparticles
containing preS1 makes it possible to distinguish
[116]
between normal human hepatocytes and HCC cells .
The combined system also increases the transfection
efficiency and selectivity for HCC cells (e.g., HepG2
and Huh-7 cells) with hyperactivated PKA or PKCα,
but shows no gene expression in human epidermoid
carcinoma cells (A431), human colon carcinoma cells
(WiDr), or human lung adenocarcinoma cells (A549),
[116,117]
which also contain hyperactivated PKA or PKCα
.
Recently, a research group reported an interesting
relationship between endocytosis and the lengths of
the preS1 peptide, using virus-like particles (VLPs)
derived from the bacteriophage AP205 coat protein
and fused with different lengths of preS1 peptide at
the C-terminus of the coat protein sequence. The VLP
containing preS1 aa 10-36 bound strongly to HepG2
cells, but was not found in the cytosol of HepG2
cells. However, a VLP containing preS1 aa 2-108 was
[118]
endocytosed and was observed in the cytosol . This
study suggests that preS1 fragments, like full-length
preS1, can specifically bind to hepatocytic cells, but
has not shown satisfactory results for their cellular
uptake by hepatocytic cells.

CONCLUSION
The preS domain (preS1 + preS2) of HBV HBsAg
plays a key role in HBV infection by attaching to
hepatocytic cells and interacting with receptors, and
contains several immunogenic epitopes. Based on
these characteristics of preS, several preS-based
diagnostic and therapeutic materials and systems have
been developed, including inhibitors of HBV infection,
HBV vaccines, diagnostic tools for HBV infection, and
hepatocyte-targeting delivery systems for diagnostic
or therapeutic molecules. As a good example, the
myristoylated preS1 peptide (aa 4-48) is highly potent
in inhibiting HBV entry into human hepatocytes, and
the clinical trial results for this peptide have been
reported. However, there are still several opportunities
for the development of more preS1-fragment-based
inhibitors using the myristoylated preS1 peptide (aa
4-48), e.g., by replacing myristic acid with other
fatty acids or by altering the amino acid sequence at
[12,44]
receptor binding sites
.
The HBV virus is classified into at least eight
genotypes (A-H) which have distinct geographic
distributions. The eight HBV genotypes show very
similar sequences in essential residues (aa 9-18) within
receptor binding sites located in the preS domain
(Figure 2). These results, however, do not mean that
bio- and nanotechnological approach using a HBV
genotype-derived preS domain can be applicable to
other HBV genotypes, due to high genetic diversity at
the preS domain.
Recent studies suggest that preS1-derived fragments
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can recognize receptors on rodent hepatocytes. Mice and
rats have been used to evaluate hepatocyte-targeting
delivery systems based on preS1 or preS (preS1 +
preS2). However, HBV entry into mouse hepatocytes
is restricted and mouse hepatocytes are not efficiently
infected by HBV. Several studies have also reported
that preS1-derived peptides and full-length preS1 or
preS (preS1 + preS2) differ in their binding affinities
for the mouse liver. Therefore, as stated above, further
studies are required to clarify whether preS1-derived
fragments, full-length preS1, and preS (preS1 +
preS2) differ in their affinities for human and mouse
hepatocytes.
[118]
In a recent study
, the intracellular transfer
of VLPs conjugated with preS1 fragments clearly
differed from that of VLPs conjugated with fulllength preS1. The preS1-fragment-fused VLP bound
strongly to HepG2 cells, but was not transferred into
the cytosol. Although further studies are needed,
this study suggests that preS1-fragment-conjugated
delivery systems cannot be used to deliver therapeutic
molecules into the cytosol of hepatocytic cells.
Delivery systems using preS1 or preS (preS1 +
preS2) are also unable to distinguish between normal
and abnormal hepatocytes (e.g., cirrhotic liver cells and
HCC cells). However, the development of abnormalhepatocyte-targeting delivery systems (for example,
by combining abnormal-cell-targeting delivery systems
with delivery systems based on preS1 or preS [preS1
+ preS2]) should enhance the therapeutic efficacy
against abnormal hepatocytic cells and reduce the risk
of adverse effects on normal hepatocytes.

10

11

12

13

14

15

16

17

18

REFERENCES
1
2
3

4

5
6

7
8

9

Gitlin N. Hepatitis B: diagnosis, prevention, and treatment. Clin
Chem 1997; 43: 1500-1506 [PMID: 9265901]
Kao JH, Chen DS. Global control of hepatitis B virus infection.
Lancet Infect Dis 2002; 2: 395-403 [PMID: 12127351 DOI:
10.1016/S1473-3099(02)00315-8]
Aspinall EJ, Hawkins G, Fraser A, Hutchinson SJ, Goldberg D.
Hepatitis B prevention, diagnosis, treatment and care: a review.
Occup Med (Lond) 2011; 61: 531-540 [PMID: 22114089 DOI:
10.1093/occmed/kqr136]
Hoofnagle JH, Doo E, Liang TJ, Fleischer R, Lok AS.
Management of hepatitis B: summary of a clinical research
workshop. Hepatology 2007; 45: 1056-1075 [PMID: 17393513
DOI: 10.1002/hep.21627]
Kramvis A, Kew M, François G. Hepatitis B virus genotypes.
Vaccine 2005; 23: 2409-2423 [PMID: 15752827 DOI: 10.1016/
j.vaccine.2004.10.045]
Meier A, Mehrle S, Weiss TS, Mier W, Urban S. Myristoylated
PreS1-domain of the hepatitis B virus L-protein mediates specific
binding to differentiated hepatocytes. Hepatology 2013; 58: 31-42
[PMID: 23213046 DOI: 10.1002/hep.26181]
Glebe D, Urban S. Viral and cellular determinants involved in
hepadnaviral entry. World J Gastroenterol 2007; 13: 22-38 [PMID:
17206752 DOI: 10.3748/wjg.v13.i1.22]
Urban S, Bartenschlager R, Kubitz R, Zoulim F. Strategies
to inhibit entry of HBV and HDV into hepatocytes.
Gastroenterology 2014; 147: 48-64 [PMID: 24768844 DOI: 10.1053/
j.gastro.2014.04.030]
Schödel F, Peterson D, Zheng J, Jones JE, Hughes JL, Milich DR.

WJG|www.wjgnet.com

19

20

21

22

23

24

7407

Structure of hepatitis B virus core and e-antigen. A single precore
amino acid prevents nucleocapsid assembly. J Biol Chem 1993;
268: 1332-1337 [PMID: 8419335]
Kenney JM, von Bonsdorff CH, Nassal M, Fuller SD. Evolutionary
conservation in the hepatitis B virus core structure: comparison
of human and duck cores. Structure 1995; 3: 1009-1019 [PMID:
8589996 DOI: 10.1016/S0969-2126(01)00237-4]
Gilbert RJ, Beales L, Blond D, Simon MN, Lin BY, Chisari FV,
Stuart DI, Rowlands DJ. Hepatitis B small surface antigen particles
are octahedral. Proc Natl Acad Sci USA 2005; 102: 14783-14788
[PMID: 16203986 DOI: 10.1073/pnas.0505062102]
Glebe D, Urban S, Knoop EV, Cag N, Krass P, Grün S, Bulavaite
A, Sasnauskas K, Gerlich WH. Mapping of the hepatitis B virus
attachment site by use of infection-inhibiting preS1 lipopeptides
and tupaia hepatocytes. Gastroenterology 2005; 129: 234-245
[PMID: 16012950 DOI: 10.1053/j.gastro.2005.03.090]
Chi SW, Kim DH, Lee SH, Chang I, Han KH. Pre-structured
motifs in the natively unstructured preS1 surface antigen of
hepatitis B virus. Protein Sci 2007; 16: 2108-2117 [PMID:
17766372 DOI: 10.1110/ps.072983507]
Neurath AR, Kent SB, Strick N, Parker K. Identification and
chemical synthesis of a host cell receptor binding site on hepatitis
B virus. Cell 1986; 46: 429-436 [PMID: 3015414 DOI: 10.1016/00
92-8674(86)90663-X]
Dash S, Rao KV, Panda SK. Receptor for pre-S1(21-47)
component of hepatitis B virus on the liver cell: role in virus cell
interaction. J Med Virol 1992; 37: 116-121 [PMID: 1629710 DOI:
10.1002/jmv.1890370208]
Engelke M, Mills K, Seitz S, Simon P, Gripon P, Schnölzer M,
Urban S. Characterization of a hepatitis B and hepatitis delta virus
receptor binding site. Hepatology 2006; 43: 750-760 [PMID:
16557545 DOI: 10.1002/hep.21112]
Zhang X, Lin SM, Chen TY, Liu M, Ye F, Chen YR, Shi L, He
YL, Wu LX, Zheng SQ, Zhao YR, Zhang SL. Asialoglycoprotein
receptor interacts with the preS1 domain of hepatitis B virus in
vivo and in vitro. Arch Virol 2011; 156: 637-645 [PMID: 21207081
DOI: 10.1007/s00705-010-0903-x]
Yan H, Zhong G, Xu G, He W, Jing Z, Gao Z, Huang Y, Qi Y,
Peng B, Wang H, Fu L, Song M, Chen P, Gao W, Ren B, Sun Y,
Cai T, Feng X, Sui J, Li W. Sodium taurocholate cotransporting
polypeptide is a functional receptor for human hepatitis B and D
virus. Elife 2012; 1: e00049 [PMID: 23150796 DOI: 10.7554/
eLife.00049]
König A, Döring B, Mohr C, Geipel A, Geyer J, Glebe D. Kinetics
of the bile acid transporter and hepatitis B virus receptor Na+/
taurocholate cotransporting polypeptide (NTCP) in hepatocytes.
J Hepatol 2014; 61: 867-875 [PMID: 24845614 DOI: 10.1016/
j.jhep.2014.05.018]
Watashi K, Sluder A, Daito T, Matsunaga S, Ryo A, Nagamori S,
Iwamoto M, Nakajima S, Tsukuda S, Borroto-Esoda K, Sugiyama
M, Tanaka Y, Kanai Y, Kusuhara H, Mizokami M, Wakita T.
Cyclosporin A and its analogs inhibit hepatitis B virus entry into
cultured hepatocytes through targeting a membrane transporter,
sodium taurocholate cotransporting polypeptide (NTCP).
Hepatology 2014; 59: 1726-1737 [PMID: 24375637 DOI: 10.1002/
hep.26982]
Blanchet M, Sureau C, Labonté P. Use of FDA approved
therapeutics with hNTCP metabolic inhibitory properties to impair
the HDV lifecycle. Antiviral Res 2014; 106: 111-115 [PMID:
24717262 DOI: 10.1016/j.antiviral.2014.03.017]
Dandri M, Burda MR, Török E, Pollok JM, Iwanska A, Sommer
G, Rogiers X, Rogler CE, Gupta S, Will H, Greten H, Petersen J.
Repopulation of mouse liver with human hepatocytes and in vivo
infection with hepatitis B virus. Hepatology 2001; 33: 981-988
[PMID: 11283864 DOI: 10.1053/jhep.2001.23314]
Bissig KD, Wieland SF, Tran P, Isogawa M, Le TT, Chisari FV,
Verma IM. Human liver chimeric mice provide a model for
hepatitis B and C virus infection and treatment. J Clin Invest 2010;
120: 924-930 [PMID: 20179355 DOI: 10.1172/JCI40094]
Inuzuka T, Takahashi K, Chiba T, Marusawa H. Mouse models

June 28, 2015|Volume 21|Issue 24|

Toita R et al . HBV preS domain-based bio- and nanotechnology

25

26

27

28

29

30
31

32

33

34

35

36

37

38

39

of hepatitis B virus infection comprising host-virus immunologic
interactions. Pathogens 2014; 3: 377-389 [PMID: 25437805 DOI:
10.3390/pathogens3020377]
Schieck A, Schulze A, Gähler C, Müller T, Haberkorn U,
Alexandrov A, Urban S, Mier W. Hepatitis B virus hepatotropism
is mediated by specific receptor recognition in the liver and not
restricted to susceptible hosts. Hepatology 2013; 58: 43-53 [PMID:
23292963 DOI: 10.1002/hep.26211]
Ni Y, Lempp FA, Mehrle S, Nkongolo S, Kaufman C, Fälth M,
Stindt J, Königer C, Nassal M, Kubitz R, Sültmann H, Urban
S. Hepatitis B and D viruses exploit sodium taurocholate cotransporting polypeptide for species-specific entry into hepatocytes.
Gastroenterology 2014; 146: 1070-1083 [PMID: 24361467 DOI:
10.1053/j.gastro.2013.12.024]
Yan H, Peng B, He W, Zhong G, Qi Y, Ren B, Gao Z, Jing Z, Song
M, Xu G, Sui J, Li W. Molecular determinants of hepatitis B and D
virus entry restriction in mouse sodium taurocholate cotransporting
polypeptide. J Virol 2013; 87: 7977-7991 [PMID: 23678176 DOI:
10.1128/JVI.03540-12]
Qiu X, Bi YA, Balogh LM, Lai Y. Absolute measurement
of species differences in sodium taurocholate cotransporting
polypeptide (NTCP/Ntcp) and its modulation in cultured
hepatocytes. J Pharm Sci 2013; 102: 3252-3263 [PMID: 23657999
DOI: 10.1002/jps.23582]
Li H, Zhuang Q, Wang Y, Zhang T, Zhao J, Zhang Y, Zhang J, Lin
Y, Yuan Q, Xia N, Han J. HBV life cycle is restricted in mouse
hepatocytes expressing human NTCP. Cell Mol Immunol 2014; 11:
175-183 [PMID: 24509445 DOI: 10.1038/cmi.2013.66]
Milich DR. T- and B-cell recognition of hepatitis B viral antigens.
Immunol Today 1988; 9: 380-386 [PMID: 3076412 DOI: 10.1016/
0167-5699(88)91239-X]
Ferrari C, Cavalli A, Penna A, Valli A, Bertoletti A, Pedretti
G, Pilli M, Vitali P, Neri TM, Giuberti T. Fine specificity of the
human T-cell response to the hepatitis B virus preS1 antigen.
Gastroenterology 1992; 103: 255-263 [PMID: 1377142]
Bremer CM, Sominskaya I, Skrastina D, Pumpens P, El Wahed
AA, Beutling U, Frank R, Fritz HJ, Hunsmann G, Gerlich WH,
Glebe D. N-terminal myristoylation-dependent masking of
neutralizing epitopes in the preS1 attachment site of hepatitis B
virus. J Hepatol 2011; 55: 29-37 [PMID: 21145866 DOI: 10.1016/
j.jhep.2010.10.019]
Pontisso P, Ruvoletto MG, Gerlich WH, Heermann KH, Bardini
R, Alberti A. Identification of an attachment site for human liver
plasma membranes on hepatitis B virus particles. Virology 1989;
173: 522-530 [PMID: 2480688 DOI: 10.1016/0042-6822(89)9056
4-3]
De Falco S, Ruvoletto MG, Verdoliva A, Ruvo M, Raucci A,
Marino M, Senatore S, Cassani G, Alberti A, Pontisso P, Fassina G.
Cloning and expression of a novel hepatitis B virus-binding protein
from HepG2 cells. J Biol Chem 2001; 276: 36613-36623 [PMID:
11389143 DOI: 10.1074/jbc.M102377200]
Germaschewski V, Murray K. Screening a monoclonal antibody
with a fusion-phage display library shows a discontinuity in a
linear epitope within PreS1 of hepatitis B virus. J Med Virol 1995;
45: 300-305 [PMID: 7539834]
Glebe D, Aliakbari M, Krass P, Knoop EV, Valerius KP, Gerlich
WH. Pre-s1 antigen-dependent infection of Tupaia hepatocyte
cultures with human hepatitis B virus. J Virol 2003; 77: 9511-9521
[PMID: 12915565 DOI: 10.1128/JVI.77.17.9511-9521.2003]
Maeng CY, Ryu CJ, Gripon P, Guguen-Guillouzo C, Hong HJ.
Fine mapping of virus-neutralizing epitopes on hepatitis B virus
PreS1. Virology 2000; 270: 9-16 [PMID: 10772975 DOI: 10.1006/
viro.2000.0250]
Hong HJ, Ryu CJ, Hur H, Kim S, Oh HK, Oh MS, Park SY. In
vivo neutralization of hepatitis B virus infection by an anti-preS1
humanized antibody in chimpanzees. Virology 2004; 318: 134-141
[PMID: 14972542 DOI: 10.1016/j.virol.2003.09.014]
Petit MA, Strick N, Dubanchet S, Capel F, Neurath AR. Inhibitory
activity of monoclonal antibody F35.25 on the interaction between
hepatocytes (HepG2 cells) and preS1-specific ligands. Mol

WJG|www.wjgnet.com

40

41

42

43

44

45
46

47

48

49

50
51

52

53

54

55

7408

Immunol 1991; 28: 517-521 [PMID: 1712075 DOI: 10.1016/01615890(91)90166-H]
Küttner G, Kramer A, Schmidtke G, Giessmann E, Dong L,
Roggenbuck D, Scholz C, Seifert M, Stigler RD, SchneiderMergener J, Porstmann T, Höhne W. Characterization of
neutralizing anti-pre-S1 and anti-pre-S2 (HBV) monoclonal
antibodies and their fragments. Mol Immunol 1999; 36: 669-683
[PMID: 10509818 DOI: 10.1016/S0161-5890(99)00074-7]
Gripon P, Cannie I, Urban S. Efficient inhibition of hepatitis B
virus infection by acylated peptides derived from the large viral
surface protein. J Virol 2005; 79: 1613-1622 [PMID: 15650187
DOI: 10.1128/JVI.79.3.1613-1622.2005]
Schulze A, Schieck A, Ni Y, Mier W, Urban S. Fine mapping of
pre-S sequence requirements for hepatitis B virus large envelope
protein-mediated receptor interaction. J Virol 2010; 84: 1989-2000
[PMID: 20007265 DOI: 10.1128/JVI.01902-09]
Petersen J, Dandri M, Mier W, Lütgehetmann M, Volz T, von
Weizsäcker F, Haberkorn U, Fischer L, Pollok JM, Erbes B, Seitz S,
Urban S. Prevention of hepatitis B virus infection in vivo by entry
inhibitors derived from the large envelope protein. Nat Biotechnol
2008; 26: 335-341 [PMID: 18297057 DOI: 10.1038/nbt1389]
Kang JH, Toita R, Asai D, Yamaoka T, Murata M. Liver cellspecific peptides derived from the preS1 domain of human hepatitis
B virus. J Virol Methods 2014; 201: 20-23 [PMID: 24568971 DOI:
10.1016/j.jviromet.2014.02.013]
Kim DH, Ni Y, Lee SH, Urban S, Han KH. An anti-viral peptide
derived from the preS1 surface protein of hepatitis B virus. BMB
Rep 2008; 41: 640-644 [PMID: 18823587]
Deng Q, Zhuang M, Kong YY, Xie YH, Wang Y. Screening for
PreS specific binding ligands with a phage displayed peptides
library. World J Gastroenterol 2005; 11: 4018-4023 [PMID:
15996026]
Deng Q, Zhai JW, Michel ML, Zhang J, Qin J, Kong YY, Zhang
XX, Budkowska A, Tiollais P, Wang Y, Xie YH. Identification and
characterization of peptides that interact with hepatitis B virus via
the putative receptor binding site. J Virol 2007; 81: 4244-4254
[PMID: 17192308 DOI: 10.1128/JVI.01270-06]
Wang W, Liu Y, Zu X, Jin R, Xiao G. Blocking peptides against
HBV: preS1 protein selected from a phage display library. Biochem
Biophys Res Commun 2011; 412: 633-637 [PMID: 21856287 DOI:
10.1016/j.bbrc.2011.08.014]
He Y, Ye X, Tiollais P, Zhang J, Zhang J, Liu J, Xie Y. Selection of
HBV preS1-binding penta-peptides by phage display. Acta Biochim
Biophys Sin (Shanghai) 2014; 46: 691-698 [PMID: 24966187 DOI:
10.1093/abbs/gmu049]
Coleman PF. Detecting hepatitis B surface antigen mutants.
Emerg Infect Dis 2006; 12: 198-203 [PMID: 16494742 DOI:
10.3201/eid1202.050038]
Foy MC, Thio CL, Hwang HS, Saulynas M, Hamilton JP, Fine
DM, Atta MG. False-negative hepatitis B virus (HBV) surface
antigen in a vaccinated dialysis patient with a high level of HBV
DNA in the United States. Clin Vaccine Immunol 2012; 19:
820-822 [PMID: 22441395 DOI: 10.1128/CVI.05696-11]
Zhevachevsky NG, Nomokonova NY, Beklemishev AB, Belov
GF. Dynamic study of HBsAg and HBeAg in saliva samples from
patients with hepatitis B infection: diagnostic and epidemiological
significance. J Med Virol 2000; 61: 433-438 [PMID: 10897060
DOI: 10.1002/1096-9071(200008)61:4]
Deguchi M, Yamashita N, Kagita M, Asari S, Iwatani Y, Tsuchida
T, Iinuma K, Mushahwar IK. Quantitation of hepatitis B surface
antigen by an automated chemiluminescent microparticle
immunoassay. J Virol Methods 2004; 115: 217-222 [PMID:
14667538 DOI: 10.1016/j.jviromet.2003.10.002]
Shinkai N, Matsuura K, Sugauchi F, Watanabe T, Murakami S,
Iio E, Ogawa S, Nojiri S, Joh T, Tanaka Y. Application of a newly
developed high-sensitivity HBsAg chemiluminescent enzyme
immunoassay for hepatitis B patients with HBsAg seroclearance.
J Clin Microbiol 2013; 51: 3484-3491 [PMID: 23946517 DOI:
10.1128/JCM.00726-13]
Ly TD, Servant-Delmas A, Bagot S, Gonzalo S, Férey MP, Ebel A,

June 28, 2015|Volume 21|Issue 24|

Toita R et al . HBV preS domain-based bio- and nanotechnology

56

57

58

59
60

61
62

63

64

65

66

67

68

69

70

71

Dussaix E, Laperche S, Roque-Afonso AM. Sensitivities of four
new commercial hepatitis B virus surface antigen (HBsAg) assays
in detection of HBsAg mutant forms. J Clin Microbiol 2006; 44:
2321-2326 [PMID: 16825343 DOI: 10.1128/JCM.00121-06]
Myyryläinen T, Talha SM, Swaminathan S, Vainionpää R, Soukka
T, Khanna N, Pettersson K. Simultaneous detection of Human
Immunodeficiency Virus 1 and Hepatitis B virus infections using a
dual-label time-resolved fluorometric assay. J Nanobiotechnology
2010; 8: 27 [PMID: 21108849 DOI: 10.1186/1477-3155-8-27]
Ren ZQ, Liu TC, Hou JY, Chen MJ, Chen ZH, Lin GF, Wu YS.
A rapid and sensitive method based on magnetic beads for the
detection of hepatitis B virus surface antigen in human serum.
Luminescence 2014; 29: 591-597 [PMID: 24136927 DOI: 10.1002/
bio.2587]
Minekawa T, Takehara S, Takahashi M, Okamoto H. Development
of a highly sensitive bioluminescent enzyme immunoassay for
hepatitis B virus surface antigen capable of detecting divergent
mutants. Clin Vaccine Immunol 2013; 20: 1255-1265 [PMID:
23761660 DOI: 10.1128/CVI.00186-13]
Klinkert MQ, Theilmann L, Pfaff E, Schaller H. Pre-S1 antigens
and antibodies early in the course of acute hepatitis B virus
infection. J Virol 1986; 58: 522-525 [PMID: 3701922]
Taliani G, Rapicetta M, Francisci D, Xiang J, Sarrecchia B, De
Bac C, Stagni G. Correlation of preS antigens and clinical status
during chronic hepatitis B virus infection. Med Microbiol Immunol
1991; 180: 239-248 [PMID: 1762604 DOI: 10.1007/BF00202558]
Trépo C, Zoulim F, Alonso C, Petit MA, Pichoud C, Vitvitski
L. Diagnostic markers of viral hepatitis B and C. Gut 1993; 34:
S20-S25 [PMID: 8314489 DOI: 10.1136/gut.34.2_Suppl.S20]
Wei J, Wang YQ, Lu ZM, Li GD, Wang Y, Zhang ZC. Detection
of anti-preS1 antibodies for recovery of hepatitis B patients by
immunoassay. World J Gastroenterol 2002; 8: 276-281 [PMID:
11925607]
Wei J, Liu XJ, Wang YQ, Lu ZM, Li GD, Wang Y, Zhang ZC.
Development of the diagnostic immunoassay to detect antiPreS1(21-47aa) antibody--a marker suggesting the health
improvement of hepatitis B patients. Clin Chim Acta 2002; 317:
159-169 [PMID: 11814471 DOI: 10.1016/S0009-8981(01)00783-5]
Hu W, Li F, Yang X, Li Z, Xia H, Li G, Wang Y, Zhang Z. A
flexible peptide linker enhances the immunoreactivity of two copies
HBsAg preS1 (21-47) fusion protein. J Biotechnol 2004; 107: 83-90
[PMID: 14687974 DOI: 10.1016/j.jbiotec.2003.09.009]
Le Guillou DB, Duclos-Vallée JC, Eberle F, Capel F, Petit MA.
Evaluation of an enzyme-linked immunosorbent assay for detection
and quantification of hepatitis B virus PreS1 envelope antigen
in serum samples: comparison with two commercial assays for
monitoring hepatitis B virus DNA. J Viral Hepat 2000; 7: 387-392
[PMID: 10971828 DOI: 10.1046/j.1365-2893.2000.00248.x]
Lian M, Zhou X, Wei L, Qiu S, Zhou T, Li L, Gu X, Luo M, Zheng
X. Serum levels of preS antigen (HBpreSAg) in chronic hepatitis B
virus infected patients. Virol J 2007; 4: 93 [PMID: 17892580 DOI:
10.1186/1743-422X-4-93]
Hu Z, Li M, Huang B, Liu J, Yu L, Chen G. Detection of hepatitis
B virus PreS1 antigen using a time-resolved fluoroimmunoassay. J
Immunoassay Immunochem 2012; 33: 156-165 [PMID: 22471606
DOI: 10.1080/15321819.2011.609576]
Yuan Q, Ge S, Xiong J, Yan Q, Li Z, Hao X, Tian D, Niu J, Su Z,
Chen C, Shih JW, Zhang J, Xia N. A novel immunoassay for PreS1
and/or core-related antigens for detection of HBsAg variants. J Virol
Methods 2010; 168: 108-113 [PMID: 20451558 DOI: 10.1016/
j.jviromet.2010.04.029]
Jeulin H, Velay A, Murray J, Schvoerer E. Clinical impact
of hepatitis B and C virus envelope glycoproteins. World J
Gastroenterol 2013; 19: 654-664 [PMID: 23429668 DOI: 10.3748/
wjg.v19.i5.654]
Bienzle U, Günther M, Neuhaus R, Vandepapeliere P, Vollmar
J, Lun A, Neuhaus P. Immunization with an adjuvant hepatitis B
vaccine after liver transplantation for hepatitis B-related disease.
Hepatology 2003; 38: 811-819 [PMID: 14512868 DOI: 10.1002/
hep.1840380407]

WJG|www.wjgnet.com

72

73

74
75

76
77

78

79

80

81

82

83

84

7409

Bauer T, Günther M, Bienzle U, Neuhaus R, Jilg W. Vaccination
against hepatitis B in liver transplant recipients: pilot analysis
of cellular immune response shows evidence of HBsAg-specific
regulatory T cells. Liver Transpl 2007; 13: 434-442 [PMID:
17318860 DOI: 10.1002/lt.21061]
Chen H, Wen B, Deng Y, Wang W, Yin X, Guan J, Ruan L, Tan W.
Enhanced effect of DNA immunization plus in vivo electroporation
with a combination of hepatitis B virus core-PreS1 and S-PreS1
plasmids. Clin Vaccine Immunol 2011; 18: 1789-1795 [PMID:
21900535 DOI: 10.1128/CVI.05113-11]
Schirmbeck R, Reimann J. Modulation of gene-gun-mediated Th2
immunity to hepatitis B surface antigen by bacterial CpG motifs
or IL-12. Intervirology 2001; 44: 115-123 [PMID: 11509872 DOI:
10.1159/000050038]
Sjogren MH. Prevention of hepatitis B in nonresponders to initial
hepatitis B virus vaccination. Am J Med 2005; 118 Suppl 10A:
34S-39S [PMID: 16271539 DOI: 10.1016/j.amjmed.2005.07.012]
Filippelli M, Lionetti E, Gennaro A, Lanzafame A, Arrigo T,
Salpietro C, La Rosa M, Leonardi S. Hepatitis B vaccine by
intradermal route in non responder patients: an update. World J
Gastroenterol 2014; 20: 10383-10394 [PMID: 25132754 DOI:
10.3748/wjg.v20.i30.10383]
Zuckerman AJ. Effect of hepatitis B virus mutants on efficacy of
vaccination. Lancet 2000; 355: 1382-1384 [PMID: 10791517 DOI:
10.1016/S0140-6736(00)02132-2]
Aguilar JC, Lobaina Y, Muzio V, García D, Pentón E, Iglesias
E, Pichardo D, Urquiza D, Rodríguez D, Silva D, Petrovsky N,
Guillén G. Development of a nasal vaccine for chronic hepatitis B
infection that uses the ability of hepatitis B core antigen to stimulate
a strong Th1 response against hepatitis B surface antigen. Immunol
Cell Biol 2004; 82: 539-546 [PMID: 15479440 DOI: 10.1111/
j.0818-9641.2004.01278.x]
Betancourt AA, Delgado CA, Estévez ZC, Martínez JC, Ríos GV,
Aureoles-Roselló SR, Zaldívar RA, Guzmán MA, Baile NF, Reyes
PA, Ruano LO, Fernández AC, Lobaina-Matos Y, Fernández AD,
Madrazo AI, Martínez MI, Baños ML, Alvarez NP, Baldo MD,
Mestre RE, Pérez MV, Martínez ME, Escobar DA, Guanche MJ,
Cáceres LM, Betancourt RS, Rando EH, Nieto GE, González VL,
Rubido JC. Phase I clinical trial in healthy adults of a nasal vaccine
candidate containing recombinant hepatitis B surface and core
antigens. Int J Infect Dis 2007; 11: 394-401 [PMID: 17257877 DOI:
10.1016/j.ijid.2006.09.010]
Shouval D, Ilan Y, Adler R, Deepen R, Panet A, Even-Chen Z,
Gorecki M, Gerlich WH. Improved immunogenicity in mice of a
mammalian cell-derived recombinant hepatitis B vaccine containing
pre-S1 and pre-S2 antigens as compared with conventional yeastderived vaccines. Vaccine 1994; 12: 1453-1459 [PMID: 7533967
DOI: 10.1016/0264-410X(94)90155-4]
Raz R, Koren R, Bass D. Safety and immunogenicity of a new
mammalian cell-derived recombinant hepatitis B vaccine containing
Pre-S1 and Pre-S2 antigens in adults. Isr Med Assoc J 2001; 3:
328-332 [PMID: 11411195]
Ge G, Wang S, Han Y, Zhang C, Lu S, Huang Z. Removing
N-terminal sequences in pre-S1 domain enhanced antibody and
B-cell responses by an HBV large surface antigen DNA vaccine.
PLoS One 2012; 7: e41573 [PMID: 22844502 DOI: 10.1371/
journal.pone.0041573]
Rendi-Wagner P, Shouval D, Genton B, Lurie Y, Rümke H,
Boland G, Cerny A, Heim M, Bach D, Schroeder M, Kollaritsch
H. Comparative immunogenicity of a PreS/S hepatitis B vaccine in
non- and low responders to conventional vaccine. Vaccine 2006; 24:
2781-2789 [PMID: 16455169 DOI: 10.1016/j.vaccine.2006.01.007]
Krawczyk A, Ludwig C, Jochum C, Fiedler M, Heinemann
FM, Shouval D, Roggendorf M, Roggendorf H, Lindemann M.
Induction of a robust T- and B-cell immune response in non- and
low-responders to conventional vaccination against hepatitis B
by using a third generation PreS/S vaccine. Vaccine 2014; 32:
5077-5082 [PMID: 24975813 DOI: 10.1016/j.vaccine.2014.06.076]
Shen M, Wang S, Ge G, Xing Y, Ma X, Huang Z, Lu S. Profiles
of B and T cell immune responses elicited by different forms of

June 28, 2015|Volume 21|Issue 24|

Toita R et al . HBV preS domain-based bio- and nanotechnology

85

86

87

88

89

90

91

92
93

94

95

96

97

98

99

the hepatitis B virus surface antigen. Vaccine 2010; 28: 7288-7296
[PMID: 20831917 DOI: 10.1016/j.vaccine.2010.08.081]
Yue Q, Hu X, Yin W, Xu X, Wei S, Lei Y, Lü X, Yang J, Su M,
Xu Z, Hao X. Immune responses to recombinant Mycobacterium
smegmatis expressing fused core protein and preS1 peptide of
hepatitis B virus in mice. J Virol Methods 2007; 141: 41-48 [PMID:
17197041 DOI: 10.1016/j.jviromet.2006.11.025]
Chen X, Li M, Le X, Ma W, Zhou B. Recombinant hepatitis B
core antigen carrying preS1 epitopes induce immune response
against chronic HBV infection. Vaccine 2004; 22: 439-446 [PMID:
14670326 DOI: 10.1016/j.vaccine.2003.07.014]
Michel ML, Deng Q, Mancini-Bourgine M. Therapeutic vaccines
and immune-based therapies for the treatment of chronic hepatitis B:
perspectives and challenges. J Hepatol 2011; 54: 1286-1296 [PMID:
21238516 DOI: 10.1016/j.jhep.2010.12.031]
Safadi R, Israeli E, Papo O, Shibolet O, Melhem A, Bloch A,
Rowe M, Alper R, Klein A, Hemed N, Segol O, Thalenfeld B,
Engelhardt D, Rabbani E, Ilan Y. Treatment of chronic hepatitis
B virus infection via oral immune regulation toward hepatitis B
virus proteins. Am J Gastroenterol 2003; 98: 2505-2515 [PMID:
14638356 DOI: 10.1111/j.1572-0241.2003.07700.x]
Hoa PT, Huy NT, Thu le T, Nga CN, Nakao K, Eguchi K, Chi NH,
Hoang BH, Hirayama K. Randomized controlled study investigating
viral suppression and serological response following pre-S1/pre-S2/
S vaccine therapy combined with lamivudine treatment in HBeAgpositive patients with chronic hepatitis B. Antimicrob Agents
Chemother 2009; 53: 5134-5140 [PMID: 19770281 DOI: 10.1128/
AAC.00276-09]
Lo CM, Lau GK, Chan SC, Fan ST, Wong J. Efficacy of a
pre-S containing vaccine in patients receiving lamivudine
prophylaxis after liver transplantation for chronic hepatitis B. Am
J Transplant 2007; 7: 434-439 [PMID: 17283489 DOI: 10.1111/
j.1600-6143.2006.01636.x]
Menne S, Tennant BC, Gerin JL, Cote PJ. Chemoimmunotherapy
of chronic hepatitis B virus infection in the woodchuck model
overcomes immunologic tolerance and restores T-cell responses to
pre-S and S regions of the viral envelope protein. J Virol 2007; 81:
10614-10624 [PMID: 17652398 DOI: 10.1128/JVI.00691-07]
Kang JH, Toita R, Murata M. Liver cell-targeted delivery of
therapeutic molecules. Crit Rev Biotechnol 2014; 1-12 [PMID:
25025274 DOI: 10.3109/07388551.2014.930017]
Protzer U, Nassal M, Chiang PW, Kirschfink M, Schaller H.
Interferon gene transfer by a hepatitis B virus vector efficiently
suppresses wild-type virus infection. Proc Natl Acad Sci USA
1999; 96: 10818-10823 [PMID: 10485909 DOI: 10.1073/
pnas.96.19.10818]
Wang L, Kaneko S, Honda M, Kobayashi K. Approach to
establishing a liver targeting gene therapeutic vector using naturally
occurring defective hepatitis B viruses devoid of immunogenic T
cell epitope. Virus Res 2002; 85: 187-197 [PMID: 12034485 DOI:
10.1016/S0168-1702(02)00043-6]
Shlomai A, Lubelsky Y, Har-Noy O, Shaul Y. The “Trojan
horse” model-delivery of anti-HBV small interfering RNAs by a
recombinant HBV vector. Biochem Biophys Res Commun 2009;
390: 619-623 [PMID: 19818740 DOI: 10.1016/j.bbrc.2009.10.016]
Hong R, Bai W, Zhai J, Liu W, Li X, Zhang J, Cui X, Zhao X, Ye
X, Deng Q, Tiollais P, Wen Y, Liu J, Xie Y. Novel recombinant
hepatitis B virus vectors efficiently deliver protein and RNA
encoding genes into primary hepatocytes. J Virol 2013; 87:
6615-6624 [PMID: 23552416 DOI: 10.1128/JVI.03328-12]
Huang W, Li X, Yi M, Zhu S, Chen W. Targeted delivery of
siRNA against hepatitis B virus by preS1 peptide molecular ligand.
Hepatol Res 2014; 44: 897-906 [PMID: 23799901 DOI: 10.1111/
hepr.12189]
Bakhshinejad B, Sadeghizadeh M. Bacteriophages and their
applications in the diagnosis and treatment of hepatitis B virus
infection. World J Gastroenterol 2014; 20: 11671-11683 [PMID:
25206272 DOI: 10.3748/wjg.v20.i33.11671]
Tang KH, Yusoff K, Tan WS. Display of hepatitis B virus PreS1
peptide on bacteriophage T7 and its potential in gene delivery

WJG|www.wjgnet.com

100

101
102

103

104

105

106

107

108

109

110

111

112

113

114

7410

into HepG2 cells. J Virol Methods 2009; 159: 194-199 [PMID:
19490973 DOI: 10.1016/j.jviromet.2009.03.015]
Argnani R, Boccafogli L, Marconi PC, Manservigi R. Specific
targeted binding of herpes simplex virus type 1 to hepatocytes via
the human hepatitis B virus preS1 peptide. Gene Ther 2004; 11:
1087-1098 [PMID: 15057264 DOI: 10.1038/sj.gt.3302266]
Wang Z, Yuan Z, Jin L. Gene delivery into hepatocytes with the
preS/liposome/DNA system. Biotechnol J 2008; 3: 1286-1295
[PMID: 18830969 DOI: 10.1002/biot.200800125]
Zhang X, Zhang Q, Peng Q, Zhou J, Liao L, Sun X, Zhang L,
Gong T. Hepatitis B virus preS1-derived lipopeptide functionalized
liposomes for targeting of hepatic cells. Biomaterials 2014; 35:
6130-6141 [PMID: 24797877 DOI: 10.1016/j.biomaterials.2014.04.
037]
Yamada T, Iwasaki Y, Tada H, Iwabuki H, Chuah MK,
VandenDriessche T, Fukuda H, Kondo A, Ueda M, Seno M,
Tanizawa K, Kuroda S. Nanoparticles for the delivery of genes and
drugs to human hepatocytes. Nat Biotechnol 2003; 21: 885-890
[PMID: 12833071 DOI: 10.1038/nbt843]
Jung J, Matsuzaki T, Tatematsu K, Okajima T, Tanizawa K, Kuroda
S. Bio-nanocapsule conjugated with liposomes for in vivo pinpoint
delivery of various materials. J Control Release 2008; 126: 255-264
[PMID: 18207275 DOI: 10.1016/j.jconrel.2007.12.002]
Kasuya T, Yamada T, Uyeda A, Matsuzaki T, Okajima T, Tatematsu
K, Tanizawa K, Kuroda S. In vivo protein delivery to human liverderived cells using hepatitis B virus envelope pre-S region. J
Biosci Bioeng 2008; 106: 99-102 [PMID: 18691539 DOI: 10.1263/
jbb.106.99]
Sao K, Murata M, Fujisaki Y, Umezaki K, Mori T, Niidome T,
Katayama Y, Hashizume M. A novel protease activity assay using
a protease-responsive chaperone protein. Biochem Biophys Res
Commun 2009; 383: 293-297 [PMID: 19341711 DOI: 10.1016/
j.bbrc.2009.03.129]
Toita R, Murata M, Tabata S, Abe K, Narahara S, Piao JS, Kang JH,
Hashizume M. Development of human hepatocellular carcinoma
cell-targeted protein cages. Bioconjug Chem 2012; 23: 1494-1501
[PMID: 22621213 DOI: 10.1021/bc300015f]
Toita R, Murata M, Abe K, Narahara S, Piao JS, Kang JH,
Hashizume M. A nanocarrier based on a genetically engineered
protein cage to deliver doxorubicin to human hepatocellular
carcinoma cells. Chem Commun (Camb) 2013; 49: 7442-7444
[PMID: 23860596 DOI: 10.1039/c3cc44508a]
Toita R, Murata M, Abe K, Narahara S, Piao JS, Kang JH,
Ohuchida K, Hashizume M. Biological evaluation of protein
nanocapsules containing doxorubicin. Int J Nanomedicine 2013; 8:
1989-1999 [PMID: 23717042 DOI: 10.2147/IJN.S40239]
Murata M, Narahara S, Umezaki K, Toita R, Tabata S, Piao JS,
Abe K, Kang JH, Ohuchida K, Cui L, Hashizume M. Liver cell
specific targeting by the preS1 domain of hepatitis B virus surface
antigen displayed on protein nanocages. Int J Nanomedicine 2012; 7:
4353-4362 [PMID: 22927755 DOI: 10.2147/IJN.S31365]
Murata M, Piao JS, Narahara S, Kawano T, Hamano N, Kang JH,
Asai D, Ugawa R, Hashizume M. Expression and characterization
of myristoylated preS1-conjugated nanocages for targeted cell
delivery. Protein Expr Purif 2015; 110: 52-56 [PMID: 25497224
DOI: 10.1016/j.pep.2014.12.001]
Müller T, Mehrle S, Schieck A, Haberkorn U, Urban S, Mier W.
Liver imaging with a novel hepatitis B surface protein derived
SPECT-tracer. Mol Pharm 2013; 10: 2230-2236 [PMID: 23601010
DOI: 10.1021/mp400038r]
Kang JH, Asai D, Kim JH, Mori T, Toita R, Tomiyama T, Asami
Y, Oishi J, Sato YT, Niidome T, Jun B, Nakashima H, Katayama
Y. Design of polymeric carriers for cancer-specific gene targeting:
utilization of abnormal protein kinase Calpha activation in cancer
cells. J Am Chem Soc 2008; 130: 14906-14907 [PMID: 18928283
DOI: 10.1021/ja805364s]
Kang JH, Toita R, Katayama Y. Bio and nanotechnological
strategies for tumor-targeted gene therapy. Biotechnol Adv 2010;
28: 757-763 [PMID: 20541598 DOI: 10.1016/j.biotechadv.2010.0
6.001]

June 28, 2015|Volume 21|Issue 24|

Toita R et al . HBV preS domain-based bio- and nanotechnology
115 Toita R, Kang JH, Tomiyama T, Kim CW, Shiosaki S, Niidome T,
Mori T, Katayama Y. Gene carrier showing all-or-none response
to cancer cell signaling. J Am Chem Soc 2012; 134: 15410-15417
[PMID: 22920909 DOI: 10.1021/ja305437n]
116 Kang JH, Oishi J, Kim JH, Ijuin M, Toita R, Jun B, Asai D, Mori
T, Niidome T, Tanizawa K, Kuroda S, Katayama Y. Hepatomatargeted gene delivery using a tumor cell-specific gene regulation
system combined with a human liver cell-specific bionanocapsule.
Nanomedicine 2010; 6: 583-589 [PMID: 20138242 DOI: 10.1016/

j.nano.2010.01.007]
117 Oishi J, Jung J, Tsuchiya A, Toita R, Kang JH, Mori T, Niidome
T, Tanizawa K, Kuroda S, Katayama Y. A gene-delivery system
specific for hepatoma cells and an intracellular kinase signal based
on human liver-specific bionanocapsules and signal-responsive
artificial polymer. Int J Pharm 2010; 396: 174-178 [PMID:
20558262 DOI: 10.1016/j.ijpharm.2010.06.012]
118 Kalniņš G, Cielēns I, Renhofa R. Virus-like particles addressed by
HBV preS1 sequences. Env Exp Biol 2013; 11: 1-8
P- Reviewer: Bock CT, Osna NA, Panduro A S- Editor: Ma YJ
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

7411

June 28, 2015|Volume 21|Issue 24|

World J Gastroenterol 2015 June 28; 21(24): 7412-7426
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i24.7412

© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Hepatitis C treatment in the elderly: New possibilities and
controversies towards interferon-free regimens
Umberto Vespasiani-Gentilucci, Giovanni Galati, Paolo Gallo, Antonio De Vincentis, Elisabetta Riva,
Antonio Picardi
(HCV) population which have acquired the infection
during its maximum spread after the Second World War,
the management of the elderly HCV-infected patient
is emerging as a hot topic. Unfortunately, although it
is recognized that the progression of HCV-related liver
disease gets faster with aging, and that even extrahepatic manifestations of HCV infection are probably
worse in the elderly, till now, treatment attempts in this
population have been significantly limited by the wellknown contraindications and side effects of interferon
(IFN). The arrival of several new anti-HCV drugs, and
the possibility to combine them in safe and effective
anti-viral regimens, is relighting the hope of a cure
for many elderly patients who had been cut out of
IFN-based treatments. However, although these new
regimens will be certainly more manageable, it should
be underscored that IFN-free doesn’t mean free from
any contraindication or side-effect. Moreover, one
issue which promises to become central is that of the
possible interactions between antiviral therapy and the
multiple drugs frequently assumed by elderly patients
because of comorbidities. In this review, we will revise
the epidemiology pointing to HCV as an infection of the
elderly, the evidences that HCV harms the health of the
aged patient more than that of the young one, and the
available experiences of HCV treatment in the elderly
with the “old” IFN-based regimens and with the newer
drugs. We will conclude that the availability of IFNfree regimens should prompt us to change our mind
and consider a significantly larger number of possible
candidates among elderly patients, who would take
significant advantage from viral eradication. Rather
than the anagraphic age, drug-drug interactions and,
mainly in case of economic restrictions, an evaluation
of life expectancy dependent on liver disease with
respect to that dependent on comorbidities, are likely
to be the key issues guiding treatment indication in the
next future. The sooner we will change our mind with
respect to an a priori obstacle for anti-HCV treatment
in the elderly, the sooner we will begin to spare
many aged HCV patients from avoidable liver-related
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Abstract
Due to the progressive aging of the hepatitis C virus
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complications.

infected patients was found to be, respectively, 0.9%
and 1% in the age groups 60-69 and ≥ 70 years,
respectively (lower than the 1.6%-1.8% of prevalence
[4,5]
found in the general population)
. Indeed, the
biggest part of the United States HCV patients comes
from the population born between 1945 and 1965,
who acquired the infection during the 1970s and 1980s
[6]
from exposure to blood or blood products . The rate of
new infections decreased sharply after the 1990s, with
the discovery of HCV and the interventions aimed to
control blood products and to reduce the transmission
[1]
by intravenous drug use . Although more recent
epidemiological data are lacking, according to previous
NHANES, it can be speculated that the peak in agespecific prevalence has moved more than ten years
forwards, with a consequent significant increase of HCV
prevalence in the elderly. A similar age-specific pattern
of HCV prevalence can be observed also in Australia
[7-9]
and Western and Northern Europe .
In countries like Italy, Japan and Egypt, the agespecific distribution of HCV-patients is even more
skewed towards old age. Three different studies
from Italy found a very high HCV prevalence in the
elderly: 11% of 208 patients aged more than 65
[10]
years ; 33.1% of subjects aged more than 60 years
[11]
among a population of 1352 subjects ; 18.2% of
subjects in the 60-70 age-group of a population of 681
[12]
subjects . A similar scenario is observed in Japan.
[13]
In a community-based study, Okayama et al
found
that the prevalence of anti-HCV positivity progressively
increased with age, reaching 41% in patients aged
[14]
80-89 years. Moreover, Sawabe et al reported 8.8%
and 13.1% rates of anti-HCV positivity in in-hospital
and autopsy cases older than 60 years, respectively.
Even more significant data are available from Egypt:
in the largest population-based study, carried out in
2000, HCV prevalence significantly increased with age,
peaking at over 60% in the fifth decade and around
40% in subjects older than 60 years, compared to a
[15]
global prevalence of 24.3% .
Many possible confounding elements should be
considered when comparing these different studies
and trying to interpret their different results. First of
all, for many countries, due to the absence of specific
data, estimated prevalences are based on weighted
averages for region rather than individual countries,
i.e., Northern Europe is the region with the lowest
estimated prevalence (< 1%), while Northern Africa
[3]
has the highest reported prevalence (> 3%) . Second,
well-designed population studies are lacking and
available studies often involve populations which are
convenient for sampling, such as autopsy or hospital
series or blood donors, producing biased estimates
of disease burden and exposures. Furthermore,
some population studies have been set in rural areas
historically exposed to factors that may have locally
influenced HCV incidence and for this reason their
results could be not representative of the entire
country. Third, all available epidemiological studies

Key words: Hepatitis C virus; Elderly; Interferon; Ribavirin;
Telaprevir; Boceprevir; Sofosbuvir; Simeprevir; Daclatasvir;
Side effects; Drug-drug interactions
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) infection is a significant
threat to the health of elderly patients, in whom
liver disease progresses very rapidly and extrahepatic
complications affect the quality of life. Till now, treatment
attempts have been substantially limited by the side
effects of interferon (IFN). Here we discuss how the
availability of IFN-free regimens should prompt us to
change our mind when assessing treatment indication
and to consider a significantly larger number of
possible candidates among elderly patients. Drug-drug
interactions and assessment of liver disease-dependent
vs comorbidities-dependent life expectancy, rather than
anagraphic age, are likely to guide the choice of the
aged HCV patients to be treated in the next future.
Vespasiani-Gentilucci U, Galati G, Gallo P, De Vincentis A,
Riva E, Picardi A. Hepatitis C treatment in the elderly: New
possibilities and controversies towards interferon-free regimens.
World J Gastroenterol 2015; 21(24): 7412-7426 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i24/7412.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i24.7412

INTRODUCTION
Hepatitis C virus (HCV) infection is a major public
health problem chronically affecting approximately
170 million people all over the world. Due to the
progressive aging of the HCV-infected population, and
to the lack of a comparable amount of new cases, the
management of the elderly HCV-infected patient is
emerging as a hot topic. Old patients are becoming the
most representative part of those seen in outpatient
clinic visits for hepatitis C and epidemiological data
[1]
suggest that they will even increase in the next future .
Given this general background, some country-specific
differences in the epidemiology of HCV infection can be
evidenced and, while the estimated global prevalence
[2]
of HCV is around 2% , country-specific estimates
can vary widely, ranging from less than 1% in United
[3]
Kingdom and Scandinavia to 15%-25% in Egypt .
Similar average prevalences (1.5%-3.5%) can be
observed in vastly different countries, including United
States, Australia, Spain, Italy and Japan, but with
[3]
different patterns of age-specific prevalence .
According to the National Health and Nutrition
Examination Survey (NHANES), in the United States,
the peak in age-specific prevalence of anti-HCV
antibodies switched from 30-39 to 40-49 years from
1988-1994 to 1999-2002, while the prevalence of HCV-
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have been conducted more than ten years ago, thus
they should be interpreted accordingly, in particular
when considering age-specific prevalences.
The highest prevalence of HCV infection in the
elderly in countries like Italy, Japan and Egypt can be
explained only by considering specific factors which
led to past peaks of infections. For instance, in Italy,
it has been speculated that the widespread use of
glass syringes for parenteral treatments after the
Second World War could have been responsible for
an earlier boost of HCV-infection compared to United
[16]
States . In Egypt, HCV transmission through blood
products and illicit drugs has not represented the
major route of infection: indeed, there is consistent
evidence for significant transmission through injection
therapy, with a particular reference to the parenteral
treatment campaign for schistosomiasis, which took
[17]
place from the 1950s-1960s up to the 1970s . Of
course, injection therapy for Schistosomiasis cannot
entirely account for HCV burden in Egypt; however,
it’s reasonable that it increased the reservoir of HCV
in the community, accelerating HCV transmission in
the subsequent years even through unconventional
[15]
routes of infection, such as between spouses . In
Japan, the peak of HCV spread most likely occurred
during the turmoil period just after the end of Second
[18]
World War . Illicit intravenous drug abuse was highly
prevalent at that time in Japanese society and this
might have contributed to the horizontal transmission
[18]
of HCV . Furthermore, some investigators identified
some differences in local medical procedures and folk
remedies as possible explanation for unusual areas of
high HCV endemicity, which could have had stronger
and wider diffusion in the half of the twentieth century
and for this reason could have had a role in the peak
[18]
of HCV incidence in that period .

Overall, it is currently well-recognized that HCVinfected patients experience poorer quality of life
[23]
compared with the general population . Moreover, it
is exactly the elderly population, in which depression
and neuropsychological disorders are common, to
carry the greater risk for a negative impact of HCV
infection on the quality of life. Indeed, by examining
a group of patients with chronic hepatitis C by the
[22]
Fatigue Impact Scale, Hassoun et al
found that age
was significantly associated with fatigue. Moreover, in
another study investigating the incidence of depression
in HCV patients undergoing interferon (IFN) treatment,
[24]
Horikawa et al found that and the only risk factor for
depression was advanced age.
To date, major concerns for the management of
HCV in elderly patients have been the common side
effects of treatment with IFN and ribavirin (RBV),
including anemia, neutropenia and thrombocytopenia,
which can theoretically trigger cardiac events, and
promote infectious disease or hemorrhages. Indeed, a
relevant risk of clinically significant cytopenia has been
documented in different studies in aged patients, and
the rate of discontinuation or dose modification in this
[25,26]
population has been frequently greater than 50%
.
Therefore, when facing an elderly HCV patient, the
first question to answer should be whether this patient
will progress to liver complications threatening survival
and, the second, whether the disease is conditioning
or will condition the health-related quality of life.
[27]
Poynard et al
have examined risk factors for
fibrosis progression in chronic hepatitis C and found
three independent factors associated with a faster
course: age at infection, alcohol consumption (more
than 50 g/d) and male gender. The comparison
between decades showed that the major acceleration
was observed after the age of 50 years, independently
from the age at infection and, consequently, from
the duration of disease. Therefore, age itself was
even more important than duration of infection for
[28]
predicting the occurrence of cirrhosis . Also the risk
of HCC increases significantly with age, and this is not
only dependent on a prolonged duration of infection,
since a shorter interval between infection acquired
at an older age and the diagnosis of HCC has been
[29,30]
demonstrated
. The mechanisms underlying this
particularly rapid course in the elderly population
have not been clearly understood. From experimental
studies, it is known that the fibrotic reaction to carbon
[31]
tetrachloride is greater in older than in younger rats .
The higher vulnerability to environmental factors
(especially oxidative stress), the reduction in the
rate of hepatic blood flow, the reduced mitochondrial
capacity and the impaired immunity are all
mechanisms possibly involved in a faster progression
[27,32]
of liver damage
.
Some evidence already exists that treatment can
prevent this aggressive progression of HCV infection
in elderly patients. In a retrospective study, Arase et
[33]
al
reported that long-term low-dose natural IFN

ESTIMATING THE IMPACT OF HCV
INFECTION ON QUALITY AND
EXPECTANCY OF LIFE IN ELDERLY
PATIENTS
Current guidelines for HCV infection are usually
focused on the management of a single disease and
this is a barrier for their application in adults with
[19]
comorbidities . Indeed, unlike patients usually
included in clinical trials, most elderly patients actually
have multiple chronic disorders. This is even truer in
the case of a systemic disease, as HCV infection should
be considered, with interactions between the virus,
[20]
liver damage and dysmetabolism .
Like other chronic diseases, HCV infection may be
associated since its early stages with impairments in
health related quality of life, including fatigue, muscle
[21]
and joint pain, depression, etc. . Up to 30% of HCV
patients have psychological disorders, not limited to
[6,22]
depression, and up to 67% complain of fatigue
.
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treatment, without eradicating HCV, was nevertheless
effective in preventing hepato-carcinogenesis in
aged patients with chronic hepatitis. In another
retrospective study analysis of patients older than 60
years, at 5 and 10 years, hepatocarcinogenesis rates
were significantly lower in the IFN-treated group, and
IFN monotherapy was independently associated with a
longer survival in the subgroup with lower platelets (HR
[34]
= 2.33, P = 0.005) . Finally, another important issue
is that antiviral treatment is associated with improved
renal and cardiovascular outcomes in diabetic patients.
Indeed, the risk of end stage renal disease, stroke
and acute coronary syndrome is significantly reduced
in treated patients compared with untreated controls,
[35]
underlying the systemic impact of the virus . However,
it should be noted that, in contrast with these results,
the hepatitis C antiviral long-term treatment against
cirrhosis (HALT-C) study, the only randomized pro
spective study carried-on with the aim of verifying the
possible benefits from IFN maintenance treatment,
showed that low-dose pegylated-IFN (PEG-IFN)
therapy for 3.5 years did not reduce the incidence
of HCC and the rate of disease progression in CHC
patients with bridging fibrosis or cirrhosis who failed to
[36]
respond to the combination therapy with ribavirin .
Synthesizing, although it is well-known that HCV
infection has a negative impact on the quality of life of
elderly patients, to date, the complexity of treatment
and the lack of supportive data in this age group have
significantly limited treatment attempts. Now that the
scenario is rapidly changing, and that new IFN-free
treatment options are becoming available, the limited
but available evidence concerning the benefit of viral
eradication in the elderly population should be carefully
considered.

about tolerance and effectiveness of these therapies
in the elderly (in Table 1), data concerning the most
significant studies on IFN-based regimens in aged
patients are presented, and a comparison with results
obtained in younger patients, when available, is
reported. Safety appears an important limiting factor
for IFN-based therapies in the elderly, mainly because
patients more frequently suffer from concurrent
chronic cardio-pulmonary diseases. Indeed, it appears
that elderly patients have a tendency to obtain lower
sustained virological response (SVR) rates compared
with younger ones, especially in the case of genotype
1 infection, and that the discontinuation rate due to
adverse events is higher. In the study by Antonucci
[42]
et al
on efficacy and safety of PEG-IFN plus RBV in
a cohort of HCV patients, patients aged > 40 years
with genotype 1 or 4 infection had a significantly lower
chance of achieving SVR compared with younger ones
(80% vs 32.6%, P = 0.005).
Conversely, in another small population of 19
patients aged > 65 years treated with PEG-IFN plus
RBV, derived from a larger study on 166 elderly
patients, age didn’t seem associated with a reduced
[43]
virological response and the SVR rate was 42% .
[44]
Recently, Frei et al
performed a multiple regression
model with generalized estimating equations (GEE)
to assess the influence of age ≥ 60 years on SVR,
taking confounders into account (stage of fibrosis,
viral load, genotype, previous treatment, gender).
The GEE model showed that age had no significant
influence on SVR (OR = 0.91, P = 0.81), and that only
well-established factors, such as cirrhosis, genotypes
1/4/6 and viral load > 600 000 IU/mL had a negative
[44]
impact on SVR . It is also of interest that, in several
clinical trials, no association was found between age
[45-47]
and SVR in HCV patients with genotypes 2 or 3
.
[48]
Kainuma et al
found that, for genotype 1 infection,
the discontinuation rate was significantly higher in
older patients (42.9% vs 24.4%, P < 0.001). A study
from Taiwan confirmed that drug discontinuation
among elderly patients was significantly higher than
among those younger than 65 years (21% vs 6%, P =
[49]
0.001) . In a meta-regression analysis conducted by
[49]
Zhou et al
to explore predictors for dose reduction
secondary to adverse events in aged HCV patients
treated by PEG-IFN plus RBV, the overall incidence
of adverse events was 61.3%, and dose reductions
due to adverse events was 54.2%. Patients with
major dose reductions due to adverse events had
a tendency toward a lower likelihood of obtaining
SVR, especially in the case of genotype 1. Moreover,
incidence of hemolytic anemia due to RBV increases
with age and dose reduction or RBV discontinuation
[42,43,50]
are more frequent in patients of ≥ 55 years
. In
a meta-analysis analyzing non-randomized controlled
trials on the treatment with PEG-IFN plus RBV in
older HCV patients, on intention-to-treat analysis,
patients ≥ 65 years (1057) had a significantly lower

AVAILABLE STUDIES ON THE
TREATMENT OF HEPATITIS C IN
ELDERLY PATIENTS WITH “OLD” DRUGS
Until very recently, the only therapies for the treatment
of chronic hepatitis C were based on IFN for all
genotypes, either “natural” (human leukocyte-derived)
or recombinant (“standard” or PEG). IFN was used
as monotherapy at the beginning of the 1990’, in
combination with RBV since the beginning of the
21th century and, more recently, and only in patients
infected by genotype 1 HCV, with the further addition
of a first-generation inhibitor of the HCV NS3 serin[37-40]
protease [telaprevir (TVR) or boceprevir (BOC)]
.

Conventional IFN/RBV-based therapies

IFN/RBV-based therapy is typically burdened with
numerous adverse events, such as fatigue, fever,
myalgias, depression, and severe alterations in
blood cells counts, first of all haemolytic anemia
[38,41]
and neutropenia
. Clinical trials mostly lack data
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Table 1 Studies on conventional interferon/ribavirin-based regimens in aged patients
Author and year

Study design

Bresci et al[87], 1993
Horiike et al[32], 1995

Prospective
Prospective

Type of IFN SVR of aged patients vs
Genotype
Number of
± RBV
SVR of younger patients
1/non-1
aged patients
(available data)
(available data)
treated
22
19

NA
0/19

Van Thiel et al[88], 1995 Prospective
Alessi et al[89], 2003
Retrospective

25
50

Na
43/7

Imai et al[90], 2004

Retrospective

649

NA

Iwasaki et al[50], 2006

Prospective

73

Koyama et al[91], 2006

Prospective

84

50/23 (only
1/2)
35/49

Honda et al[92], 20071

Prospective

66

54/12

Arase et al[93], 20071

Prospective

NA

Tsui et al[94], 20081

Prospective

NA (236 all
patients)
35

Arase et al[95], 2012
Zeuzem et al[96], 2004
Nudo et al[25], 2006

Retrospective
Prospective
Retrospective

33
2
30

0/33
0/2
8/22

Floreani et al[97], 2006

Prospective

33

NA

Thabut et al[43], 2006

Prospective

166 (281
treatments)

141/104

Antonucci et al[42], 2007 Retrospective

30

11/19

Honda et al[26], 2010

Prospective

115

93/22

Gramenzi et al[98], 2010

Cross
sectional

34

NA

Kainuma et al[48], 2010

Prospective

314

253/61

Huang et al[99], 2010

Prospective

70

27/43

Oze et al[100], 2011

Prospective

240

185/55

Ebinuma et al[101], 20011 Prospective

101

102

Gramenzi et al[102], 2012

Crosssectional
Retrospective

378

NA

38

13/25

Prospective
case control
Prospective

91

56/35

98

63/35

Kim et al[103], 2012

Hu et al[104], 2013
Frei et al[44], 2014

NA

IFN-α2b
IFN-α2a/2b;
β-IFN
IFN-α2b
IFN-α
IFN
(unspecified)
IFN α2b +
RBV
IFN-α2a
IFN-α2b
IFN-α2b +
RBV
IFN-α
IFN-β
IFN-α2b +
RBV
IFN-β + RBV
PEG-IFN-α2b
IFN
IFN + RBV
PEG-IFN +
RBV
PEG-IFN +
RBV
IFN, IFN +
RBV, PEGIFN alone,
PEG-IFN +
RBV, RBV
alone
PEG-IFN +
RBV
PEG-IFN α2b
+ RBV
IFN
PEG-IFN +
RBV
PEG-IFN α2b
+ RBV
PEG-IFN α2a
+ RBV
PEG-IFN α2b
+ RBV
PEG-IFN +
RBV
All types
PEG-IFN
α2a/2b +
RBV
PEG-IFN +
RBV
PEG-IFN +
RBV

Discontinuation or dose reduction of
aged patients vs discontinuation or dose
reduction of younger patients
(available data)

NA
NA

4%
NA

NA
18% vs 20%
P = 0.9
25% vs 43%
P = 0.03
32% vs 50%
P = 0.078
35.7%

NA
NA

77% vs 38%
P < 0.001
13.1%

31.8% vs 38.3%
P = 0.3589
28%

21.2% vs 14.9%
P = 0.2540
NA

20% vs 18.5%
P = 0.79
75.8%
50%
33.3% vs 51.2%
P = 0.13

31% vs 31%
P = 0.9
0%
NA
53% vs 34%
P = 0.17

45.5 vs 69.7%
P = 0.02
IFN 7%
RBV 7%
Peg-IFN alone 0%
IFN + RBV 16%
peg-IFN + RBV 45%

24% vs 12.2%
NS
20%

70% vs 84%

16.7% vs 15.8%

37.4% vs 51.5%
P = 0.0067
NA

32.2% vs 17.0%
P = 0.0003
32% vs 20%
NS

31.2%

36.3%

67.1% vs 78.6%
P = 0.07
35.4%

21.4% vs 6.4%
P = 0.001
23.9%

41.5% vs 54.3%
P = 0.0245
33%

NA

65.8% vs 76.2%
P = 0.15

21.1 vs 9.1%
P = 0.05

40.7% vs 61.5%
P = 0.005
46.5% vs 57.2%
P = 0.0970

14.3% vs 3%
P = 0.034
21.1% vs 18.4%
NS

NA

NA

1

Elderly defined > 60 years; PEG: Pegylated; IFN: Interferon; RBV: Ribavirin; NA: Not available; NS: Not statistically significant.

likelihood of SVR than those aged < 65 years (42%
[51]
vs 60.1% respectively, P < 0.00001) . Indeed, the
discontinuation rate was significantly higher in older
patients than in younger patients (25.5% vs 14.8%,
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respectively, P < 0.00001), and it was related to
adverse events in the aged subgroup (19.2% vs 9.3%
respectively, P < 0.00001). Also dose modification
rates of both PEG-IFN and RBV in patients aged ≥ 65
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years were significantly higher than those in younger
patients (69.3% vs 55.8% respectively, P < 0.00001).
Overall, although some conflicting results do exist,
it can be concluded that older patients frequently
experience adverse events, have a poorer adherence
and respond with lower SVR rates to IFN/RBV-based
anti-HCV treatments.

years vs 2.5% of those aged ≤ 45 years; the rate of
serious adverse events was 11.7% in patients aged
≥ 65 years vs 2.5% in those aged ≤ 45 years. In a
multivariate analysis, age ≥ 65 years was a significant
predictor of anaemia [OR = 2.31 (1.46-3.65), P =
0.0003], and anti-anemics and blood substitutes
were prescribed in 54% of older patients vs 28% of
patients in the overall population. However, older age
was not significantly associated with discontinuation of
[60]
telaprevir for adverse events .
Another Japanese study explored the response
to triple therapy with TVR in 64 genotype 1b HCV
patients aged >60 years compared with 56 patients
[61]
aged < 60 years . There were no documented
differences in SVR (76.6% vs 83.9%, P = 0.314) or
in the rate of discontinuation (12.5% for both groups,
P < 0.999) with the younger population, but only
one third of these patients had severe fibrosis. The
main adverse events reported in this study were rash,
serious skin reactions and anemia. Drug-induced skin
disorders were found in 51.6% of the aged patients
vs 44.6% of the younger patients, with no significant
difference (P = 0.449). Instead, there was a significant
difference in the occurrence of severe anemia between
the two groups. The hemoglobin decrease to 8.5-10
g/dL and < 8.5 g/dL was 40.6% and 50% in the aged
group, and 25% and 33.9% in the younger group,
respectively (P = 0.0006). Another Japanese study
analyzed a reduced dose of TVR (1500 mg/day) in 14
[60]
patients out of 18 patients > 65 years . The dose
of TVR did not affect SVR, which was 50%. While
in the registration trials renal dysfunction was not
observed, recent reports suggested that the incidence
of renal impairment with TVR and BOC combination
therapy may be as high as 5%, more common in old
patients, and in those with cirrhosis, diabetes and
hypertension. Moreover, by impairing renal function,
TVR can increase blood RBV concentration and the
plasma/whole blood RBV ratio (49-50). In the study
[62]
of Rao et al , only 1 male patient with cirrhosis in
the TVR cohort, aged 75 years, developed a sustained
drop in estimated Glomerular Filtration Rate (eGFR)
of 40% from baseline; in the BOC cohort, 2 patients,
aged 65 and 66 years, both cirrhotics and with normal
pre-treatment creatinine levels, were noted to have
a self-resolving acute kidney injury. Finally, in the
HCV-TARGET consortium of investigators, in order
to evaluate the safety profile of BOC and TVR in
academic and community centers across the United
States, 2212 patients have been enrolled and were
at varying stages of treatment. Of 970 patients who
started triple therapy regimens (mean age 56 years,
range 18-76 years), 74 patients (8%) were aged
≥ 65, 53 (72%) treated with TVR and 21 (28%)
with BOC. Early treatment discontinuation was more
common in older compared to younger patients (36%
vs 25%, respectively), and was more frequently due to
adverse events (48% vs 37%) than to lack of efficacy
(22% vs 33%). Anemia, defined as haemoglobin < 10

Triple therapy with first generation protease inhibitors
for genotype 1 HCV infection

In the evolution of anti-HCV treatment regimens,
the third step has been the approval of a genotype
1-specific “triple therapy”. It consists of a combination
of IFN and RBV plus a NS3/4A serine proteaseinhibitor, either BOC or TVR, which are direct antiviral
[52-57]
agents able to block the life cycle of HCV
.
However, this treatment can be burdened with severe
adverse events and, except for the registrative trials,
the clinical experience comes from expanded access
programs and urgent prescriptions in real life, being
limited to patients with more advanced disease and
therefore more prone to adverse events. Among these,
hematologic adverse events, such as anemia and
[58]
leukopenia with infections, are frequently reported .
To note, registrative trials have not included elderly
patients, so that there are very few data on safety and
efficacy of the triple therapy in this population. Some
data can be extrapolated from the two great expanded
access programs: the French CUPIC (511 treatment[57]
experienced cirrhotic patients) , and the multicenter,
open label, observational study involving TVR therapies
[58]
in many countries (HEP3002) . Both were carried
out in patients with severe fibrosis or cirrhosis. In the
CUPIC study, there were 122 (23.9%) patients aged
≥ 65 and 389 (76.1%) patients aged ≤ 65. In this
large cohort of genotype 1 treatment-experienced
cirrhotic patients, a high incidence of serious adverse
events (40.0%) and a problematic management
of anaemia (erythropoietin and transfusion use in
50.7% and 12.1%, respectively) were observed,
severe anemia being more frequent and needing more
[57,59]
frequently blood transfusion in older patients
.
Indeed, among the others, age ≥ 65 years was an
independent predictor of anaemia < 8 g/dL or blood
[57]
transfusions [OR = 3.04 (1.54-6.02), P = 0.0014] .
In the HEP3002 study, there were 128 patients ≥
65 years on an overall of 1782 patients, and 61% of
patients ≥ 65 years were cirrhotic (vs 54% in the
overall population). Virological outcome didn’t seem to
depend on age: early rapid virological response was
75% in patients aged ≥ 65 years vs 76% of younger
patients, SVR was 76% in treatment naïve patients
≥ 65 years vs 69% in those ≤ 45 years, while it was
39% in prior null responders ≥ 65 years vs 36% in
those ≤ 45 years. On the contrary, adverse events
were significantly associated with older age: grade
3-4 anemia was present in 45.3% of patients aged ≥
65 years vs 16.6% of those aged ≤ 45 years; grade
3-4 rash was observed in 2.3% of patients aged ≥ 65
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g/dL, or use of epoetin, transfusion, or ribavirin dose
adjustment, were more frequent (77% vs 63%), more
severe (nadir Hgb < 8.5 g/dL in 35% vs 18%), and
more likely to be considered a severe adverse event
(8% vs 3%) in older patients. The use of epoetin (55%
vs 33%) and blood transfusions (23% vs 10%) was
also more frequent in the older population. Among
treatment naive patients on telaprevir, rates of ontreatment virological response were similar between
older and younger patients [(week 4: 77% (17/22) vs
[41,63]
79% (177/225), respectively]
.
In conclusion, triple therapy with TVR and BOC
is burdened with a number of adverse events, with
a higher rate in the older population. However, the
rate of discontinuation and of SVR are comparable to
those in the younger HCV patients. Undoubtedly, HCV
patients until now object of expanded access programs
and clinical experience were more prone to develop
adverse events, because with a more advanced liver
disease.

should be carefully evaluated, mainly when planning
to treat older patients with multiple comorbidities and
politherapy. Again, the most worrisome aspect is that
registrative studies of new drugs almost completely
lack data concerning efficacy and, mainly, safety in this
more fragile patient population.
Sofosbuvir has been the first among the new
anti-HCV drugs to be approved both in United States
and in Europe. It is a nucleotide prodrug which, in
human hepatocytes, is converted to an active uridintriphosphate form, which acts as an inhibitor of the
HCV RNA-polymerase. In the 4 phase 3 registrative
trials, only few patients aged ≥ 65 years have been
included and, according to the EMA assessment report
as adopted by the Committee for Medicinal Products
for Human use (CHMP), “there is lack of clinical
experience treating patients older than 75 years of
[64]
age” . In the POSITRON trial, in which 207 naïve
patients with genotype 2-3 HCV infection where treated
with sofosbuvir plus RBV, mean age was 52 (21-75)
years, and only 15 patients aged ≥ 65 years received
[65]
sofosbuvir . At the univariate analysis, neither age
≥ 50 years [OR = 1.37 (0.70-2.68), P = 0.36], nor
age ≥ 65 years [OR = 0.77 (0.23-2.54), P = 0.67],
[65,66]
were associated with a reduced probability of SVR
.
The number of patients aged ≥ 65 years was limited
to 9 in the FUSION trial, in which 201 patients with
genotype 2-3 HCV infection, nonresponder to previous
IFN-based regimens, were treated with sofosbuvir
[65]
plus RBV for 12 or 16 wk . Mean age in this trial
was 54 years (24-70), and age ≥ 50 years was not
associated with a reduced SVR neither in the 12 wk
arm [OR = 1.44 (0.55-3.8), P = 0.46], nor in the 16
[65]
week one [OR = 1.22 (0.44-3.42), P = 0.71] . Age
≥ 65 years was not evaluated with respect to SVR due
to the restriction of the sample. In the FISSION trial,
where 256 HCV genotype 2-3 naïve patients were
treated with sofosbuvir plus RBV and compared to 243
patients receiving PEG-IFN plus RBV, mean age was 48
(19-77) years, only 7 patients were aged ≥ 65 years,
and age ≥ 50 years was not associated with reduced
SVR at the univariate analysis [OR = 1.40 (0.83-2.37),
[67]
P = 0.21] . Finally, in the NEUTRINO trial, in which
327 naïve patients with genotype 1, 4, 5 or 6 HCV
infection underwent treatment with PEG-IFN plus RBV
plus sofosbuvir, mean age was 52 (19-70) years, and
[67]
only 20 patients were aged ≥ 65 years . In this
trial there was a trend towards a better response in
younger patients, with 94.5% of patients aged < 50
years reaching SVR compared to 88% of those aged
≥ 50 years [OR = 0.42 (0.17-1.06), P = 0.067].
The bioavailability of sofosbuvir is at least 50%, it
is subjected to marked efflux, probably mediated by
P-glycoprotein and/or breast cancer resistance protein,
and it undergoes extensive first-pass metabolism in the
intestine and in the liver, being rapidly hydrolysed to
[64]
different metabolites . Most of radioactively-labelled
sofosbuvir is excreted in urine, predominantly in the
form of its metabolite GS-331007, and severe renal

TOWARDS NEW TREATMENT
REGIMENS: IFN-FREE DOESN’T MEAN
FREE FROM CONTRAINDICATIONS, SIDE
EFFECTS AND INTERACTIONS
At the time this manuscript is written (April 2015),
the following new direct antiviral agents (DAAs) or
combination of DAAs are approved by the United
States FDA and the European EMA: sofosbuvir,
simeprevir, co-formulated ABT-450/ritonavir/ombitasvir
plus dasabuvir, and sofosbuvir plus ledipasvir.
Furthermore, one drug is approved only by EMA, i.e.,
daclatasvir, while the combination of grazoprevir plus
elbasvir is currently tested in phase 3 clinical trials.
Finally, other combinations of DAAs, i.e., sofosbuvir
plus GS-5816 (Gilead Sciences), and asunaprevir plus
daclatasvir plus beclabuvir, are proceeding rapidly
in their clinical development and others are likely to
enter the market only a little bit later. Therefore, new
types of IFN-containing regimens have become and
will become available but, mainly, the time has come
for IFN-free regimens. Free from IFN means free from
all the well-known IFN-dependent contraindications
and side effects, and the possibility to consider
for treatment also the following three categories
of patients which had been almost completely
excluded from IFN-based regimens: patients with
more advanced disease (decompensated cirrhotics);
patients with severe cardio-pulmonary or psychiatric
comorbidities; elderly patients, i.e., those aged ≥
65 years. It is easily understood that the latter two
categories of patients frequently coincide.
However, it should be clearly kept in mind that IFNfree does not mean free from any side effect and from
the possibility of drug-drug interactions. Moreover,
the metabolism and way of elimination of each drug
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impairment is therefore associated with a more than
7-fold increase in exposure to GS-331007. Treatment
of patients with severe renal impairment or end-stage
renal disease is not recommended. While exposure
to sofosbuvir and to its metabolite GS-566500 was
increased approximately 2-fold in patients with
moderate and severe hepatic impairment, there
are no specific recommendations in this category of
patients. Possible interactions to consider in patients
treated with sofosbuvir are those with drugs inducing
intestinal P-glycoprotein (Rifampicin, Carbamazepine,
Hypericum), which can reduce sofosbuvir plasmatic
concentration, and with those inhibiting P-glycoprotein
(Cyclosporine), which can significantly increase
sofosbuvir levels.
The experience in elderly patients has been
very limited also in the phase 3 registrative trials of
simeprevir, which is a macrocyclic inhibitor of the HCVNS3/4A protease. In the QUEST 1 trial, 264 naïve HCV
genotype 1 patients were treated with a triple regimen
of PEG-IFN plus RBV plus simeprevir and compared to
[68]
130 patients receiving placebo instead of simeprevir .
Mean age was 48 (36-54) years and only 7 patients
[68]
were older than 65 years . Age was not associated
[69]
with SVR . Comparable age distributions were those
[70]
in the QUEST 2 trial
[46 (18-73) years], in which
257 naïve HCV genotype 1 patients received PEG-IFN
plus RBV plus simeprevir and were compared to 134
patients receiving triple therapy including placebo, and
in the PROMISE trial [52 (20-70) years], in which 260
HCV genotype 1 previous relapser were retreated in
triple therapy with simeprevir and compared to 133
[71]
patients receiving placebo . Also in these 2 trials age
was unrelated to SVR. In the EMA assessment report
as adopted by the CHMP, it is therefore stated that the
number of patients > 65 years treated with simeprevir
is too small to draw meaningful conclusions, and no
data at all is available for patients over the age of 73
[69]
years . It is also noted that pruritus and anemia
where higher in the > 45 and ≤ 65 year age group
of patients treated with simeprevir compared to the
incidence in younger patients, and that anemia was
reported in 8/21 simeprevir-treated patients > 65
years compared to 1/8 of placebo treated ones in the
same age group, suggesting a possible age-related
[69]
effect of SIM on this side effects . Simeprevir seems
to have an impact also on the incidence of pruritus in
the age group > 65 years, and of dyspnea in patients
> 45 years (16% vs 9.1% in placebo), independently
[69]
from anemia . However, no dose adjustment is
recommended in the elderly population.
Most of simeprevir administered dose is recovered
in faeces (approximately 90%), while excretion in
[69]
urine accounts to only < 0.5% in man . Since renal
elimination of simeprevir is negligible, a certain caution
is recommended only in patients with severe renal
impairment. Similarly no dose adjustment is necessary
in patients with mild or moderate hepatic impairment,
but no dose recommendation can be made for patients

WJG|www.wjgnet.com

with severe hepatic impairment (Child Pugh class C).
The primary enzyme involved in the biotransformation
of simeprevir is cytochrome CYP3A4, and the potential
for interaction of simeprevir is high. Co-administration
of simeprevir with moderate or strong inhibitors of
CYP3A4 (Erythromycin) may significantly increase the
plasma level of simeprevir, while co-administration
with moderate or strong inducers of CYP3A4 may
significantly reduce its plasma concentration, leading
[69]
to loss of efficacy .
The experience in the elderly population is even
poorer with daclatasvir. Daclatasvir is a first in class
direct acting antiviral agent, which binds to and inhibits
the function of the hepatitis C virus protein NS5A. In
the only phase 3 registrative trial, in which daclatasvir
was used in combination with PEG-IFN plus RBV in
naïve HCV genotype 4 patients, only 3 among the
82 patients treated with daclatasvir were aged ≥ 65
[72]
years .
The elimination of daclatasvir in animals involved
multiple pathways including fecal excretion, direct
intestinal secretion, and metabolism followed by
biliary excretion, while renal clearance was a minor
[73]
route of elimination for daclatasvir . Therefore, no
dose adjustment of daclatasvir is required for patients
with any degree of renal impairment. daclatasvir is
metabolized by CYP3A4 as well as excreted unchanged
by P-glycoprotein and possible other transporters.
It is therefore expected that strong inhibitors (e.g.,
ketoconazole) and inducers (rifampicin) of CYP3A4
and/or P-glycoprotein will influence the exposure to
daclatasvir to a significant extent. Since daclatasvir
is an inhibitor of P-glycoprotein, organic anion
transporting polypeptide (OATP) 1B1 and 1B3, organic
cation transporter (OCT)1 and breast cancer resistance
protein (BCRP), the exposure to drugs transported
by these enzymes (rosuvastatin, digoxin) may be
[73]
increased by coadministration of daclatasvir .
The combination treatment of co-formulated
ABT-450/ritonavir/ombitasvir plus dasabuvir was very
recently approved. ABT-450, a HCV NS3/4A protease
inhibitor, is administered with ritonavir, which acts as
a pharmaco-enhancer, without direct antiviral action,
inhibiting ABT-450 metabolism and increasing its blood
concentrations. Ombitasvir is a HCV NS5A inhibitor,
while dasabuvir is a non-nucleoside NS5B polymerase
inhibitor.
[74]
In the 6 phase 3 registrative trials (SAPPHIRE-1 ,
[75]
[76]
[77]
PEARL-4 and PEARL-3 , SAPPHIRE-2 , PEARL-2
[78]
and TURQUOISE-2 ), the proportion of patients aged
more than 65 years was, respectively, of 4.0% (19
patients), 7.5% (23 patients), 7.9% (33 patients),
6.7% (20 patients), 16.7% (31 patients) and 12.9%
(49 patients). All trials excluded patients over 70 years
of age. Overall, a reduced probability of SVR with age
≥ 55 years was not reported in any of these studies,
although age ≥ 65 years was not evaluated with
respect to SVR due to the restriction of the sample.
Concerning safety, according to the EMA assessment
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report as adopted by the CHMP, “within each age
group (< 65 years, ≥ 65 years), the treatment-group
differences in the incidence of treatment-emergent
adverse events and the percentage of subjects with
hemoglobin and liver function test values by maximum
grade were generally consistent with those observed in
[79,80]
the overall analysis”
.
The bioavailability of ABT-450/ritonavir/ombitasvir
and dasabuvir was mainly evaluated in the combination
therapy, possibly accounting for interactions between
individual DAAs, and only partially in the single
agent administration. All these drugs are prevalently
transported in plasma as unchanged products (ABT-450
and ombitasvir) or active metabolites (M1 for dasabuvir),
metabolized by the CYP3A or CYP2C cytochromes and
excreted with the faeces (approximately 87%-94%)
through the hepatobiliary route and, in a minor part,
[79,80]
with urine
. Notwithstanding exposures were shown
to be altered in different extents with renal and hepatic
impairment, there are no specific recommendations in
[79,80]
this categories of patients
. As for other treatment
regimens, possible interactions to consider are those
with drugs inhibiting (ketoconazole, cyclosporine,
protease inhibitors) or inducing (carbamazepine)
CYP3A4, or inhibiting CYP2C8 and OATP1B (gemfibrozil).
Also the combination of sofosbuvir and ledipasvir, a
new HCV NS5A inhibitor with antiviral activity against
genotype 1, was recently approved. This regimen,
with or without RBV, reached very high SVR rates both
in previously untreated patients (ION-1 and ION-3
[81,82]
trials)
, and in those who had failed a previous
triple therapy with boceprevir or telaprevir (ION-2
[83]
trial) . Baseline patient characteristics were similar
in these trials except that up to 20% of patients had
cirrhosis in ION-1 and ION-2 trials, while the ION-3
trial included only non-cirrhotic patients. As a whole,
1952 patients were enrolled in these phase 3 studies,
[84]
with a median age of 55 years (range: 18-80 years) ,
and with only 152 patients aged > 65 years [ION1: 72
patients (8.3%); ION2: 31 patients (4.8%); ION3: 49
[81-83]
patients (7.6%)]
. When analyzed at the univariate
analysis, age was not associated with a reduced
[83]
probability of SVR . Overall, the safety profile of
sofosbuvir plus ledipasvir in patients with compensated
liver disease and with a calculated GFR > 60 ml/min
is very favorable, but caution is recommended both in
patients with severe liver disease and in patients with
[84]
severe renal impairment .
Although the absolute bioavailability of ledipasvir
has not been investigated, the fraction absorbed
seemed to be modest (< 30%) and mostly excreted
[84]
via biliary secretion . It is not a substrate of the
hepatic transporters but co-administration of ledipasvir
has an effect on exposure to sofosbuvir (about 2-fold
increase) via its inhibitory effects on P-glycoprotein
and/or breast cancer resistance protein, for which
[84]
sofosbuvir is a substrate .
Finally, the combination of grazoprevir plus
elbasvir, with or without RBV, is under investigation
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in large phase 3 clinical trials. Grazoprevir is a second
generation protease inhibitor with potent antiviral
efficacy and broad genotypic coverage, while elbasvir
is a potent NS5A inhibitor. The safety profile is good
[85,86]
and SVR rates are high
. Currently extrapolable
data concerning the elderly population are poor but
subgroup analysis showed that SVR was not influenced
by age and was similar between patients older than 50
[84,85]
years and the younger ones
.

HOW TO REVISE THE STRATEGY OF
TREATMENT IN THE ELDERLY IN THE
ERA OF IFN-FREE REGIMENS?
As pointed out above, although with some differences
between countries, it seems clear that elderly
patients are becoming the prevalent HCV-affected
[7-15]
population
. It has also been acquired that the
progression of HCV-related hepatitis towards cirrhosis
[27-30]
and HCC is more rapid in the elderly
, and that
aged patients likely suffer more also from the extrahepatic manifestations of HCV infection, such as
[22]
fatigue and neuropsychological disorders . Moreover,
notwithstanding the problems associated with IFN
treatment in the elderly, the few studies available
demonstrate that aged patients can achieve significant
rates of SVR and that SVR can halt the progression
of liver disease also in this category of patients (Table
1). Our narrowness of mind towards the treatment
of HCV in the elderly has been mainly dependent on
the fact that, to date, we have had available only IFNbased regimens, which in older patients are burdened
with more side effects, higher discontinuation and
withdrawal rates, and lower SVR rates, the latter
probably due to a reduced stimulatory effect of IFN on
the aged immune system. Indeed, although numbers
are still limited, the first data from IFN-free regimens
suggest that SVR rates are substantially independent
[65-68,70,71]
from age
. However, it should be kept in mind
that, even if to a significantly lesser extent, also
new drugs have contraindications, side effects and
interactions. Indeed, the main problem of the new
anti-HCV regimens in elderly patients will likely be that
of combining different anti-viral drugs, each with its
potential of interactions, in patients who are frequently
on polytherapy due to comorbidities.
In any case, with the transition to IFN-free
regimens, it seems fundamental that we change our
mind concerning the treatment of HCV infection in
the elderly. As well as in the young patient, also in
the aged one, we should start with the principle that
HCV infection deserves to be eradicated because of
the risk of progression towards cirrhosis and HCC and,
even independently from liver disease, because of its
negative impact on the quality of life. Having said that,
there are two possible scenarios to be considered:
(1) the ideal one, the more desirable, is that in which
there are no economic restrictions; and (2) the other
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Elderly HCV patient
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Figure 1 Proposal for the evaluation of possible candidates to interferon-free anti- hepatitis C virus regimens among elderly patients. HCV: Hepatitis C virus.

one, which will be likely faced by most of the countries,
is that in which the resources are limited. If moving in
the first scenario, every elderly HCV-positive patient,
independently from the stage of liver fibrosis, should
be considered a candidate to antiviral treatment,
and the only limitations should be decompensated/
advanced comorbidities (cardio-pulmonary diseases,
cancers, etc.), which are expected to affect short-term
survival (in terms of months or, at most, of a very few
years), or possible interactions of anti-HCV medications
with drugs which are essential for the management of
patient comorbidities (Figure 1). In the more realistic
second scenario, conversely, after having excluded
severe comorbidities likely to affect short-term survival
and binding pharmacological interactions, every
single case should be carefully evaluated on the base
of: (1) the stage of liver fibrosis and expected time
to decompensation; and (2) the evaluation of lifeexpectancy dependent on comorbidities. According to
these assessment, independently from anagraphic age,
the elderly HCV patients should receive the indication
to treatment when liver disease is likely to affect
survival. Patients who are not considered for treatment
should be monitored and periodically (annually)
noninvasively reassessed in terms of fibrosis, with the
readiness to reconsider the indication to treatment if
the equilibrium seems to have changed (Figure 1).

concerning the issue of HCV treatment in the elderly
patient is provided. As well as it happened in the case
HBV infection, the availability of safe and effective
drugs will change our approach also to the aged HCV
patient, and the number of treatment candidates will
rise dramatically in the next future. The sooner we will
change our mind with respect to an a priori obstacle
for anti-HCV treatment in the elderly, the sooner we
will begin to spare many aged HCV patients from
avoidable liver-related complications.

CONCLUSION

6

In the present manuscript, an updated overview

7
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Liver fibrosis markers of nonalcoholic steatohepatitis
Hirayuki Enomoto, Yukihiro Bando, Hideji Nakamura, Shuhei Nishiguchi, Masafumi Koga
major causes of chronic liver injury. NAFLD includes a
wide range of clinical conditions from simple steatosis
to nonalcoholic steatohepatitis (NASH), advanced
fibrosis, and liver cirrhosis. The histological findings
of NASH indicate hepatic steatosis and inflammation
with characteristic hepatocyte injury (e.g. , ballooning
degeneration), as is observed in the patients with
alcoholic liver disease. NASH is considered to be a
potentially health-threatening disease that can progress
to cirrhosis. A liver biopsy remains the most reliable
diagnostic method to appropriately diagnose NASH,
evaluate the severity of liver fibrosis, and determine
the prognosis and optimal treatment. However, this
invasive technique is associated with several limitations
in routine use, and a number of biomarkers have
been developed in order to predict the degree of liver
fibrosis. In the present article, we review the current
status of noninvasive biomarkers available to estimate
liver fibrosis in the patients with NASH. We also discuss
our recent findings on the use of the glycated albuminto-glycated hemoglobin ratio, which is a new index that
correlates to various chronic liver diseases, including
NASH.
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Core tip: Due to the increasing prevalence of obesity
and diabetes, nonalcoholic fatty liver disease (NAFLD)
is one of the most common chronic liver diseases.
In particular, nonalcoholic steatohepatitis (NASH),
a subgroup of NAFLD, has become a major health
concern. A liver biopsy remains the gold standard
method for the accurate diagnosis of NASH and the
evaluation of the degree of liver fibrosis. However,
due to the limitations associated with the performance
of liver biopsies, noninvasive biomarkers have been
proposed to estimate the degree of liver fibrosis.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is one of the
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[9,10]

Recently, new approaches based on glycated proteins
have been developed, and these methods may help to
improve the management of NAFLD/NASH.

failure and hepatocellular carcinoma
. Therefore,
physicians are required to accurately differentiate
NASH from NAFL and evaluate the severity of liver
fibrosis in order to determine the prognosis and
[7]
optimal treatment .

Enomoto H, Bando Y, Nakamura H, Nishiguchi S, Koga M.
Liver fibrosis markers of nonalcoholic steatohepatitis. World J
Gastroenterol 2015; 21(24): 7427-7435 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7427.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7427

ESTIMATION OF THE DEGREE OF
LIVER FIBROSIS WITH NONINVASIVE
BIOMARKERS
In patients with chronic liver diseases (CLDs), continuous
inflammation and tissue injury cause fibrotic changes
in the liver. Liver fibrosis leads to several serious
problems, including disturbed metabolic functions,
an increased risk of cancer development, and portal
hypertension-associated symptoms such as ascites
and gastroesophageal varices.
Although imaging modalities are capable of detecting
the presence of hepatic steatosis, it is not easy to
diagnose NASH without a histological assessment.
A liver biopsy therefore remains not only the most
reliable diagnostic tool for confirming NASH, but
also the most promising means of identifying many
of the important clinical features of the patient,
including the severity of hepatic inflammation and
[7]
fibrosis . Although a liver biopsy can histologically
determine the degree of liver fibrosis, the procedure
is a costly and uncomfortable technique, which is
[11-13]
associated with a small risk of complications
. In
addition, there is the potential for a sampling error,
because only 1/50000 of the organ is available for the
[12]
histological assessment . Furthermore, inter- and
intra-investigator variances are present in up to 20%
[13]
of the clinical samples . Recently, several imaging
tools have been developed to estimate liver fibrosis,
and the clinical utility of these new modalities has been
[1,9,14-17]
reported
. Unlike liver biopsy, these modalities
can be repeatedly performed over a period of time
with minimal invasion. However, these excellent
but expensive items are not readily available in all
institutions, while noninvasive biomarkers of fibrosis
can be easily measured in a large number of patients.
Therefore, there is a need for serum markers which
can be routinely assessed via laboratory tests. To date,
many noninvasive markers have been proposed to
[18-20]
evaluate the degree of liver fibrosis
.
During the turnover of fibrosis in the liver, the
components of the extracellular matrix (ECM) are
considered to be released into circulation, and some
ECM-associated molecules, such as hyaluronic acid and
type Ⅳ collagen, have been used as biomarkers to
[21,22]
estimate the degree of liver fibrosis
. Additionally,
a decreased platelet count was reported to correlate
with the progression of liver fibrosis and therefore
[23,24]
be a marker of the severity of liver fibrosis
. In
addition to these markers, the AST-to-ALT ratio (AAR)
is regarded as a well-known classical biomarker which

INTRODUCTION
Hepatic steatosis indicates the accumulation of fat in
[1]
excess of 5%-10% of the total liver weight . Alcoholic
consumption is one of the main causes of liver
damage, and the presence of steatosis in alcoholic
liver disease is related to the progression of liver
[2,3]
fibrosis and cirrhosis . Although hepatic steatosis
due to nonalcoholic factors was regarded as a nonprogressive benign disease, it has been noted that
obese patients and those with diabetes mellitus may
develop steatohepatitis that pathologically mimics
[1,4]
alcoholic liver injury .
[5]
In 1980, Ludwig et al reported 20 cases of
nonalcoholic steatohepatitis in which the histological
findings were nearly identical to alcoholic liver damage
and which could progress to cirrhosis. In 1986,
[6]
Schaffner et al proposed the idea of “nonalcoholic
fatty liver disease (NAFLD)” which was clinically similar
to alcoholic liver disease, irrespective of the absence
of an excessive alcohol intake. The definition of NAFLD
requires the evidence of hepatic steatosis, either by
imaging or by histology, in the absence of the typical
causes for secondary hepatic fat accumulation, such as
significant alcohol consumption, the use of steatogenic
[7]
medication or hereditary disorders .
NAFLD is histologically classified into either non
alcoholic fatty liver (NAFL) or nonalcoholic stea
tohepatitis (NASH). The histological findings of NAFL
demonstrate hepatic steatosis without the evidence
of hepatocellular injury (e.g., ballooning of the
hepatocytes), and NAFL usually follows a benign
clinical course. Conversely, the histological findings of
NASH are barely distinguishable from those of alcoholic
liver disease, which are characterized by the presence
of hepatic steatosis and inflammation with a distinctive
hepatocyte injury (e.g., ballooning degeneration),
and NASH is considered to be a potentially healththreatening disease that may progress to cirrhosis
[8]
in 10%-15% of patients . NAFLD typically develops
based on various metabolic disorders such as obesity,
diabetes mellitus, and dyslipidemia; however, the
prognosis and outcome of the patients with advanced
liver fibrosis are predominantly determined by the
liver disease-related clinical events, including hepatic
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increases with the advancement of liver fibrosis
.
[26]
In 2001, Imbert-Bismut et al investigated hepatitis
C virus (HCV)-positive patients and proposed a novel
index, the “FibroTest score,” which is computed based
on the patient’s age, gender and levels of serum
haptoglobin, α2-macroglobulin, apolipoprotein A1,
γ-glutamyl transpeptidase (GGT) and bilirubin. In
[27]
2002, Forns et al developed another scoring system,
the “Forns score,” which involves an algorithm that
includes the platelet count, the GGT, the patient’
s age and cholesterol level. These scores are novel
and important in that they allow for the degree of
liver fibrosis to be assessed using only blood tests.
However, the FibroTest score is a combination of six
parameters, and the Forns score is calculated using
a complicated formula. Therefore, neither of these
markers is easy to apply in daily practice. In 2003, Wai
[28]
et al
investigated several combinations of clinical
variables which are commonly used in daily practice,
and proposed the AST-to-platelet ratio index (APRI).
This index allows for the estimation of liver fibrosis
using a simple formula that is calculated using only
two daily clinical variables. Subsequently, the FIB-4
index, which is determined by the age, AST, ALT,
and platelet count, was proposed. In addition, many
other biomarkers, such as the Fibrosis Probability
[29,30]
[31]
[32]
[33]
Index
, FibroMeter , Lok index , FibroIndex ,
[34]
Original European Liver Fibrosis (OELF) test
and
[35]
FIBROSpect , were reported with regard to their
clinical utility in the assessment of the degree of liver
fibrosis.

7S were reported to have AUROCs of 0.80 and 0.83,
respectively. The values of hyaluronic acid and type
Ⅳ collagen 7S also had AUROCs of 0.80 and 0.82,
respectively, for the prediction of advanced fibrosis
[39]
(Stage 3-4). Yoneda et al
investigated a total of
1,048 patients with NAFLD and reported a significant
association between the decreased platelet count and
the severity of liver fibrosis. Although a platelet count
was reported to show an excellent AUROC of 0.92
for the prediction of cirrhosis (Stage 4), it showed
only a moderate AUROC of 0.77 for the prediction
of advanced fibrosis (Stage 3-4). Irrespective of
the clinical relevance of these markers, it is difficult
to evaluate the degree of liver fibrosis adequately
according to these variables alone.
Several liver fibrosis markers, which have been
validated with multiple-variable algorithms, such as the
[28]
[29]
[26]
APRI , FIB-4 , FibroTest , and the Enhanced Liver
[40]
Fibrosis (ELF) test , have also been validated in the
NAFLD population, where they may identify patients
with liver fibrosis. These indices have been reported
to demonstrate AUROCs between 0.67-0.90 for the
[41-45]
differentiation of the severity of fibrosis
.
The APRI, which is a simple marker calculated
by two variables (AST and platelet count), was
reported to have an AUROC of 0.85 for advanced
[41]
fibrosis (Stage 3-4) in 111 NAFLD patients . Since
the APRI is easily measurable without any special
equipment, its diagnostic performance was evaluated
and compared with that of the other fibrosis markers.
The AUROCs of APRI for the prediction of advanced/
severe fibrosis (Stage 3-4) were reported to range
[42]
from 0.67 to 0.87 . The FIB-4 index calculated with
four variables (age, AST, ALT, and platelet count) was
reported to have an AUROC of 0.80 for advanced
fibrosis (Stage 3-4) in 541 NAFLD patients, although
the score was difficult to use for the diagnosis of
[43]
NASH . The FibroTest is an algorithm derived from a
regression analysis of haptoglobin, α2-macroglobulin,
apolipoprotein A1, bilirubin, GGT, age and gender.
Its predictive values have been reported to have an
AUROC of 0.81 for advanced fibrosis (Stage 3-4) and
[44]
an AUROC of 0.88 for cirrhosis (Stage 4) in NAFLD .
[40]
The ELF test
has been proposed to be a modified
[34]
panel of the OELF test . The OELF test includes
four variables [age, HA, N-terminal peptide of procollagen Ⅲ (P3NP), and tissue inhibitor of matrix
metalloproteinase 1 (TIMP 1)], whereas the ELF
test is calculated by the three variables (excluding
[40]
age). When the ELF was validated for NAFLD , its
predictive values were determined as an AUROC of 0.82
for moderate fibrosis (Stage 2-4) and an AUROC of 0.90
for advanced fibrosis (Stage 3-4). Additionally, the
ELF test has been suggested to be associated with the
[45]
clinical outcome . However, most of these markers
(other than the ELF panel) were primarily validated for
the patients with HCV-related CLD, and their diagnostic
performances were not adequate when these markers

LIVER FIBROSIS MARKERS IN NAFLD/
NASH
Despite the fact that liver biopsy is the most reliable
method to diagnose and evaluate the progression
of NAFLD/NASH, NAFLD affects 10% to 24% of the
[36]
general population in various countries , and it
is unrealistic to perform liver biopsies in all NAFLD
patients. Therefore, many biomarkers of liver fibrosis
have been applied as liver fibrosis markers for NAFLD/
NASH patients.

General fibrosis markers in NAFLD/NASH

Many biomarkers for liver fibrosis, which had been
previously evaluated for the patients with viral hepatitis
(particularly HCV-infected patients), have also been
validated in patients with NAFLD/NASH. In addition
to the patients with viral hepatitis, the serum levels
of hyaluronic acid and type Ⅳ collagen were reported
to increase in association with the progression of liver
[37,38]
[38]
fibrosis in NAFLD
. Sakugawa et al
investigated
a total of 112 NAFLD patients and demonstrated these
ECM-related markers to be valuable markers of liver
fibrosis. Regarding the presence of fibrosis at any
stage (Stage 1-4), hyaluronic acid and type Ⅳ collagen

WJG|www.wjgnet.com

7429

June 28, 2015|Volume 21|Issue 24|

Enomoto H et al . Liver fibrosis markers of NASH
Table 1 General liver fibrosis markers for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis
Biomarkers

Items

General markers for liver fibrosis
(solo makers)
Hyaluronic acid
Type Ⅳ collagen 7S
Platelet count
General markers for liver fibrosis
(algorithm based makers)
FibroTest
APRI
FIB4 index
ELF (enhanced liver fibrosis
panel)

α2-macroglobulin, apolipoprotein A1,
haptoglobin, GGT, bilirubin
AST, platelet count
Age, AST, ALT, platelet count
HA, TIMP1, P3NP

Cohort

AUROC for diagnosis

Ref.

112
112
1048

Stage 1-4: 0.80, Stage3-4: 0.80
Stage 1-4: 0.83, Stage3-4: 0.82
Stage 3-4: 0.77, Stage4: 0.92

Sakugawa et al[38], 2005
Sakugawa et al[38], 2005
Yoneda et al[39], 2011

267

Stage 2-4: 0.81, Stage 4: 0.88

Ratziu et al[44], 2006

111
541
192

Stage 3-4: 0.85
Stage 3-4: 0.802
Stage 2-4: 0.82, Stage 3-4: 0.9

Kruger et al[41], 2011
Shah et al[43], 2009
Guha et al[40], 2008

APRI: AST-to-platelet ratio index.

[51]

were applied to the patients with NAFLD/NASH. Table
1 shows the validations of general biomarkers for the
histological degree of fibrosis in NAFLD/NASH patients.

due to its high negative predictive value (≥ 95%) .
In addition to the aforementioned biomarkers,
several diagnostic markers have also been proposed
for the assessment of liver fibrosis in NAFLD/NASH.
The FibroMeter is an index which is determined by
the age, weight, fasting glucose, AST, ALT, ferritin and
platelet count, and has also been validated in a NAFLD
[52]
population . This marker was reported to have a high
diagnostic performance with an AUROC of 0.94 for
significant fibrosis (Stage 2-4), 0.94 for severe fibrosis
(Stage 3-4) and 0.90 for cirrhosis (Stage 4). The
NAFIC score is a simple scoring system determined by
three variables, including the serum ferritin level [≥
200 ng/ml (female) or ≥ 300 ng/ml (male)], fasting
insulin (≥ 10 mU/ml), and type Ⅳ collagen 7S (≥ 5.0
ng/ml). The index was reported to show an AUROC
of 0.834 for significant fibrosis and 0.869 for severe
[53]
fibrosis (Stage 3-4) in Japanese patients . The
NAFLD Diagnostic Panel is an index, which is obtained
by the following items: DM, gender, BMI, triglycerides,
and CK18 fragments (M30: apoptosis, M65-M30:
necrosis). The panel was reported to have an AUROC
of 0.80 for predicting any degree of fibrosis (Stage 1-4)
and an AUROC of 0.81 for predicting advanced fibrosis
[54]
(Stage 3-4) . Irrespective of the excellent diagnostic
performance of the methods shown in the abovedescribed studies, the patients were heterogeneous in
characteristics and were sometimes highly selected;
the clinical significance of the markers should therefore
be confirmed and validated in different cohorts. The
biomarkers developed for NAFLD/NASH for predicting
the degree of fibrosis are shown in Table 2.

Metabolism-based fibrosis markers developed for
NAFLD/NASH

Most of the patients with NASH have several metabolic
dysfunctions, including obesity, diabetes mellitus, and
dyslipidemia, and their clinical features may differ from
other chronic liver diseases, such as hepatitis virus[7]
associated CLDs . Therefore, simple markers derived
from a logistic regression analysis of large cohorts with
NAFLD/NASH have also been developed and validated.
[46]
In 1999, Angulo et al
reported three factors (older
age, obesity, and the presence of diabetes mellitus)
to be independent predictors of severe hepatic
fibrosis in the patients with NASH. In 2001, the HAIR
scoring system, which was generated based on three
clinical items (the presence of systemic Hypertension,
elevated ALT and Insulin Resistance) was reported to
have a sensitivity of 80% and specificity of 89% for
[47]
NASH in the patients undergoing bariatric surgery .
[48]
Ratziu et al
reported the BAAT score (consisting
of the BMI, ALT, Age and Triglyceride levels) had an
AUROC of 0.84 for the prediction of septal liver fibrosis
[49]
(Stage 2-4). In 2007, Angulo et al
proposed the
NAFLD fibrosis score (determined by the presence
of diabetes, AST, ALT, the BMI, platelet count and
albumin) and reported it to be a specific marker for
NAFLD with an AUROC of 0.84 for advanced fibrosis
(Stage 3-4). In a recent meta-analysis of 13 studies
consisting of 3064 patients, the AUROC for the NAFLD
fibrosis score was found to be 0.85 for the prediction
[50]
of advanced fibrosis . The BARD score, which was
2
determined by three items (BMI > 28 kg/m , AST/ALT
Ratio > 0.8, and Diabetes), was evaluated in a cohort
of 827 NAFLD patients and showed an AUROC of 0.81
for predicting advanced liver fibrosis (Stage 3-4).
Notably, the BARD score was reported to be valuable
for excluding the patients without advanced fibrosis
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NEW APPROACHES TO LIVER FIBROSIS
BY FOCUSING ON GLYCOBIOLOGY
Liver fibrosis markers based on glycosylated proteins

Glycosylation is one of major posttranslational
enzymatic modifications of the proteins. Because many
glycosylated proteins in the serum are generated in
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Table 2 Liver fibrosis markers developed for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis
Liver fibrosis markers for NAFLD
HAIR
BAAT score
NAFLD Fibrosis score
BAAD score
FibroMeter NAFLD
NAFLD Diagnostic Panel
NAFIC score

Items

Cohort

AUROC for diagnosis

Ref.

Hypertension, ALT, insulin resistance
BMI, Age, ALT, Triglycerides
Age, BMI, Hyperglycemia, Platelet
count, Albumin, AST/ALT ratio
BMI, AST/ALT ratio, DM
Glucose, AST, Platelet count, ALT,
Ferritin, Body Weight, Age
DM, Gender, BMI, Triglycerides, CK18
fragments (apoptotic and necrotic)
Ferritin, IRI, type Ⅳ collagen 7S

105
93
733

Stage 3-4: 0.90
Stage 2-4: 0.84
Stage 3-4: 0.84

Dixon et al[47], 2001
Ratziu et al[48], 2000
Angulo et al[49], 2007

827
235

Stage 3-4: 0.81
Stage 2-4: 0.943

Harrison et al[51], 2008
Calès et al[52], 2009

Stage 1-4: 0.81,2Stage 2-4: 0.80

Younossi et al[54], 2011

Stage 2-4: 0.834, Stage 3-4: 0.869

Sumida et al[53], 2011

79
619

1

1

Presence of any degree of fibrosis; 2Presence of advanced fibrosis (at least moderate portal or pericellular fibrosis, bridging fibrosis, or cirrhosis). NAFLD:
Nonalcoholic fatty liver disease.

the liver, a decreased liver function is expected to
relate to the changes in protein glycosylation and
recent studies suggest that serum N-glycome may be
[55-58]
a valuable biomarker of CLDs
. According to the
differences in the N-glycome patterns, two biomarkers,
[55]
[56]
the GlycoCirrhoTest
and the GlycoFibroTest , have
been reported to predict the presence of cirrhosis
and fibrosis, respectively. In addition, new glycomicsbased approaches were reported to succeed in the
[57-60]
noninvasive evaluation of liver fibrosis
, and a
recently established glycosylated protein-associated
maker, M2BP (Wisteria floribunda agglutinin-positive
Mac-2 binding protein), was reported to be a useful
marker of liver fibrosis in various CLDs, including
[60]
NASH .

in the patients with CLD relative to the plasma
glucose level. In contrast, the turnover period of
serum albumin in the CLD patients is longer than that
observed in healthy persons in order to compensate
for the decreased production of albumin in the liver.
Therefore, the GA levels in the CLD patients are higher,
[68,69]
relative to the degree of glycemia
. Since the
HbA1c levels are lower and the GA levels are higher
in the CLD patients, the GA/HbA1c ratio is considered
to be higher in the patients with CLD in comparison to
healthy subjects.
We previously investigated the GA/HbA1c ratio in
CLD patients and reported that the GA/HbA1c ratio
indicated an inverse correlation with the indicators
of the hepatic function (e.g., the hepaplastin test,
cholinesterase and abumin levels), regardless of the
mean plasma glucose level, thus suggesting that
the GA/HbA1c ratio increases as the liver fibrosis
[70]
progresses . However, this report did not discuss the
association of the GA/HbA1c ratio with the histological
stage of fibrosis in the CLD patients. We further
investigated the relationships between the GA/HbA1c
ratio and the histological findings in various types
of CLD, including HCV-related CLD, hepatitis B virus
[71-73]
(HBV)-related CLD and NASH
.
We studied the GA/HbA1c ratios in a total of 142
patients with HCV infection and discovered that the
ratio increased with the progression of the liver fibrotic
[71]
stage . The GA/HbA1c ratio was additionally found
to be associated with the histological severity of liver
fibrosis in the patients with HBV infection and to be
positively related to two well-established markers
[72]
of liver fibrosis, the FIB-4 and APRI indices . We
further investigated the NASH patients and found that
the GA/HbA1c ratio increased with an increase in the
[73]
histological severity of liver fibrosis . These findings
suggest that the GA/HbA1c ratio is a novel biomarker
of liver fibrosis in the patients with NASH as well as
those infected with hepatitis viruses. The results of
the GA/HbA1c ratios in the patients with various CLDs
are summarized in Table 3. Although the AUROCs
were not determined in these studies, comparisons

Liver fibrosis markers based on glycated proteins: The
glycated albumin-to-glycated hemoglobin ratio as a
biomarker of liver fibrosis

Although the qualitative changes of glycosylated
proteins are excellent tools for estimating the degree
of liver fibrosis, the methods are not readily applied to
daily practice. The term “glycation” is now generally
used as a non-enzymatic spontaneous modification of
[61,62]
proteins by saccharides
, and glycated proteins,
particularly glycated hemoglobin (HbA1c) and glycated
albumin (GA), are widely used as indices of the glycemic
[63,64]
control in the patients with diabetes mellitus
. We
herein focused on the quantitative changes of these
commonly measured glycated proteins during the
progression of liver fibrosis.
The lifespan of erythrocytes is approximately 120
d, and the HbA1c level typically reflects the degree
[65]
of glycemia for the previous months . The GA level
correlates with the plasma glucose level over the
previous few weeks, because the turnover of albumin is
[66,67]
approximately three weeks
. Although the normal
GA to HbA1c ratio (GA/HbA1c ratio) is approximately 3,
[68]
the value changes based on the patient’s condition .
Because of hypersplenism, the lifespan of erythrocytes
in the CLD patients is shorter than that noted in
healthy individuals; thus, the HbA1c levels are lower
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Table 3 Glycated albumin-to-glycated hemoglobin ratio (GA/HbA1c ratio) and liver fibrosis
Patients
Various CLDs

Cohort
82

HCV-positive CLD

142

HBV-positive CLD

176

NASH

36

Main results
Ref.
The GA/HbA1c ratio was associated with hepatic functions (decreasing hepaplastin test and
Bando et al[70], 2009
cholinesterase levels) independent of the mean plasma glucose levels
The GA/HbA1c ratio increased in association with the histological severity of liver fibrosis. The
Aizawa et al[72], 2012
diagnostic performance of APRI improved when combined with the GA/HbA1c ratio
The GA/HbA1c ratio increased in line with the severity of fibrosis. The GA/HbA1c ratios were
Enomoto et al[73], 2014
inversely correlated with four variables of liver function (the prothrombin time percentage, platelet
count, albumin value and cholinesterase value)
The GA/HbA1c ratio was negatively correlated with ALT and platelet count. The GA/HbA1c ratio
Bando et al[74], 2012
was positively correlated with the degree of liver fibrosis

CLDs: chronic liver diseases; HCV: hepatitis C virus; HBV: Hepatitis B virus; NASH: nonalcoholic steatohepatitis.

of the diagnostic performance of the GA/HbA1c ratio
and other biomarkers would provide important and
interesting information.
Although a number of biomarkers have been
developed, none of them are ideal (i.e., a simple,
inexpensive, reproducible, easily measurable test
without any special equipment and capable of high
[74]
diagnostic performance) . It is notable that the
rate of change of the GA/HbA1c ratio among the
fibrosis stages is relatively small, and this ratio alone
cannot be a decisive biomarker for the evaluation of
liver fibrosis (similar to the other currently available
biomarkers). In addition, some diseases and conditions
[68]
are associated with high or low GA/HbA1c ratios .
For instance, because the GA/HbA1c ratio is affected
by changes in glycemic control, it cannot to be used in
patients with unstable glycemic control. The ratio may
also be inaccurate as a sole liver fibrosis marker in
patients with conditions that affect the level of HbA1c,
such as anemia caused by non-hepatic diseases
and variant hemoglobin. The ratio also differs in
patients with abnormal albumin metabolism, such as
nephrotic syndrome, thyroid disease and in patients
who undergoing glucocorticoid therapy. Therefore, the
GA/HbA1c ratio may not sufficiently reflect the degree
of liver fibrosis in CLD patients with certain clinical
conditions.
However, the GA/HbA1c ratio is unique and
interesting in that the value can be calculated with
only the levels of two common glycated proteins and
correlates to the degree of liver fibrosis in various
CLDs. A new biomarker based on a combination of
factors, including the GA/HbA1c ratio, would provide
a better noninvasive assessment of liver fibrosis. The
current findings should therefore shed some new light
on the evaluation of liver fibrosis.

routine and repeated use. Many serum biomarkers
have been proposed in order to estimate the degree of
liver fibrosis in NASH patients noninvasively. In addition,
new methods based on glycated proteins have been
recently developed. These new approaches may
provide better insight into the clinical management of
NAFLD/NASH.
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MINIREVIEWS

Inhibition of ileal bile acid transporter: An emerging
therapeutic strategy for chronic idiopathic constipation
Paula Mosińska, Jakub Fichna, Martin Storr

Abstract

Paula Mosińska, Jakub Fichna, Department of Biochemistry,
Faculty of Medicine, Medical University of Lodz, 92215 Lodz,
Poland

Chronic idiopathic constipation is a common disorder
of the gastrointestinal tract that encompasses a
wide profile of symptoms. Current treatment options
for chronic idiopathic constipation are of limited
value; therefore, a novel strategy is necessary with
an increased effectiveness and safety. Recently,
the inhibition of the ileal bile acid transporter has
become a promising target for constipation-asso
ciated diseases. Enhanced delivery of bile acids into
the colon achieves an accelerated colonic transit,
increased stool frequency, and relief of constipationrelated symptoms. This article provides insight into
the mechanism of action of ileal bile acid transporter
inhibitors and discusses their potential clinical use for
pharmacotherapy of constipation in chronic idiopathic
constipation.
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Core tip: Increasing the delivery of bile acids to
the colon is considered one of the most promising
treatment approaches for patients with constipation.
This review discusses recent advances in the field
of inhibitors of bile acid transporters and future
perspectives in their clinical use.
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Enterohepatic circulation (EHC) is an important
mechanism responsible for the movement of BA
molecules from the liver to the small intestine and
back to the liver. EHC of BAs depends on absorption of
BA in the terminal ileum and colon. Once synthesized,
BAs are secreted from the hepatocytes into the
canalicular tube and traverse through the biliary tract
into the intestine, where they play a crucial role in
absorption and solubilization of cholesterol, dietary
[36]
lipids, and fat-soluble vitamins . Some BAs are
reabsorbed via a passive mechanism, mostly in the
upper intestine. However, almost 95% are reclaimed
by the ileal BA transporter (IBAT), also known as
apical sodium-dependent BA transporter, abundantly
[8,10,33,36]
expressed in the terminal ileum
. This sodiumand potential-driven transporter reabsorbs BAs from
the lumen of the intestine through the apical brush
[12]
border membrane . This mechanism is considered a
major determinant of BA pool size in the human body
and is an essential regulator of lipid and cholesterol
homeostasis. BAs are then recycled back into the liver
via the portal vein for their resecretion into bile, which
constitutes the final step of the EHC.
The equilibrium between BA synthesis, secretion,
and intestinal reabsorption is vital for the maintenance
of important physiologic processes, especially in
the case of colonic secretion and motility. Wong et
[11]
al
found a correlation between BA synthesis and
constipation, which results from the reduction of hepatic
BA synthesis and lower stool BA excretion. Furthermore,
mutations in the IBAT gene (SLC10A2) contribute to
the disruption of EHC caused by BA malabsorption, in
which congenital diarrhea, steatorrhea, and low level
[12,13]
of plasma cholesterol are present
. The same effect
of malabsorption was also observed in IBAT-knockout
[12]
mice . Hence, a number of studies targeted impaired
IBAT reabsorption due to its role in colonic transit and
its considerable contribution to the effectiveness of the
[11]
treatment of constipation .
Inhibition of IBAT results in a reduction of ileal BA
reabsorption, therefore, the concentration of BAs in
the proximal colon is increased, similar to the infusion
of both conjugated and non-conjugated BAs into
the colon. This promotes intracolonic secretion via
several mechanisms, including intracellular activation
of secretory mechanisms, e.g., adenylate cyclase,
[14]
enhancement of mucosal permeability , and inhibition
[15]
of apical Cl /OH exchange . A study by Bampton et
[16]
al
revealed a twofold increase in proximal colonic
propagating sequence frequency in healthy volunteers
after administration of 1 mmol of CDCA. Moreover,
administration of CDCA in patients with chronic
constipation, at dosages of 750-1000 mg/day, resulted
in an increase of bowel movements, decrease in stool
[18,20]
consistency, and shortened period of fecal excretion
.
Treatment with sodium chenodeoxycholate at a low
dosage of 0.5-1.0 g/d also ameliorated colonic transit,
and enabled frequent defecation in healthy volunteers

INTRODUCTION
Chronic idiopathic constipation (CIC) and constipationpredominant irritable bowel syndrome (IBS-C) are
common motility disorders of the lower gastrointestinal
tract. CIC occurs in 2%-28% of the population
[1]
worldwide , whereas the overall prevalence of IBS
[2,3]
is estimated at approximately 12%-20% . CIC and
IBS are more commonly reported in women rather
than men; however, functional constipation appears to
become more frequent with age, and is primarily found
in patients over 65 years, while IBS mostly affects
people younger than 50 years of age.
The symptoms of CIC and IBS-C are diverse;
however, a wide range of gastrointestinal symptoms
in CIC overlap with those reported by IBS-C patients
and include bloating, infrequent bowel movements,
[4-6]
and abdominal pain and/or discomfort . Additionally,
recent studies demonstrate that incomplete emptying,
painful defecation, straining, and hard and lumpy
[1,7]
stools are the chief complaints among CIC patients .
Of note, the major factors distinguishing between
CIC and IBS-C are the severity and nature of the
[5]
abdominal pain . Although the symptoms of CIC and
IBS-C are not life threatening, their chronic nature
may cause considerable morbidity and can deteriorate
the patient’s quality of life.
Currently available pharmacologic treatments for
CIC and IBS-C are directed mainly towards increasing
fecal residue and stimulating colon activity, and include
laxatives, prokinetics, secretagogues,and bile acid (BA)
modulators (Table 1). Consequently, reduced visceral
sensitivity/pain and improved peristalsis in the upper
[2,26,29-31]
and lower gastrointestinal tract are observed
.
Unfortunately, these treatment options are often of
[32]
limited efficacy, and according to Johanson et al ,
approximately 50% of patients are not satisfied with
their constipation therapies. Thus, a novel therapeutic
strategy is urgently needed. Increasing the delivery
of BAs to the colon is considered one of the most
promising treatment approaches for patients with
[33]
constipation .

ILEAL BA TRANSPORTER AS
PHARMACOLOGIC TARGET IN
CONSTIPATION
BAs are synthesized in the liver through hydroxylation
and conjugation of cholesterol to chenodeoxycholic
acid (CDCA) and cholic acid. Their biosynthetic
pathway includes a series of enzymatic conversions
initiated by cholesterol-7α-hydroxylase, which
simultaneously constitutes a rate-limiting factor (Figure
1). The rate of hepatic BA synthesis in humans is
reflected by the measurement of serum concentrations
of the nonspecific marker 7α-hydroxy-4-cholesten-3[11]
one (C4) .
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Table 1 Most common types of drugs used for the treatment of chronic idiopathic constipation and constipation-predominant
irritable bowel syndrome
Drug class

Generic name
Linaclotide

Ⅲ/FDA approval
(2012)

GC-C agonist

Lubiprostone

Ⅲ-Ⅳ/FDA approval
(2008)

CIC-2 activator

Plecanatide

Ⅱ, Ⅲ for CIC
and Ⅰ for IBS-C

GC-C agonist

Tegaserod

Withdrawn by the
FDA in 2007 due
to risk of adverse
cardiovascular
effects

Selective partial
5-HT4 agonist

Secretagogue

Prokinetic

Laxatives

Bile acid
modulators

Phase of clinical
Proposed
trial/approval status mechanism of action

Therapeutic effect

Most frequent adverse
effect

Ref.

Antinociceptive and
Mild or moderate diarrhea [4,8-11]
antihyperalgesic. Increases
intestinal fluid, accelerates GI
transit, reduces abdominal pain
Promotes intestinal fluid
Nausea, diarrhea,
[8,12-14]
secretion, increases SBM
abdominal distention,
frequency, reduces abdominal
headache
bloating and discomfort
Facilitates bowl movements,
Diarrhea (mild or
[12,15,16]
stimulates water secretion,
moderate), nausea,
improves stool consistency and
abdominal discomfort,
frequency
abdominal pain, vomiting
(at the highest doses)
Stimulates motility in the upper Diarrhea, cardiovascular [12,17-19]
and lower GI tract, reduces
effects (angina,
visceral sensitivity and pain, myocardial infarction, and
improves stool consistency
cerebrovascular events)

Administered twice daily
increases gastric emptying rate
Smooth muscle relaxant, reduces
colonic pseudo-obstruction and
constipation
Renzapride
Ⅱ and Ⅲ for IBS-C; Full 5-HT4 agonist Prokinetic and stimulatory effect Diarrhea, abdominal pain, [8,20-22]
remains under
and 5-HT3 receptor
on GI transit, improves stool
constipation, nausea
evaluation
antagonist
consistency
Prucalopride
5-HT4 agonist
Improves the frequency of SBM,
Headache, nausea,
[12,14,20]
Ⅲ, undergoing
clinical trials
reduces abdominal discomfort abdominal pain, diarrhea
Velusetrag,
Completed Phase Ⅱ
5-HT4 receptor
Accelerates colonic and
Diarrhea, headache, nausea [23-25]
naronapride
agonist
orocecal transit, increases SBM,
normalizes stool consistency
Lactulose, sorbitol,
Approved
Osmotic water
Increases fecal volume and
Bloating, cramping, and [17,26-28]
polyethylene glycol,
retention, stimulant
peristalsis
flatulence
magnesium citrate
Chenodeoxycholate Ⅱ, remains under
Intracellular
Accelerates colonic transit,
Lower abdominal
[18,27]
evaluation
activation of
improves stool consistency
cramping, diarrhea
adenylate cyclase,
inhibition of apical
Cl-/OH - exchange

CIC: Chronic idiopathic constipation; FDA: Food and Drug Administration; GC-C: Guanylate cyclase C; GI: Gastrointestinal; IBS-C: Constipationpredominant irritable bowel syndrome; SBM: Spontaneous bowel movement.

[18,20]

and patients with ailments related to constipation
.
Finally, it has been suggested that high luminal
accumulation of selected BAs may produce a laxative
effect, generally by the stimulation of its prosecretory
[8,11,33,38]
and promotility actions
.

cholesterol stores in the liver, which simultaneously
stimulates the expression of low-density lipoprotein
(LDL) receptors on hepatocytes and reduces the level
[37]
of serum LDL .
A recent phase Ⅰ randomized trial showed accele
ration of colonic transit, reductions of total plasma
cholesterol and LDL by 11% and 16%, respectively,
and an increase in the plasma C4 levels in CIC patients
after 14 d of treatment with 10 mg of elobixibat.
Moreover, a double-blind, placebo-controlled, single[39]
center clinical trial conducted by Simrén et al
reported that there were no side effects after its
administration. It was suggested that a higher dose
of elobixibat may be incorporated into the treatment;
however, an overdose of elobixibat may lead to
excessive colonic motility, resulting in diarrhea.
Similar favorable therapeutic effects of elobixibat,

CURRENTLY AVAILABLE IBAT
INHIBITORS
Elobixibat (former name: A3309) is a novel and
promising approach in the treatment of constipation.
Elobixibat inhibits ileal BA reuptake via the inhibition of
IBAT; during this process, the hepatic synthesis of BA
is upregulated on account of the maintenance of EHC
homeostasis. Interestingly, the abundant synthesis
of cholesterol derivatives leads to the depletion of
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LDL
Rate-limiting
step in BA
synthesis

Cholesterol
CYP7A1

LIVER

Sterol 27-hydroxylase
(CYP27A1)
27-hydroxycholesterol

7α-hydroxycholesterol

(CYP7B1)
12α-hydroxylase
(CYP8B1)
7α,12α-hydroxy-4cholesten-3-one

7α-hydroxy-4cholesten-3-one
(C4)
CYP27A1
BACS, BAT

G/T-CA

Oxysterol
7α-hydroxylase

7α,27-dihydroxycholesterol

↑ Colonic
secretion
G/T-CDCA
Enterohepatic
circulation
IBAT

DCA

ILEUM

↑ Spontaneous
bowel
movements

Improved stool
consistency and
defecation

LCA

Figure 1 Effect of ileal bile acid transporter in the proximal ileum. BA synthesis is a major metabolic pathway for catabolism of cholesterol. Primary BAs, CA
and CDCA, are obtained via the alternative (acidic) pathway, initiated by mitochondrial CYP27A1, or by the classical (neutral) biosynthetic pathway, catalyzed
by microsomal CYP7A1. CYP7A1 is a rate-limiting enzyme that regulates the overall rate of BA synthesis in the liver. The activity of CYP7A1 depends upon the
quantity of BAs absorbed in the intestine. Inhibition of IBAT contributes to upregulation of BA synthesis and therefore promotes the maintenance of BA pool size.
Simultaneously, a decrease in the concentration of serum LDL and an increase of C4 level, which is a surrogate for CYP7A1 activity, may occur. BACS and BAT are
two key enzymes involved in the conjugation of BA to amino acids (G or T). In the intestine, conjugated G/T-CDCA and G/T-CA are dehydroxylated to the secondary
BAs, DCA and LCA. The action of a selective IBAT inhibitor increases the concentration of BAs entering the proximal colon, which in turn stimulates colonic motility
and secretion resulting in enhanced laxative properties. BA: Bile acid; BACS: Bile acid CoA synthase; BAT: Bile acid amino acid transferase; CA: Cholic acid; CDCA:
Chenodeoxycholic acids; CYP27A1: Sterol 27 hydroxylase; CYP7B1: Nonspecific 7α-hydroxylase; DCA: Deoxycholic acid; G: Glycine; IBAT: Ileal bile acid transporter;
LCA: Lithocholic acid; LDL: Low-density lipoprotein; T: Taurine. Modified from[34-37].

administered orally for 14 d, were shown by Wong
[37]
et al
in a phase Ⅱa, single-center, randomized,
double-blind, placebo-controlled trial. Overall colonic
transit in CIC patients was significantly accelerated at
24 h and 48 h in comparison with the placebo group.
Both doses tested, 15 mg and 20 mg, were well
tolerated and produced alteration in stool consistency,
ease of passage and straining, and an increase in the
frequency of spontaneous bowel movements, but no
increase in stool frequency. No significant ameliorations
were detected regarding abdominal bloating and
discomfort. After the treatment with elobixibat, only
4/11 patients in the 15 mg group, and 6/12 patients
in the 20 mg group experienced mild to moderate
abdominal cramps and pain.
A recent placebo-controlled, phase Ⅱb clinical trial
in 190 CIC patients evaluated the efficacy and safety
[38]
of elobixibat at three doses . The IBAT inhibitor
significantly increased bowel movements at 10 mg
and 15 mg, but not 5 mg, and led to an alleviation of
constipation-associated symptoms, such as straining,
bloating, and increased stool consistency. The majority
of patients in the 10 mg and 15 mg groups manifested
an increase in bowel movements within 24 h of the
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initial treatment. Moreover, the effect of elobixibat
was maintained up to 8 wk after administration.
As expected, an increased C4 value, which is an
intermediate plasma marker in BA synthesis, was
documented. Furthermore, consistent with increased
BA synthesis, the total plasma and LDL cholesterol
[38]
levels were diminished . It was also revealed that
the most common side effects, such as abdominal
pain/discomfort and diarrhea, were associated most
commonly with the 15 mg group. Moreover, the 10 mg
dose of elobixibat offered the best efficacy-to-safety
ratio, which may be suited for individual treatment
in functional constipation. Interestingly, three large,
randomized, multicenter phase Ⅲ trials, ECHO1
(ClinicalTrials.gov identifier: NCT01827592), ECHO2
(ClinicalTrials.gov identifier: NCT01833065) and
ECHO3 (ClinicalTrials.gov identifier: NCT01895543),
are anticipated to assess the safety and efficacy of
elobixibat within a period of 26 wk, 12 wk, and 52 wk,
respectively, with the outcomes expected to appear by
the end of 2014. Overall, long-term beneficial effects
in patients with CIC need to be evaluated, and further
studies designed to address the potential of elobixibat
are warranted.
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possibility of treatment of IBS-C. On the other hand,
development of novel IBAT inhibitors with a modified
pharmacologic profile and bioavailability could provide
drug candidates with a favorable endpoint and no
adverse effects. Yet another possibility is to encourage
research on other signaling pathways that involve a
distinct BA transporter that is not involved in tumor
progression.
To conclude, further meticulous studies are needed
to facilitate the development of optimal chemo
protective strategies for the treatment of constipation.

CONCLUSION AND FURTHER
PERSPECTIVES
Inhibition of IBAT constitutes a promising novel
approach in the treatment of constipation. The only
IBAT inhibitor currently available, elobixibat, exerts
prokinetic and prosecretory effects in the colon by
enhanced BA synthesis and has been shown effective
[40]
in CIC patients . The applicability of elobixibat in
IBS-C remains questionable, and its effects on sensory
symptoms still require additional investigation.
Of note, a large body of data indicate that fecal
levels of secondary BAs are significantly greater among
patients with colorectal adenomata and colorectal
[40-42]
cancer
. Moreover, it was shown that deoxycholic
acid (DCA) and lithocholic acid may indirectly promote
carcinogenesis by modulating intracellular signaling,
e.g., via induction of cyclooxygenase-2, secretion of
matrix metalloproteinase-2, or activation of plasma
membrane muscarinic and epidermal growth factor
receptors that lead to alterations in gene expression
[43,44]
and stimulate colon cancer proliferation
. Exposure
of rodent colonic mucosa cells or human adenocar
cinoma cell lines, such as HCT-116 and CaCo-2, to BAs
stimulates the production of reactive oxygen species,
which consequently can result in gene mutation and
constitutive activation of prosurvival stress-response
[45]
pathways . In line with this, DCA administration in
a rat model of colonic carcinogenesis enhances the
incidence of K-ras point mutation and proliferation in
[46]
[47]
colon tumors . Additionally, Qiao et al
showed the
correlation between tumor-promoting BA DCA and the
tumor suppressor gene p53, resulting in the inhibition
of p53 response to genotoxic compounds in the colon,
which ultimately enhances mutagenesis and can
increase the risk of cancer. An investigation by Little et
[48]
al , which was based on subjects with asymptomatic
cancer and adenomatous polyps, found a relationship
between an increased concentration of major BAs
and villus adenomas; nonetheless, the risk of large
adenomas or colorectal cancer did not correlate with
elevated fecal BA concentration. Similar outcomes
[49]
were obtained in a cohort study by Haines et al ,
where there were no significant differences between
the left-sided bowel cancer and control groups for
any of the concentrations of individual BAs, total BA
concentrations, fecal-neutral steroids, percentage
bacterial conversion, or the ratio of lithocholic acid to
DCA concentrations. A weak correlation between CDCA
in feces and the risk of right-sided bowel cancer were
reported; however, it was postulated that other factors
such as genetic predisposition were also involved in
the development of large bowel cancer.
Elobixibat is a relatively new drug and only a limited
number of studies are available. Thus, in order to
comprehensively evaluate the risk and benefit profiles
of this IBAT inhibitor, a meta-analysis is desirable,
especially in terms of cancer related-issues and
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Abstract
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AIM: To determine the immune-modulatory and the
hepatoprotective effects of oral administration of two
soy extracts in immune mediated liver injury and nonalcoholic steatohepatitis (NASH).

Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the Institutional
Animal Care and Use committee of the Hebrew University Hadassah
Medical Center (IACUC protocol number: MD-13-13733-3).

METHODS: Two soy extracts, M1 and OS, were orally
administered to mice with concanavalin A (ConA)
immune-mediated hepatitis, to high-fat diet (HFD) mice
and to methionine and choline reduced diet combined
with HFD mice. Animals were followed for disease and
immune biomarkers.
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RESULTS: Oral administration of OS and M1 had an
additive effect in alleviating ConA hepatitis manifested
by a decrease in alanine aminotransferase and aspartate
aminotransferase serum levels. Oral administration of
the OS and M1 soy derived fractions, ameliorated liver
injury in the high fat diet model of NASH, manifested by
a decrease in hepatic triglyceride levels, improvement
in liver histology, decreased serum cholesterol and
triglycerides and improved insulin resistance. In the
methionine and choline reduced diet combined with
the high fat diet model, we noted a decrease in
hepatic triglycerides and improvement in blood glucose
levels and liver histology. The effects were associated
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with reduced serum tumor necrosis factor alpha and
alteration of regulatory T cell distribution.

and adipokines including tumor necrosis factor alpha
(TNF-α). TNF-α further decreases the anti-oxidant
capacity of the liver, promoting mitochondrial damage.
Activation of the immune system and of hepatic
stellate cells lead to liver inflammation and liver fibrosis
[4-7]
in hepatic steatosis . The increase in visceral adipose
tissue is also associated with an increased release of
free fatty acids, inducing a low grade inflammation
state by cytokine release. This state is associated
induced insulin resistance by down regulating the
[8]
insulin receptor substrate 1 (IRS-1) .
In patients with NASH an increased secretion
of pro-inflammatory cytokines from adipose tissue
[9,10]
(e.g., TNF-α) was described
. An increased level
of macrophages which further exacerbate the proinflammatory state was shown. Regulatory T cells
(Tregs) can suppress several immune mediated
disorders via alteration of effector T cells and the
cytokine paradigm. In animal models of NASH,
promotion of Tregs was associated with alteration of
macrophage function and alteration of the cytokine
[11,12]
paradigm from a pro- to an anti-inflammatory one
.
[13]
A similar phenomenon was suggested in humans .
These effects were associated with alleviation of liver
steatosis and insulin resistance.
Soy is part of the regular diet in many countries.
Soybean is a rich source of vegetable protein, complex
carbohydrates, polyunsaturated fat, soluble sugars
[14-17]
and phytoestrogens
. Some soy proteins are also
associated with fatty acids, saponins, isoflavones
and phospholipids. Soy derived products are safe
and were suggested beneficial in immune mediated
[14-17]
disorders
. Soy products were reported to de
crease the oxidative stress and the subsequent proinflammatory cytokine secretion and lipid peroxi
[18]
dation in the MCD diet model of NASH . Specific
components of soy, including isoflavones, can increase
the anti-oxidant capacity of hepatocytes and decrease
[17]
oxidative stress . They also have beneficial effect
[19]
in the treatment of gastric cancer . One of the
components of soy, β-glucosylceramide (GC), was
shown to exert an immune modulatory effect in
[20-22]
various models
, further supporting the potential
to use soy derived extracts as immune modulators.
Epidemiological studies have shown that soy products
[23]
might decrease the morbidity of NASH
as well as
lower serum lipids in the blood and liver, reduce liver
uptake of lipids, improve anti-oxidant ability and insulin
[24]
resistance .
The aim of the present study was to determine
the immune-mediated hepatoprotective effect of soy
extracts. We have tested several soy extracts in three
mice models: the concanavalin A (ConA) immunemediated hepatitis model, and in two models of NASH.
Oral administration of the combination of OS and
M1 soy derived extracts exerted an adjuvant effect
in the gut-immune system, altered the distribution
of Tregs, alleviated immune mediated liver injury,
hyperlipidemia, insulin resistance and liver damage

CONCLUSION: Oral administration of the combination
of OS and M1 soy derived extracts exerted an adjuvant
effect in the gut-immune system, altering the distri
bution of regulatory T cells, and alleviating immune me
diated liver injury, hyperlipidemia and insulin resistance.
Key words: Non-alcoholic steatohepatitis; Fatty liver;
Regulatory T cells; Soy; Type 2 diabetes; ConA hepatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Oral administration of the combination of OS
and M1 soy derived extracts exerted an adjuvant effect
in the gut-immune system, altering the distribution of
regulatory T cells, and alleviating immune mediated
liver injury, hyperlipidemia and insulin resistance. Oral
administration of these extracts had an additive effect
in alleviating concanavalin A hepatitis and ameliorated
liver injury in the high fat diet model of non-alcoholic
steatohepatitis, and in the methionine and choline
reduced diet combined with the high fat diet model.
The effects were associated with reduced serum tumor
necrosis factor alpha and alteration of regulatory T cell
distribution.
Khoury T, Ben Ya'acov A, Shabat Y, Zolotarovya L, Snir R,
Ilan Y. Altered distribution of regulatory lymphocytes by
oral administration of soy-extracts exerts a hepatoprotective
effect alleviating immune mediated liver injury, non-alcoholic
steatohepatitis and insulin resistance. World J Gastroenterol
2015; 21(24): 7443-7456 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i24/7443.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7443

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is increasingly
[1,2]
becoming a major health burden . Non-alcoholic
steatohepatitis (NASH) is characterized by fatty
infiltration of the liver with hepatocytes ballooning and
lobular inflammation, and is associated with increased
[3]
risk of cirrhosis and hepatocellular carcinoma . Both
NAFLD and NASH are associated with obesity and
[4]
diabetes .
Liver steatosis is associated with an increase
[4-7]
in free circulating fatty acids
. Lipids normally
undergo metabolism in the liver by β-oxidation. The
metabolism of excess lipids via their incorporation into
the very low density lipoprotein mechanism is down
[4-7]
regulated in patients with NASH
. Accumulation
of lipids in the liver is also associated with increased
susceptibility to multiple oxidative factors. In addition,
a reactive inflammatory process secondary to faulty
lipid metabolism may lead to the secretion of cytokines
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in the high fat diet (HFD), and in the methionine and
choline reduced (HFD/MCR) model.

natural β-glycosphingolipid, (Avanti Polar lipids, AL,
United States). Group C was treated with 0.35 μg of
dexamethasone. Group D was administered with 3
μg of M1 soy fraction. Group E with 3 μg OS of soy
fraction. Groups F, G and H were treated with different
combinations of OS and M1 soy-derived extracts in 0.3,
3, and 30 μg doses, for each fraction respectively.

MATERIALS AND METHODS
Animals

All mice were maintained in the animal core of
the Hebrew University Hadassah Medical School
(Jerusalem, Israel). The mice were given the diets
described below (HFD, HFD/MCR) and had free access
to water and were maintained in a 12-h light-dark
cycle. All experiments were performed in accordance
with the guidelines of the Hebrew University-Hadassah
Institutional Committee for Care and Use of Laboratory
Animals with the approval of the Ethics Committee.

Histological examination of the liver: Paraffinembedded liver sections were prepared from each
mouse. The livers were cut into 4-5 μm thin slices
and stained with hematoxylin-eosin (HE). Slides
were scored to assess the extent of liver damage as
[26]
described .
Liver enzymes: Serum was obtained from individual
mice. The serum aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels were
determined with an automatic analyzer.

Oral administration of soy extracts

Two soy extracts were received from Solbar Israel
(CHS), and studied in the below described animal
models. OS-fraction, derived from the solvent
extraction of soybeans into oil, and contains mainly triand di-glycerides, free fatty acids and phosphatides;
MI- fraction which is derived from aqueous-ethanol
extraction left after the solvent extraction, and contains
mainly isoflavones, sugars (oligo-, di-, mono-), and
lipids (including phosphatides, phytosterols, saponins).

Assessment of the effect of oral soy extracts on liver
damage in high fat diet model of NASH

Experimental groups: Six groups with five mice
each, of 6-7 wk old male mice were obtained from
Harlan Laboratories (Jerusalem, Israel). Mice received
HFD diet in which 42% of calories are derived from
fat, administered orally 3 times a week for 3 mo.
Group A was treated with 30 μL of PBS. Group B
with 3 μg of OS soy fraction. Group C with 25 μg GC.
Group D with 3 μg of M1 soy fraction. Groups E and F
were administered with combinations of soy products
in doses of 3 μg and 0.3 μg for each component
respectively.

Induction of ConA hepatitis

ConA (MP Biomedicals, United States) was dissolved
in 50 mmol/L Tris pH 7, 150 mmol/L NaCl, 4 mmol/L
CaCl2 and was injected into the tail vein at a dose of
500 μg/mouse (15 mg/kg).

Animal models of NASH

Assessment of the effect of oral soy extracts on liver
damage in the HFD/MCR model of NASH

Two models of NASH were studied. Model A: Harlan,
TD88137, in this diet 42% of the caloric intake is
derived from fat andit resembles a severe form of the
human fatty diet. The mice given this diet exhibited
features of fatty liver with characteristics of NASH,
weight gain, hyperlipidemia and insulin resistance.
Model B: HFD with methionine and choline reduced
diet (Harlan, TD10810), this diet outpointed the
inflammatory elements of NASH and oxidative stress.
It's advantageous over the methionine and choline
[25]
deficient diet due to less weight reduction .

For the HFD/MCR model, four groups were included;
each group contained 6 mice purchased from Harlan
Laboratories (Jerusalem, Israel). Mice under this diet
regimen were administered orally 3 times a week for
3 mo. Group A was treated with 30 μL of PBS. Group
B given 0.3 μg of OS and 0.6 μg of M1. Group C was
treated with 3 μg OS and 6 μg M1. Group D was
treated with 9 μg OS and 18 μg M1.

Measurement of lipid accumulation in the liver and
plasma triglycerides

Assessment of the effect of oral soy extracts on liver
damage in ConA hepatitis model

Plasma triglycerides (TGs) and total cholesterol were
measured by the Reflovet Plus clinical chemistry
analyzer (Roche Diagnostics, GmbH, Mannheim,
Germany). TGs were extracted from aliquots of
snap-frozen livers using a modification of the
Folch method. Hepatic TG content was assayed
spectrophotometrically using a GPO-Trinder kit (Sigma,
Rehovot, Israel) and was normalized to the protein
content in the homogenate. The HFD mice were
weighed every 2 wk. Serum ALT, TGs and cholesterol
were measured every 2 wk by the Reflovet device

Experimental groups: Eight groups were examined,
11-12 wk old male mice were purchased from Harlan
Laboratories (Jerusalem, Israel). Four to six mice
were treated in each group. To induce autoimmune
hepatitis, all mice were injected iv (tail vein) with
ConA. All mice were treated orally for three days with
OS and M-1 soy compounds prior to ConA injections.
Mice were sacrificed 14 h after the ConA injection.
Mice in control Group A were treated with PBS. Group
B was treated with GC (25 microgram/mouse), a
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while HFD/MCR mice were monitored for body weight,
serum ALT, and triglycerides, every 4 wk.

of FACS buffer (PBS + 1% BSA + 0.1% sodium azide).
Cells were stained with the diluted anti-LAP antibody
(50 μL /sample), FITC-conjugated anti-CD4/CD8 (0.5
μL per sample), PE-conjugated anti-CD25/NK1.1
Pacific Blue–conjugated anti-CD3 (3 μL per sample),
and PerCP-conjugated anti-CD45 (2 μL per sample).
All stains were performed after blocking the Fc
receptor with anti-mouse CD16/CD32 (BD Fc Block).
Flow cytometry was performed using a FACScan flow
cytometer and Cellquest software.

Evaluation of insulin action and sensitivity

Insulin sensitivity was determined by oral glucose
tolerance test. Mice underwent a glucose tolerance
test after overnight fasting. Glucose was administered
orally (1.25 g/kg body weight). Serum glucose mea
surements were performed every 15 min for 3 h (180
min). Glucose levels were measured by a standard
glucometer. Fasting blood glucose (FBG) was monitored
every two weeks. Serum insulin levels were determined
using a commercially available ELISA kit (Mercodia AB;
Uppsala, Sweden), according to the manufacturer’s
instructions.

Cytokine measurement

Serum IFN-γ levels were measured in each animal
using a commercially available “sandwich” ELISA kit
(Quantikine, R&D Systems, MN, United States).

Histological analysis of hepatic tissues

Statistical analysis

Assessment of the effect of soy extracts on the systemic
immune system

RESULTS

For histopathology, livers from individual mice were
fixed in 10% formaldehyde solution and kept at room
temperature until use. The tissue blocks were then
embedded in paraffin, sectioned and stained with
HE for morphological examination. Specimens were
examined under a light microscope.

All analysis was performed using Excel 2003 (Microsoft,
Redmond, WA, United States). The variables were
expressed as mean ± SD. The comparison of two
independent groups was performed using Student’s
t-test. All tests applied were two-tailed. P value of 0.05
or less was considered to be statistically significant.

Oral administration of soy-extracts (OS, M1) alleviated
ConA-mediated immune hepatitis

The immune modulatory effect of soy extracts was
determined by FACS analysis and serum cytokines.

Figure 1A shows the effect of oral administration
of the soy extracts (M1, OS) in immune-mediated
hepatitis. All treated groups showed statistically
significant improvement in the levels of liver enzymes,
ALT and AST (P < 0.05). No dose dependency was
noted. Administration of GC or dexamethasone also
significantly alleviated immune mediated liver damage
(P < 0.01, P < 0.004, respectively). Figure 1B shows
that the hepatoprotective effect of the soy extracts
was associated with a reduction in serum levels of proinflammatory cytokine IFN-γ. This effect was most
notable in mice treated with the combination of OS and
M1 (P < 0.005), for mice treated with 30 μg of OS and
M1 in lowering (P = 0.001). Figure 1C shows the effect
of oral administration of soy extracts on TNF-α serum
levels. The 30 micrograms dose of OS and M, lowered
the pro-inflammatory cytokines TNF-α and INF-γ (P =
0.0001 vs P = 0.00001 and P < 0.005 vs P = 0.001
respectively).

Isolation of splenocytes and hepatic lymphocytes

Spleens and livers were kept in RPMI-1640 supple
mented with FCS. Spleens were crushed through a 70
[27]
μm nylon cell strainer and centrifuged (1250 rpm for
7 min) to remove debris. Red blood cells were lysed
with 1 mL of cold 155 mM ammonium chloride lysis
buffer and immediately centrifuged (1250 rpm for 3
min). Splenocytes were then washed and resuspended
in 1 mL RPMI + FCS. Any remains of connective
tissue were removed. The viability, as assessed using
trypan blue staining, was above 90%. For the isolation
of hepatic lymphocytes, livers were first crushed
through a stainless mesh (size 60, Sigma), and the
cell suspension was placed in a 50 mL tube for 5 min
so that cell debris could pellet. The cell suspension
was slowly underlaid with 10 mL of lymphoprep
(Ficoll, Axis-Shield PoC AS, Oslo, Norway) in a 50
mL tube. The tubes were then centrifuged at 1800
rpm for 18 min. Cells at the interface were collected
and transferred to a new tube that was centrifuged
again at 1800 rpm for 10 min. The resulting pellet of
hepatocyte-depleted lymphocytes was resuspended
6
in a final volume of 250 μL. Approximately 1 × 10
intrahepatic lymphocytes were recovered per mouse
liver.

Oral administration of soy extracts alleviated metabolic
syndrome in HFD model

Oral M1 and OS soy extracts alleviated liver damage
and insulin resistance. No significant changes were
noted in body weight between all groups.
Figure 2A shows the effect of oral administration
of soy extracts on serum cholesterol levels that were
measured every two weeks. Administration of 0.3
μg OS + 0.3 μg M1 was associated with a significant
decrease in serum levels noted as early as week 2,

Flow cytometry

Flow cytometry was performed on splenocytes and
hepatic lymphocytes, which were resuspended in 1 mL

WJG|www.wjgnet.com

7446

June 28, 2015|Volume 21|Issue 24|

Khoury T et al . Soy extracts for NASH

A

7000

ALT

6000

AST

u/L

5000
4000
3000

a
b

1000

a

c

c

c

a

a

a

2000

b

b

c

O
S
,M

1

+

O
S
mg

3
30

3

mg

mg

+

+

0.
+
mg
3
0.

B

30

mg

,M

1

+

O
S
1
,M

3

mg

3

3

mg

mg

+

,O
S

-1
,M

De
x

25

Co
nt
ro

l(

mg

,G

PB
S

)

C

0

3500

Serum IFN-g (pg/mL)

3000
2500
2000
1500

a

1000

b

500

b

b

b

c

C

S

30

mg

,M

1

+

O

S
+
mg
+
mg

0.

3

30

3

mg

mg

+

+

0.

3

3

Co

mg

,M

1
,M

1

+

O

S
O

S
mg
3

,M
mg
3

,O

-1

x
De

,G
mg
25

nt

ro
l

(P

BS

)

C

0

250

Serum TNF-a (pg/mL)

200
150

a

a
b

100

b
c

50

S
+
1
,M

mg
30

3
30

mg

+

+
mg
3

O

S
+
mg

,M

1

+
1
,M
mg

0.
3
+
mg
0.
3

O

S
O

S
mg
,O
3

mg
,M
-1
3

x
De

,G
mg
25

Co

nt
ro
l

(P

BS
)

C

0

Figure 1 Effect of soy extracts on concanavalin A immune mediated liver injury. A: Combination of soy extracts in doses of 3 μg and 30 μg of both OS and
M1, administered to mice injected with concanavalin A (ConA), significantly decrease aspartate aminotransferase and alanine aminotransferase serum levels (aP <
0.04, bP < 0.01, cP < 0.004 vs control); B: The combination of OS and M1 soy extracts in all doses and 3 μg M1 were associated with significant reduction of serum
interferon gamma levels measured by ELISA at the end of the treatment period (aP < 0.02, bP < 0.005, cP = 0.001 vs control); C: All combinations of soy extracts were
associated with a significant decrease in serum TNF-α serum levels measured by ELISA at the end of the study (aP < 0.005, bP = 0.0001, cP = 0.00001 vs control).
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
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Figure 2 Effect of soy extracts on a high fat diet mouse model of non-alcoholic steatohepatitis. A: Serum cholesterol levels were measured every two weeks in
all groups. The combination of 0.3 μg of OS and M1 was associated with significant a decrease of serum cholesterol level compared to the control group (eP < 0.05, fP
< 0.01 vs control); B: Serum triglyceride levels were measured every two weeks in all groups. The combination of 3 μg of each OS and M1 serum levels on week 12 (gP
< 0.03 vs control); C: Fasting serum glucose levels were measured every two weeks in all groups. The combination of OS and M1 improved fasting glucose levels as
evident from week number 6. A dose of 3 μg of M1 significantly improved fasting glucose level at week 12 (aP < 0.04, bP < 0.008, cP < 0.0005 vs control); D: Hepatic
triglyceride content was measured in all mice at the end of the study. The combination of OS and M1, and M1 alone, were associated with significant reduction of
hepatic fat content (aP < 0.05, bP < 0.003 vs control); E: Representative H&E (magnification × 10) sections from liver biopsies performed in all groups at the end of the
treatment period; F: Serum TNF-α levels were measured by ELISA at the end of the study. A significant reduction was noted in mice treated with the combination of 3
a
μg M1 and 3 μg OS ( P < 0.05 vs control); G: FACS analysis was performed on splenocytes for NKT and CD8+CD25+Foxp3+ regulatory T lymphocytes. Both the M1
+ OS combination and the M1 alone treated group showed a significant reduction in these subsets (aP < 0.002, bP < 0.0009, cP = 0.0003 vs control).
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in comparison with the control group (P < 0.05).
Similarly, Figure 2B shows the effect of oral admini
stration of soy extracts on serum triglyceride levels.
A significant effect on serum TGs was observed in
week 12 in the 3 μg OS + 3 μg M1 treated group (P <
0.03). Oral administration of the soy extracts improved
insulin resistance. Figure 2C shows the effect of oral
administration of soy extracts on fasting glucose levels.
The fasting glucose levels were significantly decreased
by the combination of M1 and OS in two doses (0.3
and 3 μg for each extract, P < 0.008, P < 0.0005,
respectively). The glucose tolerance test improved in all
treatment groups by weeks 4 and 12 (data not shown).
Serum insulin was reduced in two of the treated groups
(3 μg OS and 3 μg of each OS and M1) but did not
reach statistical significance.
Oral administration of the soy extracts improved
liver damage in this model. Figure 2D shows the
effect of oral administration of soy extracts on liver
triglyceride content. A significant reduction in hepatic
TGs was observed in all soy extracts, as the combi
nation of 3 μg M1 and 3 μg OS, and the 3 μg M1, were
the most effective ones compared with the control
group (P < 0.003). Figure 2E shows representative
sections from liver biopsies performed at the end of the
treatment period in all mice in all groups. Alleviation of
hepatic steatosis and improved liver cell architecture
were noted in mice treated with the combination of 3
μg M1 and 3 μg OS.
The beneficial effects noted in this model were
associated with alteration of the immune response.
Figure 2F shows the effect of oral administration of
soy extracts on TNF-α serum levels. Serum TNF-α
was significantly reduced in mice treated with the
combination of 3 μg M1 and 3 μg OS (P < 0.05).
Figure 2G shows the effect of oral administration of soy
+
+
+
extracts on NKT and CD8 CD25 Foxp3 regulatory T
lymphocytes. Both combinations of M1 + OS, and the
M1 alone treated group showed a significant reduction
of these subsets in the spleens.

profound in the 3 μg M1 and 6 μg OS, and 9 μg M1
and 18 μg OS treated groups (P = 0.003 vs P = 0.008,
respectively). No significant different was noted for
fasting serum insulin levels.
Figure 3B shows the effect of oral administration
of soy extracts on liver triglyceride content. Treatment
with the soy extract was associated with a significant
reduction of hepatic tissue triglycerides at the end of
the study for the 9 μg M1 and 18 μg OS treated group
(P < 0.05). Figure 3C shows representative sections
from liver biopsies performed at the end of the
treatment period in all mice in all groups. Alleviation of
hepatic steatosis and improved liver cell architecture
were noted in mice in all groups, and was mostly
profound for mice treated with the combination of 9
μg M1 and 18 μg OS. Figure 3D shows the significant
improvement in the pathological NAS score noted in all
treated groups.
The beneficial effects noted in this model were
associated with alteration of the immune response.
Serum TNF-α levels were significantly decreased
in the 3 μg OS + 3 μg M1 treated group (P < 0.05,
not shown). Figure 3E shows the effect of oral admi
nistration of soy extracts on regulatory lymphocytes.
+
+
+
CD4 CD25 Foxp3 and NKT lymphocyte subsets were
significantly increased in the spleen of mice treated with
the combination of 9 μg M1 and 18 μg OS (P < 0.05).

DISCUSSION
Oral administration of the combination of OS and M1
soy-derived extracts exerted a systemic immune effect
via an effect on the gut-immune system, alleviating
immune-mediated liver injury in the ConA hepatitis
model, hyperlipidemia, insulin resistance and liver
damage, in HFD and HFD/MCD mouse models of NASH.
In the ConA hepatitis model, liver damage results
from a cytokine storm mediated by kupffer cells
and NKT cells. Both IFN-γ and TNF-α play a role in
[28]
mediating the damage . Oral administration of the
combination of OS and M1 alleviated the immunemediated liver damage that was manifested by
a decrease in liver enzymes. The combination of
OS and M1 was superior to either fraction alone in
reducing liver enzymes in a dose-dependent manner.
The hepatoprotective effect of the two soy extracts
examined in the present study was associated with
reduction of pro-inflammatory cytokines IFN-γ and
TNF-α. Similar to the effect on liver enzymes, the antiinflammatory effect was mostly noted in mice treated
with the combination of the two extracts in a dose
dependent manner.
Alteration of the immune system, increase in
oxidative stress, and pro-inflammatory cytokines are
associated with insulin resistance and liver inflam
[29-31]
matory response in NASH
. Both the HFD, and
the HFD/MCR, models of NASH are characterized by
[32]
severe depletion of hepatic anti-oxidants . The HFD

Oral administration of soy extracts alleviated fatty liver
in mice given HFD/MCR diet, in a NASH model

Similar to the effect on HFD mice, oral M1 and OS soy
extracts alleviated liver damage and insulin resistance
in the HFD/MCD model without a significant change
in body weight. Treatment with 3 μg M1 and 6 μg OS
extracts showed a trend in reduction of ALT serum
levels (data not shown, P = 0.6). Oral administration
of soy extracts was associated with a beneficial effect
on serum TGs and a significant decrease was noted in
3 μg M1 and 6 μg OS treated mice and for 0.6 μg M1
treated mice at week 12 (data not shown, P < 0.02).
Figure 3A shows the effect of oral administration of
soy extracts on fasting serum glucose levels measured
on weeks 0, 7 and 13. Fasting glucose levels were
significantly improved in all treated groups compared
with the controls (P < 0.05). The effect was more
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Figure 3 Effect of soy extracts on the high-fat diet/MCD mouse model of non-alcoholic steatohepatitis. A: The effect of oral administration of soy extracts
on fasting serum glucose levels measured on weeks 0, 7 and 13. Glucose levels improved in all treated groups compared to the controls, and the effect was more
profound in the 3 μg M1 and 6 μg OS, and 9 μg M1 and 18 μg OS treated groups (eP < 0.01, gP < 0.001 vs control); B: Hepatic triglyceride content was measured in
all mice at the end of the study. The combination of 9 μg M1 and 18 μg OS treated groups was associated with significant reduction of hepatic fat content (iP < 0.05
vs control); C: Representative HE (magnification × 10) sections from liver biopsies performed from all groups at the end of the treatment period; D: The pathological
NAS score was performed on liver sections from all groups at the end of treatment. A significant improvement was noted in mice in all treated groups (fP < 0.001, hP =
0.0001 vs control); E: FACS analysis was performed on splenocytes for NKT and CD4+CD25+Foxp3+ regulatory T lymphocytes. Both regulatory lymphocyte subsets
significantly increased in the spleen of mice treated with the combination of 9 μg M1 and 18 μg OS (aP < 0.05, bP < 0.005 vs control).
[11]

model is associated with insulin resistance but not
[33,34]
always with histological steatohepatitis
. The MCD
diet model is associated with histological features
of steatohepatitis, but usually is not associated with
[35]
insulin resistance and obesity . The HFD/MCD model
provides a model for NASH in which mice manifest
both insulin resistance and histological features of
[25]
NASH . TNF-α plays a key role in the development
of insulin resistance and NASH in both models, similar
[36,37]
to its role in humans with metabolic syndrome
.
The data of the present study supports the notion of a
systemic immune modulatory anti-inflammatory effect
of the two tested soy-extracts, which may target the
inflammatory pathways activated in these models.
In the both models of NASH, oral administration
of the combination of OS and M1 was associated with
alleviation of liver damage and a decrease in plasma
levels of cholesterol and/or triglycerides, decrease
of hepatic content of triglycerides, improved liver
histology and alleviation of insulin resistance. These
effects were associated with skewing the immune
profile towards an anti-inflammatory paradigm as
manifested by a decrease in TNF-α serum levels and
alteration in the distribution of different subsets of
regulatory lymphocytes.
Tregs are important for the control of the immune
response in the setting of immune mediated disor
[38,39]
ders
. They play a role in protection from liver
damage in immune-mediated hepatitis, NAFLD, NASH,
[40-43]
insulin resistance and metabolic syndrome
. The
results of the present study suggests that the two
tested soy extracts altered the distribution of Tregs,
further supporting the notion that immune modulatory
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therapy may be beneficial in NASH .
Previous studies showed that animals fed with
soy manifested a reduction in total cholesterol,
[43]
triglycerides, and blood pressure . Soy protein
lowered plasma cholesterol concentrations, and body
[24]
fat accumulation in the animal model of NASH .
Soy protein intake decreased the hepatic lipid depots
of triacylglycerols and cholesterol, and decreased
[24]
the concentrations of lipid peroxides . Rats fed a
soy protein diet showed improved anti-oxidative
potential due to increases in superoxide dismutase
and catalase activities, and a decrease in the protein
[24]
expression of cytochrome P450 2E1 . Soy derived
products decreased the amount of subcutaneous
[24]
and mesenteric fat . Plasma leptin levels were
down-regulated and the HFD-induced increase in
liver weight and lipid accumulation in the liver were
[44]
suppressed . Genistein, a soy isoflavone, improves
[45]
insulin sensitivity . Administration of genistein to
fructose-fed rats significantly reduced biochemical and
histological abnormalities, activating the antioxidant
profile, decreasing IL-6 and TNF-α concentrations,
[45]
ameliorating liver steatosis and insulin-resistance .
Soy protein reduced liver steatosis in the HFD model
[46]
via induction of PPARalpha-regulated genes . An
association between the anti-inflammatory effect
of isoflavones and the regulation of their immune
[47]
function was described . The effects of soy on de
novo lipogenic carbohydrate responsive element
binding protein (ChREBP) and anti-adipogenic Wnt
[48]
signaling were recently described . Isoflavones
suppress ChREBP signaling via protein kinase A (PKA)
and/or 5’-AMP activated protein kinase (AMPK)-
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dependent phosphorylation, which prevents ChREBP
from binding to the promoter regions of lipogenic
enzymes. Isoflavones stimulate Wnt signaling via
estrogen receptor-dependent pathways, which in turn
inactivate glycogen synthase kinase-3 beta (GSK3beta), transactivate T-cell factor/lymphoid-enhancer
factor (TCF/LEF), degrade adipogenic peroxisome
proliferator-activated receptor gamma (PPARgamma),
and augment p300/CBP, the transcriptional co[48]
activators of TCF/LEF .
Soy derived products are safe and beneficial
in humans. Soy is part of the regular diet in many
countries. Soybean is a rich source of vegetable protein,
complex carbohydrates, polyunsaturated fat, soluble
[14-17]
sugars and phytoestrogens
. Some soy proteins are
also associated with fatty acids, saponins, isoflavones
and phospholipids. Epidemiological studies showed that
[23]
soy products might decrease the morbidity of NASH ,
lower serum lipids, reduce liver uptake of lipids,
improve the anti-oxidant ability, and decrease insulin
[24]
resistance . Soy milk consumption was associated
with better blood pressure control among diabetic
[49]
patients with nephropathy . Soy phytoestrogen
supplementation reduced insulin resistance, hsCRP, and
[50]
blood pressure . Pasta enriched with soy improved
endothelial function and had beneficial effects on
cardiovascular risk markers in patients with type 2
[51]
diabetes . Consumption of soy protein improved
[52]
serum lipids in adults with type 2 diabetes . Soyprotein consumption reduced proteinuria in type 2
[53]
diabetes with nephropathy . A daily supplement of
soy protein prevents the increase in subcutaneous
[54]
and total abdominal fat in postmenopausal women .
A significantly greater improvement was observed
in CVD risk factors in postmenopausal women on a
program incorporating 30 g of soy protein and 4 g of
[55]
phytosterols per day than with standard therapy .
In postmenopausal hypercholesterolemic women soy
protein improves endothelial function regardless of
[56]
changes in plasma lipoproteins . Consumption of soy
protein has been shown to improve blood lipid levels in
[16]
nondiabetic subjects .
Oral immune therapy is an active process that uses
the inherent ability of the GI tract’s immune system
to control unwanted systemic immune responses, by
inducing Tregs that suppress the chronic inflammatory
[57]
state associated with metabolic syndrome . This
may involve alteration of NKT-DC cell interaction in
the gut. The interaction between DC and NKT cells
in gut associated lymphoid tissue may contribute to
the promotion of Tregs, thereby alleviating immune
[12,58]
mediated target organ damage
. One possible
mechanism for the effect of these extracts may be via
the soy-derived glycosphingolipid-mediated alteration
of NKT-dendritic cell (DC) cross talk in the gut immune
[57,59]
system
. NKT cell function is dependent on the
[60]
activity of glycosphingolipids . β-glucosylceramide,
an active ingredient in soy, was shown to exert an
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immune modulatory effect in various models and was
[21,26,42,61-63]
also tested in clinical trials
. The combination
of several soy derived-β-glycosphingolipids had a syner
[64,65]
gistic effect in comparison to each other alone
.
The data in the present study suggests that a
combination of the two tested soy extracts exerts a
synergistic effect on most of the clinical and immuno
logical parameters tested. While the active molecules in
each of the tested extracts remains to be determined, it
is postulated that different compositions of the extracts
activate different pathways of the immune system that
may underline the outcome.
In conclusion, our study suggests that the oral
administration of soy derived molecules exerts a
hepatoprotective effect alleviating immune-mediated
liver injury, hyperlipidemia, insulin resistance, and
liver damage, in several models. Being soy-derived
safe products, the OS and M1 extracts may become a
treatment option for humans with NASH and metabolic
syndrome.
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approved therapy is available. NASH is associated with a pro-inflammatory
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activation of innate immune cells in the gut wall, thereby alleviating immune
mediated disorders. The aim of the present study was to determine the
immune-modulatory and the hepatoprotective effects of oral administration of
two soy extracts in immune mediated liver injury and NASH.

Research frontiers

Two soy extracts, M1 and OS, were orally administered to mice with
Concanavalin A (ConA) immune-mediated hepatitis, to high-fat diet (HFD) mice
and to methionine and choline reduced diet combined with HFD mice. Oral
administration of OS and M1 had an additive effect in alleviating ConA hepatitis
manifested by a decrease in ALT and AST serum levels. Oral administration
of the OS and M1 soy derived fractions, ameliorated liver injury in the high fat
diet model of NASH, manifested by a decrease in hepatic triglyceride levels,
improvement in liver histology, decreased serum cholesterol and triglycerides
and improved insulin resistance. In the methionine and choline reduced diet
combined with the high fat diet model, the authors noted a decrease in hepatic
triglycerides and improvement in blood glucose levels and liver histology. The
effects were associated with reduced serum TNF-α and alteration of regulatory
T cell distribution.

Innovations and breakthroughs

Oral administration of the combination of OS and M1 soy derived extracts
exerted an adjuvant effect in the gut-immune system, altering the distribution of
regulatory T cells, and alleviating immune mediated liver injury, hyperlipidemia
and insulin resistance.

Applications

The results of the study suggest that these extracts can be further developed to
be used for the treatment of non-alcoholic fatty liver disease and NASH.
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The authors tried to determine the immune-modulatory and the hepatoprotective
effects of oral administration of two soy extracts in immune mediated liver
injury and NASH. Oral administration of the combination of OS and M1 soy
derived extracts exerted an adjuvant effect in the gut-immune system, altering
the distribution of regulatory T cells, and alleviating immune mediated liver
injury, hyperlipidemia and insulin resistance. They present evidence for the
idea that soy extracts are hepatoprotective and immuno-modulatory in several
different models for both livers damage (ConA, HFD, MCR) and altered immune
response. Overall, the evidence that there is something in the two extracts that
ameliorates liver damage and alters the immune response is strong.
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Abstract

Cong-Ying Dong, The Second People’s Hospital of Huangdao,
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AIM: To detect the mechanism by which colon tumor
escapes the growth constraints imposed on normal cells
by cell crowding and dense pericellular matrices.
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METHODS: An immunohistochemical study of integrin
αvβ6 and matrix metalloproteinase-9 (MMP-9) was
performed on tissue microarrays of 200 spots, including
100 cases of colon tumors.
RESULTS: High immunoreactivity for αvβ6 (73.7%;
28/38) and MMP-9 (76.5%; 52/68) was observed
in invasive tumor portions. Furthermore, the effects
of integrin αvβ6 on tumor invasive growth in nude
mice were detected. Tumor invasive growth and high
expression of both αvβ6 and MMP-9 were only seen in
tumors resulting from WiDr cells expressing αvβ6 in the
tumorigenicity assay. Flow cytometry was applied to
analyze αvβ6 expression in colon cancer WiDr and SW480
cells. The effects of cell density on αvβ6 expression and
MMP-9 secretion were also detected by Biotrak MMP-9
activity assay and gelatin zymography assay. High
cell density evidently enhanced αvβ6 expression and
promoted MMP-9 secretion compared with low density.
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in gastric carcinoma has also been reported. The
induction of MMP-9 mRNA in endothelial cells has been
reported to be dependent on direct cell adhesion with
[10]
cancer cells . The maximal expression of MMPs has
also been displayed at the invasive margin of colon
tumor cell islands. This finding is consistent with the
observation that integrin αvβ6 preferentially localizes
at the leading edge of epithelial ovarian cancer with a
malignant potential of invasiveness and metastasis.
The consequence of integrin ανβ6-mediated MMP-9
secretion may provide the basis for a self-perpetuating
system of tumor invasive growth that operates through
integrin ανβ6. However, the effects of both integrin
αvβ6 and MMP-9 on invasive growth in colon cancer
progression remain controversial.
This study was designed to identify the mechanisms
by which integrin αvβ6 sustains and promotes tumor
invasive growth in colon cancer progression.

Core tip: This study is designed to identify the
mechanisms by which integrin αvβ6 sustains and
promotes tumor invasive growth in colon cancer
progression. Our results suggested that integrin αvβ6
sustains and promotes tumor invasive growth in tumor
progression via a self-perpetuating mechanism. Integrin
ανβ6-mediated matrix metalloproteinase-9 secretion
facilitates pericellular matrix degradation at high cell
density, which provides the basis of invasive growth.
Yang GY, Guo S, Dong CY, Wang XQ, Hu BY, Liu YF, Chen
YW, Niu J, Dong JH. Integrin αvβ6 sustains and promotes
tumor invasive growth in colon cancer progression. World J
Gastroenterol 2015; 21(24): 7457-7467 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7457.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7457

MATERIALS AND METHODS
Cell lines and culture conditions

The human colon cancer cell lines WiDr and SW480
and the normal human keratinocyte cell line HaCaT
were obtained from the ATCC (Rockville, MD, United
States). SW480 cells, which lack constitutive integrin
αvβ6 expression, were stably transfected with
pcDNA1neo constructs that contained either the β6
gene construct or the expression plasmid only (SW480
[11]
β6 or SW480 mock) as previously described .
For flow cytometry analysis, low-density cultures
5
were established by seeding 5 to 7.5 × 10 cells in
2.5 mL of standard medium into 6 cm-diameter tissue
2
culture dishes or 25 cm tissue culture flasks. High
density cultures were established using identical cell
numbers and medium volume seeded into 24-well
tissue culture plates (Falcon Becton Dickinson, Oxnard,
CA). At 72 h, the low- and high-density cultures were
approximately 40% and 100% confluent, respectively.
Then, cells were harvested by trypsin/EDTA at 72 h for
the assessment of integrin ανβ6 expression. The ratio
of cell number to surface area was in the range of 1.5
5
2
5
2
to 2 × 10 cells/cm and 3.5 to 4 × 10 cells/cm for
the low- and high-density cultures, respectively.

INTRODUCTION
Invasive growth is one of the main features that
distinguish malignant tumor cells from normal cells.
The mechanisms by which tumor cells escape the
growth constraints imposed on normal cells by cell
crowding and dense pericellular circumstance are
controversial. The reason why colon cancer cells
sustain invasive growth via a self-perpetuating manner
in tumor progression is also unclear. There is a general
consensus, nevertheless, that this demonstrates a
cell-surface problem, and the cell adhesion molecules
integrin αvβ6 and matrix metalloproteinase-9 (MMP-9)
[1,2]
are likely to be involved in tumor progression .
Within the integrin αv subfamily, integrin αvβ6
is expressed only on abnormal epithelial cells. It
is highly expressed during morphogenesis and
[2-4]
tumorigenesis , and de novo expression has been
observed at the margins of advanced colon tumors.
One potential mechanism for the growth-promoting
effect of integrin αvβ6 may be via enhanced MMP-9
activity. The invasive growth of colon cancer cells is
also likely to reflect the ability of tumor cells to digest
their surrounding matrix scaffold through the secretion
of MMP-9 because integrin αvβ6 expression in colon
cancer cells has been shown by our group to induce
[5]
MMP-9 secretion , and the inhibition of MMP-9 activity
[6]
abolishes the integrin αvβ6-mediated growth effect .
As an adhesion protein involved in both the nuclear
Wnt/beta-catenin pathway and the mesenchymal
transition of colorectal cancer cells, nuclear betacatenin expression increases from the central area
towards the invasive margin. It has been reported
that the expression of integrin αvβ6, which is also
an adhesion protein, is induced during the epithelial[3,7-9]
transition of aggressive colon carcinoma
. MMP-9
overexpression related to tumor invasive growth

WJG|www.wjgnet.com

Antibodies and reagents

The anti-integrin αvβ6 mAb 2G2 was obtained from
Biogen, and the specificity of the antibody has
[12]
previously been reported .
FITC-conjugated goat-anti-mouse IgG was obtained
from Jackson (ImmunoResearch Laboratories, Inc.,
United States); anti-MMP9 mAbs-whole molecule
(ab38898, Abcam, United Kingdom) was purchased
from Jingmei Biotech (Shenzhen, China). Briefly,
the conditioned medium (CM) for MMP-9 estimation
was prepared by the removal of fetal bovine serumcontaining medium and three washes of the adherent
cells with phosphate-buffered saline prior to the
addition of chemically defined serum-free medium.
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Tissue microarray

application.

From January 2007 to December 2007, 100 patients
who underwent curative resection by the same surgical
team for pathologically confirmed colon carcinoma
at the Department of Pathology of Qilu Hospital
(Shandong University, China) had their formalin-fixed,
paraffin-embedded tissue blocks that contained colon
carcinoma specimens selected. The specimens were
constructed into tissue microarray (TMA; 200 spots
each) slides under the Human Investigative Committee
protocol of Shandong University by Chaoying Biochip
Company, Ltd. (Xi’an, China). The maximum tumor
diameter in each colon tumor specimen we selected
was not less than 1.5 cm to suit the requirement of the
TMA. After screening hematoxylin and eosin-stained
(HE) slides for optimal tumor content, two cores, one
obtained from tumor edge portions that contained
the invasive margin of the lesion (generally located
in the superficial part of the tumor) and the other
from the central portion of the tumor (that contained
none or little of the invasive margin, generally located
in the deep part of the tumor), were obtained from
each sample using punch cores; these punch cores
measured 1.0 mm in the greatest dimension and
were spaced 0.8 mm apart. The invasive front of the
tumor has ample blood supply, and because the most
biologically relevant portion of tumors with histologic
heterogeneity is the area with the deepest invasion,
[13,14]
tumor “budding” in this area is also enriched
.
The invasive fronts were defined as expanding or
infiltrating in HE slides according to the morphological
guidelines previously defined by Jass and colleagues.

Scoring of integrin α vβ 6 and MMP-9

The sections were assessed for both integrin αvβ6
and MMP-9 immunoreactivity microscopically via
positive DAB staining by three trained observers
(Yang GY, Wang YQ and Guo S). The integrin αvβ6 is
a trans-membrane protein with immunohistochemical
staining located in both the membrane and cytoplasm,
whereas the immunohistochemical staining for MMP-9
was predominately located in the cytoplasm. The
percentage of positive cells and staining intensity were
determined by three observers with 100% agreement.

Flow cytometry

The cells were incubated with anti-β6 mAb 10D5 (10
μg/mL), E7P6 (10 μg/mL) or an isotype-matched
control IgG (10 μg/mL) for 30 min. After washing, cells
were stained with goat anti-mouse IgG conjugated
with phycoerythrin/FITC for 30 min prior to flow
cytometry analysis.

Tumor invasive growth in vivo

For the tumorigenicity assay, BALB/C female nude
mice (6 wk of age purchased from the Animal
Resource Center, Shandong University, China) were
maintained under pathogen-free conditions and fed
standard mouse chow and water ad lib. All mice
within each group were inoculated with a single
cell line. The cells used were WiDr wild-type and
WiDr antisense β6 transfectants. The mice received
subcutaneous flank injections of approximately 2
6
× 10 viable tumor cells (cell counts and viability
were assessed by counting cells stained with 0.4%
trypan blue in a hemocytometer) suspended 0.1 mL
of DMEM culture medium. Tumor sizes (breadth and
length as measured with calipers) were recorded
weekly. Six weeks following the last injection, the
mice were sacrificed and visible subcutaneous tumors
were excised. The formalin-fixed paraffin-embedded
sections were analyzed for HE and IHC staining to
inspect routinely for invasive growth.

Immunohistochemical analysis for both α vβ 6 and
MMP-9

Immunohistochemistry (IHC) for integrin ανβ6 was
performed using the avidin-biotin complex (ABC)
method. Overnight incubation occurred at 4 ℃ with
primary antibody against integrin ανβ6 (2G2, 1.67
μg/mL, Biogen, Idec., United States). The antibody is
specific for integrin αvβ6 and does not recognize the αv
or other αv integrins. Negative controls were treated
identically but with the primary antibody omitted.
Immunohistochemical staining for MMP-9 was
performed using a monoclonal antibody, clone
ab38898, against MMP-9 (5 μg/mL; Abcam, United
Kingdom). The antibody recognizes murine and
human MMP-9 but does not cross-react with the other
MMP family members (MMP-1, MMP-2, or MMP-3).
TMA sections, 5 μm thick, were thaw-mounted onto
Fisherbrand Super Frost/Plus slides. After air drying
at 37 ℃ for 12 h and incubation for 20 min at 60 ℃,
the sections were deparaffinized and rehydrated.
No antigen exposure procedure of any type was
necessary. Staining was performed after incubation
with the antibody at 4 ℃ for 12 h using labeled avidinbiotin. Negative controls underwent a similar staining
procedure with the exclusion of the primary antibody

WJG|www.wjgnet.com

MMP-9 activity assay

MMP-9 levels in TCM obtained from low-and highdensity cultures were assayed using a commercially
available kit, the MMP-9 activity assay system.

Gelatin zymography assay

Following electrophoresis, the gels were washed twice
in 2.5% Triton X-100 for 30 min at RT to remove the
SDS. The gels were subsequently incubated at 37 ℃
overnight in substrate buffer that contained 50 mmol/L
Tris HCl and 5 mmol/L CaCl2 (pH 8.0). The gels were
stained with 0.15% Coomassie blue R250 (BioRad, Hercules CA, United States) in 50% methanol
and 10% glacial acetic acid for 20 min at room
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Table 2 Effects of both integrin αvβ6 and matrix
metalloproteinase-9 expression in100 cases of colon
carcinoma

Table 1 Clinicopathological characteristics for 100 patients
with colon carcinoma
Characteristic

Number of patients Percentage

Sex
Male
Female
Age (yr)
< 60
≥ 60
Tumor location
Right
Transverse
Left colon
Depth1
< 5 mm
≥ 5 mm
Maximum diameter of tumor (cm)
≥ 1.0 and < 5.0
≥ 5.0
Tumor differentiation
Well
Moderate
Poor
Unknown
Lymph node metastasis
0
1-4
≥5
Venous vessel invasion
Absent
Present
Tumor margin
Expanding
Infiltrating

54
46

61
39

61
39

39
10
51

39
10
51

72
28

72
28

67
33

67
33

19
53
21
7

19
53
21
7

23
32
45

23
32
45

42
58

42
58

81
19

81
19

Positive Low expression High expression
Deep section of
tumor
Superficial section of
tumor
MMP-9 Deep section of
tumor
Superficial section of
tumor
ανβ6

38

27

71.1%

11

28.9%

38

10

26.3%

28

73.7%1

68

35

51.5%

33

48.5%

68

16

23.5%

52

76.5%1

1 2
χ test indicates that increased integrin ανβ6 expression rates are
significantly different between the superficial section and deep section
of the tumors (P < 0.05). There is also a significant difference for the
increased MMP-9 expression rates between the superficial section and
deep section of the tumors (P < 0.05). ανβ6: Integrin ανβ6; MMP-9: Matrix
metalloproteinase-9.

hundred spot tissue microarrays (TMAs) including 100
cases of malignant colon tumors were used, and the
clinicopathological characteristics are shown in Table
1. Table 2 summarizes the findings of both ανβ6 and
MMP-9 expression on the TMAs.
Negative integrin αvβ6 expression is shown in
Figure 1A. A sample with low integrin αvβ6 expression
is indicated in the deep part of the tumor (Figure 1B),
whereas high expression of integrin αvβ6 was detected
in the tumor edge cells (Figure 1C). In paired serial
sections, Figure 1D is a negative control. At the stage
of tumor progression, tumor budding is exhibited as an
[15,16]
enrichment in the invasive front
.
Intense up-regulation of αvβ6 expression, and
particularly, preferential localization at the edges of
both aggressive tumor islands and tumor budding
are shown in Figure 1E, which is consistent with our
recent report. Similarly, strong MMP-9 expression was
also identified in paired serial sections as shown in
Figure 1F. High integrin αvβ6 expression was detected
in tumor invasive edge portions in 73.7% (28 cases
of high expression/38 cases of positive expression)
of cases; strong MMP-9 staining intensity was also
identified in 76.5% (52 cases of high expression/68
cases of positive expression) of cases in the same
tumor edge portions. These data indicate that both
integrin αvβ6 and MMP-9 are strongly associated with
invasive tumor growth.
To determine whether there is an association
between either αvβ6 or MMP-9 expression in primary
colon cancer and patient survival, a five-year follow-up
of prognosis was performed. Corresponding KaplanMeier plot is shown in Figure 2. There was a significant
difference between the integrin αvβ6 positive patients
and the integrin αvβ6 negative patients (P = 0.048;
P < 0.05). The survival estimates also exhibited a
striking difference in the median survival: the integrin
αvβ6 positive patients averaged 45.9 mo, whereas the

1

Depth of penetration beyond the muscularis propria.

temperature.

Statistical analysis

The continuous variables are expressed as the mean ±
SD and were compared between groups using Student’s
t tests. The categorical variables were compared using
χ 2 tests. Survival curves were drawn by the KaplanMeier method, and their comparisons were analyzed by
the log-rank test. All statistical analyses were conducted
using SPSS 20.0 statistical software (SPSS, Inc.,
Chicago, IL). Statistical significance was defined as a P
value < 0.05.

RESULTS
IHC for both α vβ 6 and MMP-9 in colon cancer cells

To examine the role of integrin ανβ6 in the invasive
growth of colon carcinoma cells, the expression and
distribution of integrin ανβ6 and MMP-9 in invasive
tumors were evaluated by IHC in both the edge
portion that contained the invasive margin of the lesion
(generally located in the superficial part of the tumor)
and in the non-invasive central area of the tumor
(that contained little or none of the invasive margin,
generally located in the deep part of the tumor). Two

WJG|www.wjgnet.com

Immunoreactivity of tumor samples (n )

Variable
54
46

7460

June 28, 2015|Volume 21|Issue 24|

Yang GY et al . Integrin αvβ6 promotes tumor invasion

A

B

C

100 mm

D

50 mm

E

50 mm

F

50 mm

50 mm

50 mm

Figure 1 Representative immunohistochemistry examples for both integrin αvβ6 and matrix metalloproteinase-9 in colon cancer. Negative expression
for integrin αvβ6 (A), low integrin αvβ6 expression in the tumor edge portion (B) and high integrin αvβ6 expression in the tumor central area (C). In the paired
serial sections, (D) is a negative control. Positive αvβ6 expression in the edge of both invasive tumor islands and tumor budding are shown in (E). Strong matrix
metalloproteinase-9 expression (F) was also identified in invasive tumor edge portions. A scale bar is shown in the right lower corner of each figure.
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Figure 2 Kaplan-Meier survival analysis using a log-rank test. The samples were grouped according to integrin αvβ6 (A) or matrix metalloproteinase-9 (MMP-9) (B)
expression level (negative or positive) and analyzed using the log-rank test for overall survival.

integrin αvβ6 negative patients averaged only 36.1
mo and exhibited an 18.3% lower 5-year survival as
shown in Table 3. However, the log-rank test indicated
that there was no significant difference in the median
survival or 5-year survival between the MMP-9 positive
patients and the MMP-9 negative patients. From a
biological perspective, we conclude that elevated
expression of integrin αvβ6 in colon cancer has been
associated with a poor prognosis.

Table 3 Five year survival estimates for 100 patients with
colon cancer
Groups

Negative/ n
positive

Median survival (mo) 5-yr survival rate (%)
and 95%CI
and 95%CI

αvβ6

Negative
Positive
Negative
Positive

45.948 (40.575-51.320)
36.114 (28.501-43.728)
44.071 (36.812-51.330)
41.686 (36.040-47.331)

MMP-9

62
38
32
68

0.585 (0.452-0.718)
0.402 (0.220-0.584)1
0.570 (0.392-0.748)
0.485 (0.344-0.626)2

1

Log-rank test indicates a significant survival difference between negative
vs positive integrin ανβ6 expression groups (χ 2 = 3.919; P = 0.048; P < 0.05);
2
There was no significant difference between negative vs positive MMP-9
expression groups (χ 2 = 0.451; P = 0.502; P > 0.05). ανβ6: Integrin ανβ6;
MMP-9: Matrix metalloproteinase-9.
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Integrin α vβ 6 expression is enhanced at high cell
density

To detect the mechanism by which colon carcinoma
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Figure 3 Effects of cell density on integrin αvβ6 in both WiDr and HaCaT cells. WiDr (A) and HaCaT (B) cells harvested from low- and high-density cultures
were analyzed by FACScan for integrin αvβ6 expression. The cells were incubated with either no primary antibody (upper panels) or function-blocking integrin αvβ6
mAb 10D5 (lower panels) and with goat anti-mouse IgG conjugated with FITC. The data are representative of three similar experiments.
6

cells maintain invasive growth via escaping the growth
constraints, the surface expression of integrin ανβ6
was evaluated by flow cytometry in the human colon
cancer cell line WiDr and the normal human cell line
cultured at low or high cell densities. As shown in
Figure 3A, the integrin ανβ6 surface expression was
higher in the cells with high density compared with
low-density cultures, and no cell density-dependent
increase in integrin ανβ6 expression was displayed in
HaCaT cells (Figure 3B).

2 × 10 wild-type WiDr cells that expressed integrin
ανβ6 (Figure 4A) and antisense β6 WiDr cells that
expressed less integrin ανβ6 (Figure 4B) into the right
flank of 20 athymic mice per cell line. Tumor growth
was subsequently followed for 6 wk. The tumors
formed by the wild-type WiDr cells (Figure 4C) grew
to a substantially larger size (breadth and length)
compared with the tumors formed by the antisense β6
WiDr cells. Of the 20 mice inoculated with antisense
β6 WiDr cells, the tumors completely disappeared in
65% (13/20) of the animals. In the remaining 7 mice,
2
the largest tumor size was only 6 mm (Figure 4D)
2
compared with tumor sizes of at least 16-25 mm in
the other 20 mice inoculated with wild-type WiDr cells
that expressed normal levels of integrin ανβ6. These

Expression of integrin α vβ 6 enhances tumor invasive
growth in nude mice

To evaluate the effect of integrin ανβ6 on the invasive
growth of colon cancer tumors in vivo, we injected
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Figure 4 Integrin αvβ6 promotes invasive tumor growth in nude mice. Wild-type WiDr cells (A) and antisense β6 WiDr transfectants (B) were analyzed by
FACScan for the expression of integrin αvβ6. The yellow and red histograms represent analyses in the absence and presence of E7P6 primary antibody; the
secondary antibody (goat anti-mouse IgG) was conjugated with phycoerythrin. Tumor invasive growth after 6 wk following subcutaneous inoculation with wild-type
WiDr cells (C) or antisense beta 6 WiDr transfectants (D). Increased expression of integrin αvβ6 (E) and matrix metalloproteinase-9 (MMP-9) (F) was identified in
serial sections of tumor xenografts inoculated with wild-type WiDr cells. One section was selected from every 10 serial sections. The figures (E) and (F) are the 1st
section and 21st section selected. The thickness of each section was 5 μm. A scale bar is shown in the right lower corner of (E) and (F).

results indicate that a fundamental difference of tumor
growth exists between wild-type WiDr and antisense
β6 WiDr cells.
A significant difference in infiltrating behavior
between the two tumor types was noted from routine
histochemistry and IHC. Histologically, we demon
strated that the tumors formed by the antisense β6
WiDr cells grew adjacent to, but did not infiltrate,
the underlying muscle, whereas the tumors formed
by the wild-type WiDr cells extensively infiltrated
the underlying muscle. The results of IHC for both
integrin αvβ6 and MMP-9 indicated that integrin αvβ6
was expressed highly in tumors resulting from wildtype WiDr cells as shown in Figure 4E, and MMP-9
also stained strongly in the serial sections as shown in
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Figure 4F. However, in tumors resulting from antisense
β6 WiDr cells, integrin αvβ6 was barely detectable and
MMP-9 was weakly expressed (data not shown). The
data indicate that integrin αvβ6 expression significantly
enhances invasive tumor growth in vivo.

MMP-9 secretion is enhanced in α vβ 6-expressing cell
crowding but not in normal human keratinocytes

To examine the effects of cell density on integrin
ανβ6 and MMP-9 as colon carcinoma cells maintain
invasive growth when cells are crowded and dense,
the surface expression of integrin ανβ6 in human colon
cancer cell lines was evaluated by flow cytometry as
shown in Figure 5A. Wild-type WiDr and SW480 cells
and β6 SW480 cells were cultured at low and high
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Figure 5 Effects of cell density on matrix metalloproteinase-9 secretion. A: Wild-type WiDr and SW480 cells and β6 SW480 transfectants were analyzed by
FACScan for integrin αvβ6 expression. The pale and black histograms represent analyses in the absence and presence of E7P6 primary antibody; the secondary
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(20-fold concentrated). The data represent the mean MMP-9 levels per cell for three experiments; in each experiment, the TCM samples were tested in duplicate;
C: Gelatin zymogram showing gelatinase activity in non-concentrated TCM from β6 SW480 (+β6) and wild-type SW480 cells (-β6) cultured at low (L) and high (H)
densities. The position of purified MMP-9 (M) is shown on the left; D: Gelatin zymogram showing gelatinase activity in non-concentrated conditioned medium from
HaCaT cells cultured at low (L) and high (H) densities. The position of purified MMP-9 (M) is shown on the right.

cell densities under serum-free conditions in tumorconditioned medium (TCM) and analyzed for the
presence of MMP-9 using the Biotrak MMP-9 activity
assay system. As shown in Figure 5B, both the wildtype WiDr and β6 SW480 cells secreted approximately
2-3 times more MMP-9 per cell at high cell density
compared with low-density conditions. However, no
increase in MMP-9 was identified in the high-density
cultures of the wild-type SW480 cells relative to the
low-density cultures.
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To examine the effect of cell density on MMP-9
secretion in the absence of integrin αvβ6, TCM from
SW480 cells was analyzed for the presence of the
enzyme using gelatin zymography. As shown in Figure
5C, a marked increase in the amount of MMP-9 in TCM
from high-density compared with low-density cultures
was identified only for the β6 SW480 cells, which
express integrin αvβ6. However, no increase in MMP-9
was identified for the high-density cultures of the wildtype SW480 cells, which lack integrin αvβ6. These
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Figure 6 Model of tumor cell infiltrating growth in which integrin ανβ6 provides a self-perpetuating system in colon cancer progression. ανβ6: Integrin
ανβ6; MMP-9: Matrix metalloproteinase-9.

data indicate that the promotion of MMP-9 secretion as
colon cancer cells reach confluence occurs in an αvβ6dependent manner.
Integrin αvβ6 is undetectable on HaCaT cells in
situ, but it significantly increases in wound healing
[1]
and culture-established keratinocytes . The HaCaT
cells were cultured under identical conditions to the
colon cancer cell lines. However, no difference in
integrin αvβ6 expression was identified in the HaCaT
cells cultured at low vs high cell densities (Figure
3B). MMP-9 is the predominant type of collagenase
in dermal keratinocytes, and in contrast to the colon
cancer cell lines, MMP-9 secretion was not enhanced
for the HaCaT cells cultured at high density (Figure
5D).

along the invasive margin. We have demonstrated
that increased high integrin αvβ6 immunoreactivity is
coincident with high MMP-9 staining in invasive tumor
portions that contain the invasive margin of the lesion
compared with the non-invasive tumor central area
(that contains little or none of the invasive margin).
Furthermore, the culmination of our observations is
detected in the invasive front (at the stage of tumor
development when tumor cells migrate into and
invade the surrounding tissue either as single cells
or in collective clusters, thereby forming an invasive
front), especially in the crowded cell zone, of colon
cancer tumors. In this study, we demonstrate that the
colon cancer cell lines WiDr wild-type and SW480 β6
transfectants compared with HaCaT normal human
keratinocyte cells at high cell density exhibit evidently
enhanced integrin αvβ6 expression. The present study
suggests that integrin αvβ6 is preferentially expressed
over normal human cells during invasive growth
when colon cancer cells become crowded and dense
in progression. These data also indicate that invasive
tumor growth is strongly associated with the induced
expression of integrin αvβ6 at a high cell density.
The maximal expression of MMP-9 has been
identified at the invasive margin of tumor cell islands
[12,14,20]
in colon cancer
. We have also reported that
[12,17]
integrin ανβ6 induces MMP-9 secretion
. In
contrast, no density-dependent secretion of MMP-9
was identified for colon cancer cells that lacked integrin
ανβ6. We also recently reported that the downregulation of constitutive integrin αvβ6 expression
dramatically reduced MMP-9 levels in the cultures of
[22]
human colon cancer cell lines . Therefore, the present
study suggests that integrin ανβ6-mediated MMP-9
secretion at high cell density provides the basis for a
self-perpetuating system of invasive tumor growth for
integrin ανβ6-expressing cells that operates through
integrin ανβ6.
In vivo, a variety of factors and events affect
tumor cell invasive growth. To associate cell densitydependent increase in integrin ανβ6 expression
and MMP-9 secretion with invasive growth in vivo,

DISCUSSION
Invasive growth is the main characteristic feature
that distinguishes malignant tumor cells from normal
cells, and this relies on the capability of tumor cells
to digest surrounding matrix through the secretion
of MMP-9. For example, MMP activators have been
[17]
implicated in colon cancer invasive growth . The
increased expression of integrin αvβ6 has also been
[17-19]
demonstrated to promote cell growth
and to
[5,6,20]
induce MMP-9 secretion both in vitro and in vivo
.
Furthermore, the inhibition of MMP-9 activity abolishes
the integrin αvβ6-mediated growth effect. Nevertheless,
the effect of integrin αvβ6 on invasive growth remains
[21]
unknown. According to Weiss et al , the term
‘‘crowdedness’’ by its mere literal sense signals that
the size and conformation of a test particle dictates if
it feels an environment is crowded. Here, cell crowding
and density are references to a specific environment
in which the cell concentration or density is more
crowded than the normal status. The expression
of certain genes that regulate cell growth in colon
cancer may be cell density-dependent. Takeha also
reported that increased MMP-9 expression in primary
cancer cells is associated with infiltrating growth in
human colorectal cancers, essentially distributed
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we performed tumorigenesis assays. At least in
theory, some requirements, such as the need for
angiogenesis, degradation of ECM, and local invasive
growth, can be recapitulated in this system. Our
experimental data demonstrated that tumor invasive
growth was enhanced for the wild-type WiDr cells
that expressed normal integrin ανβ6 compared with
the antisense β6 WiDr cells. More importantly, the
tumors formed from wild-type WiDr cells infiltrated
deep into the underlying muscle, whereas the tumors
from WiDr antisense β6 cells grew adjacent to, but
did not invade, the underlying muscle; the increased
expression of integrin αvβ6 and MMP-9 was only
identified in the tumors resulting from wild-type WiDr
cells. Furthermore, according to the five-year follow-up
data for 100 cases of patients with colon cancer, the
log-rank test indicated that there was no significant
survival difference between the MMP-9 positive
patients and the MMP-9 negative patients (P = 0.48).
There was, however, a significant difference between
the integrin αvβ6 negative patients and the integrin
αvβ6 positive patients (P = 0.048). Biologically, we
observed that the elevated expression of integrin αvβ6
in colon cancer was associated with a poor prognosis.
This finding provided strong evidence for integrin ανβ6
as a potential independent factor of invasive growth.
We suggest that the expression of integrin αvβ6
in colon cancer cells as they become crowded and
dense during progression may be critical to the
invasive growth that is characteristic of this type of
tumor. We propose a self-perpetuating model that
explains tumor cell invasive growth as shown in
Figure 6. The stimulatory effect of cell density on
integrin ανβ6 expression is enhanced in colon cancer
cells that express integrin ανβ6. As a consequence of
this integrin ανβ6-mediated MMP-9 secretion, pericellular matrix degradation is facilitated, which helps
to overcome cell crowding. This effect reduces the
matrix density and facilitates invasive growth because
a high collagen density exerts an inhibitory effect
on colon cancer invasive growth in vitro, and the
cells are converted from low to high density again.
The repeating cycle from low to high cell densities
resembles a closed infinity symbol. Our study indicated
that suppression of integrin ανβ6 expression inhibits
both tumor invasive growth and high secretion of
MMP-9 in tumor xenografts in nude mice.
Integrin ανβ6 is expressed in basal keratinocytes
during wound healing and in culture-established kera
[23,24]
tinocytes
. Our study indicated that no increase
in integrin ανβ6 expression or MMP-9 secretion was
identified at a high cell density. Invasive growth
contributes to the embrace of novel therapeutic stra
tegies that target specific cancer cell characteristics.

States for invaluable contributions to this manuscript
by way of antibodies and techniques.
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Abstract

Ethics approval: The study was reviewed and approved by the
Nanjing Medical University Institutional Review Board.

AIM: To explore the effect of grape seed proanthocya
nidin (GSP) in liver ischemia/reperfusion (IR) injury
and alleviation of endoplasmic reticulum stress.

Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the Institutional
Animal Care and Use Committee of the Nanjing Medical
University (IACUC protocol number: NJMU08-092).

METHODS: Male Sprague-Dawley rats (220-250 g)
were divided into three groups, namely, sham, IR, and
GSP groups (n = 8 each). A liver IR (70%) model was
established and reperfused for 6 h. Prior to reperfusion,
the GSP group was administered with GSP (100 mg/
kg) for 15 d, and liver histology was then investigated.
Serum aminotransferase and inflammatory mediators
coupled with superoxide dismutase and methane
dicarboxylic aldehyde were detected. Western blot
was conducted to analyze the expression of glucoseregulated protein 78, CCAAT/enhancer-binding protein
homologous protein, activating transcription factor-4,
inositol-requiring enzyme-1, procaspase-12, and nuclear
factor-κb. Apoptotic cells were detected by TUNEL
staining.

Conflict-of-interest: There is no conflict of interest in this study.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at liguoqiang@njmu.
edu.cn. Participants gave informed consent for data sharing. No
additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: The serum aminotransferase, apoptotic
cells, and Suzuki scores decreased in the GSP group
compared with the IR group (P s < 0.05). The methane
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dicarboxylic aldehyde level was decreased in the
GSP group, but the superoxide dismutase level was
reversed (P s < 0.05). Similarly, GSP downregulated the
proinflammatory factors and upregulated the levels of
anti-inflammatory factors (P s < 0.05). Western blot data
showed that GSP increased glucose-regulated protein
78 expression and suppressed expression of CCAAT/
enhancer-binding protein homologous protein, activating
transcription factor-4, inositol-requiring enzyme-1,
procaspase-12, and nuclear factor-κb compared with
the IR group.

quaternary structures), and protein maturation occur.
The ER senses and responds to homeostatic changes
with various stimuli, such as ischemia, hypoxia, elevated
2+
[4]
protein synthesis, and Ca overload . The ER protein
folding capacity is reduced under stress, leading to
accumulation of unfolded proteins. A major response to
ER stress is the activation of glucose-regulated protein 78
(GRP78) through dissociation from its transmembrane
receptor, which allows subsequent regulation of the
[5]
levels of accumulated, unfolded proteins . Slight and
moderate ER stress can protect cells from death, but
severe ER stress induces caspase-12-dependent cell
[6]
apoptosis . When severe ER stress occurs, activating
transcription factor (ATF)-4 can increase the expression
of CCAAT/enhancer-binding protein homologous
protein (CHOP), promoting ER stress response through
numerous mechanisms, and CHOP promotes oxidative
[7]
stress inflammation and apoptosis . Inositol-requiring
enzyme (IRE)-1 is an important protein relative to ER
stress and is vital to the occurrence of inflammation
induced by ER stress and simultaneous activation of
[8]
nuclear factor (NF)-κb . Numerous studies show that
[9]
ER stress plays a critical role in a variety of processes ,
[10]
and is also important in the occurrence of IR damage .
Data have suggested that attenuating ER stress-induced
[11]
apoptosis can protect the brain against IR injury .
Thus, ER stress is closely related to IR injury.
Proanthocyanidins are highly bioavailable and
provide a significantly greater protection against
damage from oxidative stress than vitamin C, vitamin
[12]
E, or β-carotene . ER stress intensifies various types
of damage, leading to inflammation, oxidative stress
injury, and abnormal cell apoptosis. Thus, the botanical
ingredients previously mentioned can effectively inhibit
[13]
the occurrence of injury
induced by ER stress.
Grape seed proanthocyanidin (GSP) is abundant in
phenolic compounds and exerts antibacterial, antiviral,
anticarcinogenic, antimutagenic, anti-inflammatory,
[14]
antiallergic, and vasodilatory effects . Various
animal studies have also shown its antiapoptotic
[15]
effect . Several natural botanical ingredients have
been reported to effectively alleviate the injury owing
to their benefits on anti-inflammatory, antioxidant,
and other pharmacologic properties, but the relevant
mechanism remains unclear. Therefore, this study
aimed to investigate whether regulation of ER stress
is one of the mechanisms by which GSP protects the
liver against IR.

CONCLUSION: GSP possesses antioxidative, anti-inflam
matory, and antiapoptotic effects by relieving endoplasmic
reticulum stress through regulation of related signaling
pathways to protect the liver against IR injury.
Key words: Anti-apoptosis; Endoplasmic reticulum
stress; Grape seed proanthocyanidin; Inflammation;
Ischemia/reperfusion injury
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver ischemia/reperfusion (IR) injury induces
endoplasmic reticulum (ER) stress. Numerous studies
show that excessive ER stress aggravates IR injury.
Grape seed proanthocyanidin (GSP) is an effective
protector against IR injury. However, the detailed
protective mechanisms remain unclear. Therefore, this
study explored the effect of GSP in the liver for protection
against IR injury and the alleviation of ER stress. The
results indicate that GSP possesses antioxidative, antiinflammatory, and antiapoptotic effects by relieving ER
stress in the liver through regulation of related signaling
pathways.
Xu ZC, Yin J, Zhou B, Liu YT, Yu Y, Li GQ. Grape seed
proanthocyanidin protects liver against ischemia/reperfusion
injury by attenuating endoplasmic reticulum stress. World J
Gastroenterol 2015; 21(24): 7468-7477 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7468.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7468

INTRODUCTION
Ischemia/reperfusion (IR) injury of the liver can
occur in several clinical settings, such as hepatic
trauma, resection of large intrahepatic tumors, and
[1]
liver transplantation , resulting in cell death and
[2]
tissue destruction . Increasing evidence has shown
that both proinflammatory cytokines and reactive
oxygen species (ROS) are key mediators of liver IR
[3]
injury . However, the exact mechanisms regarding
endoplasmic reticulum (ER) stress on IR has not been
clearly elucidated.
The ER is a key organelle in eukaryotic cells,
where lipid synthesis, protein folding (into tertiary and
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MATERIALS AND METHODS
Animal care and use

Male Sprague-Dawley rats weighing 220-250 g obtained
from Beijing Vital River Experimental Animal Technology
Co. Ltd (SCXK2010-0001) were maintained at room
temperature with a 12 h light/dark cycle. The rats
were allowed to move freely, and food and water were
available ad libitum. All procedures involving animals
were reviewed and approved by the Institutional
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using an automated analyzer in the clinical biochemical
room of the First Affiliated Hospital of Nanjing Medical
University.

Table 1 Suzuki scores for the assessment of liver damage
after liver ischemia/reperfusion
Score
0
1
2
3
4

Congestion

Vacuolization

Necrosis

None
Minimal
Mild
Moderate
Severe

None
Minimal
Mild
Moderate
Severe

None
Single cell necrosis
< 30%
30%–60%
> 60%

Histopathologic analysis

For light microscopic detections, hepatic tissue specimens
were fixed in 10% formaldehyde, dehydrated in alcohol
series, cleared in toluene, and embedded in paraffin.
Paraffin sections (5 μm) were stained with hematoxylin
and eosin and examined under a photomicroscope
(Olympus BX51; Olympus Corp., Tokyo, Japan). Sections
were scored from 0 to 4 for sinusoidal congestion,
vacuolization of hepatocyte cytoplasm, and parenchymal
[19]
necrosis as described by Suzuki et al (Table 1).

Table 2 Primer sequences
Gene

Sequence

Interleukin-6
Tumor necrosis factor-a

F: 5'-CCCTGCGTTTCTCTGCAAAC-3'
R: 3'-TTTCAGGGTGGAAGGCAGAC-5'
F: 5'-CATCCGTTCTCTACCCAGCC-3'
R: 3'-AATTCTGAGCCCGGAGTTGG-5'
F: 5'-CCTCTGGATACAGCTGCGAC-3'
R: 3'-GTAGATGCCGGGTGGTTCAA-5'
F: 5'-AGGGCTACCATGCCAACTTC-3'
R: 3'-CCACGTAGTAGACGATGGGC-5'

Enzyme-linked immunosorbent assay

Animal Care and Use Committee of the Nanjing Medical
University (IACUC protocol number: NJMU08-092).

Serum levels of interleukin (IL)-6, tumor necrosis
factor (TNF)-α, IL-10, and transforming growth factor
(TGF)-β1 were detected using ELISA according to
the manufacturer’s protocols (DL goat anti-rat TNF-α
enzyme-linked immunosorbent assay (ELISA) kit, ADL
goat anti-rat IL-6 ELISA kit, ADL goat anti-rat IL-10
ELISA kit, and ADL goat anti-rat TGF-β1 ELISA kit) and
are expressed as pg/mL.

Surgery and experimental design

RT-PCR

Interleukin-10
Tumor growth factor-β1

The rats were randomly divided into three groups:
sham, IR, and GSP groups (n = 8 each). GSP (purity
> 95%; Tianjin Jianfeng Natural Product R&D Co., Ltd.,
Tianjin, China) was dissolved in distilled water and
administered to the GSP group (a daily dose of 100
[16]
mg/kg) by oral gavage for 15 d prior to surgery. The
sham and IR groups received equal amounts of saline
(0.9%) for 15 d. None of the animals died during the
procedure.
Surgery was performed on rats after a 10-h
abrosia. Under the intraperitoneal injection of hydrate
(10%, 3 mL/kg) anesthesia, a midline laparotomy
was made using minimal dissection. Hepatic ischemia
(70%) was induced for 60 min by clamping the portal
vein, hepatic artery, and bile duct of the left and
median, and the rats were then reperfused for 6 h after
the surgery. The rats were anesthetized, and tissue
blood samples were collected. Parts of the hepatic
tissue samples were stored at -80 ℃ for Western blot
and reverse transcription (RT)-PCR analyses. Other
parts of the hepatic tissue samples were placed in
[17]
formaldehyde (10%) for histologic evaluation
and
[18]
TUNEL staining . Blood samples were collected from
the rats’ vena cavae using a Bioclean injector (5 mL)
and centrifuged at 3000 r/min for 10 min to obtain
the serum, which was stored at -80 ℃ until further
examination.

Quantitative analysis of the mRNA expression of IL-6,
TNF-α, IL-10, and TGF-β1 was performed by RT-PCR
using 96-well optical reaction plates in the ABI Prism
7500 System (Applied Biosystems of Thermo Fisher
Scientific, Waltham, MA, United States). The primers
used in the current study (Table 2) were selected from
the PubMed database. The measurements of each
sample were performed in triplicate. The real-time PCR
data were analyzed using the relative gene expression
(i.e., ∆∆CT) method. In brief, the data are presented
as the fold change in gene expression normalized to
the endogenous reference gene (GAPDH) and relative
to a calibrator.

Serum superoxide dismutase and methane dicarboxylic
aldehyde concentration assays

The serum superoxide dismutase (SOD) activity and
the methane dicarboxylic aldehyde (MDA) concentration
were determined using assay kits (Nanjing Jiancheng
Corp., China) following the manufacturer’s recom
mendations. The amount of MDA was measured by
reaction with thiobarbituric acid at 532 nm with a
Perkin Elmer Lambda 20 spectrophotometer (Norwalk,
CT, United States). The values were calculated using
the molar extinction coefficient of chromophore (1.56
× 10 mol/L per cm). The SOD assay was conducted
using a modified pyrogallol autoxidation method, and
[20]
the activity was measured at 420 nm .

Hepatocellular function assay

TUNEL staining

Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT), the indices of hepatocyte
damage, were determined spectrophotometrically
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The anesthetized animals were perfused with formald
ehyde, and the livers were removed and processed
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Figure 1 Effects of grape seed proanthocyanidin on serum aminotransferase levels after reperfusion. The levels of A: Alanine aminotransferase (ALT); and B:
Aspartate aminotransferase (AST) after ischemia/reperfusion (IR) and with grape seed proanthocyanidin (GSP) treatment. C: Histopathologic changes were scored
(Suzuki score) in tissues collected 6 h after reperfusion; D: The sham group showed normal liver structure; E: IR induced severe lobular distortion, apparent edema,
hemorrhage, neutrophil infiltration, and cell apoptosis; F: GSP administration improved the condition (HE, 200 ×); n = 8 each; aP < 0.05, bP < 0.01 vs IR.
[21]

as previously described . The KlenowFragEL DNA
Fragmentation Detection Kit (EMD Chemicals, Gibbstown,
NJ, United States) was used to detect the DNA
fragmentation characteristic of apoptosis in formalin[22]
fixed, paraffin-embedded liver sections . Results were
scored semi-quantitatively by averaging the number
+
of TUNEL apoptotic cells/microscopic field at 200
× magnification. Ten fields were evaluated per tissue
sample.

Rad Laboratories Inc., Hercules, CA, United States).
Anti-GRP78, anti-CHOP, anti-ATF-4, anti-IRE-1, antiprocaspase-12, anti-NF-κb, and anti-GAPDH were
obtained from Abcam (Cambridge, United Kingdom).
The relative quantities of proteins were determined by a
densitometer and expressed in absorbance units.

Statistical analysis

Data analysis was carried out using GraphPad Prism 5.0
(GraphPad Software Inc. La Jolla, CA, United States).
All data are expressed as mean ± SE. Differences
between groups were statistically analyzed by analysis
of variance and Dunnett’s test for unpaired data when
appropriate. A P < 0.05 was considered statistically

Western blot analysis

Proteins (40 μg/sample) from frozen liver samples were
subjected to 12% SDS-polyacrylamide gel electrophoresis
and transferred to nitrocellulose membranes (Bio-
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significant.

The result of TUNEL staining is shown in Figure 4.
+
TUNEL cells were barely observed in the GSP group
(Figure 4C), but were abundantly observed in the
IR group (Figure 4B). Figure 4D shows the decrease
in the number of apoptotic cells in the GSP group
compared with the IR group. Protein procaspase-12
(Figure 5D), one of the apoptosis-regulated proteins,
increased abundantly in the IR group compared with
the GSP group as detected by Western blot.

RESULTS
GSP treatment protects liver against IR injury

Serum aminotransferase level is an important indicator
of liver injury, which significantly increases after IR
[20]
and peaks 6 h after reperfusion . Figure 1 shows
that the detected serum ALT (Figure 1A) and AST
(Figure 1B) levels were significantly increased in the
IR group compared with the sham group (Ps < 0.05).
Interestingly, GSP treatment significantly decreased
these levels compared to the IR group (Ps < 0.05).
Whether GSP treatment could alter the liver pathology
after IR was also examined. After reperfusion, the
pathologic features of IR liver tissue displayed severe
lobular distortion with widespread necrosis, apparent
edema, hemorrhage, and neutrophil infiltration in the
IR group (Figure 1E). However, the GSP treatment
considerably relieved the aforementioned pathologic
changes. Mild architectural damage characterized by
interstitial edema and less neutrophil infiltration was
observed (Figure 1F). A significantly higher Suzuki score
was observed in the IR group, which was attenuated
with GSP treatment (Ps < 0.05) (Figure 1C).

GSP treatment attenuates the protein expression of
GRP78, IRE-1, and ATF-4 and downregulates IRE-1-NFκ b and ATF-4-CHOP signaling

GRP78, IRE-1, and ATF-4 are markedly expressed
proteins when severe ER stress occurs. As shown in
Figure 5, the expression of ER stress protein GRP78
was increased in the IR group compared with the
sham group, whereas the rats treated with GSP
showed a much higher GRP78 expression compared
with the IR group. However, the proteins IRE-1 and
ATF-4 exhibited reversed results: the IR group showed
a higher expression level than the GSP group. This
phenomenon indicates that ER stress was successfully
induced in the animal models, and GSP treatment
could moderately increased the GRP78 expression and
decreased the expression of IRE-1 and ATF-4.
NF-κb is a classical factor involved in the generation
of the inflammatory response. NF-κb can be regulated
[2]
by the IRE1-NF-κb signaling pathway . The expression
of NF-κb and IRE-1 was increased in the IR group
compared with the sham group (Figure 5). However,
this was attenuated by GSP treatment.
[2,23]
Previous studies reported that ATF-4-CHOP
is one of the signaling pathways of ER stress. Thus,
ATF-4 expression in the liver tissues was analyzed by
Western blot. The expression of ATF-4 and CHOP were
increased with IR, whereas the rats treated with GSP
showed comparatively lower levels (Figure 5).

GSP treatment increase anti-inflammatory cytokines but
decreases proinflammatory cytokines

To detect the effect of GSP on the involvement of
inflammatory cytokines in liver IR, the serum concen
trations (by ELISA) and mRNA expression levels (by
RT-PCR) of TGF-β1, IL-10, TNF-α, and IL-6 were
measured. Compared with the IR group, the serum
levels of TGF-β1 and IL-10 were significantly increased
in the GSP group (Ps < 0.05) (Figure 2A and B). GSP
treatment significantly reduced the secretion of TNF-α
and IL-6 (Ps < 0.05) (Figure 2C and D). To further
analyze whether the increase in serum cytokines was
caused by intrahepatic production, the expression of
hepatic cytokines was measured by RT-PCR, which
showed a similar trend of change in mRNA expression.
GSP treatment reversed the decrease in the antiinflammatory cytokines TGF-β1 (Figure 2E) and
IL-10 (Figure 2F) and increased the proinflammatory
cytokines IL-6 (Figure 2G) and TNF-α (Figure 2H)
induced by IR.

DISCUSSION
This study shows that GSP protects the liver against
IR injury with anti-inflammatory, antioxidative, and
antiapoptotic effects by alleviating ER stress.
The increased ALT and AST coupled with the pathologic
changes in the IR group revealed the severe damage
induced by IR. Reduced ALT and AST levels and the
minor pathologic changes in the GSP group confirmed
the protective effect of GSP on IR. Meanwhile, the high
level of ER stress proteins (e.g., GRP78, IRE-1, and
ATF-4) indicate that ER stress was successfully induced
in the animal models in the IR group compared with
the sham group. GSP treatment effectively decreased
the expression of those proteins, indicating that
ER stress may be relieved by GSP treatment. The
relationship between the subdued ER stress and the IR

GSP treatment increases SOD level and decreases MDA
concentration

SOD and MDA are two indices of oxidative stress. The
SOD level was decreased in the IR group compared
with the sham group, but the SOD level in the GSP
group was significantly increased compared with the
IR group (all P < 0.01) (Figure 3A). However, the MDA
concentration was significantly increased in the IR
group, which was significantly attenuated by GSP (all P
< 0.01) (Figure 3B).
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Figure 2 Effects of grape seed proanthocyanidin on inflammatory factors after reperfusion. A-D: ELISA; and E-F: Reverse-transcription PCR were performed
to evaluate release and expression of transforming growth factor (TGF)-β1, interleukin (IL)-10, IL-6, and tumor necrosis factor (TNF)-α after ischemia/reperfusion (IR)
and with grape seed proanthocyanidin (GSP) treatment; n = 8 each; aP < 0.05, bP < 0.01 vs IR.

increasing anti-inflammatory factors. Another study
indicated that GSP inhibits the production of TNF-α and
[25]
IL-17a from T cells by inhibiting NF-κb . The ROSNF-κb signaling pathway is one of the downstream
pathways involved in ER stress. Antioxidants reduce NF[26]
κb activation ; in the present study, GSP treatment
decreased MDA and NF-κb and increased SOD. Thus,
GSP likely inhibited inflammation through the ROS-

injury is unknown.
The inhibition of inflammation to alleviate IR injury
was also investigated. While IL-6 and TNF-α decreased
in the GSP group, TGF-β1 and IL-10 increased. TGF-β1
and IL-10 inhibit the production of proinflammatory
[24]
cytokines, such as IL-1, IL-6, IL-8, and TNF-α . Thus,
we speculate that GSP relieves the inflammation
response by decreasing proinflammatory factors and
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Figure 3 Effects of grape seed proanthocyanidin on superoxide dismutase and methane dicarboxylic aldehyde levels. Levels of A: superoxide dismutase
(SOD); and B: Methane dicarboxylic aldehyde (MDA) after ischemia/reperfusion (IR) and with grape seed proanthocyanidin (GSP) treatment; n = 8; bP < 0.01 vs IR.
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Figure 4 Effects of grape seed proanthocyanidin on hepatocytic apoptosis. TUNEL staining was performed and 100 cells per field were counted in three fields (400
×). A: Sham; B: Ischemia/reperfusion (IR); and C: IR with grape seed proanthocyanidin (GSP) treatment; D: Quantification of TUNEL staining; n = 8 each; bP < 0.01 vs
IR.

NF-κb signaling pathway. However, NF-κb could also
be relieved by GSP through the IRE-1-NF-κb signaling
pathway, as IRE-1-mediated TNF receptor-associated
[8]
factor 2 can promote NF-κb-mediated inflammation .
In the present study, IRE-1 and NF-κb were significantly
decreased as detected by Western blot. In summary,
GSP relieved the inflammation induced by ER stress in
the IR rats.
The antiapoptotic role of GSP in IR rats via relief
of ER stress was explored. In the GSP group, the
antiapoptotic effect of GSP was affirmed by decreasing
procaspase-12 expression and reduced numbers
of apoptotic cells compared with the IR group. The

WJG|www.wjgnet.com

mechanism involved may include the following. First,
GSP can affect caspase-12-dependent cell apoptosis
induced by ER stress. When ER stress occurs,
procaspase-12 is activated after its dissociation from
[27]
the ER membrane , thus initiating downstream
[27]
apoptotic pathways . Caspase-12-deficient mice
[28]
are resistant to ER stress-induced apoptosis , which
supports this finding. The current results demonstrate
that the level of procaspase-12 is downregulated with
GSP treatment, which inevitably alleviates activation
of the pathway. Second, the proapoptotic transcription
factor CHOP, downstream of the ATF-4 pathway in
[29]
[30]
UPR , is vital in ER stress-induced apoptosis . A
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Figure 5 Effects of grape seed proanthocyanidin on the protein expression of endoplasmic reticulum stress proteins in the liver. The expression of glucoseregulated protein (GRP)78, inositol-requiring enzyme (IRE)-1, nuclear factor (NF)-κb, procaspase-12, activating transcription factor (ATF)-4, and CCAAT/enhancerbinding protein homologous protein (CHOP) was assessed by Western blotting after ischemia/reperfusion (IR) and with grape seed proanthocyanidin (GSP) treatment.
GAPDH was used as a loading control.

component of this pathway, P-eIF2, plays a key role in
cell death signaling and results in increased activation
[31]
of ATF-4 and CHOP
when ER stress is initiated. The
transcription factor ATF-4 induces CHOP transcription
[32]
through the branch signal mediated by p-eIF2 . The
results of the present study show that the expression
of ATF-4 and CHOP is significantly decreased in the
GSP group compared with the IR group. Therefore,
downregulation of the ATF-4-CHOP signaling pathway
may be one of the protective mechanisms. Moreover,
the higher increase of GRP78 protein in the GSP group
than in the IR group suggests that GSP may effectively
relieve ER stress by increasing GRP78. The increase in
proper protein folding by upregulation of GRP78 was
shown in a experiment where tunicamycin treatment
[26,33]
easily induced ER stress in GRP78-depleted cells
.
Upregulation of GRP78 reduced the expression
[30]
of CHOP and apoptosis during the ER stress .
Nevertheless, pathologic development in the liver after
IR involves a variety of complicated mechanisms,
though the primary cause has not yet been completely
clarified. Thus, the relationship between the effects
of GSP (such as antiapoptotic, anti-inflammatory,
and antioxidative effects) and the attenuation of ER
stress should be further explored. In addition, further
research is needed to identify an effective drug within
the ER-stress pathway that hastens the fight against
liver and other systemic diseases.
In conclusion, this study demonstrates that GSP
possesses antioxidative, anti-inflammatory, and
antiapoptotic effects by relieving ER stress to achieve a
protection against liver IR. This protective mechanism
may be a result of the botanical ingredients that
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comprise GSP. This finding may serve as a guide to
prevent the damage induced by IR and possesses
important clinical significance.

COMMENTS
COMMENTS
Background

Liver ischemia/reperfusion (IR) injury induces the occurrence of endoplasmic
reticulum (ER) stress. Numerous studies report that excessive ER stress
aggravates IR injury. Grape seed proanthocyanidin (GSP) is an effective
protector in IR injury. However, the detailed protective mechanisms remain
unclear. Therefore, this study explored the modulation effect of GSP on
protection against liver IR injury and the alleviation of ER stress.

Research frontiers

Previous studies have demonstrated that GSP possess antibacterial, antiviral,
anticarcinogenic, antimutagenic, anti-inflammatory, and antiallergic effects.
Furthermore, they showed that GSP relieves the IR injury via its botanical
effects. However, the relative mechanism needs to be explored.

Innovations and breakthroughs

The authors explored the mechanism that GSP protects the liver against IR
injury and provided a new finding of the occurrence of IR injury. This finding
may serve as a guide to prevent the damage induced by IR.

Applications

This study shows that GSP possesses antioxidative, anti-inflammatory, and
antiapoptotic effects by relieving ER stress to achieve protection in the liver
against IR. This finding may serve as a guide to prevent the damage induced
by IR and possesses important clinical significance.

Terminology

The ER regulates protein folding, calcium storage, and the biosynthesis of
macromolecules such as steroids, lipids, and carbohydrates. Various stimuli
increase the accumulation of unfolded proteins in the lumen of ER, leading to
ER stress. GSP is abundant in phenolic compounds and exerts antibacterial,
antiviral, anticarcinogenic, antimutagenic, anti-inflammatory, antiallergic, and
vasodilatory effects.

Peer-review

This is a good descriptive study in which the authors suggest that GSP can
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protect rat liver from IR injury by its anti-inflammatory, antioxidative, and
antiapoptotic effects and attenuating liver ER stress. The authors present GSP
as a potent reagent.
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Abstract
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AIM: To investigate the association between liver
markers and the risk of type 2 diabetes (T2DM) and
impaired fasting glucose (IFG).

Informed consent: All study participants, or their legal guardian,
provided informed written consent prior to study enrollment.

METHODS: A total of 8863 participants (3408 men
and 5455 women) over 30 years of age were analyzed
from the fifth Korean National Health and Nutrition
Examination Survey (2010-2011). The associations
of serum liver markers such as aspartate amino
transferase (AST), alanine aminotransferase (ALT),
AST/ALT, and gamma-glutamyltransferase (GGT) with
T2DM and IFG were analyzed using logistic regression
models. Participants were divided into sex-specific
quartiles on the basis of liver markers.
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RESULTS: The prevalence of T2DM and IFG were
11.3% and 18.3%. Increasing quartiles of ALT and
GGT were positively and AST/ALT were negatively
correlated with T2DM and IFG. Analysis of the liver
marker combinations showed that if any two or more
markers were in the highest risk quartile, the risks
of both T2DM and IFG increased significantly. The
risk was greatest when the highest ALT and GGT and
lowest AST/ALT quartile were combined, with the risk
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of T2DM at 3.21 (95%CI: 1.829-5.622, P < 0.001) in
men and 4.60 (95%CI: 3.217-6.582, P < 0.001) in
women. Men and women with the highest AST and
ALT and lowest AST/ALT quartile had a 1.99 and 2.40
times increased risk of IFG.

[12]

stronger risk factor than ALT .
In spite of this evidence, it is not fully understood
which liver enzymes are better indicators of T2DM,
whether the relationships are consistent in prediabetes
states such as IFG, and whether liver markers have
incremental predictive effects for T2DM. Therefore,
this study aimed to (1) compare the relationships
of AST, ALT, and GGT with both T2DM and IFG in a
nationally representative sample of Korean adults; and
(2) determine whether AST, ALT, and GGT have an
incremental effect on the prevalence of T2DM and IFG.

CONCLUSION: Higher levels of GGT and ALT and
lower AST/ALT within the physiological range are
independent, additive risk factors of T2DM and IFG.
Key words: Type 2 diabetes mellitus; Liver markers;
Impaired fasting glucose; Gamma-glutamyl transferase;
Aspartate aminotransferase; Alanine aminotransferase

MATERIALS AND METHODS

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

Data source and subjects

This cross-sectional study was based on the fifth
Korean National Health and Nutrition Examination
Survey (KNHANES V) conducted from 2010 to 2011.
The KNHANES is a nationally representative, crosssectional survey designed to estimate the health
and nutritional status of the Korean population, as
determined by the Korea Centers for Disease Control
and Prevention (KCDCP). The KNHANES consisted of
a health interview, health examination, and nutrition
survey. Additional details regarding the study design
[13,14]
and methods have been described elsewhere
.
KNHANES V used a rolling sampling design with
stratified multistage cluster probability sampling, which
was certified as being representative of the Korean
population by the Korean Department of Statistics.
Participants older than 30 years of age were
included in this study. Exclusion criteria were a history
of malignancy, hepatitis B or C, liver cirrhosis, alcohol
intake > 30 g/d, pregnancy, or missing data for
variables included in the analysis.
The survey protocol was conducted according
to the Declaration of Helsinki and was approved
by the Institutional Review Board of the Catholic
University Medical Center (IRB No. VC14EISI0212).
All participants in the survey signed informed consent
forms.

Core tip: We investigated the association between liver
markers and the risk of type 2 diabetes (T2DM) and
impaired fasting glucose (IFG) in a general Korean
population. Increasing quartiles of alanine amino
transferase (ALT) and gamma-glutamyltransferase
(GGT) were positively and aspartate aminotransferase
(AST)/ALT was negatively correlated with both T2DM
and IFG. Analysis of the liver marker combinations
showed that if any two or more markers were in the
highest risk quartile, the risks of both T2DM and IFG
increased significantly. Higher levels of GGT and ALT
and lower AST/ALT within the physiological range are
independent, additive risk factors of T2DM and IFG.
Ko SH, Baeg MK, Han KD, Ko SH, Ahn YB. Increased liver
markers are associated with higher risk of type 2 diabetes. World
J Gastroenterol 2015; 21(24): 7478-7487 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7478.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7478

INTRODUCTION
The liver has been implicated in the pathogenesis of
type 2 diabetes (T2DM). It plays an important role in
the maintenance of normal glucose levels, and hepatic
dysfunction resulting from insulin resistance syndrome
has been suggested as leading to T2DM.
Liver enzymes such as aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and gammaglutamyltransferase (GGT) are considered as surrogate
markers of liver function. Recently, an elevated serum
GGT level has been reported as an important risk
factor in the development of impaired fasting glucose
(IFG), T2DM, cardiovascular disease, and metabolic
[1-6]
syndrome (MetS)
. AST and ALT have also been
[4,7-11]
reported to be associated with MetS and T2DM
.
There have been some reports that when AST, ALT,
and GGT were tested, only GGT remained associated
[7,9]
with T2DM . A recent meta-analysis reported that
both ALT and GGT elevation were associated with
increased risk of T2DM, and that GGT might be a

WJG|www.wjgnet.com

Measurements

Anthropometric measurements of the participants
were taken by specially trained examiners. Waist
circumference (WC) was measured at the narrowest
point between the lower borders of the rib cage and
the iliac crest. Blood pressure (BP) was measured three
times using a mercury sphygmomanometer (Bauma
nometer; Baum, Copiague, NY, United States), and the
mean value of the second and third measurements was
used.
Questionnaires were used to collect demographic
information such as age, sex, residential district (urban,
rural), and medical history. Alcohol consumption was
categorized into nondrinkers or mild-to-moderate
drinkers (1.0-30.0 g alcohol/d). Cigarette smoking was
classified as ‘‘yes’’ for participants who had smoked ≥
100 cigarettes and ‘‘no’’ for those who had smoked <
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100 cigarettes during their lifetime. Regular exercise
was defined as moderate physical activity ≥ 30 min
per day for > 5 d per week and/or strenuous physical
activity for ≥ 20 min per day for > 3 d per week.
Education level was classified as middle school or
lower, high school, and college or higher. Household
income was divided into quartiles based on per capita
household income.
Blood samples were collected in the morning after ≥
8 h of fasting. Samples were appropriately processed,
refrigerated at 2-8 ℃, and analyzed within 24 h at the
Central Testing Institute in Seoul, Korea. Analyses of
fasting glucose, AST, ALT, GGT, total cholesterol, high
density lipoprotein cholesterol, low density lipoprotein
cholesterol, and triglycerides (TG) were performed
using a Hitachi Automatic Analyzer 7600 (Hitachi 7600,
Tokyo, Japan).

and 1.3 in men and 1.1, 1.3, and 1.5 in women; and
for GGT, 21, 29, and 47 IU/L in men and 13, 17, and
23 IU/L in women. Associations of liver markers with
the risk of T2DM and IFG were analyzed separately
by sex using multiple logistic regression models. Risk
for those in the second, third, and fourth quartiles
(Q2, Q3, and Q4, respectively) of each liver marker
was compared with those in the first quartile (Q1).
Two models were constructed for each liver marker:
in model 1, adjustments were made for age; model
2 included additional adjustments for BMI, smoking,
alcohol intake, physical activity, education level,
income level, hypertension, and hypercholesterolemia.
When two or more liver markers were analyzed, we
used the Q4 of AST, ALT, and GGT, whereas Q1 was
used for AST/ALT. Results are presented as odds ratios
(OR) and 95%CI. A P value < 0.05 was considered to
be significant.

Definitions

Individuals with T2DM were defined as those with
fasting plasma glucose (FPG) ≥ 126 mg/dl, a previous
diagnosis of T2DM by a physician, or those taking
antidiabetes medication. Impaired fasting glucose
(IFG) was classified as FPG between 100 and 125
mg/dl. Hypertension was defined as a systolic BP
≥ 140 mmHg, a diastolic BP ≥ 90 mmHg, or selfreported current use of antihypertensive medications.
Hypercholesterolemia was defined as a blood cholesterol
level of ≥ 240 mg/dl or current use of lipid-lowering
drugs. Subjects were classified as having MetS if they
had at least three of the following: WC ≥ 90 cm in men
or ≥ 80 cm in women (the modified Asian criteria),
TG ≥ 150 mg/dl or TG-lowering medication, low high
density lipoprotein cholesterol (< 40 mg/dl in men
or < 50 mg/dl in women), systolic BP ≥ 130 mmHg,
diastolic BP ≥ 85 mmHg or antihypertensive medication
use, FPG ≥ 100 mg/dl or antidiabetes medication use
[15]
or previously diagnosed T2DM .

RESULTS
Characteristics of participants

Of the 17476 KNHANES V participants, 11705 were
eligible for this study. 8863 participants (3408 men
and 5455 women) were included and 2842 subjects
excluded due to a history of malignancy (n = 142),
hepatitis B or C (n = 161), liver cirrhosis (n = 24),
alcohol intake > 30 g per day (n = 830), pregnancy
(n = 25) or missing data for variables included in the
analysis (n = 1660). The prevalence of T2DM in the
entire population was 11.3%, considering sampling
weights and stratification. The prevalence of T2DM was
higher in men (13.9%) than in women (9.8%).
Table 1 shows the clinical characteristics of the
study participants. Participants with T2DM were
older and had higher BMI and WC than participants
without T2DM. Compared with subjects without
T2DM, subjects of both sexes who had T2DM had
higher rates of metabolic syndrome, hypertension,
and hypercholesterolemia, and lower levels of income
and education. Although levels of liver enzymes were
within the normal range, subjects of both sexes who
had T2DM had higher concentrations of AST, ALT,
and GGT than subjects who did not. There was no
difference in AST/ALT between men with and without
T2DM. However, AST/ALT was lower in the T2DM
group of women.

Statistical analysis

Data were analyzed using SAS for Windows (version
9.20, SAS Institute, Cary, NC, United States). We
used the stratification variables and sampling weights
designated by the KCDCP, which were based on the
sample design of each survey year.
Data are presented as mean ± SE for continuous
variables or as proportions (SE) for categorical variables.
If necessary, logarithmic transformation was performed
2
to achieve a normal distribution. Pearson’s χ tests
were used to test the differences in the proportion of
categorical variables, and independent t-tests were
used for evaluating the difference between the means
of two continuous variables.
Participants were divided into sex-specific quartiles
on the basis of serum liver marker levels as follows: for
ALT, 15, 21, and 29 IU/L in men and 12, 15, and 20 IU/
L in women; for AST, 19, 22, and 26 IU/L in men and
16, 19, and 23 IU/L in women; for AST/ALT, 0.8, 1.1,

WJG|www.wjgnet.com

prevalence of IFG and T2DM according to liver markers

The prevalence of IFG and T2DM across quartiles of
serum liver markers is presented in Figure 1. The
participants without T2DM were divided into an IFG
and non-IFG group. The prevalence of IFG was 18.3%
(22.5% in men, 15.2% in women). The highest
prevalence of T2DM occurred in the highest quartiles
of serum ALT, and the prevalence of T2DM increased
linearly with increasing GGT in both men and women.
The prevalence of IFG increased with increasing
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Table 1 Clinical characteristics of the participants n (%)
Men
No.
Age (yr)
BMI (kg/m2)
Waist circumference (cm)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Smoker, current
Drinking, mild to moderate
Regular exercise
Income, lowest quartile
Education, ≤ middle school
Rural area
Hypertension
Hypercholesterolemia
Metabolic syndrome
FPG (mg/dL)
Triglycerides (mg/dL)1
Total cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
ALT (IU/L)1
AST (IU/L)1
AST/ALT
GGT1

Women

Nondiabetes

Diabetes

2936
48.5 (0.35)
24.1 (0.07)
84.5 (0.21)
121.1 (0.40)
80.0 (0.29)
40.9 (1.17)
18.8 (0.90)
22.8 (0.94)
13.7 (0.85)
25.1 (1.12)
20.6 (2.22)
31.3 (1.11)
11.5 (0.70)
25.4 (1.03)
94.3 (0.24)
128.2 (124.4-132.2)
193.1 (0.81)
49.0 (0.29)
114.7 (0.78)
22.3 (21.8-22.8)
22.3 (22.0-22.6)
1.1 (0.01)
33.9 (32.9-34.9)

472
57.1 (0.60)
24.5 (0.18)
87.7 (0.53)
125.1 (0.91)
78.3 (0.57)
39.3 (2.69)
16.9 (2.14)
22.7 (2.39)
26.7 (2.56)
41.0 (2.88)
24.5 (3.43)
54.3 (2.73)
25.7 (2.50)
66.1 (2.74)
147.4 (3.19)
146.1 (134.9-158.3)
181.3 (2.32)
45.7 (0.75)
102.0 (2.02)
25.3 (23.8-26.9)
24.0 (22.9-25.1)
1.0 (0.03)
42.5 (39.3-46.0)

P value

Nondiabetes

Diabetes

P value

< 0.001
0.012
< 0.001
< 0.001
0.006
0.576
0.438
0.983
< 0.001
< 0.001
0.140
< 0.001
< 0.001
< 0.001
< 0.001
0.003
< 0.001
< 0.001
< 0.001
< 0.001
0.003
0.265
< 0.001

4923
49.6 (0.29)
23.4 (0.06)
78.5 (0.20)
117.2 (0.35)
74.7 (0.20)
4.2 (0.37)
3.3 (0.33)
18.9 (0.80)
18.1 (0.79)
39.3 (1.11)
21.6 (2.18)
24.8 (0.80)
13.4 (0.60)
24.2 (0.68)
91.6 (0.17)
94.6 (92.8-96.5)
191.9 (0.66)
55.5 (0.22)
114.5 (0.55)
15.3 (15.0-15.5)
19.2 (19.0-19.4)
1.3 (0.01)
18.8 (18.4-19.1)

532
61.9 (0.76)
25.6 (0.18)
86.7 (0.52)
129.4 (1.03)
75.5 (0.55)
5.1 (1.21)
2.2 (0.89)
13.7 (2.02)
35.7 (2.54)
75.7 (2.64)
26.5 (3.51)
63.8 (2.89)
36.50 (2.4)
80.8 (2.33)
138.5 (2.28)
137.3 (129.5-145.5)
194.0 (2.18)
49.5 (0.67)
113.0 (2.04)
21.0 (20.0-22.1)
22.1 (21.2-23.0)
1.1 (0.02)
26.6 (25.1-28.1)

< 0.001
< 0.001
< 0.001
< 0.001
0.178
0.488
0.330
0.030
< 0.001
< 0.001
0.045
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.353
< 0.001
0.487
< 0.001
< 0.001
< 0.001
< 0.001

1

Geometric mean (95%CI). Data are presented as the mean ± SE, or percentage (SE). BMI: Body mass index; BP: Blood pressure; FPG: Fasting plasma
glucose; HDL: High density lipoprotein; LDL: Low density lipoprotein; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gammaglutamyltransferase.

quartiles of ALT, AST, and GGT in both sexes, and AST/
ALT was negatively associated with IFG in women.
We investigated the prevalence of T2DM in those
meeting at least two of the following criteria: in Q4
for AST, ALT, or GGT; or in Q1 for AST/ALT. In every
case where two or more markers were combined,
the prevalence of T2DM was higher than the highest
quartiles of a single marker. When all four markers
were combined, the prevalence of T2DM was over
20% in both sexes (data not shown).

3.05; 95%CI: 1.913-4.877; P for trend < 0.001) and
women (adjusted OR = 2.23; 95%CI: 1.459-3.397;
P for trend < 0.001), when Q4 of GGT was compared
with Q1. There was no association of AST level with
T2DM in either sex.
Table 3 shows the ORs for the prevalence of IFG
by quartiles of liver markers. After adjustment for
age, all liver markers were significantly associated
with IFG, and trends across quartiles of liver markers
were statistically significant (all P for trend < 0.05). In
model 2, participants in Q4 of ALT and GGT continued
to be at elevated risk of IFG, although the association
between AST and IFG was no longer significant. Higher
AST/ALT ratio was associated with a significantly
reduced risk of IFG.
In addition, we assessed the risk of T2DM and IFG
with the combination of highest-risk quartiles of liver
markers: ALT (Q4), AST/ALT (Q1), and GGT (Q4) (Table
4). After adjustment for age, BMI, smoking, alcohol
intake, regular physical activity, education level,
income level, hypertension, hypercholesterolemia, and
hypertriglyceridemia, if two or more markers were in
the highest risk quartile, the risks of both T2DM and
IFG were increased compared with the other quartiles
(all P values < 0.05). When the combination of ALT
(Q4), GGT (Q4), and AST/ALT (Q1) was compared with
the other quartiles, the ORs for prevalence of T2DM
were 3.21 (95%CI: 1.829-5.622; P < 0.001) in men
and 4.60 (95%CI: 3.217-6.582; P < 0.001) in women.
In the same adjusted models, men and women who

risk of IFG and T2DM according to liver markers

The risk of T2DM among those in Q2, Q3, and Q4
for liver markers compared with those in Q1 (the
reference category) is presented in Table 2.
In the age-adjusted logistic regression analysis,
increasing quartiles of ALT and GGT had positive
linear correlations with T2DM, whereas AST/ALT was
negatively associated with T2DM. When adjusted for
age, BMI, smoking, alcohol intake, regular physical
activity, education level, income level, hypertension,
hypercholesterolemia, and hypertriglyceridemia, the
ORs across quartiles of AST/ALT were 1, 0.67, 0.42, and
0.30 in men and 1, 0.51, 0.23, and 0.28 in women (P
for trend < 0.001). Compared with the Q1 of ALT, the
ORs for T2DM were 2.22 (95%CI: 1.381-3.559; P for
trend < 0.001) and 3.16 (95%CI: 1.990-5.026; P for
trend < 0.001) for Q4 of men and women, respectively.
The positive association between GGT and T2DM was
consistently present among both men (adjusted OR =
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A

DM

60

IFG

Prevalence (%)

45
15.5
30

12.1
9.7

17.0

8.8

8.9

20.0

16.9
14.8

10.7

22.9

9.6 9.2

Q3

Q4

10.9
7.0

28.9

22.3 24.1

27.9 26.8

22.8

15.8

Q1 Q2

11.3

12.4

11.9

15

0

15.7

Q1 Q2

ALT

Q3

Q4

Q1 Q2

AST

19.2 20.0

Q3

25.8
14.1

Q4 Q1

17.9

Q2

AST/ALT

30.8

Q3

Q4

GGT

Liver markers

B

DM
45

IFG

Prevalence (%)

18.4

17.3

30

13.6

17.2
9.1

10.6

9.4
9.2

7.7

5.6

15

22.6

2.9
8.3

13.4

5.2

17.3
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Figure 1 prevalence of impaired fasting glucose and type 2 diabetes according to quartile groups of serum aspartate aminotransferase, alanine
aminotransferase, aspartate aminotransferase/alanine aminotransferase, and gamma-glutamyltransferase. A: men; B; women. (All P value for trend in both
sexes < 0.001). AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.

both sexes. When a combination of two markers was
examined, the risk of T2DM increased, the highest
risk combination being GGT with AST/ALT in women
and ALT with AST/ALT in men. The risk of T2DM
was highest when three markers were examined,
which suggests that ALT, GGT, and AST/ALT have a
cumulative effect on the risk of T2DM.
Several studies have reported a relationship
between liver markers and diabetes. Some have
reported that ALT and GGT are a risk factor for both
[16,17]
T2DM and MetS
, while others have reported
that only GGT was significantly associated with the
[6,12,16]
risk of T2DM
. A recent meta-analysis reported
that incident diabetes in women is more associated
[12]
with GGT than with ALT . However, in our study,
the ALT level appeared to be the most significant risk

were in Q4 of ALT and GGT and Q1 of AST/ALT had 1.99
and 2.40 times increased risks of IFG, respectively.
The increase in risk was generally greater for T2DM
than for IFG.

DISCUSSION
In this study, we demonstrated that serum ALT and
GGT levels were positively associated and AST/ALT
inversely associated with the prevalence of T2DM.
The association between AST and the prevalence of
T2DM was not significant. These associations remained
evident even after adjusting for potential confounding
factors by multivariate analysis, thus reinforcing our
conclusion that higher ALT and GGT, and lower AST/
ALT levels were independent risk factors for T2DM in
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Table 2 Adjusted odds ratios for the prevalence of type 2 diabetes according to quartile groups of liver markers
Men
Model 1
Q1
Q2
Q3
Q4
P for trend
Model 2
Q1
Q2
Q3
Q4
P for trend

Women

ALT

AST

AST/ALT

GGT

ALT

AST

AST/ALT

GGT

1
1.04
(0.708-1.515)
1.61
(1.105-2.343)
2.63
(1.820-3.797)
< 0.001

1
0.62
(0.429-0.891)
0.75
(0.525-1.068)
1.16
(0.824-1.617)
0.256

1
0.58
(0.416-0.812)
0.37
(0.256-0.519)
0.24
(0.162-0.351)
< 0.001

1
1.81
(1.195-2.748)
2.07
(1.406-3.051)
3.47
(2.372-5.074)
< 0.001

1
1.54
(0.975-2.429)
2.74
(1.723-4.351)
5.31
(3.528-7.991)
< 0.001

1
1.16
(0.811-1.670)
0.78
(0.527-1.141)
1.27
(0.884-1.816)
0.396

1
0.44
(0.338-0.569)
0.16
(0.112-0.233)
0.17
(0.118-0.242)
< 0.001

1
0.84
(0.537-1.319)
1.68
(1.102-2.559)
3.99
(2.766-5.744)
< 0.001

1
1.07
(0.698-1.652)
1.43
(0.899-2.274)
2.22
(1.381-3.559)
< 0.001

1
0.55
(0.366-0.836)
0.74
(0.484-1.119)
0.96
(0.640-1.432)
0.681

1
0.67
(0.447-0.998)
0.42
(0.270-0.640)
0.30
(0.185-0.483)
< 0.001

1
1.61
(1.015-2.538)
2.03
(1.312-3.151)
3.05
(1.913-4.877)
< 0.001

1
1.27
(0.777-2.077)
1.90
(1.158-3.120)
3.16
(1.990-5.026)
< 0.001

1
1.08
(0.741-1.577)
0.70
(0.449-1.092)
1.06
(0.714-1.571)
0.926

1
0.51
(0.377-0.695)
0.23
(0.154-0.357)
0.28
(0.188-0.429)
< 0.001

1
0.69
(0.426-1.116)
1.11
(0.686-1.801)
2.23(1.459-3.397)
< 0.001

Model 1: adjusted for age; Model 2: adjusted for age, BMI, smoking, alcohol intake, regular physical activity, education level, income level, hypertension,
hypercholesterolemia, and hypertriglyceridemia; ALT quartile (IU/L): 15, 21, and 29 IU/L in men and 12, 15, and 20 IU/L in women; AST quartile (IU/L):
19, 22, and 26 IU/L in men and 16, 19, and 23 IU/L in women; AST/ALT quartile: 0.8, 1.1, and 1.3 in men and 1.1, 1.3, and 1.5 in women; GGT quartile
(IU/L): 21, 29, and 47 IU/L in men and 13, 17, and 23 IU/L in women. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gammaglutamyltransferase.

Table 3 Adjusted odds ratios for the prevalence of impaired fasting glucose according to quartile groups of liver markers
Men
Model 1
Q1
Q2
Q3
Q4
P for trend
Model 2
Q1
Q2
Q3
Q4
P for trend

Women

ALT

AST

AST/ALT

GGT

ALT

AST

AST/ALT

GGT

1
1.29
(0.942-1.754)
1.69
(1.269-2.246)
2.76
(2.026-3.750)
< 0.001

1
1.40
(1.030-1.889)
1.57
(1.171-2.095)
2.08
(1.532-2.815)
< 0.001

1
0.65
(0.487-0.855)
0.46
(0.342-0.612)
0.39
(0.283-0.547)
< 0.001

1
1.46
(1.066-1.998)
2.54
(1.907-3.393)
3.63
(2.721-4.852)
< 0.001

1
1.50
(1.117-2.022)
1.98
(1.474-2.658)
3.24
(2.397-4.369)
< 0.001

1
1.15
(0.863-1.540)
1.09
(0.785-1.502)
1.70
(1.265-2.274)
0.001

1
0.63
(0.496-0.805)
0.37
(0.285-0.475)
0.32
(0.248-0.423)
< 0.001

1
2.05
(1.452-2.902)
3.74
(2.606-5.355)
5.56
(3.970-7.780)
< 0.001

1
1.07
(0.738-1.546)
1.07
(0.752-1.513)
1.69
(1.172-2.447)
0.005

1
1.29
(0.905-1.849)
1.33
(0.924-1.906)
1.46
(1.009-2.111)
0.053

1
0.77
(0.550-1.077)
0.63
(0.446-0.890)
0.70
(0.464-1.055)
0.042

1
1.27
(0.871-1.843)
1.97
(1.362-2.856)
2.32
(1.608-3.356)
< 0.001

1
1.27
(0.904-1.789)
1.53
(1.081-2.151)
2.00
(1.422-2.823)
< 0.001

1
1.04
(0.749-1.444)
0.92
(0.642-1.323)
1.34
(0.980-1.838)
0.094

1
0.72
(0.556-0.936)
0.48
(0.360-0.642)
0.49
(0.365-0.667)
< 0.001

1
1.98
(1.333-2.946)
2.97
(1.974-4.469)
4.00
(2.720-5.874)
< 0.001

Model 1: adjusted for age; Model 2: adjusted for age, body mass index, smoking, alcohol intake, regular physical activity, education level, income level,
hypertension, hypercholesterolemia, and hypertriglyceridemia; ALT quartile (IU/L): 15, 21, and 29 IU/L in men and 12, 15, and 20 IU/L in women; AST
quartile (IU/L): 19, 22, and 26 IU/L in men and 16, 19, and 23 IU/L in women; AST/ALT quartile: 0.8, 1.1, and 1.3 in men and 1.1, 1.3, and 1.5 in women;
GGT quartile (IU/L): 21, 29, and 47 IU/L in men and 13, 17, and 23 IU/L in women. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
GGT: Gamma-glutamyltransferase.

factor for T2DM in women, independent of potential
confounders. Several studies have examined the
association of serum AST with risk for T2DM, with
[17,18]
inconsistent results
. Our results agree with a
[18]
recent Japanese report , which found no association
between AST with diabetes risk in a study of male
Japanese office workers. We also assessed the risk of
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T2DM associated with the AST/ALT ratio which found
that there was a negative correlation with the AST/ALT
ratio.
When the analysis was expanded in to IFG, multiple
regression analysis revealed similar results as those
for T2DM, in that ALT and GGT showed a positive
correlation with IFG while AST/ALT showed a negative
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Table 4 Risk of diabetes and impaired fasting glucose examined by combinations of liver markers
Men
In type 2 diabetes
ALT, highest quartile, and AST/ALT, lowest quartile
ALT, highest quartile, and GGT, highest quartile
GGT, highest quartile, and AST/ALT, lowest quartile
ALT, GGT, highest quartile, and AST/ALT, lowest quartile
In IFG
ALT, highest quartile, and AST/ALT, lowest quartile
ALT, highest quartile, and GGT, highest quartile
GGT, highest quartile, and AST/ALT, lowest quartile
ALT, GGT, highest quartile, and AST/ALT, lowest quartile

Women

OR (95%CI)

P value

OR (95%CI)

P value

2.77 (1.749-4.371)
2.37 (1.486-3.794)
2.73 (1.614-4.634)
3.21 (1.829-5.622)

< 0.001
< 0.001
< 0.001
< 0.001

3.76 (2.731-5.175)
4.03 (2.961-5.492)
4.20 (2.987-5.903)
4.60 (3.217-6.582)

< 0.001
< 0.001
< 0.001
< 0.001

2.04 (1.410-2.952)
2.10 (1.413-3.105)
1.79 (1.182-2.716)
1.99 (1.264-3.131)

< 0.001
< 0.001
0.006
0.003

1.88 (1.439-2.458)
2.27 (1.676-3.072)
2.38 (1.761-3.220)
2.40 (1.720-3.354)

< 0.001
< 0.001
< 0.001
< 0.001

Adjusted for age, body mass index, smoking, alcohol intake, regular physical activity, education level, income level, hypertension, and
hypercholesterolemia, and hypertriglyceridemia. ALT highest quartile (IU/L): ≥ 29 in men and ≥ 20 in women; AST highest quartile (IU/L): ≥ 26 in men
and ≥ 23 in women; AST/ALT lowest quartile: < 0.8 in men and < 1.1 in women; GGT highest quartile (IU/L): ≥ 47 in men and ≥ 23 in women. AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.

correlation. This shows that subjects with the highest
quartiles of ALT or GGT or the lowest quartile of AST/
ALT have an increased risk of prediabetes. When the
analysis was expanded to consider combinations of
two or more liver markers, similar results as those for
T2DM were obtained, although the ORs were a little
lower. These results agree with previous studies that
[18,19]
investigated the role of GGT in prediabetes
. Our
study also showed an additive effect for the predictive
value of liver markers in prediabetes. As prediabetes is
an important risk factor for the development of overt
diabetes, further studies regarding the role of the liver
in the development and progression of diabetes are
indicated.
In the clinical context, AST, ALT, and GGT levels are
used to indicate hepatic inflammation, and AST/ALT
[20]
can distinguish an alcoholic etiology in fatty liver .
In addition to these conventional clinical uses, our
findings emphasize that highest ALT and GGT quartiles
and the lowest AST/ALT quartile within their respective
normal ranges can be biomarkers for T2DM.
Biological mechanisms that explain the relationships
between liver markers and glucose metabolism have
not been elucidated, but there are some potential
candidates. One is that increased serum ALT, GGT and
decreased AST/ALT levels reflect hepatic steatosis or
[21-23]
visceral obesity
. The excess accumulation of fat in
liver, known as nonalcoholic fatty liver disease (NAFLD),
causes hepatic insulin resistance and is considered
[24,25]
a feature of the MetS
. ALT has been closely
associated with hepatic steatosis and is commonly
utilized as an epidemiologic biomarker of NAFLD. In
addition, GGT and ALT have also been reported to be
correlated with hepatic insulin resistance, which may
have contributed to the increase in diabetes or IFG
[26]
risk .
Another mechanism explaining the relationship
between liver markers and T2DM may be related
to oxidative stress, reported to contribute to the
[27]
development and progression of diabetes . GGT has
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been reported to play a central role in the antioxidant
system, especially in intracellular glutathione homeo
stasis, and acts as a marker of oxidative stress because
[28,29]
it is increases during oxidative stress states
.
Paradoxically, recent studies have reported that GGT
may play a direct role in the generation of reactive
[30]
oxygen species . The rise in reactive oxygen species
as a result of increased GGT may exceed the capacity
of the antioxidant system, leading to oxidative
stress. Inflammation that occurs through oxidative
stress results in decreased responsiveness to insulin,
[31,32]
ultimately leading to T2DM
. Oxidative stress and
chronic inflammation are also contributing factors in the
[27,31,32]
development and progression of NAFLD
.
However, there are some limitations to this study.
First, because of the cross-sectional nature of the data,
only associations, not causality, can be examined.
Second, oral glucose tolerance tests were not
performed, limiting identification of participants with
impaired glucose tolerance. Third, we relied on a
single measurement of liver markers and fasting
blood glucose, although these can vary even within
individuals at various time points. This may have led to
a misclassification bias. However, single measurements
of fasting glucose usually lead to nondifferential
misclassification of IFG or T2DM, which would probably
lead to a lessening of the associations reported in
this study. If we had used a more rigorous design for
the sample collection, stronger associations could be
expected. Fourth, though hepatic insulin resistance
may have contributed to the increase in diabetes
or IFG risk, we could not measure hepatic insulin
resistance as currently accepted methods such as the
isotope dilution methods or oral glucose tolerance tests
[33]
were not done .
Despite these limitations, the main strength of
this study is that these results can be generalized to
the whole Korean population, as the population of the
current study was generally representative of Koreans,
and the data were collected using standardized
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methods.
Another strength is that we combined the markers
that were confirmed to be associated with T2DM to
see if a combination of two or more markers identified
a higher risk of T2DM. In both men and women, the
risk of T2DM was higher when two markers were
combined. When these observations were expanded
in a similar manner to IFG, similar conclusions were
drawn, although the OR was a little lower than that for
T2DM. To the best of our knowledge, this is the first
study reporting an additive association between ALT,
AST/ALT, GGT, and T2DM and IFG. Liver markers have
not been regarded as traditional risk factors for T2DM.
This may be because a single liver marker alone is
inadequate as a screening tool in clinical practice.
However, our results suggest that an increase in the
risk of IFG or T2DM should be considered when there
is an increase of two or more liver markers.
Finally, our results have potentially important
clinical implications. Serum ALT, AST/ALT, and GGT,
are measured by standardized methods and are
readily available in routine clinical practice. As such,
they may provide a simple and predictive measure
for assessing the risk of T2DM and IFG. This study
shows the possibility of using ALT, AST/ALT, and GGT
as supplementary predictive risk factors for IFG or
T2DM. At present, ALT and GGT are used as screening,
diagnostic and monitoring tools for liver disease.
Accordingly, the upper normal limit was determined
based on the ability to discriminate persons with
[34-36]
hepatobiliary disease
. However, as our study and
others have reported, there is reasonably consistent
evidence that high-normal ALT and GGT are risk
factors for T2DM, independent of obesity and other
known risk factors. This has led to recent studies
suggesting lowering the currently accepted upper
[37,38]
normal limit of ALT levels
.
In our study, the boundary of the highest quartile
of ALT was 29 IU/L in men and 20 IU/L in women,
which is lower than the previously reported normal
upper limits of adults with biopsy-proven normal liver
[38]
histology (33 IU/L for men and 25 IU/L for women) .
This is also similar to the highest quartile level reported
in a recent study on the risk of liver disease and
[37]
MetS . The boundary of the highest quartile of GGT
was 47 IU/L in men and 23 IU/L in women, which is
similar to a recent report which showed that GGT ≥
22 IU/L was significantly associated with an increased
[39]
risk of fatal coronary artery disease and mortality .
Therefore, studies investigating a new threshold for
liver enzymes and considering their predictive roles
in metabolic and cardiovascular diseases should be
performed.
In conclusion, higher levels of serum GGT and
ALT, and decreased AST/ALT levels, even within the
normal range, are independent, additive risk factors
for the prevalence of T2DM and IFG in both sexes.
Although more population-based studies and research
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on the underlying pathophysiology are needed, these
liver markers may be additionally useful in identifying
individuals at higher risk for T2DM and IFG.
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The liver plays an important role in the maintenance of normal glucose
levels, and hepatic dysfunction has been suggested as leading to type 2
diabetes (T2DM). Liver enzymes are considered as surrogate markers of liver
function. Elevated serum gamma-glutamyltransferase (GGT) levels have been
reported as an important risk factor in the development of impaired fasting
glucose, T2DM, cardiovascular disease, and metabolic syndrome. Aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) have also been
reported to be associated with metabolic syndrome and T2DM.

Research frontiers

It is not fully understood which liver enzymes are better indicators of T2DM,
whether the relationships are consistent in prediabetes states such as impaired
fasting glucose, and whether liver markers have incremental predictive effects
for T2DM.

Innovations and breakthroughs

Several studies have reported that ALT and GGT are a risk factor for both
T2DM and metabolic syndrome, while others have reported that only GGT was
significantly associated with the risk of T2DM. This may be because increased
serum ALT, GGT and decreased AST/ALT levels reflect hepatic steatosis or
visceral obesity. In addition, GGT and ALT have also been reported to be
correlated with hepatic insulin resistance, which may be associated with the
increase in diabetes or impaired fasting glucose risk.

Applications

Serum ALT, AST/ALT, and GGT, are measured by standardized methods and
are readily available in routine clinical practice. As such, they may provide a
simple and predictive measure for assessing the risk of T2DM and impaired
fasting glucose. Also, as our study and others have reported, there is
reasonably consistent evidence that high-normal ALT and GGT are risk factors
for T2DM. This suggests that lowering the currently accepted upper normal limit
of ALT levels should be considered.
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The paper investigates the association between liver enzymes and the risk to
have IFG or T2DM in the population of the KNHANES survey older than 30
years. They observed that higher levels of ALT and/or GGT and lower levels of
AST/ALT increased the risk to have IFG and T2DM and that the levels for the
increased risk are lower than that considered pathological. Ethical requirements
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AIM: To evaluate the prognostic factors in patients
with spontaneously ruptured hepatocellular carcinoma
(HCC).

Ethics approval: This study was approved by the Research
Ethics Committee of the First Hospital of China Medical
University (Number: 2013-112-2).

METHODS: Seventy-nine patients experiencing
spontaneous rupture of HCC between April 2004 and
August 2014 were enrolled in this study. The clinical
features, treatment modalities and outcomes were
reviewed. The statistical methods used in this work
included univariate analysis, Kaplan-Meier survival
analysis with log-rank tests, and multivariate analysis
using a Cox regression hazard model.
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RESULTS: Of the 79 patients with HCC rupture, 17
(21.5%) underwent surgery, 32 (40.5%) underwent
transarterial embolization (TAE), and 30 (38%) received
conservative treatment. The median survival time
was 125 d, and the mortality rate at 30 d was 27.8%.
Multivariate analysis revealed that lesion length (HR =
1.46, P < 0.001), lesion number (HR = 1.37, P = 0.042),
treatment before tumor rupture (HR = 4.36, P = 0.019),
alanine transaminase levels (HR = 1.0, P = 0.011),
bicarbonate levels (HR = 1.18, P < 0.001), age (HR =
0.96, P = 0.026), anti-tumor therapy during the followup period (HR = 0.21, P = 0.008), and albumin levels
(HR = 0.89, P = 0.010) were independent prognostic
factors of survival after HCC rupture. The BarcelonaClinic Liver Cancer (BCLC) stage was also an important
prognostic factor; the median survival times for BCLC
stages A, B and C were 251, 175 and 40 d, respectively
(P < 0.001).
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CONCLUSION: Anti-tumor therapy during the followup period, without a history of anti-tumor therapy
prior to HCC rupture, small tumor length and number,
and early BCLC stage are the most crucial predictors
associated with satisfactory overall survival. Other
factors play only a small role in overall survival.

to evaluate all possible risk factors in patients with
HCC rupture and to identify independent predictors of
survival.

MATERIALS AND METHODS
Between April 2004 and August 2014, seventy-nine
patients (67 males, 12 females; age range: 25-77
years) were initially diagnosed with spontaneous
HCC rupture at our hospital. The diagnostic criteria of
HCC followed the guidelines issued by the American
Association for the Study of Liver Diseases. HCC
rupture was diagnosed as abrupt abdominal pain,
disruption of the peritumoral liver capsule with
enhanced fluid collection in the perihepatic area
adjacent to HCC by contrast enhanced computed
tomography or ultrasound, or when an abdominal
paracentesis showed bloody ascites.
The following patient information at the time of
HCC rupture was reviewed: age, tumor characteristics
on imaging, HCC stage, laboratory data, Child-Pugh
scores, and treatment modality. Other information
including whether the patients received anti-tumor
therapies before tumor rupture or during the follow-up
period, was also recorded. The anti-tumor therapies
included chemotherapy, sorafenib, transarterial
embolization (TAE), and surgery. Tumor characteristics
included the location of the ruptured tumor, the size
of the tumor in its greatest dimension, the number
of intrahepatic nodules, and the presence of liver
cirrhosis. If the number of intrahepatic nodules was
greater than five, it was regarded as five. HCC staging
was performed using the Barcelona Clinic Liver Cancer
(BCLC) staging system. The collected laboratory data
included white blood cell count (WBC), hemoglobin
(HB), platelet count (PLT), international normalized
ratio (INR), activated partial thromboplastin time
(APTT), alanine transaminase (ALT), albumin (ALB),
total bilirubin (TBil), bicarbonate (HCO3 ) and creatinine
(Crea).
At the time of HCC rupture, the patients immediately
received careful conservative treatment, including
intensive care, anti-shock measures, and assessment
of the patient’s condition. All treatment suggestions
were made according to the clinical judgment of the
doctors and the performance of the patients was
explained to the patients and their family members.
After definite treatment decisions were made by the
patients and their family members, written informed
consent, including the risks and benefits of the
treatment modality, was obtained. Of the 79 ruptured
HCC cases enrolled, 17 (21.5%) underwent surgery,
32 (40.5%) underwent TAE, and the remaining 30
cases (38%) underwent conservative treatment.
The surgical contraindications included uncon
trolled hemodynamic status, poor liver function,
severe coagulopathy, hepatic encephalopathy, and
poor performance status. Segmentectomy (n = 11,

Key words: Hepatocellular carcinoma; Rupture; Prognosis;
Surgery; Transarterial embolization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The most important predictors of survival in
patients with spontaneous rupture of hepatocellular
carcinoma (HCC) are continuous anti-tumor therapies
during the follow-up period, tumor length and number,
Barcelona-Clinic Liver Cancer stage, and a history of
anti-tumor therapies prior to HCC rupture. Therefore,
the present study may provide useful information
for doctors making judgments on the prognosis of
spontaneously ruptured HCC.
Han XJ, Su HY, Shao HB, Xu K. Prognostic factors of
spontaneously ruptured hepatocellular carcinoma. World J
Gastroenterol 2015; 21(24): 7488-7494 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7488.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7488

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common
[1]
tumor and is a major health problem worldwide .
One of the life-threatening complications of HCC
is spontaneous tumor rupture with catastrophic
intraperitoneal hemorrhage. Given the advances in
treatment and increased early detection of HCC, the
incidence of spontaneous HCC rupture has decreased
to approximately 3%-15%, but mortality rates remain
[2-4]
high (range: 25%-75%) during the acute phase . If
left untreated, the median survival is only 1.2 to 4 mo,
[5]
and the prognosis is very poor .
To improve our understanding of HCC rupture, a
number of studies have been conducted to identify
[4,6,7]
possible predictive factors
. Age, tumor cha
racteristics, tumor stage, hemoglobin levels, hepatic
function, renal function, and treatment modality at
the time of tumor rupture have been considered
possible predictors for spontaneous rupture of HCC.
These factors also play important roles in deciding the
treatment modality at the time of tumor rupture. From
our perspective, treatment before HCC rupture and
therapies during follow-up are also important factors;
however, to the best of our knowledge, no research
has been conducted to evaluate the roles of these
variables on survival after HCC rupture.
Therefore, we conducted this retrospective study
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curve analysis was conducted to obtain the cut-off
value, sensitivity and specificity. Two-tailed P-values
of < 0.05 were considered statistically significant.
Statistical analysis was performed using SPSS software
(version 16.0; Chicago, IL, United States).

Table 1 Univariate analysis of risk factors related to
spontaneous rupture of hepatocellular carcinoma
Patients (n = 79) P value

Variables
Age (yr)
Lesion length (cm)
Number (1/2-3/≥ 5)
Location (left lobe/right lobe)
Cirrhosis (absence/presence)
Virus (None/HBV/HCV)
BCLC stage (A/B/C)
Treatment before rupture (absence/
presence)
Treatment at rupture (conservative/TAE/
surgery)
Treatment in the follow-up period
(absence/presence)
WBC, × 109/L
HB, g/L
PLT, × 1010/L
INR
APTT, S
ALT, U/L
ALB, g/L
TBil, umol/L
HCO3-, mmol/L
Crea, umol/L
Child-Pugh

55.8 ± 12.6
7.7 ± 3.5
39/10/30
34/45
30/49
20/57/2
10/47/22
53/26

< 0.001
< 0.001
< 0.001
0.934
< 0.001
0.150
< 0.001
< 0.001

30/32/17

0.086

60/19

< 0.001

12.4 ± 5.4
106.2 ± 25.6
171 ± 84.4
1.3 ± 0.3
38.4 ± 7.2
127 ± 186.9
30.8 ± 7.3
28.3 ± 20.9
23.3 ± 5.6
95.7 ± 50.1
7.9 ± 1.8

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

RESULTS
Seventy-nine patients with a mean age of 55.8 years
and HCC rupture were enrolled in our study. According
to imaging results, the mean number of lesions
was 2.7 ± 1.9, and the lesion length in the greatest
dimension was 7.7 ± 3.5 cm (range: 1.5-14.8 cm).
The ruptured site was located in the right lobe more
often than in the left lobe (57% vs 43%). Forty-nine
patients were diagnosed with liver cirrhosis (62%).
Before treatment, 10 (12.7%), 47 (59.5%), and 22
(27.8%) patients were classified with BCLC A, B, or
C stage HCC, respectively. Twenty-two patients were
classified as Child-Pugh class A (27.8%), thirty-seven
were classified as Child-Pugh class B (46.9%), and
twenty were classified as Child-Pugh class C (25.3%).
The median survival time was 125 d, and the mean
survival time was 210.6 d (range: 0-1523 d). The
30-d mortality rate was 27.8% (22 patients). Fiftyseven patients had hepatitis B virus (72.2%), and
two patients had hepatitis C virus (2.5%). Twenty-six
patients received anti-tumor therapies prior to HCC
rupture (32.9%), and nineteen patients received antitumor therapies during the follow-up period (24.1%).
Univariate analysis revealed that age, lesion length,
lesion number, cirrhosis, BCLC stage, treatment
before HCC rupture, treatment during follow-up, WBC
level, HB level, PLT level, INR level, APTT level, ALT
level, ALB level, TBil level, HCO3 level, Crea level,
and Child-Pugh score were associated with overall
survival rates in patients with HCC rupture (Table 1).
Multivariate analysis revealed that lesion length (HR
= 1.46, P < 0.001), lesion number (HR = 1.37, P =
0.042), treatment before tumor rupture (HR = 4.36,
P = 0.019), ALT level (HR = 1.00, P = 0.011) and
HCO3 level (HR = 1.18, P < 0.001) were positively
associated with poor survival in patients with HCC
rupture. Age (HR = 0.96, P = 0.026), treatment during
the follow-up period (HR = 0.21, P = 0.008), and ALB
level (HR = 0.89, P = 0.010) were inversely associated
with poor survival (Table 2).
The cumulative overall survival rates of ruptured
HCC patients with different BCLC stages differed
significantly. The median survival times in BCLC stages
A, B and C were 251, 175 and 40 d, respectively (P
< 0.001) (Figure 1). The cumulative overall survival
rates of patients receiving anti-tumor treatment before
HCC rupture also differed. The mean survival time
in patients receiving anti-tumor treatment before
HCC rupture was 74.9 d, and the mean survival
time in patients who did not undergo therapy before
HCC rupture was 492.3 d (P < 0.001) (Figure 2).

HBV: Hepatitis B virus; HCV: Hepatitis C virus; BCLC: Barcelona Clinic
Liver Cancer; TAE: Transarterial embolization; WBC: White blood
cell count; HB: Hemoglobin; PLT: Platelet count; INR: International
normalized ratio; APTT: Activated partial thromboplastin time; ALT:
Alanine transaminase; ALB: Albumin; TBil: Total bilirubin; HCO 3-:
Bicarbonate; Crea: Creatinine.

64.7%) and perihepatic packing (n = 6, 35.3%) were
performed depending on the circumstances. The TAE
group was contraindicated due to severe poor liver
function, severe coagulopathy, hepatic encephalopathy,
and tumor thrombus in the main portal vein. Emboli
zation of the feeding artery was performed after
selective angiography, with lipiodol or PVA particles.
In the conservative treatment group, the patients
received intensive care, anti-shock measures, blood
replacement, and correction of coagulopathy. Follow-up
was performed every 1 to 3 mo, and contrast-enhanced
CT and alpha-fetoprotein levels were evaluated to
determine further therapy for these patients.

Statistical analysis

The patients’ characteristics were analyzed to determine
whether the prognostic factors influenced survival.
Continuous variables were expressed as the mean
± sD, and categorical variables were expressed as a
number. The survival rate was analyzed using KaplanMeier method, and the differences were compared
using the log-rank test. If factors were found to be
significant in univariate analysis, then multivariate
analysis was performed using a Cox regression hazard
model to identify the independent factors. To identify
an effective value of the ruptured tumor size to predict
30-d mortality, receiver operating characteristic (ROC)
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1.0

Table 2 Multivariate analysis of risk factors related to survival
in patients with hepatocellular carcinoma rupture

Treatment before HCC rupture
Abscence
Presence
Abscence-censored
Presence-censored

0.8
HR

Age (yr)
Lesion length (cm)
Number
Cirrhosis (presence)
BCLC stage A (control)
BCLC stage B
BCLC stage C
Treatment before rupture (presence)
Treatment in follow-up period (presence)
WBC, × 109/L
HB, g/L
PLT, × 1010/L
INR
APTT, S
ALT, U/L
ALB, g/L
TBil, umol/L
HCO3-, mmol/L
Crea, umol/L
Child-Pugh

0.96
1.46
1.37
2.47
0.10
0.19
4.36
0.21
1.04
0.99
1.00
0.39
1.07
1.00
0.89
1.00
1.18
1.01
1.03

95%CI

P value

Cum survival rate

Variables

0.93-1.00
0.026
1.23-1.73 < 0.001
1.01-1.85
0.042
0.77-7.96
0.131
0.02-0.41
0.002
0.03-1.01
0.052
1.27-14.99 0.019
0.07-0.67
0.008
0.96-1.13
0.375
0.97-1.00
0.314
0.99-1.00
0.143
0.04-3.60
0.406
0.99-1.15
0.103
1.00-1.01
0.011
0.81-0.97
0.010
0.97-1.02
0.735
1.08-1.28 < 0.001
1.00-1.02
0.089
0.59-1.80
0.905

0.6
0.4
0.2
0.0
0.00

500.00

1.0

Cum survival rate

Cum survival rate

BCLC stage
A
B
C
A-censored
B-censored
C-censored

0.6

2000.00

Treatment in the follow-up
Abscence
Presence
Abscence-censored
Presence-censored

0.8

0.8

1500.00

Figure 2 Cumulative survival according to treatment of hepatocellular
carcinoma before tumor rupture. The cumulative survival rate of patients
who underwent anti-tumor therapy before HCC rupture was significantly
reduced compared with patients who did not undergo therapy before HCC
rupture. The mean survival time of patients receiving anti-tumor treatment
before HCC rupture was 74.9 d, whereas the mean survival time of
patients without therapy before HCC rupture was 492.3 d (P < 0.001). HCC:
Hepatocellular carcinoma.

WBC: White blood cell count; HB: Hemoglobin; PLT: Platelet count; INR:
International normalized ratio; APTT: Activated partial thromboplastin
time; ALT: Alanine transaminase; ALB: Albumin; TBil: Total bilirubin;
HCO3-: Bicarbonate; Crea: Creatinine.
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Figure 1 Cumulative survival according to Barcelona-Clinic Liver Cancer
stage. Cumulative survival rates of patients with ruptured HCC according
to BCLC stage significantly differed; the median survival times of patients
with HCC rupture and BCLC stage A, B and C disease were 251, 175 and
40 d, respectively (P < 0.001). BCLC: Barcelona-Clinic Liver Cancer; HCC:
Hepatocellular carcinoma.

1500.00

2000.00

were 81.8% and 78.9%, respectively.

DISCUSSION

In addition, the cumulative overall survival rates of
patients receiving anti-tumor treatment in the followup period differed. The mean survival time in patients
who underwent therapy during the follow-up period
was 645.5 d, and the mean survival time of patients
who did not undergo therapy was 198.6 d (P < 0.001)
(Figure 3).
The cut-off point for tumor size was 8.85 cm for
30-day mortality of HCC ruptured patients, and the
area under the ROC curve (AUC) was 0.813 (P <
0.001). The sensitivity and specificity of this analysis
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Figure 3 Cumulative survival according to further therapy after
hepatocellular carcinoma rupture. The cumulative survival rate of patients
who underwent therapy after HCC rupture was significantly increased
compared with patients who did not undergo therapy after HCC rupture. The
mean survival time of patients with therapy during the follow-up period was
645.5 d, whereas the mean survival time of patients without therapy was 198.6
d (P < 0.001). HCC: Hepatocellular carcinoma.
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Spontaneous HCC rupture is a life-threatening com
plication that can cause sudden death. Its incidence
has been reported to be 3%-15% making it a rare
[8]
event in Western countries . HCC rupture may be
attributed to increased intratumoral pressure, occlusion
of the vessels by tumor thrombus, rapid growth of
the tumor, and necrosis. In addition, tumor size and
[9,10]
superficial location serve as the risk factors
. Other
characteristics, such as coagulation impairment caused
[11]
by cirrhosis and hypertension, may also have a role .
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HCC rupture is a dangerous condition in the clinic
with a poor prognosis; the 30-d mortality has been
[12-14]
reported to range from 30% to 70%
. In our
cohort study, the 30-d mortality due to HCC rupture
was 27.8%. A number of investigators have concluded
that TAE or surgery is an effective therapy for patients
[3,6]
with HCC rupture . TAE is an effective and minimally
invasive procedure for ruptured HCC and achieves
immediate hemostasis; it is also the major therapy for
patients with unresectable HCC. Surgical treatments
for patients with HCC rupture include surgical
[8,15-17]
hepatic resection and perihepatic packing
.
Surgical hepatic resection is a curative treatment
that requires small tumors or a small numbers of
tumors. To prevent life-threatening complications,
such as liver failure after TAE or surgery, patients must
typically exhibit good reserved hepatic function and
tolerable coagulopathy. However, ruptured HCC is an
emergency event that is accompanied by the loss of
[18,19]
hepatic and coagulatory functions
. The damage
may be reduced by pharmacological treatment; thus,
the treatment modality for HCC rupture can also
be altered from conservative to TAE or surgery. To
reduce the bias produced by treatment modality at
HCC rupture, TAE or surgery within 48 h after tumor
rupture is considered to be an effective treatment, and
other treatment approaches that were changed from
conservative treatment greater than 48 h after tumor
rupture were considered to be conservative treatment
modalities. We therefore obtained the unique result
that the treatment modality at tumor rupture was not
associated with survival (P = 0.086).
Our results revealed, for the first time, that treatment
during the follow-up period was an independent predictor
for overall survival (HR = 0.21, 95%CI: 0.07-0.67, P
= 0.008); the overall survival rates of patients with
ruptured HCCs who underwent anti-tumor therapy
in the follow-up period were significantly increased
compared with patients who did not undergo anti-tumor
therapy. TAE effectively achieves hemodynamic stability.
In addition, TAE increases the 30-d survival in HCC
[3,7]
ruptured patients , and prolonged survival can be
[2,11]
achieved through curative liver resection
. Therefore,
staged hepatectomy followed by TAE in selected
[18,20]
patients has been suggested in the literature
. From
our perspective, TAE, staged hepatectomy and sorafenib
in the follow-up period are better than no treatment
in the follow-up period, and the subsequent treatment
of ruptured HCC patients is more important than the
treatment modality at the time of tumor rupture. The
results of the present study showed similar findings,
where treatment modality at the time of tumor rupture
was not related to survival, whereas treatment during
the follow-up period was an important factor related to
long-term survival.
In this study, patients who underwent anti-tumor
therapy before HCC rupture had poor survival (HR =
4.36, 95%CI: 1.27-14.99, P = 0.019). These therapies
included transhepatic arterial chemoembolization (TACE)
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(19), surgical treatments (2), radiofrequency ablations
(2), TACE combined with oxaliplatin chemotherapy (2),
and TACE combined with sorafenib (1). Because the
number of patients who underwent surgical treatment,
radiofrequency, TACE combined with oxaliplatin or
sorafenib is too small, these patients constitute a
variable in our analysis. The overall survival rate of
patients with HCC rupture who did not undergo antitumor therapies before tumor rupture was significantly
increased compared with those who did. TAE, surgery
and sorafenib are the most accepted therapies for HCC
[21-24]
in selected patients
, but these approaches also
damage the liver. Angiograms in patients with a history
of TAE or sorafenib typically reveal a thinner hepatic
[25-28]
artery
, and all anti-tumor therapies have the
[29,30]
adverse effect of reducing liver function reserve
.
Consequently, spontaneous HCC rupture is more
dangerous in those patients with a prior history of
anti-tumor therapies. Three patients had HCC rupture
within 24 h after TAE in our study, and 2 patients died
of uncontrolled hemorrhagic shock. The increasing
pressure in a tumor and the poor elasticity of ischemic
tumors make hemorrhage more difficult to control.
The univariate analysis revealed that survival
significantly differed in patients with different BCLC
stages. Multivariate analysis indicated that BCLC stage
was an independent predictor for HCC rupture, but the
HR was 0.10 in stage B and 0.19 in stage C (stage A
was used as a control). The reason the HRs were less
than 1.0 is that the percent survival of the patients in
the three BCLC stages differed significantly; 40.0%
for stage A (4 surviving cases in 10 patients), 23.4%
for stage B (11 surviving cases in 47 patients), and
9.1% for stage C (2 surviving cases in 22 patients).
Given the small number of stage A cases, the mean
survival time was reduced (303.6 d in stage A, 418.8
d in stage B and 65.7 d in stage C). Therefore, the
median survival time is crucial in the relationship
between survival and BCLC stage, with the median
survival times of 251, 175 and 40 d for stage A, B and
C patients, respectively. Therefore, advanced HCC is
an independent predictor of poor survival.
Tumor length and number have been considered
[11]
as predictors of ruptured HCC in a previous study ,
and these values are likely to reflect the volume of the
tumor cell. Similarly, we found that the lesion length
and number affected overall survival (HR = 1.46 and
1.37, respectively). The cut-off point for tumor size was
8.85 cm for 30-d mortality in HCC ruptured patients. We
also demonstrated that elevated ALT and decreased
ALB are associated with poor survival. Elevated
Crea levels are not significantly associated with poor
survival; however, given that the 95%CI was greater
than 1.0, elevated Crea levels are likely to reflect liver
and renal injuries at the time of HCC rupture. Elevated
HCO3 levels were positively associated with poor
survival; in our study, the average HCO3 level in blood
samples collected immediately after admission was
23.3 ± 5.6 mmol/L (range: 8-32 mmol/L). As a result
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factors and establishing the importance of these factors in the clinic.

of stress reactions and hemorrhage, most patients
exhibited relatively elevated HCO3 levels in the blood,
but not serious acidosis. Another dangerous factor
for ruptured HCC patients in our study was age; our
observed HR for age was 0.96, similar to that in other
[6,7]
studies . However, the HRs which ranged from 0.89
to 1.18 revealed that age, ALT, ALB and HCO3 only
play a small part in the overall survival of ruptured
HCC patients.
Our HR for ALT was 1.003; the manuscript requested
two decimal points, thus the HR was written as 1.00.
Other factors with HRs very close to 1 included ALB
and HCO3 . Library data, such as ALT, ALB, and HCO3 ,
can be easily and artificially corrected during medical
therapy. In contrast, other factors, such as BCLC stage,
treatment before rupture, and treatment after rupture
cannot be immediately changed. Therefore, the clinical
significance of factors, such as ALT, for which the HR is
close to 1, is limited even though statistical significance
was detected.
Our study has several limitations. First, the number
of samples was small given the low incidence of the
disease, and this small sample size may produce bias.
Second, the presence of cirrhosis may affect hepatic
function, therefore the parameters in the multivariate
analysis, including ALB, Tbil and cirrhosis, may have
produced bias.
In conclusion, spontaneous rupture of HCC is a lifethreatening condition with a poor prognosis. Receiving
anti-tumor therapy during the follow-up period, no
history of anti-tumor therapies administered before
HCC rupture, small tumor length and number, and early
BCLC stage are the most crucial predictors associated
with satisfactory overall survival. Patient age, ALT level,
ALB level, and HCO3 level are independent predictors
that play only a small role in overall survival. We believe
that the present study provides useful information for
doctors in the assessment of spontaneous HCC rupture.

Peer-review

This is a good retrospective study that identifies the risk factors for HCC
rupture. Compared with existing reports, this study highlights the role of antitumor therapies before and after HCC rupture. The results are applicable to
clinical practice.
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Abstract
AIM: To determine the yield of biopsying normal duodenal
mucosa for investigation of abdominal pain.

Ethics approval: The study was reviewed and approved by the
University of California San Diego Institutional Review Board.

METHODS: This is a retrospective chart review of
consecutive patients who underwent esophagogastro
duodenoscopy (EGD) with duodenal biopsies of normal
appearing duodenal mucosa for an indication that
included abdominal pain. All the patients in this study
were identified from an electronic endoscopy database
at a single academic medical center and had an EGD
with duodenal biopsies performed over a 4-year
period. New diagnoses that were made as a direct
result of duodenal biopsies were identified. All duo
denal pathology reports and endoscopy records were
reviewed for indications to perform the examination
as well as the findings; all the medical records were
reviewed. Exclusion criteria included age less than 18
years, duodenal mass, nodule, or polyp, endoscopic
duodenitis, duodenal scalloping, known celiac disease,
positive celiac serology, Crohns disease, or history of
bone marrow transplant. Information was collected in
a de-identified database with pertinent demographic
information including human immunodeficiency virus
(HIV) status, and descriptive statistics were performed.

Informed consent: This was a retrospective review of medical
records. A waiver for consent was obtained via Institutional
Review Board approval.
Conflict-of-interest: There are no conflicts of interest.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at sterling.dubin@
gmail.com. Consent was not obtained but the presented data are
anonymized and risk of identification is low. No additional data
are available.
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different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Sterling M Dubin, MD, Department of
Medicine, Division of Gastroenterology, University of California
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RESULTS: About 300 patients underwent EGD with
biopsies of benign appearing or normal appearing
duodenal mucosa. The mean age of patients was 44.1
± 16.8 years; 189 of 300 (63%) were female. A mean
of 4.3 duodenal biopsies were performed in each
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patient. In the subgroup of patients with abdominal
pain without anemia, diarrhea, or weight loss the
mean age was 43.4 ± 16.3 years. Duodenal biopsies
performed for an indication that included abdominal
pain resulting in 4 new diagnoses (3 celiac disease and
1 giardiasis) for an overall yield of 1.3%. 183 patients
with abdominal pain without anemia, diarrhea, or
weight loss (out of the total 300 patients) underwent
duodenal biopsy of duodenal mucosa resulting in three
new diagnoses (two cases of celiac disease and one
giardiasis) for a yield of 1.6%. Duodenal biopsies of
19 HIV patients presenting for evaluation of abdominal
pain did not reveal any new diagnoses. Information
pertaining to new diagnoses is provided.

mucosa for indications of diarrhea, anemia, iron
[6]
deficiency, or weight loss . Potential pathology which
can exist despite a normal endoscopic appearance
of duodenal includes celiac disease which has an
[7]
estimated prevalence of 0.71% , giardiasis with rates
[8]
of 7.6 per 100000 and eosinophilic gastroenteritis
[5]
with a rate of 28 per 100000 . However, the diagnostic
yield and subsequent changes in management due
to duodenal biopsy of normal appearing mucosa
have not been well studied in adults. In the pediatric
population, a 1.1% diagnostic yield for celiac disease
has been reported for duodenal biopsy performed
for investigation of abdominal pain but prior studies
included both benign and abnormal appearing
[9]
mucosa . Among adults with abdominal pain, random
duodenal biopsy of benign, normal mucosa diagnosed
[10,11]
celiac disease in 0%-1.6% of patients
. A prior
study has examined rates of abnormal duodenal
biopsies from a large pathology database but clinical
data including positive celiac serologies, previously
diagnosed celiac or Crohn’s disease, or history of bone
[1]
marrow transplantation was lacking . In addition,
the rate of biopsies that led to changes in clinical
management could not be determined. The purpose
of this study was to examine the yield of biopsying
normal appearing duodenal mucosa for investigation of
abdominal pain and other GI symptoms with particular
attention to biopsy results that lead to a new diagnosis
and therefore changes in clinical management.

CONCLUSION: Routine biopsy of normal appearing
duodena in patients with abdominal pain should be
reserved for those with a high pre-test probability given
its low diagnostic yield.
Key words: Duodenum; Celiac disease; Esophagogastro
duodenoscopy; Abdominal pain; Anemia; Iron deficiency
anemia; Diarrhea
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Duodenal biopsy is commonly performed,
yet the diagnostic yield of routine duodenal biopsy of
normal appearing duodenal mucosa for the evaluation
of abdominal pain is unclear. This retrospective chart
review of 300 consecutive patients with duodenal biopsy
of normal appearing mucosa performed for evaluation of
abdominal pain found a diagnostic yield of 1.3%. There
were 3 new diagnoses of celiac disease and one of
giardiasis. Routine biopsy of normal appearing duodenal
mucosa during esophagogastroduodenoscopy should be
reserved for patients with a high pretest probability of
duodenal pathology given a low diagnostic yield.

MATERIALS AND METHODS
We conducted a retrospective review of clinical and
endoscopic data obtained from electronic medical
records and an electronic endoscopy database.
Patients who underwent EGD with biopsies of benign
or normal appearing duodenal mucosa for an indication
that included abdominal pain were identified from an
endoscopy database at a single academic medical
center (University of California San Diego) over a
four-year period between May 2009 to October 2013.
Duodenal biopsies were performed with standard
technique using 2.8 mm biopsy forceps generally from
both the bulb and second portion of the duodenum.
Histological assessment was performed by board
certified pathologists at the University of California San
Diego.
Exclusion criteria included age less than 18 years,
duodenal mass, nodule, or polyp, endoscopic duodenitis,
duodenal scalloping, known celiac disease, positive
celiac serology, Crohns disease, or history of bone
marrow transplant. Retrospective chart review identified
indications for duodenal biopsy and pathologic diagnosis
as a result of duodenal biopsy results. Descriptive
statistics were performed.

Dubin SM, Kwong WT, Kalmaz D, Savides TJ. Low yield of
routine duodenal biopsies for evaluation of abdominal pain.
World J Gastroenterol 2015; 21(24): 7495-7499 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i24/7495.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i24.7495

INTRODUCTION
Duodenal biopsies are performed in approximately
10%-12% of all esophagogastroduodenoscopies
(EGDs) which contribute significantly to added costs
[1]
of endoscopy . EGD with duodenal biopsies of benign
appearing mucosa is commonly performed in the
evaluation of many gastrointestinal (GI) symptoms
including abdominal pain, iron deficiency anemia,
[2-5]
weight loss, or diarrhea
. A review of a national
endoscopy database containing 13091 patients found
a duodenal biopsy rate of 43% on normal appearing
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300 patients underwent EGD with biopsies of benign
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Table 1 Diagnostic yield of biopsies of endoscopically normal duodenal mucosa
n

New diagnosis

Diagnostic yield

Abnormal findings

Abdominal pain

183

3

1.6%

+ Weight Loss
+ Diarrhea
+ IDA
+ Diarrhea
+ IDA
+ IDA
All patients

27
2
2
63
3
20
300

1
0
0
0
0
0
4

3.7%
0.0%
0.0%
0.0%
0.0%
0.0%
1.3%

2 celiac disease
1 giardiasis
1 celiac disease

3 celiac disease
1 giardiasis

IDA: Iron deficiency anemia.

appearing or normal appearing duodenal mucosa. The
mean age of patients was 44.1 ± 16.8 years; 189 of 300
(63%) were female. A mean of 4.3 duodenal biopsies
were performed in each patient. In the subgroup of
patients with abdominal pain without anemia, diarrhea,
or weight loss the mean age was 43.4 ± 16.3 years.
Duodenal biopsies performed for an indication that
included abdominal pain resulting in 4 new diagnoses
(3 celiac disease and 1 giardiasis) for an overall yield
of 1.3% (Table 1). 183 patients with abdominal pain
without anemia, diarrhea, or weight loss (out of the
total 300 patients) underwent duodenal biopsy of
duodenal mucosa resulting in three new diagnoses
(two cases of celiac disease and one giardiasis) for
a yield of 1.6%. Duodenal biopsies of 19 human
immunodeficiency virus (HIV) patients presenting for
evaluation of abdominal pain did not reveal any new
diagnoses.

including abdominal pain, weight loss, diarrhea, and
anemia often includes an EGD. The addition of a
biopsy to a frequently performed procedure contributes
significant costs from pathology interpretation,
processing, and the biopsy forceps. 10%-12% of all
EGDs result in duodenal biopsies with rates of duodenal
biopsy that are likely highly variable among different
endoscopists, institutions, and settings (academic vs
private practice). The high rates of duodenal biopsy
are likely the result of uncertainty regarding the yield
of duodenal biopsy for various indications, and also
the difficulty in identifying the etiology of nonspecific
symptoms attributed to the upper GI tract. Prior
studies examining the utility of duodenal biopsy have
focused on the yield of diagnosing celiac disease which
is approximately 1%, which is similar to the prevalence
of celiac disease in the general population. However,
the yield of biopsying normal appearing duodenal
biopsy in identifying a clinically significant diagnosis
remains largely unclear.
The results of this study indicate that biopsies of
normal appearing duodenal mucosa rarely led to a new
GI diagnosis. Only 4 patients out of 300 (1.3%) had
new diagnoses which included three new diagnoses of
celiac disease and one diagnosis of giardiasis. Although
the overall diagnostic yield for all biopsies of normal
appearing duodenal mucosa was 1.3%, the diagnostic
yields for individual indications of anemia, weight loss,
and abdominal pain were even lower. There was one
new diagnosis of celiac among the 27 patients with
both abdominal pain and diarrhea (yield 3.7%).
Bone marrow transplant recipients were excluded
from our initial analysis as they represent a distinct
patient population at high risk for a specific complication
- graft versus host disease. Duodenal biopsies of 19 HIV
patients presenting for evaluation of abdominal pain,
another immunosuppressed population, did not result
in any changes in management or a new diagnosis and
therefore do not necessitate special consideration for
duodenal biopsy compared to the general population.
Recent American College of Gastroenterology (ACG)
guidelines regarding diagnosis and management of
[3]
celiac disease recommend only serological evaluation
with TTG IgA for patients with low probability (< 5%)

Information pertaining to new diagnoses is provided

Case 1: Forty-two-year-old male with abdominal
pain and bloating and a sister with celiac disease.
Intraepithelial lymphocytes without villous blunting
seen and no celiac serologies were drawn. A diagnosis
of possible celiac disease was made.
Case 2: Sixty-seven-year-old female with abdominal
pain and weight loss. A Marsh-Oberhuber 3A lesion
was noted. Celiac serologies were not drawn and the
patient was lost to follow-up. A diagnosis of probable
celiac disease was made.
Case 3: Forty-nine-year-old male with abdominal pain.
A Marsh 3A lesion was noted. Celiac serologies showed
a tissue-transglutaminase antibody IgA at the upper
limit of normal. A diagnosis of probable celiac disease
was made.
Case 4: Forty-three-year-old female with abdominal pain,
nausea, and vomiting. A diagnosis of giardiasis was made.

DISCUSSION
Investigation of nonspecific gastrointestinal symptoms
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[12,13]

of having celiac disease
. Based on the current
study, patients with anemia, weight loss, abdominal
pain and diarrhea would all have less than a 5%
probability of having celiac disease and therefore a
duodenal biopsy of normal or benign duodenal mucosa
is likely not indicated to evaluate for celiac disease.
The preferred approach would be to check a TTG IgA
prior to endoscopy for nonspecific GI symptoms which
if negative would obviate the need for a duodenal
[14]
biopsy . However, in patients felt to have a high
probability of celiac disease (defined as > 5% by
the ACG), duodenal biopsy is recommended based
[15-22]
on guidelines
. This group may include patients
with type 1 diabetes mellitus, a first-degree family
member with celiac disease in the presence of clinical
symptoms, or a positive or equivocal celiac serology
[23-30]
for confirmation
.
The limitations of this study include the retro
spective nature of this study and that of a single
center study at an academic medical center. The
referral bias associated with an academic medical
center may increase the likelihood of diagnosing rare
entities such as giardiasis and celiac disease associated
with negative serologies. Additionally, the study did
not stratify patients based on the severity of clinical
symptoms for which they were being evaluated. This
study did not assess provider or patient reassurance from
a negative biopsy and it did not assess if abdominal pain
improved as a result of identifying duodenal pathology.
An additional limitation of this study is lack of follow-up
to see if abdominal pain or other symptoms resolved
after the procedure (either in the cases of discovered
pathology or in the cases in which reassurance may
have been gleaned from finding no pathology).
Therefore, the low yield of duodenal biopsies found
in this study may be even lower in the community or
private practice setting. However, the 1% diagnostic
yield of duodenal biopsy for celiac disease is similar to
prior studies.
Future studies to be considered include randomizing
patients with various GI symptoms (including diarrhea,
bloating, weight loss, anemia, abdominal pain) to
a management strategy of pre-endoscopic celiac
serology with or without duodenal biopsy at the time
of endoscopy to determine if the absence of duodenal
biopsy results in inferior outcomes. A cost-effectiveness
analysis would also assist in decision making by
endoscopists and delineation of the high yield indications
for duodenal biopsy in future guidelines.
In summary, biopsies of normal appearing duodenal
mucosa rarely leads to a new diagnosis (1.3% of
cases). Given that duodenal biopsies are performed
[1]
in 10%-12% of upper endoscopies , this is an oppor
tunity to significantly reduce the costs associated
with endoscopy. Routine biopsy of normal appearing
duodenal mucosa during EGD should be reserved with a
high pretest probability for duodenal pathology given a
very low diagnostic yield.
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Abstract
AIM: To examine characteristics of patients with blood
urea nitrogen (BUN) levels higher and lower than the
normal limit.

Ethics approval: The study was reviewed and approved by the
National Hospital Organization Shimoshizu Hospital Institutional
Review Board.

METHODS: Patient records between April 2011 and
March 2014 were analyzed retrospectively. During this
time, 3296 patients underwent upper endoscopy. In
total, 50 male (69.2 ± 13.2 years) and 26 female (72.3
± 10.2 years) patients were assessed. Patients were
divided into two groups based on BUN levels: higher
than the normal limit (21.0 mg/dL) (H) and lower than

Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: The authors declare no conflicts of interest.
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the normal limit (L). One-way analysis of variance
was performed to reveal differences in the variables
between the H and L groups. Fisher’s exact test was
used to compare the percentage of patients with
gastric ulcer or gastric cancer in the H and L groups.

GI bleeding is important because early endoscopy
[8]
significantly reduces mortality rates . Blood testing is
recommended before upper GI endoscopy or colonoscopy
is performed because of the low cost and minimal risks
[9]
of complications .
Blood urea nitrogen (BUN) is a measure of the
[10]
amount of urea nitrogen in the blood . BUN represents
the terminal products of protein metabolism via
[11]
ammonia . When upper GI bleeding occurs, the blood
[12]
is digested to protein . This protein is transported to
the liver via the portal vein, and metabolized to BUN
[13]
in the urea cycle . Higher BUN values are therefore
[14]
associated with the digestion of blood . Mean BUN is
37.7 ± 26.4 g/mL in patients with upper GI bleeding
who need blood transfusion and admission to intensive
[15]
care . BUN is not as useful as reduced hemoglobin (Hb)
[16]
level for predicting upper GI bleeding .
In this study, we compared the characteristics of
patients with upper GI bleeding and BUN higher or
lower than the upper normal limit to determine the
reason for the difference between the two groups.

RESULTS: White blood cell count was higher in the H
group than in the L group (P = 0.0047). Hemoglobin
level was lower in the H group than in the L group
(P = 0.0307). Glycated hemoglobin was higher in
the H group than in the L group (P = 0.0264). The
percentage of patients with gastric ulcer was higher in
the H group (P = 0.0002). The H group contained no
patients with gastric cancer.
CONCLUSION: Patients with BUN ≥ 21 mg/dL might
have more severe upper gastrointestinal bleeding.
Key words: Blood urea nitrogen; Forrest classification;
Hemoglobin; White blood cell count
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Blood urea nitrogen (BUN) is a useful predictor
of upper gastrointestinal (GI) bleeding. However, BUN is
within the normal range in some patients with upper GI
bleeding. Patient records were analyzed retrospectively.
Patients were divided into two groups: higher than
the normal limit (21.0 mg/dL) (H) and lower than the
normal limit (L). White blood cell count was higher and
hemoglobin was lower in the H group. Higher BUN was
associated with severe upper GI bleeding. The H group
suggested more severe upper GI bleeding.

Patients

Patient records between April 2011 and March 2014
were analyzed retrospectively. Patients were divided
into two groups: those with BUN higher than the
normal limit (21.0 mg/dL) (H), and those with BUN
lower than the normal limit (L). Gastric or duodenal
ulcer bleeding was defined as coming from either a
spurting vessel (1a), an oozing vessel (1b), a visible
vessel (2a), or a clot (2b) according to the Forrest
[17]
classification system . Our study was reviewed
by our institutional Ethics Committee and was not
designated as a clinical trial because it was performed
as part of routine clinical practice. Patient anonymity
was maintained.

Tomizawa M, Shinozaki F, Hasegawa R, Shirai Y, Motoyoshi Y,
Sugiyama T, Yamamoto S, Ishige N. Patient characteristics with
high or low blood urea nitrogen in upper gastrointestinal bleeding.
World J Gastroenterol 2015; 21(24): 7500-7505 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i24/7500.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i24.7500

Upper GI endoscopy and colonoscopy

Patients received an upper GI endoscopic examination
for screening, examination of abdominal symptoms,
or anemia. The endoscopic devices used were the GIFN260H, GIF-XP260NS, GIF-PG260, GIF-XQ260, and
GIF-Q260 (Olympus Corp., Tokyo, Japan).

INTRODUCTION
Upper gastrointestinal (GI) bleeding is defined as
bleeding that occurs proximal to the ligament of
Treitz. Causes of upper GI bleeding include gastric
[1]
ulcers, duodenal ulcers, and gastric cancer . The
mortality rate of upper GI bleeding ranges from 3.5%
[2,3]
to 7.4%
. Upper GI bleeding is diagnosed with
endoscopy, and treated using methods such as clipping
[4]
and bipolar electrocoagulation . When patients do
not respond to these therapies, arteriography with
[5,6]
embolization is performed . Although treatment
methods have improved, the mortality rate is 40% for
patients with GI bleeding who are hemodynamically
[7]
unstable . Accurate diagnosis of upper or lower

WJG|www.wjgnet.com

Blood test variables

The blood test variables analyzed were white blood
cell (WBC) count, Hb, C-reactive protein, platelet,
total protein, albumin, total bilirubin, alkaline phos
phatase, aspartate aminotransferase, alanine amino
transferase, gamma-glutamyl transpeptidase, lactate
dehydrogenase, uric acid, BUN, creatinine (Cre), total
cholesterol, triglycerides, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, blood
glucose, glycated Hb (HbA1c), body mass index,
carcinoembryonic antigen, and carbohydrate antigen
19-9.
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Table 1 Causes of upper gastrointestinal bleeding in this
study
Cause
Gastric ulcer
Gastric cancer
Duodenal ulcer
Acute gastric mucosal lesion
Esophageal ulcer
Esophageal varix
Esophagitis
Gastric invasion of pancreatic cancer
Total

Total (n )

BUN analyzed (n )

31
28
7
4
2
2
1
1
76

29
18
3
1
1
2
1
1
56

Table 3 Comparison of variables between patients examined
for blood urea nitrogen or not
Variable
Age (yr)
WBC (102/µL)
Hb (g/dL)
CRP (mg/dL)
Plt (104/µL)
TP (g/dL)
Alb (g/dL)
T-Bil (mg/dL)
ALP (IU/L)
AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)
LDH (IU/L)
UA (mg/dL)
Cre (mg/dL)
T-Chol (mg/dL)
BG (mg/dL)

BUN: Blood urea nitrogen.

Table 2 Comparison of variables between patients with blood
urea nitrogen higher and lower than 21.0 mg/dL
Variable

P value

No. of patients

H group
(n = 20)

L group
(n = 36)

56
56
56
39
54
35
36
44
32
51
53
29
15
24
56
56
56
21
16
15
14
32
21

69.7 ± 17.3
9575 ± 5088
8.64 ± 3.47
1.66 ± 2.03
23.1 ± 8.4
5.70 ± 0.98
3.32 ± 0.69
0.62 ± 0.40
178 ± 53
23.7 ± 12.0
25.9 ± 26.0
22.6 ± 14.3
42.7 ± 6.6
5.84 ± 2.47
36.3 ± 17.3
1.09 ± 0.37
35.0 ± 13.2
143 ± 37
98 ± 68
42.7 ± 6.6
72.7 ± 38.4
164 ± 92
6.31 ± 1.04

71.1 ± 9.4
0.7040
6700 ± 2187 0.0047
10.6 ± 3.09 0.0307
0.99 ± 0.85 0.1557
29.4 ± 12.8 0.0629
6.20 ± 0.68 0.0874
3.53 ± 0.62 0.3546
0.71 ± 0.63 0.6461
260 ± 159
0.1449
27.1 ± 25.3 0.6062
18.0 ± 14.9 0.1654
82.8 ± 107
0.2031
46.0 ± 10.8 0.6261
5.00 ± 1.93 0.3638
12.3 ± 3.8
< 0.0001
0.83 ± 0.32 0.0086
16.1 ± 6.3
< 0.0001
145 ± 47
0.9102
101 ± 48
0.9408
46.0 ± 10.8 0.6261
95.5 ± 30.5 0.2954
121 ± 34
0.0622
5.54 ± 0.46 0.0264

Age (yr)
WBC (102/µL)
Hb (g/dL)
CRP (mg/dL)
Plt (104/µL)
TP (g/dL)
Alb (g/dL)
T-Bil (mg/dL)
ALP (IU/L)
AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)
LDH (IU/L)
UA (mg/dL)
BUN (mg/dL)
Cre (mg/dL)
BUN/Cre
T-Chol (mg/dL)
TG (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
BG (mg/dL)
HbA1c (%)

76
68
68
46
65
43
38
46
34
58
62
33
45
29
64
28
36

70.6 ± 1.7
7726 ± 3731
9.92 ± 3.34
1.22 ± 1.40
27.2 ± 11.8
5.96 ± 0.86
3.48 ± 0.64
0.68 ± 0.58
236 ± 142
26.1 ± 21.9
20.7 ± 19.5
59.0 ± 93.8
187 ± 55
5.32 ± 2.13
0.92 ± 0.36
144 ± 41
134 ± 61

69.9 ± 2.8
6266 ± 1624
10.8 ± 2.39
2.21 ± 1.66
27.9 ± 8.1
6.44 ± 0.69
2.95 ± 0.64
0.87 ± 0.11
232 ± 89
19.6 ± 3.8
17.6 ± 6.46
37.0 ± 16.8
195 ± 36
5.00 ± 0.77
0.94 ± 0.28
202 ± 31
117 ± 8

0.8353
0.1905
0.3817
0.1024
0.8639
0.1513
0.2851
0.6543
0.9649
0.4409
0.6379
0.6477
0.7244
0.7459
0.9148
0.0018
0.5669

WBC: White blood cell count, Hb: Hemoglobin; CRP: C-reactive protein;
Plt: Platelet; TP: Total protein; Alb: Albumin; T-Bil: Total bilirubin; ALP:
Alkaline phosphatase; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; γ-GTP: Gamma-glutamyl transpeptidase; LDH: Lactate
dehydrogenase; UA: Uric acid; Cre: Creatinine; T-Chol: Total cholesterol;
BG: Blood glucose.

gastric ulcer or gastric cancer in the H and L groups.
2
Pearson’s χ test was applied to assess the correlation
in percentage of different Forrest classifications in
the H and L groups. A P < 0.05 indicated statistical
significance. JMP 10.0.2 software (SAS Institute, Cary,
NC, United States) was used for all statistical analyses.

RESULTS
During this time, 3296 patients underwent upper GI
endoscopy. In total, 50 male (69.2 ± 13.2 years) and
26 female (72.3 ± 10.2 years) patients were identified
with upper GI bleeding. The etiologies of upper GI
bleeding in these patients are listed in Table 1. Patient
characteristics were compared to determine the
variables affecting the differences between the H and
L groups (Table 2). WBC was higher in the H group
than in the L group (P < 0.05). Hb level was lower in
the H group than in the L group (P < 0.05). BUN and
BUN/Cre ratio were both higher in the H group than in
the L group (P < 0.05). These results were expected
because the two groups were divided based on BUN.
Cre was higher in the H group than in the L group (P
< 0.05). HbA1c was higher in the H group than in the
L group (P < 0.05). The lower Hb level in the H group
suggested that the H group contained patients with
more severe bleeding. One major difference between
the H group and the L group was the cause of the
upper GI bleeding. The H group had no patients with
gastric cancer.
There might be biases regarding the physicians’
decisions to examine BUN. To analyze the potential

H group: Patients with BUN > 21.0 mg/dL; L group: Patients with
BUN < 21.0 mg/dL; WBC: White blood cell count; Hb: Hemoglobin;
CRP: C-reactive protein; Plt: Platelet; TP: Total protein; Alb: Albumin;
T-Bil: Total bilirubin; ALP: Alkaline phosphatase; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; γ-GTP: Gammaglutamyl transpeptidase; LDH: Lactate dehydrogenase; UA: Uric acid;
BUN: Blood urea nitrogen; Cre: Creatinine; T-Chol: Total cholesterol;
TG: Triglyceride; HDL: High-density lipoprotein cholesterol; LDL: Lowdensity lipoprotein cholesterol; BG: Blood glucose; HbA1c: Glycated
hemoglobin.

Statistical analysis

One-way analysis of variance was performed to
reveal differences in the variables between the H and
L groups, and between patients for whom BUN was
examined and those for whom it was not. Logistic
regression analysis was performed to reveal variables
that were significantly associated with the difference
between the H and L groups. Fisher’s exact test was
used to compare the percentage of patients with
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Table 6 Association of blood urea nitrogen and Forrest
classification

Table 4 Results of logistic regression analysis
Variable

χ2

Odds

P value

WBC
Hb
Cre
HbA1c

0.10
6.36
3.31
4.73

0.999918
0.545371
489.6214
13.58043

0.7471
0.0116
0.0688
0.0296

Group
BUN1 (mg/dL)

≥ 21.0

< 21.0
Total

1b

2a

2b

Total

5
4
9

7
5
12

3
5
8

15
14
29

1

P = 0.6322 between groups via χ2 test. BUN: Blood urea nitrogen.

WBC: White blood cell count; Hb: Hemoglobin; Cre: Creatinine; HbA1c:
Glycated hemoglobin.

[20]

mortality rate of upper GI bleeding . Patients with a
[21]
WBC > 12000/µL need urgent upper GI endoscopy .
In the present study, WBC was higher in the H group
than in the L group. One reason for elevated WBC
[22]
is inflammation . Gastric ulceration is a form of
[23]
inflammation similar to inflammatory bowel disease .
Elevation of WBC was, therefore, associated with the
severity of upper GI bleeding. Our results and the
previous reports support the hypothesis that higher
BUN is associated with the severity of upper GI
bleeding.
A BUN/Cre ratio > 30 is a useful metric by which
[24]
to diagnose upper GI bleeding . The association
between elevated BUN/Cre and upper GI bleeding
has previously been made clear with Tc-99m-labeled
[25]
red blood cells . On the other hand, Chalasani et
[26]
al
reported that BUN/Cre is not always reliable for
diagnosing upper GI bleeding. They speculated that
BUN/Cre does not increase without hematemesis.
[27]
Akimoto et al
added that BUN/Cre is elevated due
to reduced hydration. In some cases, elevated BUN
is indeed a consequence of upper GI bleeding and
[14]
hypovolemia . In the present study, BUN and BUN/
Cre were strongly correlated. Together, these data
suggest that BUN might be within the normal range in
some patients with upper GI bleeding.
One limitation of the present study is that it
included a limited number of patients with more
severe bleeding, such as the spurting type. Although
without statistical significance, 1b and 2a were more
frequent in the H group than in the L group. With more
patients, there is the possibility Forrest classification
might correlate with BUN.
Another limitation is that the study was retrospective.
Determination of choice of blood variables depended
upon the physicians. This was the reason that some
data of blood variables were missing. There might be a
selection bias in patient characteristics between those
with BUN and those without BUN, although Table 3 did
not show significant statistical significance.
In conclusion, patients with BUN ≥ 21 mg/dL
might have more severe upper GI bleeding. It is
recommended that severe upper GI bleeding be
considered when BUN is higher than 21.0 mg/dL.

Table 5 Association of blood urea nitrogen and gastric ulcer
or cancer
Group
1

BUN (mg/dL)

≥ 21.0

< 21.0
Total

Gastric ulcer

Gastric cancer

Total

15
14
29

0
18
18

15
32
47

1

P = 0.0002 between groups via Fisher’s exact probability test. BUN: Blood
urea nitrogen.

biases, patient characteristics were compared between
patients with upper GI bleeding (n = 76) for whom
BUN was or was not examined (Table 3). All the
variables showed no significant difference except total
cholesterol (P < 0.05).
To clarify the strength of the association between
the H and L groups in the blood test parameters,
logistic regression analysis was performed (Table 4).
2
Hb had the largest χ value and the smallest P value (P
< 0.05).
Most of the enrolled patients had gastric cancer or
gastric ulcers. The percentage of patients with gastric
cancer or gastric ulcer was compared between the H
and L groups (Table 5). There were no patients with
gastric cancer in the H group.
The association between different Forrest classi
2
fications and the two groups was intriguing. A χ test
was performed to reveal the association (Table 6), and
no statistically significant relationship was found.

DISCUSSION
[18]

Higher BUN is associated with upper GI bleeding .
Lower Hb level is associated with the severity of upper
[16]
GI bleeding . It is speculated that higher BUN has
a strong association with lower Hb, however, there is
no direct evidence for this. In the present study, the
Hb level was lower in the H group than in the L group.
Logistic regression analysis clearly showed that the
strongest association was between higher BUN and
lower Hb. These results indicate that bleeding was
more severe in the H group than the L group. It was
speculated that larger amounts of Hb in the digestive
tract are the source of higher BUN in blood. This
hypothesis was supported by the fact that ammonia is
[19]
liberated from Hb in the digestive tract .
Elevated WBC is associated with the severity and

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

Upper gastrointestinal (GI) bleeding is defined as bleeding that occurs

7503

June 28, 2015|Volume 21|Issue 24|

Tomizawa M et al . BUN in upper GI bleeding
proximal to the ligament of Treitz. Causes of upper GI bleeding include gastric
ulcers, duodenal ulcers, and gastric cancer. Although treatment methods
have improved, the mortality rate is 40% for patients with GI bleeding who
are hemodynamically unstable. Accurate diagnosis of upper GI bleeding is
important because early endoscopy significantly reduces mortality rates.
Blood testing is recommended before upper GI endoscopy or colonoscopy is
performed because of the low cost and minimal risks of complications.
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Blood urea nitrogen (BUN) represents the terminal products of protein
metabolism via ammonia. When upper GI bleeding occurs, the blood is
digested to protein metabolized to BUN in the urea cycle within the liver. Higher
BUN values are therefore associated with the digestion of blood. Mean BUN is
37.7 ± 26.4 g/mL in patients with upper GI bleeding who need blood transfusion
and admission to intensive care. Lower hemoglobin (Hb) is associated with GI
bleeding. Direct association between Hb and BUN has not been clear in upper
GI bleeding.
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Patients were divided into two groups: the H group with BUN > 21.0 mg/dL,
and the L group with BUN < 21.0 mg/dL. Patient characteristics were compared
between the H group and the L group. White blood cell count was higher in
the H group. Hb was lower in the H group. Logistic regression analysis was
performed to investigate what variables are associated with BUN. Hb had the
strongest association with BUN. Low Hb was associated with the severity of the
upper GI bleeding. These results suggest that patients with BUN > 21.0 mg/dL
have more severe upper GI bleeding.

14
15

Applications
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Patients with BUN ≥ 21 mg/dL might have more severe upper GI bleeding. It
is recommended that severe upper GI bleeding be considered when BUN is
higher than 21.0 mg/dL.
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This study examines variables associated with higher than normal BUN levels
and GI bleeding. The results show that patients with high BUN have higher
WBC counts and lower Hb, suggestive of more severe GI bleeding.
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Abstract
AIM: To identify the risk factors for organ failure (OF)
in cholangitis with bacteriobilia.

Ethics approval: The study was reviewed and approved by the
Institutional Review Board of Seoul National University Hospital
(IRB No. H-1308-086-514).

METHODS: This study included 182 patients with
acute cholangitis who underwent percutaneous
transhepatic biliary drainage between January 2005
and April 2013. We conducted a retrospective analysis
of comprehensive clinical and laboratory data.

Informed consent: Not applicable (due to the retrospective
study using information contained in medical charts and
computerized records).
Conflict-of-interest: No conflict-of-interest exists for any of the
authors.

RESULTS: There were 24 cases (13.2%) of OF and
five deaths (2.7%). Bile culture was positive for
microbial growth in 130 out of 138 (94.2%) patients.
In multivariate analysis of 130 patients with positive

Data sharing: The technical appendix, statistical code, and
dataset are available from the corresponding author at [gidoctor@
snuh.org]. Consent was not obtained but the presented data are

WJG|www.wjgnet.com
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bile cultures, significant predictive factors for OF were
the presence of extended-spectrum beta-lactamase
(ESBL) organisms in blood cultures, pre-existing renal
dysfunction, and choledocholithiasis as an etiology, with
odds ratios of 15.376, 6.319, and 3.573, respectively.
We developed a scoring system with a regression
coefficient of each significant variable. The OF score
was calculated using the following equation: (2.7 ×
ESBL organisms in blood cultures) + (1.8 × pre-existing
renal dysfunction) + (1.3 × choledocholithiasis). This
scoring system for predicting OF was highly specific
(99.1%) and had a positive predictive value of 86.2%.

Bile cultures provide an opportunity to detect the
causative microorganism and to establish antibiotic
susceptibility testing and bacterial resistance profiling.
In previous studies, positive rates of bile cultures
among patients with acute cholangitis ranged from
[6-9]
59% to 93% and were higher than blood cultures .
This high sensitivity of bile cultures is physiologically
plausible because the material for microbiological analysis
is obtained directly from the site of inflammation.
According to previous studies on bacteremic cho
langitis, organ failure has been reported as an important
[10-12]
prognostic factor of mortality
. In addition, Lee et
[11]
al
investigated several factors associated with organ
failure in bacteremic cholangitis. Although some studies
have reported correlation of a positive bile culture
(bacteriobilia) with increased incidence of post-operative
[13,14]
infective complications
, the risk factors of organ
failure have not yet been identified in cholangitis with
bacteriobilia.
The aim of this study was to identify the risk factors
for organ failure in acute cholangitis with bacteriobilia
and to develop a prognostic scoring system that could
be used to predict organ failure using the risk factors.

CONCLUSION: ESBL organisms in blood cultures, preexisting renal dysfunction, and choledocholithiasis are
risk factors for OF in cholangitis with bacteriobilia. The
OF scoring system may aid clinicians to identify a poor
prognosis group.
Key words: Acute cholangitis; Bacteriobilia; Bile culture;
Organ failure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There has been no study of the prognostic
factors in acute cholangitis with bacteriobilia. The
current study identified three risk factors for organ
failure in cholangitis with bacteriobilia: extendedspectrum beta-lactamase organisms in blood cultures,
pre-existing renal dysfunction, and choledocholithiasis
as an etiology. In addition, a organ failure scoring
system created by these risk factors may aid clinicians
to identify a poor prognosis group.

MATERIALS AND METHODS
Selection of the study population

This retrospective study initially included all patients
(n = 411) with a discharge diagnosis of acute
cholangitis who underwent PTBD at Seoul National
University Hospital between January 2005 and April
2013, using information contained in medical charts
and computerized records. To ensure statistical
independence in the analyses, if multiple episodes of
acute cholangitis occurred in the same patient (n =
49), only the first episode of acute cholangitis was
included. In addition, patients were excluded for the
following reasons: no definite or suspected diagnosis
of acute cholangitis using the updated Tokyo guidelines
[15]
for acute cholangitis and acute cholecystitis (TG13)
(n = 56), non-PTBD insertion (n = 43), underwent
PTBD or bile culture after organ failure (n = 22),
occurrence of organ failure from other causes (n =
7), and no initiation or completion of treatment in
our institute (n = 52). A flow chart showing patient
selection for the study is seen in Figure 1. Finally,
182 patients with acute cholangitis who underwent
PTBD were included in the analysis. The study
protocol was approved by the Institutional Review
Board of Seoul National University Hospital (IRB No.
H-1308-086-514).

Lee JM, Lee SH, Chung KH, Park JM, Lee BS, Paik WH,
Park JK, Ryu JK, Kim YT. Risk factors of organ failure in
cholangitis with bacteriobilia. World J Gastroenterol 2015;
21(24): 7506-7513 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7506.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7506

INTRODUCTION
Acute cholangitis occurs mainly by bacterial infection
in an obstructed biliary system, and choledocholithiasis
[1,2]
has been reported as the leading cause . The range
of its severity varies, from mild to life-threatening,
[3]
with a mortality rate of approximately 5%-10% .
Initial therapy includes administration of empiric broad[4]
spectrum antibiotic and prompt biliary decompression .
If appropriate treatment is not provided, acute
cholangitis may cause organ failure, including septic
shock, which could cause a significant increase in
[5]
the mortality rate to 88%-100% . Therefore, the
choice of appropriate antibiotics is very important and
identification of the causative microorganism is an
essential step in the management of acute cholangitis.

WJG|www.wjgnet.com

Definitions of events

The definite or suspected diagnosis of acute cholangitis
was defined according to TG13 diagnostic criteria for
[15]
acute cholangitis . Bacteriobilia was defined as the
presence of microorganisms in the bile, documented
by at least one positive bile culture. Unsuccessful
biliary decompression was defined as a reposition
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Patients with a discharge diagnosis of acute cholangitis who underwent PTBD
(January 2005 - April 2013) (n = 411)

Multiple episodes of cholangitis in the same patient (n = 49)
Not definite/suspected diagnosis in Tokyo Guidelines (n = 56)
Non-PTBD insertion (n = 43)

Patients with acute cholangitis who underwent PTBD (n = 263)

Underwent PTBD or bile culture after organ failure (n = 22)
Organ failure due to other causes (n = 7)
Treated in another center before admission (n = 24)
Loss to follow-up (transfer to another center) (n = 28)

182 patients were eligible for analysis

138 patients who underwent bile culture

44 patients for whom bile culture was not performed

Figure 1 Flow chart of patient selection for the study. PTBD: Percutaneous transhepatic biliary drainage.

or additional insertion after initial PTBD insertion.
Septic shock was defined as persistent sepsis-induced
[16]
hypotension despite adequate fluid resuscitation .
Sepsis-induced hypotension was defined as a systolic
blood pressure of less than 90 mmHg or a reduction of
more than 40 mmHg from baseline in the absence of
[16]
other causes of hypotension .
Organ failures assessed at emergency department
admission and during hospitalization manifested
[10,17]
as
: (1) septic shock; (2) acute renal failure (ARF)serum creatinine level of greater than 3 mg/dL or, in
the case of pre-existing renal dysfunction, doubling
[18,19]
of previous serum creatinine values
; (3) altered
consciousness level-Glasgow Coma Scale score of
less than 12 or a decrease in the score of at least 3 if
primary central nervous system injury is present; and
(4) acute respiratory distress-pulse oxygen saturation
of less than 90%.

laboratory variables included causative microorganisms
in blood or bile cultures, white blood cell count, total
bilirubin, alkaline phosphatase, albumin, and C-reactive
protein at admission. Treatment and outcome variables
were unsuccessful biliary decompression, visit to
decompression time (time from arrival at the hospital
until intervention for biliary decompression), initial
antibiotic resistance for microorganisms of blood or
bile cultures, and length of hospital stay.
The above mentioned variables were analyzed for
identification of risk factors for organ failure in patients
with positive bile cultures.

Statistical analysis

In univariate analyses, the Mann-Whitney U test and the

χ 2 test with Fisher’s exact test were used for comparison
of continuous or categorical variables, respectively. A
logistic regression test analysis was performed using
the stepwise method. All significant variables in the
univariate analysis were entered in the multivariate
analysis. Then, logistic regression coefficients of the
factors were ascertained to develop equations (organ
failure score) to predict organ failure. Finally, receiver
operating characteristic (ROC) curves were constructed
for the organ failure score to determine a specific
threshold value that would optimize its predictive value.
P < 0.05 for two-sided tests was considered statistically
significant. In this study, odds ratios (ORs) are reported
together with their 95%CI. All statistical analyses were
performed using SPSS 20.0 (SPSS Inc., Chicago, IL,
United States).

Data collection and analysis

The following data were collected for analysis. The
clinical and demographic variables included age, sex,
smoking, alcohol, body temperature, Charcot’s triad,
symptom to door time (time from symptom onset until
arrival at the hospital), Charlson comorbidity index
[20]
score , pre-existing renal dysfunction, TG13 severity
[15]
assessment criteria for acute cholangitis , and bile
culture time (time from PTBD insertion until bile sample
collection). Etiological variables were choledocholithiasis,
benign biliary stricture, malignant biliary obstruction,
and procedure-related causes. Microbiological and

WJG|www.wjgnet.com
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Table 1 Baseline characteristics of patients with acute
cholangitis who underwent percutaneous transhepatic biliary
drainage (n = 182)

Table 2 Distribution of different microorganisms in positive
bile cultures
n (%)

Microorganism
Characteristic
Age ≥ 65 yr
Sex (male/female)
Heavy smoker 1
Heavy alcohol drinker 2
Body temperature > 38 or < 36  ℃
Positive Charcot’s triad
Symptom to door time (h), mean ± SD
CCIs ≥ 4
Pre-existing renal dysfunction
Etiology
Choledocholithiasis
Benign biliary stricture
Malignant biliary obstruction
Procedure-related
Laboratory finding
WBC count > 12000 or < 4000/mm3
Total bilirubin ≥ 5 mg/dL
Alkaline phosphatase ≥ 250 IU/L
Albumin ≤ 2.8 g/dL
C-reactive protein ≥ 5 mg/dL
The severity of acute cholangitis3
Mild
Moderate
Severe
Performance of bile cultures
During PTBD insertion
Within 24 h after PTBD insertion
Positive blood culture
Unsuccessful biliary decompression4
Reposition
Additional insertion
Organ failure
Septic shock
Acute renal failure
Acute respiratory distress
Death

n (%)

Enterococcus species
Escherichia coli
Pseudomonas species
Klebsiella species
Citrobacter species
Streptococcus species
Staphylococcus species
Enterobacter species
Proteus species
Stenotrophomonas maltophilia
Acinetobacter species
Aeromonas species
Morganella morganii
Corynebacterium species
Chromobacterium violaceum
Shewanella putrefaciens
Leuconostoc pseudomesenteroides
Candia albicans

95 (52.2)
111/71
12 (12.1)
17 (9.3)
61 (33.5)
23 (12.6)
107.2 ± 171.2
90 (49.5)
14 (7.7)
59 (32.4)
31 (17.0)
88 (48.4)
4 (2.2)
70 (38.5)
59 (32.4)
106 (58.2)
59 (32.4)
120 (65.9)

stricture (n = 3), gastric outlet obstruction (n =
7), previous gastric surgery (n = 27) and severe
cardiopulmonary disease (n = 22). All patients
received intravenous antibiotics within the initial 2 h
and underwent biliary decompression through PTBD
within the initial 48 h. All blood cultures (n = 182) were
performed before the use of antibiotics. Unsuccessful
biliary decompression occurred in 14 (7.7%) patients,
of whom six patients required repositioning of the
PTBD catheter and eight patients required insertion
of new PTBD catheters. Except minor bleeding, no
major complications of the PTBD procedure occurred
in any patient. There were 24 cases (13.2%) of organ
failure, including septic shock (n = 13), ARF (n = 8),
and acute respiratory distress (n = 3). The median
time taken until organ failure from the patient’s initial
arrival at the hospital was 14 h (range 4-312 h). The
overall hospital mortality rate was 2.7% (n = 5) and all
patients expired from septic shock. The mean length of
the hospital stay was 25.3 ± 22.6 and 13.1 ± 11.6 d
in patients with and without organ failure, respectively
(P = 0.001).
All bile cultures were performed during PTBD
insertion (n = 58) or within 24 h after PTBD insertion (n
= 80). Bile culture was positive for microbial growth in
130 out of 138 (94.2%) patients. Monomicrobial growth
(50.8%) was slightly more frequent than polymicrobial
growth (49.2%). A total of 221 microorganisms were
isolated, comprising 18 different species (Table 2). The
most frequently encountered microorganisms were
Enterococcus species (24.4%) and Escherichia coli
(21.3%).

73 (40.1)
64 (35.2)
45 (24.7)
138 (75.8)
58
80
55/182 (30.2)
14 (7.7)
6
8
24 (13.2)
13
8
3
5 (2.7)

Values are presented as number or number (%). 1Heavy smoker is defined
as an individual with 20 or more pack-years (1 pack year = 1 pack per day
for one year) of use; 2Heavy drinker is defined as an individual currently
drinking alcoholic beverages in a daily amount of ≥ 80 g (male) or ≥ 40
g (female); 3TG13 severity assessment criteria for acute cholangitis (at
admission); 4Reposition or additional insertion after initial PTBD insertion.
PTBD: Percutaneous transhepatic biliary drainage; CCIs: Charlson
comorbidity index score; WBC: White blood cell.

RESULTS
Clinical and microbiological characteristics of the
patients

A total of 182 patients (61.0% male, median 65 years,
range 22-91 years) were enrolled. A summary of the
demographic and clinical characteristics of the 182
[15]
patients is shown in Table 1. According to the TG13 ,
the severities of acute cholangitis at admission were
mild in 73 patients, moderate in 64, and severe in
45. The most common etiology was malignant biliary
obstruction (48.4%), followed by choledocholithiasis
(32.4%), benign biliary stricture (17%), and procedurerelated causes (2.2%). The causes of PTBD insertion in
59 patients with choledocholithiasis were esophageal
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54 (24.4)
47 (21.3)
27 (12.2)
26 (11.8)
18 (8.1)
12 (5.4)
11 (5.0)
7 (3.2)
4 (1.8)
4 (1.8)
3 (1.4)
2 (< 1)
1 (< 1)
1 (< 1)
1 (< 1)
1 (< 1)
1 (< 1)
1 (< 1)

Risk factors for organ failure in patients with
bacteriobilia who underwent PTBD because of acute
cholangitis

A total of 130 patients with positive bile cultures were
analyzed to determine the risk factors for organ failure
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Table 3 Univariate and multivariate analysis of risk factors for organ failure in patients with bacteriobilia who underwent
percutaneous transhepatic biliary drainage because of acute cholangitis (n = 130) n (%)
Factor

Univariate analysis
Patients with OF (n = 22) Patients without OF (n = 108)

Age ≥ 65 yr
Male/female
Heavy smoker1
Heavy alcohol drinker2
Body temperature > 38 or < 36  ℃
Positive Charcot’s triad
Symptom to door time (h)1
CCIs ≥ 4
Pre-existing renal dysfunction
Etiology
Choledocholithiasis
Benign biliary stricture
Malignant biliary obstruction
Procedure-related
Laboratory finding
WBC > 12000 or < 4000/mm3
Total bilirubin ≥ 5 mg/dL
ALP ≥ 250 IU/L
Albumin ≤ 2.8 g/dL
C-reactive protein ≥ 5 mg/dL
The severity of acute cholangitis3
Mild
Moderate
Severe
Bile culture-Causative microorganism
Escherichia coli
Klebsiella species
Pseudomonas species
Enterobacter species
Enterococcus species
Other organism
Multiorganism
Bile culture-ESBL
Bile culture-MRSA
Bile culture-Antibiotic resistance4
Positive blood culture
Blood culture-Causative microorganism
Escherichia coli
Klebsiella species
Pseudomonas species
Other organism
Multiorganism
Blood culture-ESBL
Blood culture-Antibiotic resistance5
Same microorganisms6
Unsuccessful biliary decompression7
Visit to decompression time (h)8

Multivariate analysis

P value

OR (95%CI)

P value

6.319 (1.348-29.629)

0.0199

3.573 (1.195-10.686)

0.0239

15.376 (1.748-135.267)

0.0149

14 (63.6)
11/11
0 (0.0)
1 (4.5)
8 (36.4)
3 (13.6)
96.6 ± 88.8
10 (45.5)
7 (31.8)

57 (52.8)
64/44
10 (9.3)
6 (5.6)
33 (30.6)
13 (12.0)
99.4 ± 175.2
65 (60.2)
4 (3.7)

0.351
0.423
0.211
1.000
0.593
0.734
0.106
0.202
0.0009

11 (50.0)
2 (9.1)
9 (40.9)
0 (0.0)

25 (23.1)
17 (15.7)
62 (57.4)
4 (3.7)

0.0109
0.528
0.157
1.000

13 (59.1)
10 (45.5)
14 (63.6)
13 (59.1)
16 (76.2)

44 (40.7)
32 (29.6)
60 (55.6)
36 (33.3)
74 (69.8)

0.114
0.148
0.485
0.0239
0.557

5 (22.7)
7 (31.8)
10 (45.5)

40 (37.0)
41 (39.9)
27 (25.0)

0.198
0.586
0.053

4 (18.2)
2 (9.1)
1 (4.5)
0 (0.0)
5 (22.7)
2 (9.1)
8 (36.4)
3 (13.0)
1 (4.3)
10 (45.5)
8 (36.4)

15 (13.9)
7 (6.5)
10 (9.3)
2 (1.9)
9 (8.3)
9 (8.3)
56 (51.8)
11 (9.6)
3 (2.6)
52 (48.1)
36 (33.3)

0.740
0.648
0.689
1.000
0.062
1.000
0.185
0.705
0.528
0.818
0.784

5 (62.5)
1 (12.5)
1 (12.5)
0 (0.0)
1 (12.5)
3 (13.6)
3 (13.6)
4 (50.0)
4 (18.2)
21.6 ± 13.0

18 (50.0)
9 (25.0)
5 (13.9)
3 (8.3)
1 (2.8)
2 (1.9)
5 (4.6)
16 (44.4)
8 (7.4)
16.7 ± 11.3

0.542
1.000
1.000
1.000
0.311
0.0349
0.133
0.747
0.121
0.103

1

Heavy smoker is defined as an individual with 20 or more pack-years (1 pack year = 1 pack per day for one year) of use; 2Heavy drinker is defined as
an individual currently drinking alcoholic beverages in a daily amount of ≥ 80 g (male) or ≥ 40 g (female); 3TG13 severity assessment criteria for acute
cholangitis (at admission); 4Antibiotic susceptibility of microorganisms in bile culture; 5Initial antibiotic resistance of microorganisms in blood culture; 6The
same microbial growth in bile cultures among patients with positive blood cultures; 7 Reposition or additional insertion after initial PTBD insertion; 8Values
are presented as mean ± SD; 9Statistically significant. PTBD: Percutaneous transhepatic biliary drainage; OF: Organ failure; CCIs: Charlson comorbidity
index score; WBC: White blood cell; ALP: Alkaline phosphatase; ESBL: Extended-spectrum beta-lactamase; OR: Odds ratio.

in acute cholangitis with bacteriobilia. Organ failure
occurred in 22 (16.9%) patients and did not occur in
108 (83.1%) patients. Univariate analysis identified four
variables showing significant (P < 0.05) association with
organ failure. In multivariate analysis, variables showing
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significant association with organ failure in patients with
bacteriobilia included the presence of ESBL organisms
in blood cultures, pre-existing renal dysfunction, and
choledocholithiasis, with ORs of 15.376, 6.319, and
3.573, respectively (Table 3).
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proposed a scoring system to predict organ failure in
acute cholangitis with bacteriobilia. This organ failure
scoring system was highly specific and had a good
positive predictive value.
According to previous studies on acute cholangitis,
the most commonly isolated microorganisms were
Enterococcus species, Escherichia coli, and Klebsiella
[6,22-24]
species
. These results are consistent with our
findings. In addition, our bile samples were collected
by PTBD, which is less prone to contamination by
intestinal bacteria than endoscopic retrograde cholan
giopancreatography (ERCP). These findings support
the view that bile culture results in our study had
a higher reliability than those reported in previous
[21,22]
prospective studies
, which included bile samples
through ERCP. Of particular interest, the results of
our study showed a high bacterial colonization rate
in bile (94%). This phenomenon may be explained
by our selected patient cohort, which includes many
patients with prior biliary tract manipulations (79/138;
[22]
57.2%). Negm et al
reported that risk factors of
bacteriobilia include biliary stenting and repeated
biliary interventions. In particular, biliary stenting
is associated with bacteriobilia because stenting of
the common bile duct remains a cause of ascending
[25]
cholangitis . These findings are consistent with our
results.
[26]
Gotthardt et al recently reported an association of
bacteriobilia with outcome in patients who underwent
endoscopic treatment for biliary complications after
liver transplantation; however, its association with
clinical prognosis in acute cholangitis remains unclear.
Furthermore, the prognostic factors for cholangitis with
bacteriobilia have not yet been identified. The current
study identified three risk factors for organ failure in
acute cholangitis with bacteriobilia. Among them, the
presence of ESBL organisms in blood cultures was the
[11]
most significant risk factor. Lee et al
reported an
association of the presence of ESBL organisms in blood
cultures with organ failure in bacteremic cholangitis.
Although there was no statistical significance because
of the small number of ESBL patients in our study,
inappropriate initial antibiotic use was more frequent
in patients with organ failure than in those without
organ failure (3/3; 100% vs 0/2; 0%, P = 0.100).
Detection of ESBL organisms takes a few days in
current clinical practice; however, new methods for
rapid detection of ESBL organisms in blood cultures
[27-30]
have recently emerged
. These facts support the
clinical relevance of our result, because detection of
ESBL patients during the early period of hospitalization
is possible using newly emerging methods.
Previous studies have reported that the creatinine
level is a prognostic factor in various conditions, including
[31-33]
[34]
cholangitis
. Kent et al reported that pre-existing
renal disease promotes sepsis-induced acute kidney
injury and is associated with worse outcome. In the
current study, among 14 patients with existing renal
dysfunction, organ failure occurred in seven patients

1.0

Sensitivity

0.8

0.6

0.4

0.2

0.0
0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 2 Receiver operating characteristic curves of organ failure score
to predict organ failure in patients with bacteriobilia who underwent
percutaneous transhepatic biliary drainage because of acute cholangitis.
The area under the receiver operating characteristic curves was 0.744 (95%CI:
0.615-0.873), and the best cut-off point of the organ failure score was 2.9
(sensitivity 22.7%, specificity 99.1%, positive predictive value 86.2%, negative
predictive value 83.3%).

Proposal of organ failure scoring system in patients
with bacteriobilia who underwent PTBD due to acute
cholangitis

The regression coefficients (standard error) for
ESBL organisms in blood cultures, pre-existing renal
dysfunction, and choledocholithiasis in the multiple
logistic regression model to predict the risk of organ
failure were 2.733 (1.109), 1.844 (0.788), and 1.273
(0.559), respectively. Therefore, the regression
equation for predicting organ failure was proposed
as the following: Organ failure score = (2.7 × ESBL
organisms in blood cultures) + (1.8 × pre-existing
renal dysfunction) + (1.3 × choledocholithiasis). This
equation could be used to provide a numerical score
that gives prognostic information for acute cholangitis
with bacteriobilia. When dichotomizing the organ failure
score to a value ≥ 2.9 with ROC curves, the sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy for organ failure in patients with
bacteriobilia who underwent PTBD because of acute
cholangitis were 22.7%, 99.1%, 86.2%, 83.3%, and
86.3 %, respectively (Figure 2).

DISCUSSION
Previous studies have reported that bile culture for
microbiological analysis may become a valuable
diagnostic tool because it leads to more adequate
[21,22]
therapy in patients with cholangitis
. Although
these studies focused on the microbial profile and
antibiotic sensitivity pattern in bile cultures, they
did not identify prognostic factors in cholangitis with
bacteriobilia. In the current study, multivariate analysis
identified three risk factors for organ failure in acute
cholangitis with bacteriobilia: ESBL organisms in
blood cultures, pre-existing renal dysfunction, and
choledocholithiasis as an etiology. In addition, we
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Innovations and breakthroughs

(50%), including chronic renal failure (n = 5) and
end stage renal disease (n = 2). These data indicated
a close association of pre-existing renal failure with
progression to ARF related to organ failure.
[35]
Arima et al
reported that bacterial cholangitis
caused by impacted bile duct stones could become
a serious condition in elderly patients, despite emer
gency biliary decompression, which is consistent
with our finding. In our study, among patients with
choledocholithiasis, higher rates of impacted bile duct
stone were observed in patients with organ failure than
in those without organ failure (8/11; 72.5% vs 7/25;
28%, P = 0.025). Although the mechanism is unclear,
the abrupt increment of intrabiliary pressure is probably
a key factor, which may cause a higher incidence of
septicemia and endotoxemia by adversely affecting the
defensive mechanisms such as bile flow, Kupffer cell
[36]
functions, and secretory IgA production .
In the current study, the organ failure scoring
system developed with three significant factors was
highly specific and positively predictive for predicting
organ failure when dichotomizing the score to a value
≥ 2.9. This scoring system and its cut-off value of ≥
2.9 would allow clinicians to identify the group with
poor prognosis even after biliary decompression.
However, this scoring system has low sensitivity. This
finding may be explained by the very low incidence
of organ failure. Therefore, we think that the high
specificity and the positive predictive value are more
worthwhile than high sensitivity in the organ failure
scoring system.
The limitations of this study were the small sample
size and retrospective design without a systemized
management protocol in a single center. Therefore,
a prospective randomized multicenter study should
be conducted in the future to confirm our results and
validate the organ failure score. Nevertheless, to the
best of our knowledge, our work is the first to report
prognostic factors in cholangitis with bacteriobilia.
In conclusion, ESBL organisms in blood cultures,
pre-existing renal dysfunction, and choledocholithiasis
are risk factors for organ failure in acute cholangitis
with bacteriobilia. The organ failure scoring system
may aid clinicians to recognize a poor prognosis group
that could be monitored closely in an intensive care
setting.

The current study identified three risk factors for organ failure in acute cholangitis
with bacteriobilia: extended-spectrum beta-lactamase (ESBL) organisms in
blood cultures, pre-existing renal dysfunction, and choledocholithiasis as an
etiology. In addition, the authors proposed a scoring system to predict organ
failure in acute cholangitis with bacteriobilia: Organ failure score = (2.7 × ESBL
organisms in blood cultures) + (1.8 × pre-existing renal dysfunction) + (1.3 ×
choledocholithiasis). This organ failure scoring system was highly specific and
positively predictive.

Applications

The authors proposed a scoring system to predict organ failure in acute cholangitis
with bacteriobilia. This organ failure scoring system may aid clinicians to recognize a
poor prognosis group that could be monitored closely in an intensive care setting.

Terminology

Bacteriobilia was defined as the presence of microorganisms in the bile,
documented by at least one positive bile culture.

Peer-review

This is a good descriptive study in which the authors identified the risk factors
for organ failure in cholangitis with bacteriobilia. The conclusion has good
diagnostic value and clinical significance, because the organ failure scoring
system introduced by the authors may aid clinicians to identify a poor prognosis
group.
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Abstract
AIM: To analyze a modified staging system utilizing
lymph node ratio (LNR) in patients with esophageal
squamous cell carcinoma (ESCC).
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METHODS: Clinical data of 2011 patients with ESCC
who underwent surgical resection alone between
January 1995 and June 2010 at the Cancer Hospital
of Shantou University Medical College were reviewed.
The LNR, or node ratio (Nr) was defined as the ratio of
metastatic LNs ompared to the total number of resected
LNs. Overall survival between groups was compared
with the log-rank test. The cutoff point of LNR was
established by grouping patients with 10% increment
in Nr, and then combining the neighborhood survival
curves using the log-rank test. A new TNrM staging
system, was constructed by replacing the American
Joint Committee on Cancer (AJCC) N categories with
the Nr categories in the new TNM staging system. The
time-dependent receiver operating characteristic curves
were used to evaluate the predictive performance of
the seventh edition AJCC staging system and the TNrM
staging system.
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[2]

rangeswere8 and 16. Patients were classified into four
Nr categories with distinctive survival differences (Nr0:
LNR = 0; Nr1: 0% < LNR ≤ 10%; Nr2: 10% < LNR ≤
20%; and Nr3: LNR > 20%). From N categories to Nr
categories, 557 patients changed their LN stage. The
median survival time (MST) for the four Nr categories
(Nr0-Nr3) was 155.0 mo, 39.0 mo, 28.0 mo, and 19.0
mo, respectively, and the 5-year overall survival was
61.1%, 41.1%, 33.0%, and 22.9%, respectively (P <
0.001). Overall survival was significantly different for
the AJCC N categories when patients were subgrouped
into 15 or more vs fewer than 15 examined nodes,
except for the N3 category (P = 0.292). However,
overall survival was similar when the patients in all
four Nr categories were subgrouped into 15 or more
vs fewer than 15 nodes. Using the time-dependent
receiver operating characteristic, we found that the
Nr category and TNrM stage had higher accuracy in
predicting survival than the AJCC N category and TNM
stage.

2015 . Surgical resection is the mainstay of therapy
[3]
for patients with resectable disease . Varied types
of surgical procedures (transhiatal, left thoracotomy,
right thoracotomy, and minimally invasive surgery)
are acceptable for esophagectomy in patients with
resectable disease, leading to a significant variability
in the extent of lymphadenectomy and the number of
lymph nodes (LNs) resected.
The American Joint Committee on Cancer (AJCC)
revised and published the seventh edition TNM
staging system for esophageal cancer in 2010. This
staging system presents a significant improvement
for N categories by stratifying patients according to
[4]
the numbers of positive LNs . However, this system
does not specify the adequate number of examined
LNs for an accurate nodal staging. In patients with
an inadequate number of LNs being examined, stage
migration may occur, and lead to understaging of the
[5]
disease .
The lymph node ratio (LNR), or node ratio (Nr),
is defined as the ratio of metastatic LNs compared
with the total number of resected LNs. Most previous
studies have found that LNR is another independent
[6-20]
prognostic factor in esophageal cancer patients
.
However, fewer studies have examined whether
the LNR has an improved ability to predict survival
compared with the absolute number of positive nodes
as stratified by the new staging criteria. Moreover,
the optimal cutoff points of LNR are still controversial.
The differences in study sizes, inclusion criteria, and
statistical methods lead to different results.
[21]
In a previous study , we have found that the N
categories of the seventh AJCC staging system do not
well represent survival characteristics in ESCC patients
in China. We used the data from this study to propose
optimal Nr categories, and compared the predictive
ability of these Nr categories with the N categories in
the current study. We further evaluated the predictive
performance of a TNrM staging system compared with
the current TNM staging system.

CONCLUSION: A staging system based on LNR may
have better prognostic stratification of patients with
ESCC than the current TNM system, especially for those
undergoing limited lymphadenectomy.
Key words: Cancer staging; Esophagectomy; Esophageal
squamous cell carcinoma; Lymph node ratio; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The lymph node ratio (LNR) or node ratio
(Nr) is an independent prognostic factor in esophageal
cancer patients. In the current study, we evaluated an
LNR-based staging system in patients with esophageal
squamous cell carcinoma (ESCC) and compared it
with the seventh edition American Joint Committee on
Cancer (AJCC) staging system. We propose optimal Nr
categories for ESCC, and demonstrated that a TNrM
staging system bases on LNR may have better prognostic
stratification of patients than the AJCC staging system.
The application of this new staging system may aid
oncologists in improved prediction of prognosis.

MATERIALS AND METHODS
Patient population

Chen SB, Weng HR, Wang G, Zou XF, Liu DT, Chen YP, Zhang
H. Lymph node ratio-based staging system for esophageal
squamous cell carcinoma. World J Gastroenterol 2015;
21(24): 7514-7521 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7514.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7514

This study was approved by the Ethics Committee
of the Cancer Hospital of Shantou University Medical
College (CH-SUMC). A total of 3375 patients with
esophageal carcinoma underwent esophagectomy in
CH-SUMC from January 1995 to June 2010, and we
enrolled patients with ESCC with neither neoadjuvant
nor adjuvant therapy(esophagectomy alone).
The surgical procedure has been described in
[21]
our previous report and is summarized below . A
transthoracic en bloc esophagectomy was performed
via a left or right thoracotomy. A standard twofield lymphadenectomy (abdominal and thoracic
lymphadenectomy) was performed in all patients.
When patients underwent right thoracotomy, the

INTRODUCTION
Esophageal cancer is the seventh leading cause of
[1]
cancer mortality worldwide . An estimated 16980
people will be diagnosed and 15590 people will
eventually die of their disease in the United States in
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LNR5:
LNR6:

Cum survival

0.8
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permits an evaluation of the diagnostic performance
[22,23]
of biomarkers at all time points of interest
. To
assess the predictive ability of the TNM staging system
and TNrM staging system, we compared the timedependent ROC curves for these two staging systems
and used the area under the ROC curve (AUC) as the
criterion. A larger AUC indicated better predictability
of time to event. An AUC of 0.5 indicated no predictive
ability, whereas a value of 1 represented perfect
predictive ability.
Statistical analysis was performed using SPSS
version 13.0 software (SPSS Inc., Chicago, IL, United
States), while time-dependent ROC analyses were
performed using R (R Foundation for Statistical Com
puting, Vienna, Austria). All statistical tests were
performed two-sided, and P < 0.05 was considered to
be statistically significant.

LNR = 0
0% < LNR ≤ 10%
10% < LNR ≤ 20%
20% < LNR ≤ 30%
30% < LNR ≤ 40%
40% < LNR ≤ 50%
LNR > 50%

0.4
0.2
0.0
0
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24
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48

60

t /mo

72

84

96 108 120

Figure 1 Kaplan-Meier curves for overall survival according to different
intervals of LNR. The P value for LNR0 vs LNR1: < 0.001, LNR1 vs LNR2:
0.021, LNR2 vs LNR3: 0.031. No significant survival differences were observed
between LNR3 to LNR6 (P > 0.05).

RESULTS

paratracheal, left and right recurrent laryngeal nerve
LNs were also resected. Cervical lymphadenectomy
was not systematically undertaken.
All operations were performed or closely supervised
by two senior surgeons (Chen YP and Yang JS), and all
resection specimens, including the LNs, were assessed
by two expert pathologists (Wu MY and Tian DP) in a
standardized fashion.

Patient characteristics

The patient characteristics have been summarized in
[21]
our previous report . A total of 2011 patients with
a median age of 55 years (range: 30-82 years) were
enrolled in this study, including 1456 male and 555
female patients. The R1 resection rate was 4.1%
(83/2011), and R2 resection rate was 3.1% (63/2011).
The overall postoperative 30-d mortality was 1.2%
(24/2011). The median number of resected LNs was
12 (range: 4-44), and 25% and 75% interquartile
ranges were 8 and 16.

Follow-up

Patients were followed with a clinical examination
every 3 mo for the first year, every 6 mo for the
second year, and every 6-12 mo thereafter. The
routine examination during the follow-up included a
clinical evaluation, blood biochemistry examination,
ultrasonography, and X-ray examination. Computed
tomography was performed every 6 mo. Endoscopic
examinations were performed when necessary. Followup was continued up to June 2011 or until death,
whichever occurred earlier.

Determination of LNR cut-off points

We grouped all patients into 10% increments in Nr
to search for possible cutoff points. Only 108 patients
had LNR > 50%, and they were taken into a separate
group. The patients with LNR > 50% were taken
into a group as the small patient numbers (total 108
patients). So, seven Nr stages (LNR = 0, 0% < LNR ≤
10%, 10% < LNR ≤ 20%, 20% < LNR ≤ 30%, 30%
< LNR ≤ 40%, 40% < LNR ≤ 50%, LNR > 50%)
were established for analysis (Figure 1). We combined
the neighborhood survival curves using the log-rank
test, and patients were stratified into four Nr groups
(Nr0 to Nr3), based on the following intervals: Nr0:
LNR = 0; Nr1: 0% < LNR ≤ 10%; Nr2: 10% < LNR
≤ 20%; and Nr3: LNR > 20%.

Statistical analysis

The National Comprehensive Cancer Network (NCCN)
guidelines (version 1, 2014) recommend at least
15 LNs to be removed for adequate nodal staging
for patients undergoing surgical resection without
neoadjuvant therapy. We stratified all patients into two
groups for analysis: adequate lymphadenectomy (≥15
LNs) and inadequate lymphadenectomy (< 15 LNs).
Overall survivals between groups were compared
with the log-rank test. The cutoff points of LNR were
established by grouping patients into 10% increments
in Nr, and then combining the neighborhood survival
curves using the log-rank test. A new TNrM staging
system was constructed by replacing the AJCC N
categories with the Nr categories in the new AJCC
staging system.
The time-dependent receiver operating characteristic
(ROC) is an extension of the classic ROC, which

WJG|www.wjgnet.com

AJCC N categories and Nr categories

From N categories to Nr categories, 557 patients
change their LN stage (Table 1). The median survival
time (MST) for AJCC N categories (N0-N3) was 155.0
mo, 33.0 mo, 19.0 mo, and 14.0 mo, respectively, and
the 5-year overall survival was 61.1%, 36.6%, 20.7%,
and 20.0%, respectively (P < 0.001). However, the
survival difference was not significant for N2 vs N3
category (P = 0.159) in a subgroup analysis (Figure
2A). When patients in the N0-N3 categories were
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A

Table 1 Cross-table analysis of changes in the lymph node
stage grouping N categories to Nr categories of 2011 patients
with esophageal squamous cell carcinoma (n = 2011)
Nr0

Nr1

Nr2

Nr3

Total

1136
0
0
0
1136

0
187
11
0
198

0
213
46
1
260

0
96
236
85
417

1136
496
293
86
2011

LN = 0
0 < LN ≤ 2
2 < LN ≤ 6
LN > 6

0.6
0.4
0.2
0.0

stratified into subgroups of adequate lymphadenectomy
and inadequate lymphadenectomy, those with adequate
lymphadenectomy had significantly better survival than
those with inadequate lymphadenectomy (P < 0.05,
Figure 3A-C), except for N3 category (P = 0.292, Figure
3D). However, the patient number in the N3 category
was only 86. The MST for the four Nr categories (Nr0Nr3) was 155.0 mo, 39.0 mo, 28.0 mo, and 19.0 mo,
respectively, and the 5-year overall survival was 61.1%,
41.1%, 33.0%, and 22.9%, respectively (P < 0.001).
The survival differences were significant in a separate
subgroup analysis (P value for Nr0 vs Nr1: < 0.001,
Nr1 vs Nr2: 0.021, Nr2 vs Nr3: 0.001;Figure 2B). No
significant difference was observed in the 5-year overall
survival when the Nr1, Nr2 and Nr3 categories were
stratified into subgroups of adequate lymphadenectomy
and inadequate lymphadenectomy (P > 0.05;Figure
3E-G).

0
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t /mo
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Figure 2 Kaplan-Meier curves for overall survival according to American
Joint Committee on Cancer N categories (A) and Nr categories (B). A: No
significantly survival difference was observed for N2 vs N3 category (P = 0.159);
B: The survival differences were significant in all subgroups analysis (P < 0.001).

AJCC TNM staging system and TNrM staging system

The predictive ability of the current TNM staging
system and the TNrM staging system was further
evaluated by using time-dependent ROC, which was
performed by estimating the value of AUC according to
time-dependent sensitivity and specificity. The AUCs for
Nr categories were higher than those for N categories
(Figure 4A), which indicated that Nr categories had
better predictive value than N categories. The TNrM
stage also had higher accuracy in predicting survival
than the AJCC TNM stage (Figure 4B).We further
evaluated the predictive ability of these two staging
systems in the subgroups of patient with adequate
lymphadenectomy and inadequate lymphadenectomy.
We also found in both of these two subgroups that the
Nr categories and TNrM stage had a higher accuracy
in predicting survival than the AJCC N categories and
TNM stage (Figure 4).

stage ⅢC 22.2%, and stage Ⅳ 0%. The cumulative
survival curves according to these two staging systems
are shown in Figure 5. All survival curves were well
separated except for stage ⅠA vs ⅠB (P = 0.922).

DISCUSSION
An accurate staging classification for cancer, according
to guidelines that are internationally accepted
among surgeons, oncologists, and other physicians,
[13]
is crucial . An ideal cancer staging system should
not only provide an indication of prognosis and
a framework for treatment decisions, but should
also allow evaluation of treatment with meaningful
comparisons between patient cohorts across different
[24,25]
institutions and locations
.
The AJCC TNM staging system is now the most
commonly used system for esophageal cancer to
classify the severity of disease. In 2010, the AJCC
published the latest edition of the TNM system for
esophageal cancer. The most notable change for
this new staging system is the reclassification of N
categories by grouping patients based on the numbers
of metastatic LNs, which may have greater prog

Overall survival

The 5-year overall survival for the current TNM staging
system was: stage 0 100%, stage ⅠA 84.8%, stage Ⅰ
B 78.6%, stage ⅡA 66.5%, stage ⅡB 53.4%, stage
ⅢA 33.6%, stage ⅢB 22.4%, stage ⅢC 15%, and
stage Ⅳ 0%. For the TNrM staging system, 5-year
overall survival was as follows: stage 0 100%, stage Ⅰ
A 84.8%, stage ⅠB 78.6%, stage ⅡA 66.5%, stage
Ⅱ B 54.5%, stage Ⅲ A 40.8%, stage Ⅲ B 29.2%,
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Figure 3 Kaplan-Meier curves for overall survival according to American Joint Committee on Cancer N categories and Nr categories, stratified by the
number of examined nodes (< 15 and ≥ 15). The survival differences were significant in the AJCC N categories (N0-N2, P < 0.05), except for N3 categories (P =
0.292). No significant difference was observed in the node ratio (Nr) categories (Nr1-N3).
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Figure 5 Kaplan-Meier curves for overall survival according to the
seventh American Joint Committee on Cancer TNM stage (A) and TNrM
stage (B).

Figure 4 Time-dependent receiver operating characteristic curve analysis.
The figure shows the time-dependent AUCs for Nr categories (A), and TNrM
stage (B) were higher than those for AJCC N categories and TNM stage in
the total patient cohorts, and in patients with adequate lymphadenectomy or
inadequate lymphadenectomy.

of the disease. However, further studies are required
to specify the minimum number of examined nodes to
maximize survival.
LNR has been found to be another independent
prognostic factor for esophageal cancer patients
[6-20]
after surgery
, and may stratify survival even
better than the AJCC N category for certain cohorts
[15]
of patients . However, most previous studies were
with small patient cohorts, and seldom specified what
calculations were performed to retrieve the optimal
[12]
cutoff point . Moreover, few studies were concerned
on the predictive performance of LNR in esophageal
cancer patients with adequate lymphadenectomy and
inadequate lymphadenectomy.
Our study is believed to be the largest ever
single-center patient cohort of ESCC to evaluate
the predictive ability of LNR. We propose optimal
Nr categories for ESCC (Nr0: LNR = 0; Nr1: 0% <
LNR ≤ 10%; Nr2: 10% < LNR ≤ 20%; and Nr3:
LNR > 20%), which are different from previous
[6-20]
studies
. We found that the survival differences
were significant in the four Nr categories in a separate
subgroup analysis, while no survival difference was
observed for the AJCC N categories of N2 vs N3 (P =
0.159). We also found that the use of Nr categories

[26]

nostic importance for esophageal cancer patients .
However, although this system advocates as extensive
a lymphadenectomy as possible, it does not specify the
adequate number of resected LNs for accurate nodal
staging.
The extent of lymphadenectomy for esophageal
[6-8,27]
cancer is still controversial
. There are various
types of surgical procedures for esophagectomy
performed in different institutions, leading to a
significant variability in the number of LNs examined.
Previous studies have shown that the total number of
LNs resected is an independent prognostic predictor for
[27,28]
esophageal cancer patients undergoing surgery
.
Because the number of positive nodes is confounded
by the total number of nodes examined, nodal
categorization based on only the numbers of positive
nodes cannot accurately classify all nodal status when
insufficient lymphadenectomy is performed. Our data
show that when patients are categorized by the AJCC
N categories, those with ≥ 15 nodes examined have
significantly better survival than those with < 15 nodes
examined at the same N stage. This indicates that
insufficient lymphadenectomy leads to understaging
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significantly reduced the range of overall survival
inpatients with adequate lymphadenectomy and
inadequate lymphadenectomy compared with that of
the N categories, suggesting that the Nr categories
are a better measure of the extent of regional LN
involvement than N categories, particularly in patients
with inadequate lymphadenectomy.
Few studies have compared the predictive
performance of a TNrM staging system with the new
[12]
AJCC staging system. Hou et al
found that when
replacing the N categories with Nr categories in the
new AJCC staging system, the survival rate could be
easily distinguished between patients. In the current
study, we evaluated the predictive performance of a
TNrM staging system for the first time using the timedependent ROC curves, and found that Nr categories
and TNrM stages predicted survival better than the N
categories and TNM stage. We can also confirmed the
same result in the subgroups of patients with ≥ 15
nodes and those with < 15 nodes examined, indicating
that Nr categories and TNrM stage may be a better
discriminator. However, more studies are required to
confirm these findings before firm recommendations
can be made.
Our study had some limitations. First, this new
TNrM staging system may be improved with better
T, Nr, M classifications or other factors, such as a
subdivision of T1 cancer into T1a and T1b. However,
as the AJCC TNM staging system is now the most
commonly used system for esophageal cancer, a TNrM
staging system based on the TNM staging system
may have wider application. Second, this was a singleinstitution, retrospective study. Whether this new TNrM
system is applicable in another data set or patients
with adenocarcinoma needs further validation. Third,
most of the patients underwent a standard two-field
lymphadenectomy in this study. The number of LNs
examined in each patient was limited (median 12
per case). Thus, it may not be optimal for cohorts of
patients in which more extensive lymphadenectomy is
performed. More extensive lymphadenectomy results in
a greater number of uninvolved nodes being removed,
[29,30]
thereby driving down the LNR
, so modification
of the Nr intervals may be needed for such cohorts.
However, our staging system may be more suitable
for patients who undergo esophagectomy with limited
lymphadenectomy. Finally, whether the TNrM staging
system is applicable to patients with neoadjuvant or
adjuvant therapy needs further research, as all of our
patients underwent surgical resection alone.
In conclusion, we propose optimal Nr categories
(Nr0: LNR = 0; Nr1: 0% < LNR ≤ 10%; Nr2: 10%
< LNR ≤ 20%; and Nr3: LNR > 20%) for ESCC, and
demonstrated that a staging system based on LNR may
have better prognostic stratification of patients with
ESCC than the current TNM staging system, especially
for those undergoing less extensive lymphadenectomy.
Further studies are required to confirm our results.

WJG|www.wjgnet.com

ACKNOWLEDGMENTS
We thank Dr. Jeremy Ganz for proofreading the manuscript.

COMMENTS
COMMENTS
Background

The seventh edition American Joint Committee on Cancer (AJCC) staging
system for esophageal cancer was published in 2010. This staging system
presents a significant improvement for N categories by stratifying patients
according to the numbers of positive lymph nodes (LNs). However, stage
migration may occur in patients with an inadequate number of LNs being
examined in this new system. A staging system based on the lymph node ratio
(LNR) may be a compensation for the AJCC staging system.

Research frontiers

Previous studies have found that LNR is an independent prognostic factor in
esophageal cancer patients. However, fewer studies have examined whether
the LNR has an improved ability to predict survival compared with the new
staging criteria. Moreover, the optimal cutoff points of LNR are still controversial.
The authors reported one of the largest ever single-center patient cohorts of
esophageal squamous cell carcinoma (ESCC) to evaluate the predictive ability
of LNR, and further evaluate the predictive performance of a TNrM staging
system compared with the current TNM staging system.

Innovations and breakthroughs

The authors propose optimal node ratio (Nr) categories for ESCC in this study
(Nr0: LNR = 0; Nr1: 0% < LNR ≤ 10%; Nr2: 10% < LNR ≤ 20%; and Nr3:
LNR > 20%), which are different from previous studies. They also demonstrate
that a staging system based on LNR may have better prognostic stratification of
patients with ESCC than the current TNM staging system, especially for those
undergoing less extensive lymphadenectomy.

Applications

The use of this new TNrM staging system in their study may aid oncologists
to improve prediction of survival, making treatment decisions, and comparing
cohorts of patients, especially those undergoing more limited lymphadenectomy.

Terminology

A TNrM staging system bases on LNR may have better prognostic stratification
of patients with ESCC than the AJCC TNM staging system, especially for those
undergoing limited lymphadenectomy.

Peer-review

This is a good paper which reports a large series of patients who underwent
esophagectomy for SCC without neoadjuvant treatment. The data analysis
appears sound and a good case is made for using the lymph node ratio to
determine prognosis.
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Abstract

Clinical trial registration: This study is registered at www.
chictr.org.cn. The registration identification number is ChiCTRDCD-15005799.

AIM: To investigate the value of magnetic resonance
elastography (MRE) with regard to assessing liver
functional reserve.

Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.

METHODS: Data from inpatients diagnosed with a
liver tumor at an interventional radiology department
from July 2013 to June 2014 were analyzed. A 3.0 Tesla
magnetic resonance unit was used to scan 32 patients
with confirmed diagnoses of hepatocellular carcinoma
(HCC); an MRE sequence was added to the protocol,
and the data were reconstructed and analyzed by
two attending radiologists. Regions of interest were
identified in different slices of the non-tumor liver
parenchyma to measure average stiffness. In addition,
the indocyanine green (ICG) test was performed no
more than 1 wk before or after the magnetic resonance
examination for all 32 patients; the ICG retention rate
at 15 min (ICGR-15) and the ICG plasma clearance rate
(ICG-K) were recorded. Correlational analyses were
performed between the liver stiffness values and the
ICGR-15 as well as between the liver stiffness values
and the ICG-K.
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RESULTS: Magnetic resonance imaging, including
an MRE sequence and the ICG test, was performed
successfully in all 32 enrolled patients. None of the
patients developed complications. The mean ± SD of
the elasticity values measured by the two attending
radiologists were 4.7 ± 2.2 kPa and 4.7 ± 2.1 kPa,
respectively. The average liver stiffness value of the
non-tumor parenchyma measured using MRE in HCC
patients was 4.7 ± 2.2 kPa. The average ICGR-15
was 0.089 ± 0.077, and the average ICG-K was 0.19
± 0.07. We found that the liver stiffness value of the
non-tumor parenchyma was significantly and positively
related to the ICGR-15 (r = 0.746, P < 0.01) as well as
significantly and negatively related to the ICG-K (r =
-0.599, P < 0.01). The ICGR-15 was significantly and
negatively related to the ICG-K (r = -0.852, P < 0.01).

effective method for assessing functional reserve of a
liver in all kinds of liver function tests. The relationship
between the degree of liver fibrosis and functional
reserve has not been well studied at present, although
we know that fibrosis can result in liver function loss.
Magnetic resonance elastography (MRE) can be used
to assess the elasticity characteristics of soft tissue and
showed great advantages in assessing liver fibrosis;
its advantages include being non-invasive, accurate,
[5,6]
and repeatable . To explore the value of MRE in the
assessment of liver functional reserve, the current
study used MRE to measure non-tumor stiffness of
the liver parenchyma in patients with hepatocellular
carcinoma (HCC). We also sought to determine the
correlation between the liver stiffness (LS) values
and liver functional reserve as measured by the ICG
clearance test.

CONCLUSION: MRE is accurate and non-invasive;
furthermore, it can be used to effectively assess the
liver functional reserve of HCC patients.

MATERIALS AND METHODS
Study subjects

Key words: Magnetic resonance elastography; Liver
functional reserve; Indocyanine green clearance test;
Liver fibrosis; Hepatocellular carcinoma

The ethics committee for human experiments at our
hospital approved all procedures, and all enrolled
patients signed consent documents after they were
recruited for the study. The study enrolled 32 HCC
patients who had been admitted to the Department
of Interventional Radiology at the Second Affiliated
Hospital of Zhejiang University School of Medicine
for interventional treatment from July 2013 to June
2014. These participants included 29 men and 3
women, ranging in age from 36 to 74 years (mean:
51 years) (Table 1). The average body mass index
2
2
(BMI) was 22.66 ± 2.70 kg/m (range, 17.15 kg/m
2
to 28.98 kg/m ). All patients had hepatitis B. They
underwent routine blood tests, routine liver enhanced
magnetic resonance (MR) imaging, liver MRE and
ICG clearance tests. All patients met the HCC clinical
diagnostic criteria of the European Association for the
[7]
Study of the Liver (EASL) . In addition, the patients
did not have the following conditions: (1) obstructive
jaundice; (2) tumor thrombus in the main portal vein;
(3) severe fatty liver (LS increases when fatty liver
[8]
progresses to inflammation) , the inphase-outphase
sequence showed significant fatty signal; and (4)
intrahepatic iron overload (a previous study showed
that iron overload decreases the MRI signal in liver
[9]
examinations) , the T2 sequence showed a significant
signal decrease.

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

Core tip: Liver functional determination is important
for the preoperative evaluation of patients with hepatic
carcinoma. We used magnetic resonance elastography
to measure liver stiffness and then analyzed its
correlation with the liver functional reserve test. The
results showed that magnetic resonance elastography
can be effectively used to assess liver functional
reserve.
Li B, Min J, Liang WR, Zhang GQ, Wu JJ, Jin K, Huang W,
Ying CY, Chao M. Use of magnetic resonance elastography
for assessing liver functional reserve: A clinical study. World J
Gastroenterol 2015; 21(24): 7522-7528 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i24/7522.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7522

INTRODUCTION
Primary liver cancer is one of the most common
[1]
malignant tumors in the world , and liver functional
reserve is an important factor in developing a
treatment strategy and determining a prognosis,
especially given that the majority of patients with
this disease have concurrent liver fibrosis of various
[2,3]
degrees and may even have hepatic cirrhosis
.
Therefore, accurate assessment of liver functional
reserve is important for the safety of liver cancer
[4]
treatment . There were various kinds of methods
for testing liver function, however, indocyanine green
(ICG) clearance test has been recognized as the most

WJG|www.wjgnet.com

Study method

All the patients received routine serum tests. ChildPugh scoring was performed by collecting the data of
total bilirubin, albumin, and prothrombin time. Then
the imaging data to detect seroperitoneum were
analyzed to evaluate whether hepatic encephalopathy
existed. MR scanning was performed under a fasting
condition in the morning or more than 4 h after fasting
and water deprivation (increased splanchnic blood
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injection was completed within 10 s. A pulsed pigment
concentration image analyzer DDG-3300K (made in
Japan) was used to monitor blood ICG concentrations
via a finger probe, record the ICG plasma clearance
rate (ICG-K) values and assess the ICG retention rate
at 15 min (ICGR-15).

Table 1 Demographic and clinical features
Age (yr)
mean ± SD
Range
Gender
Male
Female
Total bilirubin (mg/dL)
mean ± SD
Range
Albumin (g/dL)
mean ± SD
Range
Alanine aminotransferase (U/L)
mean ± SD
Range
Aspartate transaminase (U/L)
mean ± SD
Range
HBV(+)

51 ± 9.3
36-74
29
3

Statistical analysis

SPSS 16.0 was used to analyze the correlations
between the non-tumor LS values and the ICGR-15 as
well as between the LS values and ICG-K. If the data
exhibited a normal distribution, Pearson’s bivariate
correlation analysis was used; if the data did not
exhibit a normal distribution, Spearman’s bivariate
rank correlation analysis was used. P values < 0.05
were considered significant.

12.98 ± 6.15
5-31.2
39.4 ± 4.0
32.3-47.7
42.1 ± 44.3
10-225
41.5 ± 28.8
17-139
32

RESULTS

HBV: Hepatitis B virus.

All 32 patients successfully completed the MRE
examination, liver functional reserve tests and
routine serum liver function tests; the detailed results
are shown in Table 1. No patient developed any
complications. The means ± SD of the elasticity values
measured by the two attending radiologists were
4.7 ± 2.2 kPa and 4.7 ± 2.1 kPa, respectively. The
intraclass correlation coefficient was 0.991, indicating
an almost perfect correlation between the LS values
measured by the two doctors. The average LS of the
non-tumor parenchyma measured by the MRE scan in
HCC patients was 4.7 ± 2.2 kPa. The average ICGR-15
was 0.089 ± 0.077. The average ICG-K was 0.19 ±
0.07. The average total bilirubin was 12.98 ± 6.15
mg/dL. The average albumin was 39.4 ± 4.0 g/L.
The average prothrombin time was 12.7 ± 9.3 S; 2
patients had mild seroperitoneum, and the rest had
no seroperitoneum. None of the patients had hepatic
encephalopathy. Based on the Child-Pugh scoring
system, all 32 patients were classified as grade A; 27
had a score of 5 and 5 had a score of 6. The correlation
analysis between the LS and ICG tests in the patients
showed that LS was significantly and positively related
to ICGR-15 (r = 0.746, P < 0.01) and significantly and
negatively related to ICG-K (r = - 0.599, P < 0.01)
(Figures 1 and 2; Table 2).

[10]

flow after a meal may affect hepatic stiffness) .
The MR scan was performed using a 3.0 Tesla (T)
MR unit (Discovery 750; GE Medical Systems) with a
32-channel body coil and an acoustic vibration device.
The patient was placed in a supine position with his
or her hands above the head. Respiratory gating
was added to the abdomen to monitor the patient’
s breathing and to train the patient to hold his or
her breath. The acoustic vibration device conducted
a vibration wave to a round non-metallic driver via
a plastic tube; the driver was placed on the right
costal arch of the patient and fixed with an elastic
cummerbund. The patient was asked to hold his
or her breath in the end-expiratory phase for 21 s.
Meanwhile, 60 Hz of continuous mechanical vibration
was introduced into the body by the driver, and a 2-D
echo-planar imaging (EPI) MR elastography sequence
was used to obtain transverse-section MR signals
(TR = 600.0 ms, TE = 58.2 ms, FOV = 38 cm × 38
cm). MRE (GE Healthcare) post-processing software
and a GE ADW4.6 post-processing station were
used to process the MR signals to obtain the wave
and elastography maps. Two attending radiologists
independently analyzed the data. On the elastography
map, circular regions of interest (ROIs) were drawn
from 3 slices within the liver parenchyma. The ROIs
were drawn from sites more than 3 cm from the tumor
tissue, avoiding the hepatic edge region and large
[11]
blood vessels . The areas of the ROIs were 600-1000
2
mm ; 3 ROI stiffness values were measured for the
different slices, and the mean of the 3 values was used
as the non-tumor LS value.
The ICG clearance test was performed under
fasting conditions on the morning or more than 6 h
after fasting and water deprivation. Sterile water for
the injection was used to dilute ICG to 5 mg/mL and a
0.5 mg/kg dose for rapid intra-elbow vein injection; the
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DISCUSSION
The liver plays a role in metabolism, synthesis,
[12]
secretion, immunity and many other functions .
Liver fibrosis can cause liver lobule structural changes
and hemodynamic changes that, directly or indirectly,
disrupt the above liver functions and decrease liver
[13,14]
[15]
functional reserve
. Lau et al
reported that
liver functional reserve is closely associated with
postoperative HCC mortality. Therefore, the status of
liver functional reserve can be used to determine a
treatment strategy for HCC patients, as well as their
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Average stiffness value of non-tumor
liver (pa)

A

large range and no clear corresponding relationships
were detected. Therefore, we agree that Child-Pugh
scoring does not accurately or effectively assess liver
functional reserve in compensated stages.
The ICG test is the most common method for
[19,20]
assessing hepatic functional reserve in Asia
. This
test assesses liver excretion function primarily by
measuring ICG clearance in the liver cells and can
relatively accurately reflect the functional reserve of
[21]
[19]
liver tissue . Sakka
reported that the ICG test
is currently the most effective clinical method for
assessing liver function. In this study, we observed that
the ICGR-15 progressively increased and the ICG-K
progressively decreased as non-tumor LS increased.
However, the ICG test has limitations in clinical
application. Because hepatic blood flow significantly
influences ICG clearance rate, any factor that affects
liver blood flow (e.g., portal vein cancer embolus, postportal vein embolization, and local hepatic blood flow
variation) will influence the test results. In addition,
hyperbilirubinemia, vasodilators and other factors have
a significant influence, and obstructive jaundice might
[4,22]
reduce ICG excretion rates
. Therefore, although
the ICG test can accurately assess liver functional
reserve, it has some limitations, especially among
patients with extensive vascular tumor invasion. Given
that bile duct invasion is relatively common, use of this
test in these patients is inappropriate.
MRE can noninvasively and quantitatively assess
the elasticity characteristics of soft tissue, and it can be
used to ascertain the stage of liver fibrosis and even
[23,24]
[25]
replace liver biopsy
. Bonekamp et al
compared
the current methods for non-invasive diagnosis of
liver fibrosis (e.g., ultrasound elastography, MRE, PET/
SPECT, and CT), and the results showed that MRE is
the most effective technique for non-invasive diagnosis
and grading of liver fibrosis. MRE has the following
additional advantages for diagnosing liver fibrosis:
(1) the procedure is simple, easily repeated and not
[26]
substantially affected by subjective factors ; (2) its
accuracy in assessing liver fibrosis is high because it
can capture the quantitative indicators of stiffness in
[27]
the entire liver and different hepatic regions ; (3) it is
more comprehensive than liver puncture biopsies and
ultrasound elastography; and (4) it is not affected by
obesity, ascites, portal vein cancer embolus, bile ducts
[28,29]
and other conditions
.
Most patients with primary liver cancer also exhibit
liver fibrosis of various degrees of severity. The degree
of liver fibrosis is closely related to liver functional
[2,4,30]
[31]
reserve
. Lao et al
reported that ICGR-15
increased as the degrees of liver fibrosis increased, and
this result was related to postoperative liver failure.
[30]
Kusaka et al
reported that LS in surgical specimens
measured using a homemade detector was closely
related to the ICGR-15. In our study, MRE was used
in lieu of liver biopsy to accurately assess the degree
of liver fibrosis in non-tumor tissues in HCC patients.
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Figure 1 Distribution of the correlations between the non-tumor liver
stiffness values and the indocyanine green retention rate at 15 min (A) or
the indocyanine green plasma clearance rate (B).
[3]

prognosis . However, because these patients often
develop liver fibrosis of varying degrees of severity,
non-tumor liver tissue volume measurements alone
cannot be used to accurately assess liver functional
reserve. At present, the methods most commonly
used for clinical assessment of liver functional reserve
include static liver functional assessment systems (e.g.,
the Child-Pugh scoring system) and dynamic liver
[12,16]
function assessment systems (e.g., the ICG test)
.
These systems assess liver synthetic function and
metabolic function, respectively.
The Child-Pugh scoring system assesses liver
function by detecting relevant serum or plasma
indicators, primarily reflecting hepatocellular synthesis
capacity. This system effectively assesses patients
[17]
with decompensated hepatocirrhosis ; according
to the literature, patients with a Child-Pugh liver
function classification of grade A commonly develop
[2,15]
[18]
postoperative hepatic failure
. Imamura et al
reported that the Child-Pugh score cannot accurately
assess liver functional reserve. In the present study,
all patients had grade A liver function according to
the Child-Pugh score, but the average non-tumor LS
values and the ICGR-15 and ICG-K were distributed in
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Figure 2 Liver stiffness with different degrees of fibrosis measured using magnetic resonance elastography and its relevant indocyanine green retention
rate at 15 min and indocyanine green plasma clearance rate. A-C: LS, 2.9 kPa; ICGR-15, 0.003; ICG-K, 0.398; D-F: LS, 4.4 kPa; ICGR-15, 0.057; ICG-K, 0.191; G-I:
LS, 5.1 kPa; ICGR-15, 0.083; ICG-K, 0.166; J-L: LS, 10 kPa; ICGR-15, 0.252; ICG-K, 0.092. ICGR-15: Indocyanine green retention rate at 15 min; ICG-K: Indocyanine
green plasma clearance rate; LS: Liver stiffness.

We then explored the correlation between the average
non-tumor LS value and liver functional reserve. The
results showed that the average non-tumor LS value
in HCC patients was significantly and positively related
to ICGR-15 (r = 0.746, P < 0.01) and significantly and
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negatively related to ICG-K (r = -0.599, P < 0.01),
indicating a close correlation between the degree of
liver fibrosis and liver functional reserve. In addition,
accurate assessments of functional reserve for partial
or total non-tumor liver tissue can be achieved using
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invasive method for the accurate diagnosis and staging of liver fibrosis, but its
value in assessing liver function has not yet been studied.

Table 2 Correlations between average stiffness of non-tumor
liver tissue and the indocyanine green test in hepatocellular
carcinoma patients
Stiffness value of the non-tumor liver tissue
mean ± SD
Range
ICGR-15
mean ± SD
Range
ICG-K
mean ± SD
Range
Correlation between LS and ICGR-15
r
P value
Correlation between LS and ICG-K
r
P value

Innovations and breakthroughs

MRE assesses liver stiffness (LS) to measure liver functional reserve; this
method introduces a new procedure into clinical practice that will simplify liver
function assessment in the future.

4.7 ± 2.2 KPa
2.3-10 KPa

Applications

The positive relationship between LS (measured by MRE) and liver functional
reserve showed that the authors can introduce MRE into clinical practice to
assess liver function in the future.

0.089 ± 0.077
0.003-0.271

Terminology

MRE assesses the elasticity characteristics of soft tissue; its advantages
include being non-invasive, accurate, and reliable.
The ICG test is the most common method for assessing liver functional reserve
in Asia; this method assesses liver excretion function primarily by measuring
the ICG clearance in liver cells, and it can relatively accurately indicate the
functional reserve of liver tissue.

0.19 ± 0.07
0.087-0.398
0.736
< 0.010

Peer-review

-0.562
< 0.010

This paper describes a new method for assessing liver function using MRE;
it provides information regarding the clinical treatment of patients with liver
disease. Although the value of MRE in assessment of liver fibrosis has been
extensively researched, its value in assessing liver function has not yet been
studied. If the idea that MRE can accurately assess liver functional reserve is
proved in further study, then it is likely that MRE will replace the indocyanine
green test, resulting in more efficient liver function assessment procedures in
the future.

ICGR-15: Indocyanine green retention rate at 15 min; ICG-K: Indocyanine
green plasma clearance rate; LS: Liver stiffness.

MRE in HCC patients. Thus, the influence of blood
vessels and bile ducts on the assessment of liver
functional reserve can be avoided.
Although our study determined the correlation
between LS (measured using MRE) and liver functional
reserve (measured using the ICG test), it has several
limitations: (1) Liver fibrosis leads to changes in liver
volume, and the current study did not consider the
influence of liver volume on hepatic functional reserve;
(2) The sample size was small, and numerous clinical
applications are needed for further validation; and
(3) MRE examination requires patient cooperation
(i.e., patients must hold their breath for a relatively
long time); furthermore, MRE employs a continuous
vibration to the liver, which might cause physical
discomfort. Future studies should quantitatively assess
liver functional reserve based on liver volume to
establish an accurate linear correlation between liver
functional reserve and degree of liver fibrosis.
In summary, MRE examination can be used to
achieve accurate, noninvasive assessment of liver
functional reserve in the non-tumor tissue of HCC
patients. Thus, this technique can provide useful
information for clinical treatment strategies and
prognostic evaluations.
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to explain the dissociation between excess lipid storage
in adipose tissue and NAFLD and may direct the search
for plasma biomarkers and novel therapeutic strategies.
A limitation of our study is that data were obtained in a
relatively low number of patients.
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CONCLUSION: MRI is sufficient to stage NAFLD in
obese patients and to assess the improvement after
bariatric surgery. Other data were superfluous for this
purpose.

Abstract

Key words: Fatty liver disease; Magnetic resonance
imaging; Lipids; Magnetic resonance spectroscopy;
Metabolomics; Mitochondrial function; Morbid obesity;
Non-alcoholic fatty liver disease; Non-alcoholic steato
hepatitis

AIM: To explore the usefulness of magnetic resonance
imaging (MRI) and spectroscopy (MRS) for assessment
of non-alcoholic fat liver disease (NAFLD) as compared
with liver histological and metabolomics findings.
METHODS: Patients undergoing bariatric surgery
following procedures involved in laparoscopic sleeve
gastrectomy were recruited as a model of obesityinduced NAFLD in an observational, prospective, singlesite, cross-sectional study with a pre-set duration of
1 year. Relevant data were obtained prospectively
and surrogates for inflammation, oxidative stress and
lipid and glucose metabolism were obtained through
standard laboratory measurements. To provide reliable
data from MRI and MRS, novel procedures were
designed to limit sampling variability and other sources
of error using a 1.5T Signa HDx scanner and protocols
acquired from the 3D or 2D Fat SAT FIESTA prescription
1
manager. We used our previously described H NMRbased metabolomics assays. Data were obtained
immediately before surgery and after a 12-mo period
including histology of the liver and measurement of
1
metabolites. Values from H NMR spectra obtained after
surgery were omitted due to technical limitations.

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

Core tip: Despite remaining obese, non-alcoholic fatty
liver disease (NAFLD) regressed in patients undergoing
bariatric surgery. Magnetic resonance imaging was
sufficient to assess these findings and spectroscopy
and measurement of liver fat content were superfluous
for this purpose. Patients were free of hepatocyte
ballooning or fibrosis and results may limit further the
indication for liver biopsy to patients with known factors
affecting the progression of liver disease. Additional
information on the dissociation between lipid storage
in adipose tissue and NAFLD suggests the presence of
mitochondrial and inflammatory disease and may focus
on the unmet need for plasma biomarkers of circulating
metabolites produced during altered cellular fatty
oxidation and glycolysis.

RESULTS: MRI data showed excellent correlation with
the concentration of liver triglycerides, other hepatic
lipid components and the histological assessment,
which excluded the presence of non-alcoholic
steatohepatitis (NASH). MRI was sufficient to follow
up NAFLD in obese patients undergoing bariatric
surgery and data suggest usefulness in other clinical
situations. The information provided by MRS replicated
that obtained by MRI using the -CH3 peak (0.9 ppm),
the -CH2- peak (1.3 ppm, mostly triglyceride) and the
-CH=CH- peak (2.2 ppm). No patient depicted NASH.
After surgery all patients significantly decreased their
body weight and steatosis was virtually absent even in
patients with previous severe disease. Improvement
was also observed in the serum concentrations of
selected variables. The most relevant findings using
metabolomics indicate increased levels of triglyceride
and monounsaturated fatty acids in severe steatosis
but those results were accompanied by a significant
depletion of diglycerides, polyunsaturated fatty
acids, glucose-6-phosphate and the ATP/AMP ratio.
Combined data indicated the coordinated action on
mitochondrial fat oxidation and glucose transport
activity and may support the consideration of NAFLD as
a likely mitochondrial disease. This concept may help
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is an
important cardiovascular and metabolic risk factor
defined as a higher than 5% intra-cytoplasmic fat
deposition in the liver in the absence of alcohol con
[1,2]
sumption, toxin exposure or viral disease . Because
a progressive course is possible in this condition, a
benign prognosis should not be assumed. This is
particularly disturbing because the prevalence of
NAFLD is constantly increasing (now > 30% in adults
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in developed countries). This has been attributed to the
increased lifespan and the upsurge in obesity but these
associations are not clinically well substantiated. For
example, the presence of moderate NAFLD is common
[3,4]
in young patients with morbid obesity . The effect
of weight loss on NAFLD is beneficial in most patients
but difficult to achieve with simple advice on changes
in lifestyle. In patients with morbid obesity, bariatric
surgery is an alternative and effective treatment to
obtain a rapid and sustained weight loss. Additionally,
other beneficial effects for associated metabolic
conditions, apparently unrelated to the decrease in body
[5]
weight, have been described . Accurate mechanisms of
action, however, remain poorly understood.
There are no reliable non-invasive markers to
assess the beneficial effects of surgical procedures
on NAFLD and other obesity-associated morbidities.
The sensitivity and accuracy of ultrasound are too low
to detect NAFLD in obese patients and liver biopsy
is the only method to assess the presence of nonalcoholic steatohepatitis (NASH) and/or fibrosis, which
characterize the progression in NAFLD. Therefore, the
early diagnosis of subclinical NAFLD is uncommon in
clinical practice because physicians and/or patients
usually find liver biopsy to be a difficult undertaking,
which requires specific training so as to ensure the
[6,7]
lowest rate of complications . The consequence is
that NAFLD, a condition that may lead to eventual
[8]
liver-related mortality, is frequently understated .
Determination of the hepatic triglyceride concen
[9]
tration may be useful but we have based our
[10]
hypothesis on previous findings in animal models
indicating that cholesterol and fatty acids in the liver
are better indicators of inflammation, and consequently
1
H NMR metabolic profiling of multiple lipid metabolites
in liver extracts may extend our understanding
of underlying mechanisms. We also hypothesized
that this approach could add useful information to
magnetic resonance imaging (MRI) and spectroscopy
(MRS) findings in order to explore hepatic lipid
mobilization. Finally, we reasoned that correction of
possible confounding factors may improve the clinical
application of MRI in the assessment of NAFLD in
obese patients and its follow-up after bariatric surgery.

considered suboptimal in 8 patients due to excessive
proximity between the coil and the gantry. Subsequent
studies indicate that to obtain 100% of valid spectra,
the width at the level of iliac crests should be less
than 100 cm. The local ethics committee, which
acts as the institutional review board of the Hospital
de Sant Joan de Reus, approved the study protocol
and procedures, and written informed consent was
obtained from the participants (EPINOLS/12-0329/3proj6; OBESPAD/14-07-31/7proj3). Investigators
did not participate in the statistical analyses and
those responsible for the acquisition of different data
were blinded to each other until discussion of the
manuscript. Data were collected from selected patients
referred to the surgery department of our hospital for
the assessment of morbid obesity [body mass index
(BMI) ≥ 40], who fulfilled the indications for the
performance of laparoscopic sleeve gastrectomy in this
[11]
period of time . Liver viral diseases were ruled out
via standard laboratory analyses. Selected patients
were clinically assessed immediately (< 24 h) before
surgery and after a 12-mo period. Results for the
standard techniques used in this study are illustrated
in Figure 1.

Liver biopsy

We strictly followed the designated guidelines and
recommendations set by the American Association
[12]
for the Study of Liver Diseases . Portions of the
liver were obtained during the surgical procedure
to limit risks and the variability based on location
of biopsy as well as to be certain of the accurate
location of extraction. The procedure was performed
with needle devices rather than wedge resection to
avoid overestimates of fibrosis due to its proximity
to the capsule. Liver biopsies after surgery (12
mo) were undertaken with a real-time imageguided percutaneous method immediately after MRI
assessment. The above-mentioned guidelines include
the accepted pathological features of fatty liver disease,
especially the indices of inflammation (steatohepatitis)
and fibrosis. Trained pathologists provided the relevant
data using current histological scoring systems. Due
to the low number of included patients and the need
for parametric comparisons, we used percentage of fat
[1]
for further analyses as previously described . Patients
were considered free of steatosis when percentage
[1]
of fat was ≤ 5% as evaluated using image analysis
software (AnalySIS, Soft Imaging System, Munster,
[4]
Germany) .

MATERIALS AND METHODS
Study population

This is an observational, prospective, single-site,
cross-sectional study with a pre-set duration of 1
year involving the recruitment of 47 patients. Only
19 patients were finally included. We discarded 3
patients due to the confirmation of clandestine high
consumption of alcohol or prescribed medication
that could alter liver function. Other patients refused
either the MRI procedure or the biopsy after surgery
(n = 8). Other patients (n = 9) simply did not fit into
the apparatus. Finally, the obtained spectra were
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MRI and MRS

MR data were acquired on a 1.5T Signa HDx MRI
Scanner (General Electric Healthcare, Waukesha,
WI) and included pre-surgical information regarding
vascular structures. Patients fasted overnight and
studies were performed in supine position using a
whole-body radiofrequency coil for signal excitation
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Figure 1 Representative results obtained with the methods described in patients with low (A) and severe fatty liver disease (B). The resulting spectra were
drawn in blue and black, respectively. Scale bar in pictures under Histology title represents 100 μm (magnification × 100).

and a 16-channel torso phased array coil for reception
(General Electric Coils, Cleveland, OH). Imaging
[13]
protocols
consisted of: (1) coronal view (slice
thickness 6 mm; gap 1 mm; flip angle 75°; matrix
size 256 × 192; field of view 48 cm); (2) axial view
(slice thickness 7 mm; gap 1 mm; flip angle 75°;
matrix 256 × 192; field of view 48 cm); (3) axial T2
fast recovery Spin-Echo sequence with fat suppression
(slice thickness 8 mm; gap 1 mm; matrix size 320
× 224; field of view 48 cm); (4) axial T1-weighted
dual phase gradient-echo sequence (repetition time
in ms: 120/2.1 in opposed phase and 120/4.2 when
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in phase; flip angle 80°; slice thickness 7 mm; gap 1
mm; matrix 256 × 224; field of view 48 cm); and (5)
a single-voxel breath-hold spectroscopy sequence. The
[14]
Point-RESolved Spectroscopy
sequence was used to
record spin echos: acquisition with TR = 1500 ms, TE
= 35 ms and 128 signal averages per data-frame with
an eight-phase cycling scheme (2048 data points per
spectroscopy frame with a spectral band width of 2500
Hz) resulting in an acquisition time of approximately
12 min. Chemical shift-selective radio frequency pulses
(n = 3) suppressed the water signal. To discriminate
the peaks corresponding to metabolites from artefacts,
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each spectrum represents the average of 16 data[15]
frame acquisitions (2 without water suppression) . To
ensure the accurate biopsy site, the voxel was placed
manually to provide accessibility and to avoid motion
artefacts by the heart and flow artefacts from vascular
[13,16]
structures
. The biopsy procedure was carefully
supervised according to this information. Values for
signal intensity (SI) were obtained from pre-designed
regions of interest (ROI) in the liver, spleen (both 20
mm × 20 mm) and paravertebral musculature (5
mm × 5 mm) and calculations were performed to
avoid the possible T2 effect caused by ferric deposits.
The hepatic fat fraction was measured according to
[14,16-18]
the formula: SIin-phase - SIout-of-phase/2SIin-phase
.
The visceral and subcutaneous adipose tissues were
quantified in out-of-phase images at pre-designed
ROI. The MRS spectra were transformed using
specific software via the SAGE (Spectroscopy Analysis
General Electric) single voxel PROBE-Q reconstruction
and normalized by water signal. The amplitude and
area under the curve of each detectable peak were
[19]
calculated as described .

were less than 0.05 and all analyses were conducted
using the Statistical Package for Social Sciences
(SPSS-18.0, Chicago, IL). Differences between groups
were assessed with a Student’s t-test, KruskalWallis or Mann Whitney U-test. Spearman or Pearson
correlation coefficients were used to evaluate the
degree of association between variables. To assess
differences before and after surgery, calculations were
performed with Welch’s t-tests and/or Wilcoxon’s rank
sum tests as well as ANOVA for repeated measures. To
correct for multiple testing we used the False Discovery
Rate estimated using the Q-value. The choice of tests
was based on normality of values and the sample size,
which varies with losses in observations as indicated in
results.

RESULTS
Baseline and follow-up characteristics of participants

No acute illness or surgical complications were
recorded during the study. Most patients were female
(79%), with ages between 34 and 55 years. The
reference BMI was calculated immediately before
2
surgery (range: 42.1-51.2 kg/m ) and changes were
negligible in the previous 6 mo. The body weight
decreased in all patients. As a group, the mean
decrease was 41.2 kg, approximately 35%. There
were changes in parallel with weight loss, especially
improvements in glucose and lipid metabolism, and in
the circulating levels of leptin and adiponectin and the
paraoxonase activity. Some inflammatory cytokines
also decreased with weight loss, including C-reactive
protein, but others did not. Contrarily, changes in
the activities of enzymes traditionally considered as
surrogates of liver function improved after surgery but
independently of weight loss (Table 2, n = 19).

1

H NMR based metabolomics assays and laboratory
procedures

Portions of hepatic tissue obtained from liver biopsy
[20]
were flash-frozen and homogenized . For NMR
measurements hydrophilic and lipophilic metabolites
were separately lyophilized overnight to remove
[10,21]
water and reconstituted as described
. One- and
1
two-dimensional H NMR spectra were obtained at
a 600.20 MHz frequency using an Avance Ⅲ-600
Bruker spectrometer equipped with an inverse TCI
5 mm cryoprobe (Bruker, Rheinstetten, Germany).
The frequency spectra were baseline corrected, and
then calibrated using TopSpin software (version 2.1,
Bruker). Resonance assignments were performed
[10,22]
as described
. Selected peaks were integrated
using the AMIX 3.8 software package (Bruker) and
the absolute concentration of single metabolites
[23]
measured as described
(Table 1). The integral at
0.87 corresponding to ω-CH3 was used as a reference
for total fatty acid chains to estimate the molar
percentage of fatty acid signals. Common laboratory
measurements were performed with commercially
[24,25]
available reagents and well-established methods
.
The liver-tissue content of cholesterol and triglyceride
was also determined after lipid extraction with the
[26]
isopropyl alcohol-hexane method . Cytokines and
adipokines were measured using enzyme-linked
immunosorbent assays following the manufacturer’s
instructions (RD Systems, Minneapolis, United States).

Bariatric surgery and remission of NAFLD

Despite morbid obesity, NAFLD was not a universal
finding and severity was modest as assessed
histologically (< 15% of triglyceride accumulation in
30% of the patients). In some it was negligible (<
5%) and in others severe (> 70%). This distribution
was not explained by metabolic derangements. We
discarded the presence of NASH as we did not observe
hepatocyte ballooning, lobular inflammation or
significant fibrosis. The correlation between histological
percentages of triglyceride accumulation and hepatic
fat fraction obtained by MRI was considered excellent
(Figure 2A). One year after surgery, NAFLD decreased
in all patients and was virtually absent (0%-7%)
(Figure 2B; Table 2). In this second observation, with
reduced values, the association between methods
was also excellent. Sensitivity and specificity to stage
the disease were sufficient (both > 90%). These data
are probably the result of the continuous cooperation
between radiologists and surgeons and the correction
for T2 shortening due to liver iron deposition. The

Statistical analysis

Unless otherwise stated, quantitative variables were
expressed as mean and interquartile range and
categorical variables as absolute or relative frequen
cies. Statistical significance was considered if P values
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1

Table 1 Absolute concentration of single metabolites obtained by H NMR metabolomic profiles
Mean

SD

Lipid-soluble metabolites (mmol/g liver)
Total cholesterol
5.19 1.71
Free cholesterol
1.32 0.40
Sterified cholesterol
3.87 1.65
Triglycerides
141.33 92.95
Diglycerides
8.04 3.22
Monoglycerides
0.73 0.20
Total phospholipids
22.75 5.86
PC
15.90 4.06
PE
10.59 2.31
Phosphatidylinositol
1.99 0.85
Phosphatidylserine
0.13 0.07
Lysophosphatidylcholine
1.07 0.75
Sphingomyelin
1.97 0.39
Plasmalogen
1.01 0.13
Lipid-soluble metabolites (%mol)
Omega-3 fatty acids
2.14 1.32
Oleic acid (18:1 ω-9)
24.53 4.37
Arachidonic (20:4 ω-6)
3.51 3.09
+ eicosapentaenoic
(20:5 ω-3) acids
Docosahexaenoic acid
0.72 0.65
(22:6 ω-3)
Linoleic acid (18:2 ω-6)
5.91 1.81
PUFA
20.41 17.58
MUFA, with PUFA
93.15 11.47
PUFA/MUFA ratio
0.20 0.14
PC/PE ratio
1.48 0.09
Aqueous-soluble metabolites (mmol/g liver)
Glucose-6-phosphate
32.65 13.3
Glycogen
2.19 2.34
UDPG
1.22 0.50
3-pyruvate
1.72 0.68
3-hidroxybutirate
0.76 0.35
Lactate
20.48 6.63
Fumarate
0.30 0.10
Free glycerol
1.64 0.94
NAD/NADH/NADPH
0.39 0.13
ATP/ADP/AMP
1.68 0.70
UTP/UDP/UMP
0.87 0.29
Uracil
0.04 0.02
Carnitine
1.16 0.59
Cholines
1.50 0.36
Acetates
0.48 0.11
Ascorbic acid
1.36 0.57
Leucine
0.55 0.10
Valine
0.60 0.13
Alanine
6.07 2.38
Isoleucine
0.25 0.05
Lysine
1.26 0.26
Glutamine
3.96 1.59
Glutamate
4.42 1.63
Methionine
0.80 0.24
Phenylalanine
0.26 0.05
Threonine
1.46 0.50
Tyrosine
0.20 0.05
Histidine
0.16 0.07
Taurine
12.53 4.07
Gluthathione oxidized
0.73 0.40
Creatine
3.16 1.24
Creatinine
0.15 0.04

None
KruskallWallis
Mean
SD
(P )

Low

Moderate

Severe

Mean

SD

Mean

SD

Mean

SD

2.74
1.09
1.66
13.71
10.35
0.69
29.44
20.05
12.37
1.54
0.07
0.62
2.18
0.97

0.51
0.18
0.70
6.33
7.42
0.25
7.74
5.70
2.58
0.65
0.01
0.07
0.53
0.23

5.03
1.52
3.50
88.82
8.40
0.80
24.28
16.71
11.13
2.76
0.14
0.82
2.13
1.01

2.15
0.41
1.82
59.32
2.37
0.28
1.56
1.33
0.33
0.71
0.08
0.20
0.22
0.06

5.89
1.36
4.54
184.61
8.55
0.77
23.75
17.13
11.52
1.77
0.15
1.59
2.03
1.10

0.68
0.42
1.01
26.11
2.70
0.12
1.65
0.73
0.79
0.60
0.07
1.22
0.24
0.08

5.99
1.00
4.99
259.29
4.91
0.57
13.59
9.50
6.79
1.13
0.10
1.02
1.41
0.88

1.06
0.27
1.31
67.09
0.96
0.06
6.03
4.21
2.75
0.22
0.03
0.25
0.37
0.17

0.009

4.57
16.42
9.82

0.40
1.70
2.89

2.49
24.34
3.96

1.15
4.29
2.16

1.44
26.62
1.94

0.10
1.15
0.32

0.98
26.81
1.05

0.32
2.95
0.36

0.012

1.97

0.41

0.85

0.56

0.39

0.09

0.20

0.14

0.02
0.009
0.008
0.015

9.63
55.73
112.96
0.49
1.61

0.23
12.60
3.53
0.09
0.12

6.23
23.43
97.79
0.23
1.50

0.84
12.9
5.27
0.11
0.08

5.02
11.55
87.68
0.13
1.48

0.98
1.71
5.94
0.02
0.06

4.27
5.57
79.81
0.07
1.38

0.85
3.11
6.57
0.03
0.06

41.69
2.57
1.74
2.24
1.04
17.37
0.32
1.53
0.50
2.43
0.85
0.03
2.16
1.62
0.45
1.80
0.50
0.55
5.68
0.23
1.21
5.83
4.70
0.76
0.25
2.13
0.16
0.25
17.03
1.31
4.39
0.15

32.96
0.62
0.75
1.21
0.86
5.60
0.06
0.28
0.18
1.30
0.21
0.01
0.82
0.05
0.02
0.40
0.02
0.01
4.18
0.01
0.08
1.90
0.01
0.24
0.02
0.59
0.04
0.13
1.55
0.46
0.78
0.01

35.63
1.70
1.25
1.93
0.71
23.75
0.36
1.48
0.46
1.86
1.03
0.05
1.11
1.59
0.54
1.30
0.59
0.66
7.81
0.26
1.38
4.48
5.63
0.84
0.29
1.58
0.24
0.17
13.68
0.63
3.74
0.19

7.94
0.81
0.14
0.49
0.25
3.23
0.12
0.26
0.07
0.46
0.23
0.02
0.35
0.27
0.08
0.38
0.09
0.09
1.32
0.04
0.13
0.89
1.78
0.23
0.03
0.45
0.02
0.06
4.14
0.29
0.73
0.02

34.27
2.95
1.19
1.75
0.69
20.95
0.28
1.47
0.35
1.55
0.97
0.04
1.02
1.58
0.49
1.36
0.59
0.65
5.83
0.29
1.34
3.60
3.92
0.70
0.27
1.36
0.21
0.13
11.57
0.57
2.89
0.12

4.46
4.11
0.54
0.45
0.25
6.56
0.06
0.39
0.10
0.59
0.20
0.01
0.50
0.31
0.13
0.62
0.10
0.12
0.83
0.06
0.33
1.19
0.82
0.18
0.04
0.08
0.04
0.04
1.46
0.38
0.91
0.02

17.96
1.66
0.89
0.92
0.78
15.25
0.21
2.35
0.26
1.02
0.43
0.02
0.83
1.07
0.39
1.18
0.44
0.42
3.22
0.19
0.92
2.27
2.65
0.90
0.17
0.94
0.14
0.12
8.81
0.78
1.61
0.10

12.1
1.67
0.73
0.63
0.40
10.9
0.05
2.29
0.11
0.52
0.11
0.02
0.56
0.50
0.12
1.01
0.02
0.07
2.54
0.02
0.14
1.86
0.98
0.42
0.05
0.53
0.05
0.04
5.38
0.42
1.37
0.05

0.008

0.046

0.028

0.009

0.038

0.026

0.010

U Mann-Withney (P )
N vs L L vs M M vs S L vs S

0.017

0.020
0.039
0.025
0.025
0.025

0.028

0.020
0.020
0.020
0.020

0.045
0.020

0.028

0.020

0.045
0.045

0.025

0.028

0.027

0.028
0.028

0.020
0.020
0.020
0.020

0.045
0.045

0.020

0.038

0.025

0.025
0.025
0.028

0.038
0.038
0.020

0.020
0.020
0.038

0.025
0.020
0.020
0.020
0.045

0.045

0.020

0.006

0.038
0.020

PC: Phosphatidylcholine; PE: Phosphatidylethanolamine; PUFA: Polyunsaturated fatty acids; UDPG: Uridine diphosphate glucose; MUFA: Monounsaturated
fatty acids.
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A

Table 2 Selected variables to explore metabolic changes and
anti-oxidative or anti-inflammatory effects prior to and one
year after surgery
P value

45.4 (44.1-47.0)
30 (5-55)
7.9 (6.7-10.1)
114.2 (86.3-166.8)
4.73 (1.85-10.67)
4.93 (4.59-5.24)

32.3 (30.1-35.4)
6 (0-15)
5.4 (4.6-6.2)
66.9 (58.0-70.1)
1.95 (1.30-5.80)
4.28 (4.05-4.87)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1.76 (1.12-2.42)
1.06 (0.94-1.23)

1.08 (0.85-1.38)
1.31 (1.02-1.44)

< 0.001
< 0.001

1.08 (0.85-1.48)
8.2 (5.1-9.1)
0.82 (0.70-1.1)
1.03 (0.37-1.24)
0.52 (0.43-1.25)
0.34 (0.24-1.08)
0.67 (0.54-0.84)
214 (160-410)
32.5 (21.2-40.1)
4.2 (2.1-5.9)
0.52 (0.21-0.75)
1.86 (1.45-2.15)
6.21 (4.35-7.82)
510 (425-590)
4.6 (1.5-7.2)

0.80 (0.61-0.96)
9.1 (7.2-8.5)
0.65 (0.54-0.92)
0.82 (0.24-1.14)
0.45 (0.33-0.97)
0.30 (0.20-0.95)
0.42 (0.33-0.65)
360 (200-405)
9.2 (6.3-11.1)
7.5 (4.9-8.2)
0.43 (0.12-0. 59)
1.42 (1.22-1.65)
5.12 (3.95-7.36)
395 (280-430)
1.1 (0.3-1.67)

< 0.050
NS
< 0.050
NS
NS
NS
< 0.050
< 0.050
< 0.001
< 0.001
NS
NS
< 0.050
< 0.001
< 0.001

Hepatic fat fraction by
magnetic resonance imaging (AU)

After surgery

R = 0.9280
0.3

0.2

0.1

0

B

We only included participants with a complete dataset (n = 19). Values
are expressed as median (interquartile range); AST: Aspartate aminotrans
ferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase;
GGT: Gamma-glutamyl transpeptidase; HOMA2-IR: Homeostatic model
assessment index; NEFAs: Non-esterified fatty acids; TNF-α: Tumor
necrosis factor-α; CCL2: Chemokine (C-C motif) ligand 2; Hs-CRP: High
sensitivity C-reactive protein.
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Before surgery
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Figure 2 Correlation between hepatic steatosis measured by magnetic
resonance imaging and by histological analysis before surgery (A); nonalcoholic fatty liver disease was considerably reduced after one year in all
patients (B).

mathematical expression most likely will change
among laboratories to ensure correct stage in severe
cases. Additional corrections in spleen and muscles
were apparently unnecessary (Figure 3). Further,
the lack of sampling variability is paramount in
comparisons because the heterogeneous distribution
of NAFLD is relatively common in these patients. This
fact has been illustrated in Figure 4.

but less robust than those observed with MRI (Figure
7). Characteristically, the 1.3-ppm and 2.2-ppm peaks
are considered as representative of triglyceride and
unsaturated fatty acids, but actual values obtained by
biochemical measurements (see below) suggest the
combination of multiple signals from other compounds.

Results obtained by MRS were similar to those observed
by MRI

Metabolomics: Liver fat composition and the
assessment of steatosis

Contrary to our hypothesis, MRS did not provide
additional and relevant information in the staging of
NAFLD. Moreover, in some patients without NAFLD,
some peaks were undetected and inter-individual
variability of other peaks was too high to be considered.
However, there were at least 3 peaks with reliable
information to compare values before and after surgery
(the 0.9-ppm, 1.3-ppm peak and 2.2 ppm peak, Figure
5) most likely indicating the presence of -CH3 (0.9
ppm), -CH2- (1.3 ppm) and -CH=CH- (2.2 ppm) (Figure
6). The calculations of either amplitude or the area
under the curve (AUC) yield similar results with fairto-good correlation with histologically assessed values
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P = 1.05 × 10-8

0.0

Steatosis (histology, %)

BMI, kg/m2
Liver steatosis, %
Glucose, mmol/L
Insulin, pmol/L
HOMA2-IR
Total cholesterol,
mmol/L
Triglycerides, mmol/L
HDL-cholesterol,
mmol/ L
NEFAs, mmol/L
Bilirubin, mmol/L
ALP, μKat/L
AST, μKat/L
ALT, μKat/L
GGT, μKat/L
Amylase, μKat/L
Paraoxonase, U/L
Leptin, ng/mL
Adiponectin, ng/mL
Interleukin 6, pg/mL
Interleukin 8, pg/mL
TNF-α, pg/mL
CCL2, pg/mL
Hs-CRP, mg/L

Before surgery

0.4

The correlation between steatosis and liver triglyceride
content was not different from that obtained between
-5
steatosis and MRI (r = 0.89, P = 1.2 × 10 , n = 16)
indicating that the invasive measurement of liver
triglyceride content is not a valuable diagnostic tool in
1
these patients. Data provided by H NMR spectroscopic
profiles are given only for the biopsy obtained during
surgery because in some samples obtained in the
second biopsy the concentrations of most metabolites
were lower than a predesignated detection level.
Hence, this portion of the liver was used only for
1
clinical purposes. H NMR spectra of aqueous soluble
liver tissue extracts showed resonances associated
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B

0.75
R = 0.9253
P = 1.41 × 10-8

0.75
R = 0.9098

Hepatic fat fraction by
magnetic resonance imaging (AU)

Hepatic fat fraction by
magnetic resonance imaging (AU)

A

0.50

0.25

0.00

P = 6.65 × 10-8
0.50

0.25

0.00
0

25
50
75
Steatosis (histology, %)

100

0

25
50
75
Steatosis (histology, %)
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Figure 3 Magnetic resonance imaging signal was further corrected by the spleen (A) or muscle (B) intensity signals, but this did not improve the quality of
the correlation with hepatic steatosis assessed by histological analysis.

Figure 4 Liver fat distribution is commonly non-homogeneous in non-alcoholic fat liver disease, and this fact could influence the diagnosis of steatosis.

A

B

100 mm
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C

D

Real
3.0

2.5
Intensity × 10 (AU)

2.0

7

7

Intensity × 10 (AU)

2.5

1.5
1.0
0.5

Amplitude (AU)

20

1.5
1.0

0.0
5

30

2.0

0.5

0.0

E

Real
3.0

4
3
2
1
Relative resonance frequency (ppm)

0

5

4
3
2
1
Relative resonance frequency (ppm)

0

Before surgery
After surgery

10

0
2.2

1.3
0.9
Spectrum peak (ppm)

Figure 5 Hepatic steatosis was evaluated in patients before and after surgery in liver biopsy (A, B); the decrease in hepatic fat content also could be
visualized by magnetic resonance spectroscopy (C, D), where the peaks that offer more information were those at 0.9, 1.3 and 2.2 ppm (E). Scale bar in A
and B represents 100 μm (magnification × 100).
Total fatty
acyl chains

14

to double bonds mainly from protons belonging to
di- or triacylated glycerols, the phospholipids polar
head groups, methylene, methyl groups of the fatty
acyl chains and unsaturated fatty acyl moieties, and
they were all associated with liver fat deposition
(Table 1). Interestingly, in patients with no or very
moderate NAFLD, the levels of triglycerides and oleic
acid were low and there were increased hepatic levels
of polyunsaturated fatty acids (PUFA)ω-3 fatty acyls,
docosahexanoic 22:6 (n-3) (DHA), arachidonic 20:4
(n-6) (ARA) + eicosapentaenoic 20:5 (n-3) (EPA),
and the ratio between poly- and mono-unsaturated
fatty acids (PUFA/MUFA). These changes paralleled
the increased levels of glycerol, lactate, glucose-6phosphate (G-6-P), carnitine and taurine. Conversely,
in moderate to severe steatosis, the levels of trigly
ceride, oleic acid, and some amino acids were high
but there was a significant depletion of PUFA. This
is illustrated by significantly positive or inverse
correlations found in these metabolites with the stage
of NAFLD (Figure 8). Importantly, in severe NAFLD
there were significant reductions in diglycerides (DAG),
G-6-P, fumarate, NAD/NADH, ATP/AMP, and UTP/UMP
(Table 1) most likely indicating a dysfunction in the
coordination of mitochondrial fat oxidation and glucose
transport activity.
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Figure 6 Representative spectrum of identifiable metabolites with
magnetic resonance spectroscopy in vivo: 0.9 ppm - terminal carbon
(-CH 3); 1.3 ppm - total fatty acyl chains (-CH2-); 2.0-2.2 ppm - polyunsaturated fatty acids (-CH2=CH2-); 2.6 ppm -Citrate; 3.2 ppm - choline
containing compounds; 5.3-5.6 ppm - mono+polyunsaturated fatty acids.
Water relative resonance frequency appears at 4.7 ppm as major compound. In
this case, water is suppressed for facilitate the visualization of other detectable
compounds.
1

with low molecular weight metabolites, and H NMR
spectra from lipid soluble extracts depicted several
dominating regions with major peaks attributable
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Figure 8 Several lipidic metabolites measured using 1H NMR-based metabolomics were clearly positively associated with hepatic steatosis (A-D); Others
showed the opposite behavior (E-J). ARA: Arachidonic acid; EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid; PUFA: Poly-unsaturated fatty acids; MUFA:
Mono-unsaturated fatty acids.

Dissociation between excess lipid storage in adipose
tissue, NAFLD and insulin resistance

There was no correlation between BMI and steatosis
(r = 0.227). Additionally, body fat distribution was
not associated with the development of fatty liver
as the correlations between the subcutaneous and
visceral adipose tissues, measured by MRI, and fatty
liver severity were not different from 0 (Figure 9).
Moreover, the degree of impaired glucose metabolism

Our data indicate that even in patients with morbid
obesity the incidence of NAFLD is not universal.
Bariatric surgery was accompanied by a reduction
in BMI and practically eliminated the ectopic fat in
the liver but patients remained obese (BMI > 30).
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Figure 9 Body fat content was measured using magnetic resonance imaging. Both visceral (A) and subcutaneous adipose tissue (B) were not related to the
development of non-alcoholic fatty liver disease.

of patients was not associated with the presence
of NAFLD. There were insulin-sensitive individuals
with a high percentage of ectopic liver fat and there
were participants with insulin resistance remaining
free of NAFLD. This is counterintuitive because the
overflow of energy storage from adipose tissue to
the liver is apparently unavoidable. Our findings
reinforce the concept that the composition of ectopic
lipid is important in searching for metabolites most
likely mediating defects in insulin signalling and/or
[6,10,27-32]
mitochondrial function
.

improvements in the design of the apparatus and
in the ability to obtain more detailed spectra. The
advantage of this non-invasive technique is obvious
but our study design precludes the possibility to test
its value in differentiating NAFLD from NASH and/
or significant fibrosis, which is important to assess
[2,3,35]
prognosis and indicate management
. However, we
consistently observe superior effects on weight loss,
NAFLD and lipid and glucose metabolic derangements
using bariatric surgery as compared with intensive
but conservative medical therapy. Further, bariatric
surgery improves insulin sensitivity, lipid metabolism,
inflammation, oxidative stress and most likely
other factors that might contribute to NAFLD. Pre
vious data suggest the speculation that rapid and
sustained weight loss may also improve the histologic
[6,36,37]
characteristics of NASH
but even modest weight
reduction (7%-10%) results in significant improvement
[38,39]
of NASH
. In addition, we provide further evidence
that inflammatory factors, oxidative stress, and the
liberation of cytokines from adipose tissue are likely
[40]
modulators .
Our data limit further the clinical indication of liver
biopsy in obese patients for those with the additional
presence of known factors affecting the progression
of liver disease such as alcohol or drugs consumption,
toxin exposure or viral disease. However, they also
indicate that liver biopsy is critical to obtain research
material to uncover the precise molecular mechanisms
that remain elusive. Particularly, we observed a
significant mobilization in metabolites according to
1
the severity of NAFLD. We used H NMR spectra to
obtain signals with technology similar to both MRI and
[10]
MRS
but future studies should include analytical
methods that increase the number of reliably detected
[4,22]
metabolites
. This is important because research
may result in alternative therapeutic strategies. Of note,
we have found that severe NAFLD is accompanied by
the progressive inhibition of fatty acid oxidation, which

DISCUSSION
The metabolic syndrome and obesity are strong
predictors of NAFLD but mechanisms to explain an
association between NAFLD and morbid obesity
remain unclear. Some, most likely 20%-30%, of obese
patients are currently identified as “metabolically
[33]
healthy”
but this is irrelevant because it is not
[34]
translated into a lower risk of mortality . NAFLD
is not a benign condition and consequently should
be carefully assessed. Our MRI data indicate that in
patients with morbid obesity this technique provides
diagnostic accuracy > 90% with sufficient sensitivity
and specificity (both > 90%) to stage the disease and
to assess the effect of surgery. The main limitations
include the cost, the requirement for considerable
efforts to minimize sampling variability and the size of
the patients undergoing bariatric surgery. The latter is
also the cause of limitations in our study, which should
probably be extended to a more protracted time of
observation.
In this group of patients, our data indicate that
MRS, liver biopsy and the measurement of liver fat
content do not provide clinically useful information
and were considered either superfluous or redundant
because the likelihood to find NASH was low.
Further research, however, should include technical
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increases glucose oxidation and decreases glucose
formation in fatty liver, indicating both mitochondrial
dysfunction and the existence of metabolites that
cause defects in insulin signalling or glucose transport
[4,31,41]
activity
. The consideration of NAFLD as a likely
[42,43]
mitochondrial disease
is important and confirms
our previous findings in animal models characterized
by the accumulation of damaged mitochondria and
[30,44]
mitochondrial fragmentation
, apparently involved
in response to liver inflammation, excess of energy
[45,46]
intake and autophagy
. The implications of a change
in paradigm might be also of clinical value. Obesity
down-regulates liver autophagy and the therapeutic
target should be the restoration of liver autophagy.
This is also important due to the clear dissociation
between lipid storage in adipose tissue, NAFLD and
insulin resistance. This is in line with the Randle cycle,
which draws attention to competition between glucose
and fatty acids for their oxidation, and pharmacological
models of mitochondrial impairment, which stimulates
insulin sensitivity and protects against diet-induced
[47,48]
obesity, NAFLD and insulin resistance
. However,
an important limitation of our study is the relatively
low amount of valid data and we cannot exclude the
possibility of other important metabolic factors. It may
also be useful to focus the search for serum biomarkers
[4,49]
among metabolites involved in energy metabolism
.
It is likely that a unique technique may not suffice
and serum biomarkers should be combined with MRI
or other techniques (e.g., elastography) to provide
the optimal diagnostic discrimination that is required
[15]
in the fight against obesity-associated disorders .
Interestingly, these data are partially confirmative of
findings indicating that metabolic changes are weightdependent. However, in the assessment of NAFLD
progression these may be limited to the morbidly obese
[50]
patient .
To sum up, MRI is a sufficient, non-invasive techni
que, adequate to accurately stage NAFLD in obese
patients and to assess the clinical follow-up of bariatric
surgery. In uncomplicated patients, when procedures
are performed to avoid sampling variability and
confounding factors, data from MRS, liver biopsy
and the measurement of liver fat content may be
considered superfluous. Data from metabolomics
may be useful to explain the dissociation between
excess lipid storage in adipose tissue, NAFLD and
insulin resistance. Additionally, they may support
the consideration of NAFLD as a likely mitochondrial
disease, which is important to fully understand the
pathogenesis and to focus the search for biomarkers
and therapeutic strategies.

the manuscript.
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hand, the reversal of this condition is beneficial.

Research frontiers
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obese patients, weight loss modifies its course considerably but to achieve this
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they found them useful especially in bariatric surgery, which requires presurgical information regarding vascular structures. These resulted in excellent
correlations between histological percentages of triglyceride accumulation and
hepatic fat fraction obtained by magnetic resonance imaging (MRI). Using some
sophisticated spectroscopic analyses, they have concluded that beneficial
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MRI is an adequate non-invasive technique, to accurately stage fatty liver
disease in the clinical follow-up of bariatric surgery. Associated technologies
may be used in the assessment of other clinical conditions and to clarify the
actual mechanisms of fatty liver disease.
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Clinical trial registration: This study was not a clinical trial
but only an outpatient follow-up of subjects referred to the
Gastroenterology Unit of the University Hospital Policlinico of
Bari (Italy) and affected by duodenal lymphocytosis. The names
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by Italian law, each patient gave written informed consent for
endoscopic examination. No ethical committee approval was
required because all procedures were provided by routine clinical
patient management.

Abstract
AIM: To assess the evolution of duodenal lympho
cytosis (DL), a condition characterized by increased
intraepithelial lymphocytes (IELs), over 2 years of
follow-up.

Informed consent: All study participants provided informed
written consent prior to endoscopic investigation. Additional
oral consent to perform immunohistochemical staining of
intraepithelial lymphocytes was obtained. Subjects with
intraepithelial lymphocytosis were invited to undergo the followup and the follow-up was agreed with the practitioners of
reference for each patient.

METHODS: Consecutive patients undergoing upper
endoscopy/histology for abdominal pain, diarrhea,
weight loss, weakness or other extraintestinal features
compatible with celiac disease (CD) were included.
Evaluation of IELs infiltrate in duodenal biopsy samples
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gluten-related conditions. At multivariate analysis, the
haplotype DQ2/8 and the density of the intraepithelial
CD3 lymphocyte infiltrate were the best predictors of
the future development of gluten-related disorders.

was carried out by CD3-immunohistochemistry and
expressed as number of positive cells/100 enterocytes.
Diagnostic agreement on the IELs count was tested
by calculating the weighted k coefficient. All patients
underwent serological detection of autoantibodies
associated with CD: IgG and IgA anti-tissue transglu
taminase and endomysium. Each patient underwent
further investigations to clarify the origin of DL at
baseline and/or in the course of 2 years of follow-up
every six months. Autoimmune thyroiditis, intestinal
infections, parasitic diseases, bacterial intestinal
overgrowth, hypolactasia and wheat allergy were
detected. Colonoscopy and enteric magnetic resonance
imaging were performed when necessary. Risk
factors affecting the final diagnosis were detected by
multinomial logistic regression and expressed as OR.

Losurdo G, Piscitelli D, Giangaspero A, Principi M, Buffelli
F, Giorgio F, Montenegro L, Sorrentino C, Amoruso A, Ierardi
E, Di Leo A. Evolution of nonspecific duodenal lymphocytosis
over 2 years of follow-up. World J Gastroenterol 2015;
21(24): 7545-7552 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7545.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7545

INTRODUCTION

RESULTS: Eighty-five patients (16 males, 69 females,
aged 34.1 ± 12.5 years) were followed up for a mean
period of 21.7 ± 11.7 mo. At baseline, endoscopy/
duodenal biopsy, CD3 immunohistochemistry revealed:
> 25 IELs/100 enterocytes in 22 subjects, 15-25 IELs
in 37 and < 15 IELs in 26. They all had negative serum
anti-transglutaminase and anti-endomysium, whilst
5 showed IgG anti-gliadin positivity. In the course of
follow-up, 23 developed CD seropositivity and gluten
sensitivity (GS) was identified in 19. Other diagnoses
were: 5 Helicobacter pylori infections, 4 jejunal
Crohn’s disease, 1 lymphocytic colitis and 1 systemic
sclerosis. The disease in the remaining 32 patients was
classified as irritable bowel syndrome because of the
lack of diagnostic evidence. At multivariate analysis,
the evolution towards CD was associated with an IELs
infiltrate > 25 (OR = 1640.4) or 15-25 (OR = 16.95),
human leukocyte antigen (HLA) DQ2/8 (OR = 140.85)
or DQA1*0501 (OR = 15.36), diarrhea (OR = 5.56)
and weakness (OR = 11.57). GS was associated with
IELs 15-25 (OR = 28.59), autoimmune thyroiditis (OR
= 87.63), folate deficiency (OR = 48.53) and diarrhea
(OR = 54.87).

Duodenal lymphocytosis (DL) is a pathological condition
characterized by the presence of lymphocytes in the
epithelial layer of the duodenum with a normal villous
[1]
architecture . These particular lymphocytes are called
“intraepithelial lymphocytes” (IELs) and are T cells
which express the CD3 molecule on their membranes.
IELs are involved in many functions; in particular, they
play a pivotal role in surveillance and activation of the
[2]
immune response against food antigens . Owing to
this peculiar function, a dysregulation of their task
has been invoked as the most important pathogenic
[3]
mechanism in the development of celiac disease (CD) .
Indeed, a large infiltration of IELs in the duodenum
is a hallmark and key finding in the pathological
diagnosis of this disorder. According to the MarshOberhuber classification, the presence of more than 25
IELs per 100 enterocytes, the so-called Marsh stage
1, is the most widely employed cutoff for diagnosing
[4]
CD . However, CD is not the only cause of DL; other
gluten-related conditions, such as gluten sensitivity
(GS) or wheat allergy may be characterized by a
[5]
similar microscopic duodenal pattern . On the other
hand, many other non-gluten-related conditions may
be linked to DL, for example autoimmune disorders
(systemic lupus erythematosus, systemic sclerosis,
vasculitides), drugs (aspirin, olmesartan), Helicobacter
pylori (H. pylori) gastritis, intestinal bacterial/viral
infections or parasitic infestations, Crohn’s disease,
small intestinal bacterial overgrowth (SIBO) and
[6]
congenital/acquired immune deficiencies . Moreover,
in children, a condition of DL may not in fact be
[7]
pathological . Based on the above-reported evidence,
DL is a nonspecific condition and therefore follow-up
including multiple investigations is often needed to
make a clear diagnosis.
Many studies have investigated the prevalence
of CD in DL. In the Mayo Clinic pediatric series of
1290 duodenal biopsy samples, only 56 showed DL
[8]
[9]
and 16% of these patients had CD . Aziz et al
found a prevalence of about 22% of CD in DL and
demonstrated that the main predictors of CD were

CONCLUSION: DL may have a multifactorial origin
but the IELs infiltrate and HLA are strong predictive
factors for CD development and a clinical diagnosis of
GS.
Key words: Duodenal lymphocytosis; Celiac disease;
Gluten sensitivity; Seronegative celiac disease; Intrae
pithelial lymphocytes; Immunohistochemistry
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Duodenal lymphocytosis may pose a dia
gnostic challenge since it could be associated with
different pathological conditions, which may or may
not be related to gluten. In the present study, we
demonstrated that during 2 years of follow-up of 85
patients with duodenal lymphocytosis, 27% developed
celiac disease and 22% had a clinical diagnosis of gluten
sensitivity; the remaining patients were affected by non-
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serological positivity of anti-tissue transglutaminase
(anti-tTG) and anti-endomysium antibodies (EMA)
and the compatibility of the HLA status. The highest
prevalence of gluten-related enteropathy in DL was
[10]
reported in a Spanish series and was 43% .
The clinical pattern of subjects with DL is often
similar to that of CD. VandeVoort showed that the
prevalence of diarrhea, weight loss and abdominal pain
are almost the same when comparing CD and nonceliac DL, whereas symptoms suggesting systemic or
organic disorders, such as anemia or skin diseases, are
[11]
[12]
more common in CD . Likewise, Zanini et al showed
that apart from a common clinical background marked
by abdominal discomfort and diarrhea, patients with DL
related to CD had a higher prevalence of extraintestinal
manifestations than non-gluten-related DL.
On these bases, we report the results of 2 years of
follow-up of a series of patients with DL, with the aim of
elucidating how their evolution towards gluten or nongluten-related conditions may be influenced by clinical,
serological, genetic and histopathological factors.

count: < 15 IELs/100 enterocytes, 15 to 25 IELs/100
enterocytes and > 25 IELs/100 enterocytes. Diagnostic
agreement on the IELs count was tested by calculating
the weighted k coefficient interpreted in accordance
with the Landis and Koch benchmarks, with a value
of more than 0.8 indicating excellent agreement.
Collection and processing was performed according to
[15]
BRISQ recommendations .

Laboratory investigations and follow-up

At baseline, all patients underwent serological detection
of autoantibodies associated with CD: IgG and IgA
anti-tissue transglutaminase (tTG) and endomysium
(EMA) (Bio-Rad Laboratories, Inc, Segrate - MI - Italy)
for CD diagnosis. In addition, IgA and IgG anti-native
gliadin (AGA) were tested for suspected GS. Blood
samples were taken for assays of a full blood count,
folate, vitamin B12, serum protein electrophoresis
with immunoglobulin subclasses and human leukocyte
antigen (HLA) genotyping.
Follow-up included a large series of investigations.
Autoimmune thyroiditis was detected by assaying
anti-thyroid antibodies and thyroid hormones (TSH,
fT3 and fT4). Stool samples were used to detect
intestinal infection and parasitic diseases (in particular
Giardia lamblia) and to assess fecal occult blood FOBT
(Hemoccult, Beckman Coulter, Cassina de’ Pecchi, MI ®
Italy) and fecal calprotectin (CAL Detect , Sofar SpA,
Trezzano Rosa - MI - Italy). If one of the last two tests
was positive, colonoscopy with histology and/or enteric
magnetic resonance imaging were performed. Despite
a negative histology at baseline, H. pylori infection
was again checked in all patients by urea breath test
and stool antigen test and, if positive, confirmed by
a further endoscopic and histological examination of
four biopsy samples, two taken from the body and
two from the antrum. Glucose and lactose breath tests
were carried out to exclude SIBO and hypolactasia,
respectively. Finally, wheat allergy was tested by skin
prick test and radioallergosorbent test (RAST).
The above-reported laboratory tests were repeated
every 6 mo. Colonoscopy and enteric magnetic resonance
imaging were repeated after one year, if necessary.
At the end of the follow-up period, diagnoses were
classified in to three groups: CD, GS or non-glutenrelated conditions.

MATERIALS AND METHODS
Patients

Consecutive patients enrolled in the period August 2008
- August 2013 complaining of abdominal pain, diarrhea,
weight loss, weakness or other extraintestinal features
compatible with CD were considered for this study. At
baseline, all subjects had undergone upper endoscopy
and biopsy sampling of the stomach and duodenum
for histological evaluation. Only those with histological
evidence of DL (i.e., the presence of lymphocytes in
the epithelial layer of the duodenum with a normal
[1]
villous architecture) were enrolled for the follow-up.
Oral consent for the treatment and management of
biological samples was obtained by phone interview.
Thereafter, they were referred to the outpatient clinic
of our unit for 6 monthly investigations. This study was
conducted in conformity with the Declaration of Helsinki
illustrating the ethical principles for medical research
[13]
involving human subjects .

Endoscopy and immunohistochemistry

According to the guidelines, four biopsy specimens were
collected, two from the bulb and two from the distal
[14]
duodenum . Biopsies were mounted on fiber-free
paper to aid orientation and then embedded in formalin.
Initial evaluation of the sample was performed by
hematoxylin-eosin staining. Immunohistochemistry of
CD3 lymphocytes for the IELs count was performed
using monoclonal murine antibody (Novocastra
Leica Biosystems, Newcastle Ltd, United Kingdom),
according to the manufacturer’s instructions. In all
subjects, IELs were counted in a field containing at
least 1000 enterocytes and expressed as number/100
enterocytes. The count was confined to the epithelial
layer and performed by two blinded observers (DP and
FB). Three groups were selected according to the IELs
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Statistical analysis

Comparisons between the data obtained in our groups
2
of patients were performed by χ test for trend for the
analysis of percentages or proportions. Significance
was indicated by p < 0.05.
Multinomial logistic regression was employed to
evaluate the risk factors that could have influenced
the final diagnosis. We considered the three possible
diagnostic outcomes (CD, GS and non-gluten-related
disorders) as dependent variables and all the other
clinical and laboratory data listed above as independent
variables. For the independent variables found to be
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85 patients with
duodenal lymphocytosis

Immunohistochemical evaluation for
intraepithelial lymphocytes (IELs)

IELs < 15
per 100 enterocytes
n = 26

IELs 15-25
per 100 enterocytes
n = 37

IELs > 25
per 100 enterocytes
n = 22

Follow up

3 H. pylori infections
2 jejunal Crohn’s disease
3 celiac disease
5 gluten sensitivity
13 IBS

2 jejunal Crohn’s disease
16 celiac disease
1 gluten sensitivity
3 IBS

2 H. pylori infections
1 lymphocytic colitis
1 sclerodermia
4 celiac disease
13 gluten sensitivity
16 IBS

Figure 1 Flow diagram of the study design. The immunohistochemical picture of enrolled patients and the final diagnosis made after a mean follow-up of 2 years
are displayed for each study group. IELs: intraepithelial lymphocytes; IBS: Irritable bowel syndrome; H. pylori: Helicobacter pylori.

± 12.5 years, range 16-64, median 32) were eligible
according to the inclusion criteria. The mean followup was 21.7 ± 11.7 mo, range 12-67, median 18. The
overall review of the follow-up is reported in Figure
1. In Figure 2, the mean time needed to achieve the
final diagnosis is reported separately for each disease.
CD, GS, irritable bowel syndrome and Crohn’s disease
required the longest follow-up period, namely 21.4
± 4.7, 23.4 ± 5.3, 23.1 ± 3.4 and 18.0 ± 6.9 mo,
respectively. Additionally, Table 1 summarizes the
diagnosed diseases associated with DL in the course of
the follow-up period, as well as the disease distribution
in relation to the density of the IELs infiltrate.
After the baseline immunohistochemical evaluation,
22 patients had > 25 IELs, 37 had 15-25 IELs and 26
had < 15 IELs/100 enterocytes. Analysis of agreement
about the IELs calculation between the observers
yielded k = 0.87 (95%CI: 0.76-0.98). Enrolled patients
were all negative at baseline for anti-tTG and EMA
antibodies, 5 were positive for IgG anti-gliadin. Wheat
allergy was not present in any patient. At the end of
the follow-up, 23 (27.1%) had developed seropositivity
for both anti-tTG and EMA and a second histological
assessment showed a clear histological picture of CD
(2 patients Marsh 3c, 6 Marsh 3a, 9 Marsh 2 and 6
Marsh 1). In these subjects, the diagnosis of CD was
then confirmed by the histological and serological
improvement induced by a gluten-free diet (GFD).
Five patients appeared to be positive for H. pylori
infection in the course of the follow-up. They all had

8.4 ± 3.3

H. pylori

18.0 ± 6.9

Crohn's disease
Lymphocytic colitis

12 ± 0

Sclerodermia

12 ± 0

Celiac disease

21.4 ± 4.7
23.4 ± 5.3

Gluten sensitivity
Irritable bowel syndrome

23.1 ± 3.4
0

10

20

30

40

t /mo

Figure 2 Histogram showing the mean ± sD time, expressed in months,
taken to make a final diagnosis during the follow-up. ANOVA plus
Bonferroni analysis showed that the mean follow-up time was CD = GS = IBS =
Crohn > H. pylori = scleroderma = lymphocytic colitis. CD: Celiac disease; GS:
Gluten sensitivity; IBS: Irritable bowel syndrome; H. pylori: Helicobacter pylori.

statistically significant, OR and 95%CI were calculated.
All statistical tests were 2-tailed and performed at
the 5% level of significance. The statistical analysis
was performed using the software SPSS Statistics for
Windows, Version 20.0. Armonk, NY: IBM Corp.

RESULTS
Eighty-five patients (16 males, 69 females, aged 34.1
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Table 1 Summary of the diagnosed diseases associated with duodenal lymphocytosis after the follow-up period
Diagnosed disease
Helicobacter pylori infection
Jejunal Crohn’s disease
Lymphocytic colitis
Scleroderma
Celiac disease
Gluten sensitivity
Irritable bowel syndrome
Total (n)

IELs < 15

IELs 15-25

IELs > 25

(n )

(n )

(n )

3
2
0
0
3
5
13
26

2
0
1
1
4
13
16
37

0
2
0
0
16
1
3
22

Total (n )

P value

5
4
1
1
23
19
32
85

0.23 (NS)
0.19 (NS)
0.53 (NS)
0.53 (NS)
< 0.0001
0.02
0.01

The distribution of pathological conditions is shown according to the density of IELs infiltrate. Statistical comparisons are performed using χ 2 test for trend.
NS: Not significant; IELs: Intraepithelial lymphocytes.

Table 2 Main clinical and laboratory features of enrolled patients

Familiarity for CD
IgG - anti-gliadin antibodies
Autoimmune thyroiditis
Iron deficiency anemia
Folate deficiency
DQ 2-8
DQA1*0501 heterozygosis
Weight loss
Abdominal pain
Diarrhea
Weakness
Headache

CD

GS

Non-gluten related disorders

n = 23

n = 19

n = 43

13.0%
0%
21.7%
21.7%
8.7%
82.6%
17.3%
60.8%
82.6%
65.2%
43.5%
0%

10.5%
10.5%
21.0%
10.5%
26.3%
68.4%
21.1%
42.1%
94.7%
42.1%
42.1%
42.1%

0%
0%
12.7%
17.0%
10.3%
38.2%
10.6%
21.3%
57.4%
17.1%
14.9%
2.3%

P value
0.02
NS
NS
NS
NS
0.001
NS
0.0008
0.001
0.0001
0.006
NS

Statistical comparisons are performed using χ 2 test for trend. CD: Celiac disease; GS: Gluten sensitivity; NS: Not significant.

an IEL infiltrate < 25/100 enterocytes. After sequential
regimen assumption, the urea breath test confirmed
the successful eradication in all.
In four subjects, positivity for both FOBT and fecal
calprotectin prompted the execution of colonoscopy
and enteric magnetic resonance, revealing a jejunal
localization of Crohn’s disease.
In one subject suffering from watery diarrhea,
colonoscopy and histology demonstrated lymphocytic
colitis. Another subject was diagnosed with systemic
sclerosis at the rheumatology unit of our hospital.
None of the enrolled patients were taking drugs that
could induce DL. Breath tests did not demonstrate
SIBO or lactose malabsorption in any patient.
In the remaining 51 subjects, a 4 mo GFD was
proposed in order to achieve a clinical diagnosis of
GS. Only 19 patients reported an improvement of
symptoms after a personal interview and so they were
classified as GS. Five of them were positive for IgGAGA at baseline. The other 32 patients did not report
any beneficial effect of a GFD and the final diagnosis
made was irritable bowel syndrome.
Finally, after a mean follow-up of 2 years, 23
patients developed CD (27.1%) and 19 had GS
(22.3%), while the remaining 43 (50.6%) suffered
from non-gluten-related disorders (32 functional and
11 organic). The main clinical and laboratory features

WJG|www.wjgnet.com

of the three groups of diagnoses are shown in table 2.
At univariate analysis, the HLA DQ2/8 haplotypes
were significantly associated with gluten-related
disorders (p = 0.001). Among the clinical features, we
found a positive association of gluten-related disorders
with weight loss (p = 0.0008), diarrhea (p = 0.0001),
weakness (p = 0.006) and abdominal pain (p = 0.001).
At multivariate analysis, the evolution towards
CD was associated with an IELs infiltrate >25 (OR
= 1640.4; 95%CI: 104.7-2341.1; p = 0.004), IELs
15-25 (OR = 16.95; 95%CI: 4.9-61.2; p = 0.01), HLA
DQ2/8 (OR = 140.85; 95%CI: 4.9-678.84; p = 0.012),
HLA DQA1*0501 heterozygosis (OR = 15.36; 95%CI:
2.11-47.32; p = 0.02), diarrhea (OR = 5.56; 95%CI:
3.55-12.45; p = 0.02) and weakness (OR = 11.57;
95%CI: 6.61-18.34; p = 0.017). The GS diagnosis
was associated with IELs 15-25 (OR = 28.59; 95%CI:
10.12-57.26; p = 0.009), autoimmune thyroiditis (OR
= 87.63; 95%CI: 28.16-129.93; p = 0.017), folate
deficiency (OR = 48.53; 95%CI: 26.73-76.12; p =
0.01) and diarrhea (OR = 54.87; 95%CI: 46.12-71.36;
p = 0.008). Finally, a comparison between univariate
and multivariate analyses is reported in table 3.

DISCUSSION
DL is a common condition which has often been
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Table 3 Summarizing univariate and multivariate analyses of the study
CD
Univariate

GS
Multivariate

Univariate

Age
Sex
IELs count

NS
NS
NS
NS
NS
NS
-IELs > 25
-IELs > 25
-IELs > 25 NS
OR = 30.5; 95%CI: 6.994-132.8;
OR = 1640.4; 95%CI:
-IELs 15-25
P < 0.0001
104.7-2341.1; P = 0.004
-IELs 15-25
-IELs 15-25
OR = 2.5 95%CI: 1.16-3.95; OR = 16.95; 95%CI: 4.9-61.2; P OR = 8.76; 95%CI: 4.31-21.45;
P = 0.02
= 0.01
P = 0.01
Familiarity for CD
OR = 18.48; 95%CI:
NS
NS
2.161-1016; P = 0.007
IgG - anti-gliadin antibodies
NS
NS
NS
Autoimmune thyroiditis
NS
NS
NS
Iron deficiency anemia
Folate deficiency
DQ 2-8
DQA1*0501 heterozygosis
Weight loss
Abdominal pain
Diarrhea
Weakness
Headache

NS
NS

NS
NS

OR = 11.58; 95%CI:
3.399-39.43; P < 0.0001
NS

OR = 140.85; 95%CI:
4.9-678.84; P = 0.012
OR = 15.36; 95%CI: 2.11-47.32;
P = 0.02
NS
NS
NS
NS
OR = 10.45; 95%CI:
OR = 5.56; 95%CI: 3.55-12.45;
3.221-33.88; P < 0.0001
P = 0.02
OR = 5.0; 95%CI: 1.519-16.46; OR = 11.57; 95%CI: 6.61-18.34;
P = 0.01
P = 0.017
NS
NS

Multivariate
NS
NS
-IELs > 25 NS
-IELs 15-25

OR = 28.59; 95%CI:
10.12-57.26; P = 0.009
NS

NS
OR = 3.48; 95%CI: 1.78-12.32;
P = 0.04
NS

NS
OR = 87.63; 95%CI:
28.16-129.93; P = 0.017
NS
OR = 48.53; 95%CI:
26.73-76.12; P = 0.01
NS

NS

NS

NS
NS
OR = 5.571; 95%CI:
1.567-19.80; P = 0.01
NS

NS
NS
OR = 54.87; 95%CI:
46.12-71.36; P = 0.008
NS

NS

NS

In each cell, odds ratios, confidence intervals and P values are provided if significant. NS: Not significant; CD: Celiac disease; GS: Gluten sensitivity; IELs:
Intraepithelial lymphocytes.

[22]

associated with gluten-related disorders. In a study by
[16]
Shmidt et al , a constantly increasing trend of DL and
a 20.9% prevalence rate of CD were demonstrated
in the period between 2000-2010. A similar value
(27.1%) was observed in the present study when
patients with DL were followed up for 2 years. By
contrast, the prevalence of a GS diagnosis in DL was
[17]
tested in a study by Kakar et al
and estimated
to be 9.3%. We found more than twice this value
(22.3%) in our 2 years of follow-up experience. An
explanation for this discrepancy could be the period
of the previous study (2003, when the awareness of
this novel entity was not very widespread) as well
as the lack of objective markers of this condition.
Moreover, our report demonstrates that the range
of disorders associated with DL is extremely wide,
[18]
although gastrointestinal functional disorders
are
preponderant (37.6% in our study), in agreement with
[19,20]
other reports in literature
.
A first notable finding of our study is that the IELs
count may be the best predictor for the development
of CD and GS. People with less than 15 IELs/100
enterocytes are less likely to develop gluten-related
conditions, confirming the utility of the immuno
histochemical evaluation of IELs recommended as
[21]
an essential diagnostic tool for CD . Additionally,
the presence of a mild IELs infiltrate was found to be
associated with GS, consistent with the current definition
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of GS . However, as shown in the present study, the
IELs count alone is unable to diagnose CD since DL is a
heterogeneous disorder for which many investigations
are needed to gain a correct interpretation. In this
regard, immunohistochemical evaluation of an IEL
subtype, i.e., the one expressing the γδ T cell receptor
(IEL-γδ) has been proposed as an alternative tool, with
excellent results and a better power in discriminating
[23]
CD from other non-gluten-related conditions . Future
studies are needed in order to establish whether IEL-γδ
detection may have a true predictive and diagnostic role
in DL.
The second significant result is the direct correlation
between CD and HLA status. HLA is the locus of genes
encoding for proteins on the cell surface responsible
for regulation of the immune system in humans. HLA
haplotype has already been demonstrated to be one
of the best predictors at birth of a future onset of
[24]
CD . DQ2 and DQ8 are haplotypes deriving from
[25]
the combination between two alleles , one of which
may be DQA1*0501. Although several epidemiological
studies exploring the relationship between DQ2/8
[26]
and CD have reported concordant results , the
role played by DQA1*0501 heterozygosity remains
unclear. To the best of our knowledge, this study is the
first to have found a clear association of this last HLA
haplotype with the risk of CD.
Unexpectedly, multivariate analysis demonstrated
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IELs 15-25 (OR = 28.59), autoimmune thyroiditis (OR = 87.63), folate deficiency
(OR = 48.53) and diarrhea (OR = 54.87). These variables could therefore be
useful to support clinical diagnosis in suspected cases.

that folate deficiency was associated with GS more
than CD. This finding may be explained by the fact
that low folate is a common event in early mala
[27]
bsorption conditions , including GS, and it may be
found even in patients with mild duodenal damage, as
[28]
shown by a recent study . Autoimmune thyroiditis
is frequently associated with CD and many reports
have confirmed this finding even in atypical, latent or
[29,30]
seronegative CD
. Therefore, the association with
GS in our series could be explained by the relationship
of autoimmune thyroiditis with the overall spectrum of
gluten-related conditions rather than a single disorder.
Familiarity for CD was not a predictive factor for
CD development in DL at multivariate analysis, while
univariate analysis demonstrated a good correlation
of familiarity with both CD and GS compared to nongluten-related conditions. In this regard, analysis
2
of the same parameters by χ test underlined some
differences in statistical significance compared to
multivariate analysis.
Surprisingly, five patients were positive for H.
pylori, even if at first examination this infection was
not detected and only further histology and UBT
revealed this condition. This finding could be explained
by the problem of “missed” H. pylori infections due
to sampling errors that are frequently classified as H.
[31]
pylori-negative gastritis .
In conclusion, DL is a variable condition that includes
disorders that are and are not related to gluten. Novel
expert consensus reports have suggested including this
condition under the more specific term of “microscopic
enteritis” for the purposes of underlining the importance
[32]
of this often underestimated condition . The possibility
that in some cases DL may evolve to CD seems to be
secondary to genetic and histopathological factors.
[33,34]
In these cases, conditions such as latent CD
or
[35-37]
seronegative CD
could be hypothesized but the
best management of DL nowadays remains watchful
[32]
waiting with targeted examinations .

Peer-review

A study concerning the evolution of non-specific duodenal lymphocytosis in a 2
year follow-up period is a difficult task to accomplish. The authors did tell us that
follow-up patients of DL with IELs in addition to other diagnostic tests or factors
can differentiate between CD, gluten sensitivity or non-gluten-related disorders
somehow. Although the study results are not definite, they are informative. The
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Prospective Study

Immunohistochemical CD3 staining detects additional
patients with celiac disease
Amani Mubarak, Victorien M Wolters, Roderick HJ Houwen, Fiebo JW ten Kate
Amani Mubarak, Victorien M Wolters, Roderick HJ Houwen,
Department of Pediatric Gastroenterology, University Medical
Center Utrecht, Wilhelmina Children’s Hospital, 3508 AB
Utrecht, The Netherlands

histochemical CD3 staining, in order to improve the
detection of intra-epithelial lymphocytosis, has an
additional value in the histological diagnosis of celiac
disease.

Fiebo JW ten Kate, Department of Pathology, University
Medical Center Utrecht, 3508 GA Utrecht, The Netherlands

METHODS: Biopsies obtained from 159 children were
stained by hematoxylin and eosin (HE) and evaluated
using the Marsh classification. CD3 staining was
subsequently evaluated separately and independently.

Author contributions: Mubarak A designed the study, included the
patients, and wrote the article; Wolters VM edited the manuscript;
Houwen RHJ designed the study, edited the manuscript; ten Kate
FJW designed the study, edited the manuscript, and evaluated the
histology.

RESULTS: Differences in evaluation between the
routine HE sections and CD3 staining were present in
20 (12.6%) cases. In 10 (6.3%) patients the diagnosis
of celiac disease (Marsh Ⅱ and Ⅲ ) changed on
examination of CD3 staining: in 9 cases, celiac disease
had initially been missed on the HE sections, while
1 patient had been over-diagnosed on the routine
sections. In all patients, the final diagnosis based on
CD3 staining, was concordant with serological results,
which was not found previously. In the other 10
(12.3%) patients, the detection of sole intra-epithelial
lymphocytosis (Marsh Ⅰ) improved. Nine patients were
found to have Marsh Ⅰ on CD3 sections, which had
been missed on routine sections. Interestingly, the only
patient with negative serology had Giardiasis. Finally, in
1 patient with negative serology, in whom Marsh Ⅰ was
suspected on HE sections, this diagnosis was withdrawn
after evaluation of the CD3 sections.
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CONCLUSION: Staining for CD3 has an additional
value in the histological detection of celiac disease
lesions, and CD3 staining should be performed when
there is a discrepancy between serology and the
diagnosis made on HE sections.
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AIM: To investigate whether performing immuno
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was therefore to investigate whether CD3 staining
should be performed routinely on all biopsies, or if it is
only necessary in specific cases.

Core tip: Intra-epithelial lymphocytosis is considered
to be the most important histological finding in celiac
disease and therefore provides the key to a correct
diagnosis. However, when evaluating the number of
intra-epithelial lymphocytes on hematoxylin and eosin
stained sections, the lack of contrast between the
cells might cause diagnostic difficulties. In this study,
we showed that performing CD3 staining improves
the histological diagnosis of celiac disease. In fact,
this study demonstrated that CD3 staining should
be performed when there is a discrepancy between
serology and the histological evaluation on routine
sections.

MATERIALS AND METHODS
Patients

Pediatric patients (53 girls; 106 boys) suspected of
having celiac disease who had undergone a small
intestinal biopsy between March 2009 and October
2012 in the Wilhelmina Children’s Hospital, Utrecht,
The Netherlands, were prospectively included in
the study. Patients were referred to us due to celiac
disease-associated symptoms or because they carried
a risk factor for celiac disease. All patients carried the
disease associated HLA type. Patients were between
0.9 years and 17.8 years old at the time of the biopsy.
When a patient had undergone more than one biopsy
session, only biopsies from the first session were
included in the study.
The results of anti-endomysium antibodies (EMA)
and anti-tissue transglutaminase antibodies (tTGA) as
well as the clinical data of the patients were collected
from their medical records. The study was performed
according to the guidelines of the local medical ethical
board.

Mubarak A, Wolters VM, Houwen RHJ, ten Kate FJW.
Immunohistochemical CD3 staining detects additional
patients with celiac disease. World J Gastroenterol 2015;
21(24): 7553-7557 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7553.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7553

INTRODUCTION
Celiac disease is a permanent intolerance to gluten, a
storage protein in wheat and the related grain species
[1]
barley and rye . Ingesting these grain species in
genetically susceptible individuals causes inflammation
of the small intestine, which is reversible upon
[2,3]
elimination of gluten from the diet . To screen for
celiac disease, highly specific and sensitive antibodies
are available, but until now in many cases a small
[4,5]
intestinal biopsy is required for the diagnosis .
Typically, the triad of an increased density of intraepithelial lymphocytes (IELs), hyperplasia of the crypts
and villous atrophy are observed in patients with
[2]
celiac disease . However, villous atrophy can also
be found in various other diseases such as Giardiasis,
[6]
Whipple’s disease, Tropical Sprue etc . On the other hand,
according to most recent guidelines, villous atrophy
is not necessary for the diagnosis of celiac disease,
provided that intra-epithelial lymphocytosis and crypt
[5]
hyperplasia are present . Crypt hyperplasia is a sign
of increased intestinal turnover, and is thought to occur
secondary to villous destruction and inflammation. The
presence of intra-epithelial lymphocytosis, although
not pathognomonic for the disease, is considered to
be the most important histological finding for celiac
[7,8]
disease . Therefore, in many cases detecting IELs
provides the key to a correct diagnosis. The presence
of IELs is usually evaluated on hematoxylin and eosin
(HE) stained samples, but due to the lack of contrast
between the cells, the presence of intra-epithelial
lymphocytosis may not always be clear, especially
when the number of IELs is only moderately increased.
Because IELs are CD3 positive cells, performing
immunohistochemical staining against CD3 might aid
in estimating the number of IELs. The aim of this study
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Histology

Biopsies were obtained by upper endoscopy. Pediatric
gastroenterologists were asked to take at least 4
biopsies from the distal duodenum and as of the end
of 2009 at least 1 biopsy from the duodenal bulb. In
reality, 0 (in 33 cases) to 5 biopsies were obtained
from the duodenal bulb with an average of 2.0
biopsies. From the distal duodenum, 3.1 (range 1-7)
biopsies were acquired on average. Biopsies were fixed
in formalin (10% neutral buffered formalin) and then
embedded in paraffin, and 4-μm-thick sections were
stained with HE, Periodic acid-Schiff and CD3 (Dako,
Glostrup, Denmark; batch number 81639; dilution
1:50; pretreatment with EDTA).
All biopsies were evaluated by an experienced
pathologist, specialized in gastro-intestinal diseases,
who was blinded to the clinical and serological data
of the patients. The pathologist first evaluated the
HE stained sections. On a separate occasion the CD3
stains were evaluated independently from the HE
stains.
Biopsy results were reported according to the
[2,9]
Marsh classification, as modified by Oberhuber . In
case of patchy lesions, the final Marsh score was based
on the worst affected site. Marsh Ⅰ lesions are defined
as an increased number of IELs. On the HE-stains
this was determined by visual estimation. On the CD3
stains, ≥ 30 lymphocytes per 100 epithelial cells were
[10,11]
considered as intra-epithelial lymphocytosis
. In
Marsh Ⅱ lesions, crypt hyperplasia and an increased
number of IELs are found. Finally, Marsh Ⅲ lesions
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Figure 1 Examples of histological hematoxylin and eosin and CD3 sections. A: The HE sections (left) show partial villous atrophy and crypt hyperplasia, but no
intra-epithelial lymphocytosis, thus the HE sections do not reveal celiac disease. However, on the CD3 sections (right) the intra-epithelial lymphocytosis becomes clear
and the diagnosis of celiac disease can be made (Marsh Ⅲa). The patient had clinical symptoms associated with celiac disease, positive serology and also responded
well to the diet. The final diagnosis is celiac disease; B: The HE sections (left) show a Marsh 0, while the CD3 sections (right) show a Marsh Ⅰ lesion. The patient had
clinical symptoms associated with celiac disease, positive serology and also responded well to the diet. The final diagnosis is Marsh Ⅰ.

include the findings in Marsh Ⅱ, along with various
grades of villous atrophy.
Marsh Ⅱ and Marsh Ⅲ lesions were considered
to be diagnostic for celiac disease, but were reported
separately. Marsh Ⅰ was reported as a separate
entity. Celiac disease was excluded in patients with
a normal small intestine (Marsh 0) or abnormalities
not diagnostic for Marsh Ⅱ or Ⅲ (i.e., only crypt
hyperplasia and/or villous atrophy without intraepithelial lymphocytosis). In the case of discrepancy
between the HE and CD3 sections, the final diagnosis
was based on the serological data of the patients. For
example, a patient with positive serology who has
crypt hyperplasia and villous atrophy, but increased
IEls only on the CD3 sections (no diagnosis of celiac
disease on the HE sections, but a Marsh Ⅲ lesion
on the CD3 sections), was considered to have celiac
disease (Figure 1A). Similarly, in patients with positive
serology and a Marsh 0 on the HE section, but a
Marsh Ⅰ on the CD3 sections, the final diagnosis was
considered to be Marsh 1 (Figure 1B).

RESULTS
A diagnosis of Marsh Ⅲ, based on the HE stains, was
made in 87 patients, but celiac disease was rejected in
1 (1.1%) patient with negative celiac disease serology
after examination of the CD3 stains (Table 1). Only 1
patient had a Marsh Ⅱ lesion on the HE sections which
was also identified on the CD3 stains.
On the HE stains, 6 patients were considered to
have a Marsh Ⅰ lesion, but in 2 patients the diagnosis
of Marsh Ⅰ changed after assessment of the CD3
stains. In 1 (16.7%) patient with negative celiac
disease serology, a Marsh 0 was seen instead and
in the other patient (16.7%) a Marsh Ⅲ lesion was
present. In the latter patient, who had positive tTGA
and EMA, this could be explained by the fact that on
the HE sections a Marsh Ⅰ lesion was found in the bulb
and both crypt hyperplasia and villous atrophy (but
without intra-epithelial lymphocytosis) were found
in the distal duodenum. Thus, on the HE stains the
most affected site seemed to be the duodenal bulb.
However, on the CD3 stains an increased number of
IELs was seen in both parts of the duodenum, while
the most affected site on the CD3 stains was the distal
duodenum (Marsh Ⅲ).
Celiac disease was excluded in 65 patients on the

Statistical analysis

Descriptive statistics using SPSS for Windows version
15.0 was used to compare the conclusion of the
pathologist before and after performing CD3 staining.
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would have had subsequent unnecessary biopsies. On
the other hand, when the diagnosis of celiac disease
is already made on HE slides, the chance that celiac
disease will be ruled out on subsequent CD3 stains
is small. Yet, without CD3 staining 1 of 48 patients
with apparent celiac disease on the HE stains would
have been misdiagnosed with the disease, and would
therefore unnecessarily have carried the burden
of following a gluten-free diet. Interestingly, in this
over-diagnosed patient, celiac disease serology was
negative. Therefore, in order to identify all Marsh Ⅱ
and Marsh Ⅲ lesions, and at the same time not overdiagnose any patient with celiac disease, CD3 staining
should be performed in all cases of villous atrophy
and/or crypt hyperplasia, when the initial conclusion
made on the HE stains is discrepant with the serology
results.
In addition, performing CD3 staining also led to
improved detection of Marsh Ⅰ lesions. In fact, in
almost 14% (9/65) of patients in whom celiac disease
was excluded on the HE slides, a Marsh Ⅰ lesion was
found. Interestingly, only 1 of these 9 patients had
negative serology, but Marsh Ⅰ in this patient could
be explained by Giardiasis. In addition, without CD3
staining, another patient with negative serology would
have been over-diagnosed with Marsh Ⅰ. Therefore,
in order to identify all Marsh Ⅰ lesions, which are
unexplained by other conditions, and at the same
time not over-diagnose any patient with Marsh Ⅰ,
CD3 staining should again be performed when there is
discrepancy between serology and histology.
The implication of finding lymphocytic enteritis
(Marsh Ⅰ) is unclear, as this lesion does not occur
exclusively in celiac disease, and was also seen in
[5,12,13]
our patient with Giardiasis
. Nevertheless, there
is some evidence that a Marsh Ⅰ lesion is clinically
important and should therefore be detected, especially
in patients with positive serology. Marsh Ⅰ abnormalities
may be an early stage of celiac disease and may
thus develop into active celiac disease over time in
[14-21]
some patients
. In addition, a gluten challenge
seems to cause mucosal deterioration and a diagnosis
[22]
of celiac disease in some patients with Marsh Ⅰ .
Finally, various studies have shown that patients with
Marsh Ⅰ lesions might benefit from a gluten-free diet,
[17-21]
at least in the short term
.
In conclusion, immunohistochemical staining for CD3
has an additional role in the histological detection of
celiac disease lesions. In order to make an appropriate
diagnosis of the total spectrum of celiac diseaseassociated lesions, CD3 staining should be performed in
all cases of discrepancy between serology and histology
findings on routine sections.

Table 1 Marsh classification of duodenal biopsies on
hematoxylin and eosin stains versus CD3 stains n (%)
Evaluation of the
stains

Marsh Ⅲ (n = 87)
Marsh Ⅱ (n = 1)
Marsh Ⅰ (n = 6)
No CD (n = 65)

Evaluation of CD3 stains
1

Positive

Negative

Marsh Ⅲ

Marsh Ⅱ

Marsh Ⅰ

No CD

(n = 93)

(n = 3)

(n = 13)

(n = 50)

86 (98.9)
1 (16.7)
6 (9.2)

1 (100)
2 (3.1)

4 (66.7)
9 (13.8)

1 (1.1)
1 (16.7)
48 (73.8)

1

≥ 30 intraepithelial lymphocytes per 100 epithelial cells. HE: Hematoxylin
and eosin; CD: Celiac disease.

HE slides. However, celiac disease was diagnosed after
examining CD3 stains in 6 (9.2%) patients with Marsh
Ⅲ and in 2 (3.1%) patients with Marsh Ⅱ histology.
All of these patients had positive celiac disease
serology. Finally, after evaluation of the CD3 stains,
Marsh Ⅰ lesions were identified in another 9 (13.8%)
patients. Eight of these patients had positive celiac
disease antibodies, whereas 1 patient was negative for
tTGA and EMA. Interestingly, the patient with negative
serology and Marsh I had Giardiasis.
In summary, differences in the assessment between
the HE slides and the CD3 sections were found in 20
(12.6%) patients. In 9 (5.7%) patients, a Marsh Ⅰ was
found and in 1 (0.6%) patient a Marsh Ⅰwas rejected
when the CD3 sections were evaluated. Most impor
tantly, in 10 (6.3%) patients the diagnosis of celiac
disease (Marsh Ⅱ and Marsh Ⅲ) changed: on the CD3
stains, 1 (0.6%) patient did not have celiac disease,
2 (1.3%) patients had Marsh Ⅱ lesions and 7 (4.4%)
patients had Marsh Ⅲ histology.

DISCUSSION
Even after a recent update of the ESPGHAN guidelines
for the diagnosis of celiac disease, which states that a
biopsy can be omitted in symptomatic cases with very
high tTGA levels, positive EMA and the disease-related
human leukocyte antigen types, for most patients
histological assessment of duodenal biopsies is still
necessary for the diagnosis. In this respect, apart
from grading villous atrophy and crypt hyperplasia,
the assessment of intra-epithelial lymphocytosis is
[5]
essential . We determined whether performing CD3
staining improves the histological evaluation of celiac
disease.
Our results show that compared to HE stains alone,
CD3 stains did lead to different assessments in 12.6%
(20/159) of patients. More importantly, almost 10%
(9/96) of patients with celiac disease (Marsh Ⅱ and
Ⅲ) in the current study would have been missed if
CD3 staining had not been performed. It is highly
unlikely that these patients were over-diagnosed as
all of them had positive celiac disease serology. They
probably would not have started a gluten-free diet or
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and Ⅲ). In addition, the existence of intra-epithelial lymphocytosis only (Marsh
Ⅰ), is also associated with (the development of) the disease. The presence
of these lymphocytes in the epithelium is usually evaluated by hematoxylin
and eosin (HE) staining, but the lack of contrast between the cells can make
evaluation difficult, which can hinder a correct diagnosis. Because intraepithelial lymphocytes are CD3 positive cells, performing immunohistochemical
staining against CD3 might aid in estimating the number of intra-epithelial
lymphocytes.
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Abstract
AIM: To examine whether muscle training with an oral
R
IQoro screen (IQS) improves esophageal dysphagia
and reflux symptoms.

Informed consent: The twelve patients referred to an esopha
geal laboratory provided informed consent to receive IQS traction
in addition to standard esophageal examination.

METHODS: A total of 43 adult patients (21 women
and 22 men) were consecutively referred to a
swallowing center for the treatment and investigation
of long-lasting nonstenotic esophageal dysphagia.
Hiatal hernia was confirmed by radiologic examination
in 21 patients before enrollment in the study (group A;
median age 52 years, range: 19-85 years). No hiatal
hernia was detected by radiologic examination in the
remaining 22 patients (group B; median age 57 years,

R
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range: 22-85 years). Before and after training with
an oral IQS for 6-8 mo, the patients were evaluated
using a symptom questionnaire (esophageal dysphagia
and acid chest symptoms; score 0-3), visual analogue
scale (ability to swallow food: score 0-100), lip force
test (≥ 15 N), velopharyngeal closure test (≥ 10 s),
orofacial motor tests, and an oral sensory test. Another
twelve patients (median age 53 years, range: 22-68
years) with hiatal hernia were evaluated using oral
IQS traction maneuvers with pressure recordings of
the upper esophageal sphincter and hiatus canal as
assessed by high-resolution manometry.

http://www.wjgnet.com/1007-9327/full/v21/i24/7558.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i24.7558

INTRODUCTION
Long-lasting oropharyngeal dysphagia can be
R
successfully treated with oral IQoro screen (IQS)
[1,2]
training . Because IQS training involves the entire
[3,4]
buccinator mechanism
, the upper esophageal
sphincter (UES), and contraction of the diaphragm,
it was hypothesized that oral IQS training would
also make the hiatus canal more resistant against a
pressure load from below, and thereby prevent sliding
of a hernia and gastroesophageal reflux. The present
study investigated whether esophageal dysphagia
(intermittent blocking sensation in the chest at meals)
and reflux symptoms can be improved or eliminated
by oral IQS training in adult patients.

RESULTS: Esophageal dysphagia was present in all
43 patients at entry, and 98% of patients showed
improvement after IQS training [mean score (range):
2.5 (1-3) vs 0.9 (0-2), P < 0.001]. Symptoms of reflux
were reported before training in 86% of the patients
who showed improvement at follow-up [1.7 (0-3)
vs 0.5 (0-2), P < 0.001). The visual analogue scale
scores were classified as pathologic in all 43 patients,
and 100% showed improvement after IQS training
[71 (30-100) vs 22 (0-50), P < 0.001]. No significant
difference in symptom frequency was found between
groups A and B before or after IQS training. The lip
force test [31 N (12-80 N) vs 54 N (27-116), P < 0.001]
and velopharyngeal closure test values [28 s (5-74 s)
vs 34 s (13-80 s), P < 0.001] were significantly higher
after IQS training. The oral IQS traction results showed
an increase in mean pressure in the diaphragmatic
hiatus region from 0 mmHg at rest (range: 0-0 mmHG)
to 65 mmHg (range: 20-100 mmHg).

MATERIALS AND METHODS
Study design

This study was a prospective therapeutic and clinical
study describing the effects of IQS training on
esophageal dysphagia and reflux symptoms.

Patients

A total of 43 adult patients (21 women and 22
men) were consecutively referred to a swallowing
[1,2]
center for oral IQS training
and evaluation of
esophageal dysphagia of a nonstenotic character
for a median period of 3 years (range: 1-15 years).
Gastroesophageal radiology was performed with
barium swallows in the upright position in all patients
to exclude stenosis as a cause for dysphagia before
enrollment in the study. Hiatal hernia was present in 21
patients (group A; median age 52 years, range: 19-85
years, 13 women, 8 men) but not in the remaining
22 patients (group B; median age 57 years, range:
22-85 years, 8 women, 14 men). All patients had
received proton pump inhibitor (PPI) medication for >
1 year without any effect on their dysphagia or reflux
symptoms. However, the patients were not asked to
withdraw their PPI medication during the study period.
Patients with neurologic diseases were excluded.
This prospective clinical study was performed during
2013-2014.
At baseline and after the training period, the
patients completed a symptom questionnaire regarding
symptoms of hiatal incompetence (a blocking feeling
in the chest at meals, acid feeling in the chest, or acid
regurgitation), which was scored from 0 to 3 (0 = no,
[5]
1 = slight, 2 = moderate, 3 = severe) , and a visual
[2]
analogue scale regarding their ability to swallow
food was scored from 0 to 100 mm (0 = normal, 100
[6]
= total inability). Different orofacial motor tests and
[7]
oral sensory tests were performed in order to exclude

CONCLUSION: Oral IQS training can relieve/improve
esophageal dysphagia and reflux symptoms in adults,
likely due to improved hiatal competence.
Key words: Esophageal dysphagia; Manometry; Muscle
training; Oral screen; Reflux
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Oropharyngeal dysphagia can be improved
R
by training with an IQoro screen (IQS). The present
study investigated whether IQS training may improve
esophageal dysphagia (ED) in a similar manner as
surgical repair of a hiatal hernia. Forty-three patients
with longstanding ED and reflux symptoms, which were
not relieved by treatment with proton pump inhibitors,
received IQS training three times daily for six months;
all showed increased diaphragm hiatus pressure. ED
improved in 42 patients and reflux symptoms improved
in 36. IQS training can be a valuable alternative to
surgery with restoration of hiatal competence in
patients with ED and reflux symptoms.
Hägg M, Tibbling L, Franzén T. Esophageal dysphagia and
reflux symptoms before and after oral IQoroR training. World J
Gastroenterol 2015; 21(24): 7558-7562 Available from: URL:
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A

90°

Figure 1 Oral IQoroR screen.

B
dysphagia of central nervous system origin. On both
[8,9]
occasions, a lip force test
and velopharyngeal
[10]
closure test
were performed to confirm normal
oropharyngeal function and training compliance.
The training effect was investigated after 6-8 mo;
however, all patients were contacted by telephone
or in the clinic two or three times before follow-up to
verify training compliance. Another twelve patients
with hiatal hernia (median age 53 years, range: 22-68
years), as assessed by radiology and endoscopy, were
investigated at an esophageal laboratory in the sitting
and recumbent positions using esophageal high[11]
resolution manometry (HRM)
to determine if oral
IQS traction increased the diaphragmatic pressure in
the hiatus canal.

Esophageal HRM

90°

Figure 2 IQoroR training. A: The IQoroR screen is inserted predentally behind
closed lips; B: The patient presses their lips firmly and pulls forward strongly for
5-10 s, repeating the exercise three times with 3 s of rest between repetitions.
Training should be performed three times a day, preferably before mealtimes.
Illustration: Mary Hägg.

All statistical analyses were performed using SAS
version 9.1 software (SAS Institute, Inc., Carey,
NC, United States). A statistical review of this study
was performed by a biomedical statistician before
submission of the manuscript.

[11]

IQS traction was measured by esophageal HRM ,
with special attention given to the pressure in the
UES (normal resting pressure > 30 mmHg) and the
diaphragmatic hiatus (normal resting pressure 10-35
mmHg).

RESULTS

IQS training

An oral IQS (Figures 1 and 2) was inserted behind
closed lips, and the patient was told to draw it forward
in a horizontal direction from the lips, gradually
increasing the pulling pressure for 5-10 s while trying
to resist the force by tightening the lips. The exercise
was performed three times per session, with 3 s of
rest between each repetition, three times daily before
eating.

Esophageal dysphagia was present in all 43 patients,
and 98% of patients showed improvement after IQS
training (P < 0.001; Table 1). The visual analogue
scale scores were initially classified as pathologic in all
43 patients, and 100% of patients improved after IQS
training (P < 0.001). At baseline, reflux symptoms
were recorded in 86% of patients who showed
significant improvement after training (P < 0.001). No
significant difference in symptom frequency was found
between groups A and B before or after IQS training.
Lip force test and velopharyngeal closure test scores
showed significant improvement after IQS training (P
< 0.001). All orofacial motor tests and oral sensory
test scores were initially normal.
IQS traction significantly increased the pressure in
the UES and diaphragmatic hiatus region (Table 2).

Statistical analysis

A professional statistician from Uppsala Clinical
Research Centre consolidated and analyzed all collected
data according to an initial protocol. The Wilcoxon
signed rank test was used to compare data within
groups for all symptoms and the results of visual
analogue scale tests, lip force tests, and velopharyngeal
closure tests before and after IQS training. The MannWhitney U test was used to compare dysphagia and
reflux symptoms between groups A and B before and
after IQS training. P < 0.05 was considered significant.
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Table 1 Scores for various parameters at baseline (B) and at the end of training (E) with an IQoro screen
Parameter

Groups A and B

n = 43
Esophageal dysphagia (score 0-3)
B
2.5 (1-3)
E
0.9 (0-2)
Reflux (score 0-3)
B
1.7 (0-3)
E
0.5 (0-3)
Visual analogue scale (score 0-100)
B
71 (30-100)
E
22 (0-50)
Lip force test (index ≥ 15 N)
B
31(12-80)
E
54 (27-116)
Velopharyngeal closure test (index ≥ 10 s)
B
28 (5-74)
E
34 (13-80)

P value (B vs E)

Group A

n = 21

P value (B vs E)

< 0.001

Group B

n = 22

< 0.001
2.5 (1-3)
0.9 (0-2)

< 0.001
2.5 (2-3)
0.9 (0-2)

< 0.001

< 0.001
2.0 (1-3)
0.7 (0-2)

< 0.001
1.4 (0-3)
0.3 (0-1)

< 0.001

< 0.001
71 (30-100)
24 (0-50)

< 0.001

NS
NS
NS
NS
NS
NS

< 0.001
70 (30-100)
21 (0-50)

< 0.001
26 (12-43)
49 (27-84)

< 0.001

P value

P value (B vs E) (group A vs group B)

< 0.001
39 (14-80)
64 (40-116)

< 0.001
26 (10-53)
32 (17-65)

< 0.001
29 (5-50)
36 (13-60)

Data are presented as mean (range); P values for comparisons between different parameters were determined using the Wilcoxon signed rank. P values for
comparisons between groups A and B were determined using the Mann-Whitney U test. NS: Not significant.

However, determining whether the IQS training effect
can be obtained in less than six months and remain
after the end of training was beyond the scope of this
study. In a surgical study, tightening of the hiatus
canal in association with hiatal hernia surgery relieved
[16]
esophageal dysphagia .
The frequency of dysphagia and reflux symptoms
at baseline and after IQS training did not differ
between patients with and without hiatal hernia in
this study. However, radiologic examination could
not completely exclude hiatal hernia among patients
in group B, as most radiologists do not perform
esophageal examination in patients with dysphagia in
[17]
recumbency . Moreover, a sliding hiatal hernia will be
overlooked when the X-ray examination is performed
[18]
in the upright position . Most patients with hiatal
hernia have intermittent esophageal dysphagia,
[19,20]
pathologic gastroesophageal reflux, or both
. In
the present study, the frequency of symptoms of
dysphagia and reflux and the training effect on these
symptoms did not differ between the groups, which
indicates that hiatal hernia was likely missed on the
radiologic examination in group B. Because no patient
was administered PPI medication after entry into this
study, medication can be excluded as the cause for
improvement.
In conclusion, oral IQS training can relieve/improve
symptoms of esophageal dysphagia and gastro
esophageal reflux in adults, likely due to improved
hiatal competence.

Table 2 Esophageal high-resolution manometry measurements
of pressure in the upper esophageal sphincter and hiatus canal
R
during rest and traction with an IQoro screen in patients
with hiatal hernia
UES (n = 12)

Item
Resting pressure (mmHg)
IQS traction (mmHg)

68 (40–110)
95 (80–130)

Hiatus canal (n = 12)
0 (0–0)
65 (20–100)

Data are presented as mean (range). IQS: IQoro R screen; UES: Upper
esophageal sphincter.

vement of long-lasting esophageal dysphagia and
symptomatic gastroesophageal reflux in adults.
Dysphagia is often a poorly defined symptom and
can lead to misinterpretation of investigative and
[12]
therapeutic results . Long-lasting oropharyngeal
[13]
dysphagia is mostly of neurologic origin , whereas
esophageal dysphagia presents either a stenotic
character, which causes a blocking feeling with a certain
[14]
ingested bolus size , or an intermittent nonstenotic
character, which is common in patients with hiatal
[15]
hernia . Patients referred to a speech and swallowing
center for dysphagia treatment were examined using
various oropharyngeal motor tests to ensure the
absence of oropharyngeal dysphagia of central nervous
system origin. These tests were also found to be
valuable for confirming patient compliance with IQS
training.
IQS training has been shown to have a training
effect on the striated muscles involved in the
[3,4]
buccinator mechanism
and the UES. The present
esophageal HRM study showed that traction with an
IQS activates striated muscles in the UES and the
hiatus region of the diaphragm. Therefore, it seems
reasonable that IQS training over a long period of
time will have a training effect on the muscles around
the hiatus canal and improve hiatal competence.
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Background

Intermittent meal-related periods of food retention in the chest, termed
esophageal dysphagia, and reflux symptoms are common problems in
patients with hiatal hernia. Surgical repair of the hiatal hernia is the only option
if antireflux medication with proton pump inhibitors is insufficient. However,
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surgical repair is not without undesired side effects, is expensive, and is not
easily available for most patients.

7

Research frontiers

Oropharyngeal dysphagia can be improved by oral and pharyngeal muscle
training with an oral IQoro R screen (IQS). The present study aimed to
investigate whether IQS training can improve esophageal dysphagia and reflux
symptoms in a manner similar to that of hiatal hernia surgery.

8

Innovations and breakthroughs

9

Forty-three patients who had received proton pump inhibitors for more than
one year, without any effect on esophageal dysphagia and symptomatic reflux,
received training with an IQS for six months. Esophageal dysphagia showed
significant improvement in 42 patients and reflux symptoms improved in 36
patients. Traction with IQS showed that the diaphragmatic hiatus pressure had
increased, which is a prerequisite for training the muscles around the hiatus
canal and for improvement of hiatal competence. These results show that IQS
training can relieve/improve symptoms of esophageal dysphagia and reflux in
adults, likely due to improvement of hiatal competence. IQS training therefore
seems to represent a promising, inexpensive, and easily available alternative to
hiatal hernia surgery.

10
11

12

Applications

The oral IQS screen is inserted predentally behind closed lips, and the patient
then draws the screen backwards in a horizontal direction, gradually increasing
the pulling pressure for five to ten seconds while trying to resist the force by
tightening the lips. This exercise must be performed three times per session,
with three seconds of rest between repetitions, three times daily before eating.

13

Proton pump inhibitors are a group of drugs whose main action is a pronounced
and long-lasting reduction of gastric acid production.

14

Terminology
Peer-review

The study is innovative and promotes nonsurgical treatment of reflux, which
can-when widely accepted and adopted-defer unnecessary surgery. This
manuscript shows very interesting and promising data that IQS training is
effective at treating patients with esophageal dysphagia and reflux symptoms.
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Abstract
AIM: To validate 4-sample lactose hydrogen breath
testing (4SLHBT) compared to standard 13-sample
LHBT in the clinical setting.

Clinical trial registration: This study is registered at https://
clinicaltrials.gov/. The registration identification number is
NCT01286597.

METHODS: Irritable bowel syndrome patients with
diarrhea (IBS-D) and healthy volunteers (HVs) were
enrolled and received a 10 g, 20 g, or 40 g dose

Informed consent: All study participants provided informed
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lactose hydrogen breath test (LHBT) in a randomized,
double-blinded, controlled trial. The lactase gene
promoter region was sequenced. Breath samples and
symptoms were acquired at baseline and every 15
min for 3 h (13 measurements). The detection rates
of lactose malabsorption (LM) and lactose intolerance
(LI) for a 4SLHBT that acquired four measurements at
0, 90, 120, and 180 min from the same data set were
compared with the results of standard LHBT.

In the presence of intestinal brush-border enzyme
lactase, lactose is cleaved into the readily absorbable
monosaccharides glucose and galactose. If lactase
expression has reduced after weaning or if lactase
activity is suppressed [i.e., primary or secondary
lactase deficiency (LD)], unabsorbed lactose reaches
the colon. Here it is fermented by the commensal flora
to produce small chain fatty acids and, as a byproduct,
hydrogen (H2). Hydrogen quickly diffuses through
the intestinal mucosa into the venous bloodstream
and is then exhaled through the lungs. Quantification
of hydrogen in exhaled breath, as acquired in the
hydrogen breath test, provides objective information
regarding digestion and absorption of lactose.
Performing a LHBT is a time-consuming process
that requires dedicated personnel. After baseline
measurements and ingestion of lactose, breath
hydrogen concentration and abdominal symptoms
are measured every 15 min for 3-6 h. If the breath
hydrogen concentration exceeds a given threshold
(e.g., 20 ppm) from the baseline for two consecutive
measurements, LM is diagnosed; in addition, if clinically
relevant abdominal symptoms develop with or soon
after an increase in breath hydrogen, then LI is
[1,7]
diagnosed .
[8]
In 2002, Enattah et al reported the singlenucleotide polymorphism C/T-13 910 above the
structural gene coding for the enzyme lactose on the
short arm of chromosome 2q.21-22. Many recent
studies have shown that CC-13910 is a good predictor
of LM and LI; there was an excellent agreement
between genetic testing of lactose C/T-13 910 and
[9,10]
LHBT
. With LHBT as the gold standard, the
CC-13 910 genotype had a high sensitivity (97%)
and specificity (95%) with high kα value (0.9) in
[11]
diagnosing LM . For the diagnosis of LM, compared
to genetic testing, LHBT has been shown to range
in sensitivity between 76%-94% and specificity of
[12]
77%-96% . Additionally, LHBT could identify patients
with LI who experience symptoms associated with
LM. Disadvantages that impact the clinical application
of LHBT are long testing time (typically 3-6 h), and
tedious process (breath hydrogen concentration is
measured every 15 min), which not only affect the
patient’s compliance but also demand considerable
medical resources. It has been reported that a
simplified test procedure with hydrogen measurements
at three time points (between 0 and 180 min) after a
high dose (40-50 g) oral lactose challenge maintained
high sensitivity and specificity for the diagnosis of LM
[13-15]
and LI
. These high doses of lactose are appropriate
for epidemiological studies; however, lower doses
may be more relevant in clinical studies since 10-20 g
[16,17]
lactose is more typical of the normal diet
. Further
intolerance to these low- and intermediate-doses of
lactose is characteristic in irritable bowel syndrome
patients with diarrhea (IBS-D), a chronic functional
bowel disorder that is characterized by visceral

RESULTS: Sixty IBS-D patients and 60 HVs were
studied. The genotype in all participants was C/C-13910.
LM and LI detection rates increased with lactose dose
from 10 g, 20 g to 40 g in both groups (P < 0.001).
4SLHBT showed excellent diagnostic concordance with
standard LHBT (97%-100%, Kappa 0.815-0.942) with
high sensitivity (90%-100%) and specificity (100%) at
all three lactose doses in both groups.
CONCLUSION: Reducing the number of measurements
from 13 to 4 samples did not significantly impact on the
accuracy of LHBT in health and IBS-D. 4SLHBT is a valid
test for assessment of LM and LI in clinical practice.
Key words: Lactose hydrogen breath test; Diagnosis;
Lactose malabsorption; Lactose intolerance; Irritable
bowel syndrome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lactose hydrogen breath test (LHBT) is the
preferred method for clinical diagnosis of lactose
malabsorption (LM) and lactose intolerance (LI);
however, repeated measurements are time consuming
and require dedicated personnel. In our study, we found
4-sample LHBT has a high level of agreement with
standard 13-breath sample for the clinical diagnosis
of LM and LI. The 4SLHBT is a valid replacement for
standard LHBT in clinical practice.
Yang JF, Fox M, Chu H, Zheng X, Long YQ, Pohl D, Fried M,
Dai N. Four-sample lactose hydrogen breath test for diagnosis
of lactose malabsorption in irritable bowel syndrome patients
with diarrhea. World J Gastroenterol 2015; 21(24): 7563-7570
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i24/7563.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i24.7563

INTRODUCTION
Lactose malabsorption (LM) and lactose intolerance
(LI) are common conditions affecting many of the
[1]
world’s adult population . The prevalence of these
condition ranges from below 10% in Northern Europe
[2-4]
to over 90% in China and Southeast Asia . Lactose
hydrogen breath test (LHBT) remains the preferred
[5,6]
method for the clinical diagnosis of LM and LI .

WJG|www.wjgnet.com

7564

June 28, 2015|Volume 21|Issue 24|

Yang JF et al . Four-sample lactose hydrogen breath test
[18,19]

hypersensitivity to physiological stimuli
. These
findings may help to identify patients with unexplained
[20]
[21,22]
abdominal symptoms
and IBS-D patients
who
could benefit from dietary managements.
In recent studies, we found that hydrogen breath
concentration at all three doses (10 g, 20 g, 40 g) of
lactose most often increased after 90 min of lactose
intake and peaked between 150-180 min. Based on
a sensitivity analysis of a large dataset and practical
considerations, we hypothesized that reducing the
number of LHBT within those time points, specifically 0,
90, 120, and 180 min (Four-Sample Lactose Hydrogen
Breath Test, 4SLHBT), would not significantly impact
the performance of LHBT at a low-dose (10 g,
“control”), intermediate-dose (20 g, reflecting typical
intake at a single meal) and high-dose (40 g, “reference
standard”) lactose. The objective of this study was to
test this hypothesis and validate the performance and
clinical utility of 4SLHBT by comparing it with standard
LHBT in the diagnosis of LM and LI among healthy
volunteers (HVs) and IBS-D patients who received
various doses of lactose.

was amplified by 35 PCR cycles [forward primer
(5’-CGGATGCACTGCTGTGATGA-3’), reverse primer
(5’-ACTGACCTATCCTCGTGGAATG-3’)]. Single
Nucleotide Polymorphisms (SNPs) associated with
lactase persistence in European (C/T-13910), African
and Arabian (C/G-13907, T/G-13915, G/C-14010)
populations were identified by bi-directional sequencing
[8,24]
using Sequencher software (vs 4.0.5, GeneCodes)
.

Lactose hydrogen breath test

Laboratory equipment: Handheld hydrogen bre
ath tester (Micro H2 Meter, Micro Medical Limited,
England), reset before the test and calibrated with
standard 100 ppm hydrogen (Micro Medical Limited,
England).
Preparation before the test: Subjects were restricted
from taking antibiotics and probiotics for one month and
prokinetics at least 1 week before the test. Subjects
refrained from eating dairy products, soy products, and
other foods rich in fiber one day before the test.
Test procedure: Breath hydrogen concentration
was measured twice for each subject in the fasted
state before the test. The average value was taken
as baseline. Then subjects drank lactose solution (10
g, 20 g, or 40 g lactose dissolved in 250 mL warm
water), followed by breath hydrogen testing every
15 min for 3 h. Gastrointestinal symptoms, including
nausea, bloating, borborygmi, abdominal pain and
diarrhea, were also recorded during the trial. Subjects
refrained from food/drink, smoking and strenuous
activity during the trial.

MATERIALS AND METHODS
Study population

IBS-D group: Consecutive IBS-D patients seen at
the Gastroenterology Clinic of Sir Run Run Shaw
Hospital, Zhejiang University School of Medicine from
September 2009 to August 2010 were enrolled into
this trial. IBS-D was diagnosed with Rome Ⅲ criteria
[23]
after screening for alarm criteria
and excluding
structural gastrointestinal pathology where clinically
indicated. The control group consisted of HVs with no
history of gastrointestinal disorders recruited at the
same time from the urban community in Hangzhou.

Symptom score: The severity of gastrointestinal
symptoms: nausea, bloating, borborygmus, abdominal
pain, diarrhea, was self-assessed by the subjects
using a 5-level visual rating scale: none, mild,
moderate, severe, and very severe, scored from 0 to
4 points respectively. The highest rating score from
each symptom was then added to calculate the total
symptom score. Subjects were also interviewed for
above gastrointestinal symptoms within 24 h after trial
completion by telephone, and rated their maximum
symptoms as per the visual scale.

Study design

Eligible participants completed genetic sequencing of
the lactase gene regulatory sequence and a question
naire about food containing lactose. A randomized,
double-blinded, three-way cross-over trial was performed.
All IBS-D patients and HVs underwent LHBT after
an oral load of lactose at doses of 10 g, 20 g, and
40 g. The interval between each test was 7-14 d in
randomized order using a random number table.
The lactose meal was prepared by a researcher not
involved in the examination. This researcher randomly
assigned lactose dose and marked the order on
disposable cups. Both the subjects and examiner were
blinded from the lactose dose information.

Diagnostic criteria: LM was diagnosed if patients’
hydrogen breath concentration elevated more than 20
ppm from baseline twice consecutively within three
hours of the testing period. LI was diagnosed if patients
met LM diagnostic criteria, and had a one-point or
more increase in the severity of above-mentioned
gastrointestinal symptoms above baseline occurring
more than twice during the 24 h follow-up period.

Genetic sequencing of lactase gene regulatory
sequence (genotype)

White cells were isolated from a whole blood sample
using a modified salting-out procedure, and DNA
was extracted (Axygen, Union City, CA, United
States). A 446-bp region within intron 13 of MCM6
(13807bp to 14253bp upstream of the lactase gene)
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Statistical analysis

4SLHBT analysis values were derived from the same
data set of hydrogen breath samples of standard LHBT
at 0, 90, 120, and 180 min. Outcomes of interest
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and 68.3%, respectively (Table 1).

Table 1 Lactose malabsorption and lactose intolerance
detection rates in three-dose lactose hydrogen breath test n (%)

Hydrogen peak and time to the peak

With increasing dose of lactose, H2 peaks were
significantly higher (P < 0.01) in both the IBS-D and
HV groups. Mean time to H2 peak in IBS-D group by
lactose dose was: 153.5 ± 32.9 min (10 g), 151.5
± 35.9 min (20 g), and 151.3 ± 29.6 min (40 g),
respectively (P = 0.875). In the HV group the time to
H2 peak by lactose dose was measured as 152.1 ±
25.2 min (10 g), 148.1 ± 30.7 min (20 g) and 139.3 ±
30.0 min (40 g) P = 0.357) (Table 2). In 96.1% (49/51)
IBS-D patients and 92.7% (38/41) HVs, LI symptoms
occurred between 90-180 min after lactose intake.

Lactose dose
IBS-D

LM
LI
LM
LI

HVs

10 g
25 (41.6)
11 (18.3)
21 (35)
2 (3.3)

20 g
52 (86.6)
28 (46.7)
48 (80)
13 (21.7)

40 g
56 (93.3)
51 (85)
55 (91.6)
41 (68.3)

LM: Lactose malabsorption; LI: Lactose intolerance; IBS-D: Irritable bowel
syndrome patients with diarrhea; HVs: Healthy volunteers.

included: (1) incidence of LM, LI with various lactose
doses using LHBT; (2) H2 peak (P): the maximum
hydrogen breath values (ppm), time to H2 peak (Tp):
the time (min) taken from baseline to maximum
hydrogen value; and (3) sensitivity of LM and LI
diagnosis with the 4SLHBT method, using standard
LHBT as reference (measuring every 15 min within
3 h of lactose intake). The primary analysis was the
concordance rate between the two methods.
The Kolmogorov-Smirnov test was used for normal
distribution test of continuous variables. Normally
distributed data were summarized using mean ± SD,
and the rates between two groups were compared
2
using a χ test. All analyses were performed with SPSS
16.0 statistical software (SPSS, Chicago, IL, United
States). P ≤ 0.05 was regarded as significant.

Comparison between standard LHBT and 4SLHBT for
diagnosis of LM and LI

In both the IBS-D and HV groups, the diagnostic yield
of LHBT increased over time for all lactose doses (10
g, 20 g, 40 g), reaching a peak at 150-180 min after
lactose consumption (Figure 1A and B).
In the IBS-D group, 4SLHBT and standard LHBT
showed high agreement for LM [Kappa = 0.93 (10
g), 0.87 (20 g), 0.88 (40 g)] and LI diagnosis (Kappa
= 0.94 (10 g), 0.93 (20 g), 0.84 (40 g); compared
to standard LHBT, 4SLHBT had high sensitivity
(91%-98%) and specificity (100%) in detecting LM
and LI in three-dose LHBT.
In the HV group, 4SLHBT and standard LHBT also
showed high agreement for LM [Kappa = 0.93 (10 g),
0.90 (20 g), 0.82 (40 g)] and LI diagnosis (Kappa = 1.0
(10 g), 0.95 (20 g), 0.89 (40 g); compared to standard
LHBT, 4SLHBT had high sensitivity (90%-100%) and
specificity (100%) in detecting LM and LI in three-dose
LHBT.
Agreement, sensitivity, specificity, positive predictive
value, and negative predictive value of 4SLHBT are
summarized in Tables 3 and 4.

RESULTS
Characteristics of IBS-D and HV subjects

The study enrolled 63 IBS-D patients and 64 healthy
volunteers, who completed LHBT at all 3 lactose dose
levels (10 g, 20 g, 40 g). Of them, 3 IBS-D patients
and 4 HVs were excluded from the final analysis due
to hydrogen breath value > 20 ppm at baseline. Thus,
the final study population included 60 IBS-D patients
and 60 HVs.

DISCUSSION

Genotype

The genotype in all participants was C/C-13910 and
no other SNP was identified on gene sequencing of
the putative lactase gene regulatory sequence in any
participant irrespective of group or phenotype defined
by LHBT.

This study determined the performance of a simplified
four-sample LHBT (4SLHBT) method in a population
with high prevalence of LD. LHBT is the “standard” test
[16]
for the clinical diagnosis of LM and LI . At high doses
this test has a high sensitivity for the diagnosis of LM
and can detect elevated breath hydrogen levels from
bacterial degradation of as little as 2-6 g lactose in the
[25]
colon . In this study, the genotype in all participants
was C/C-13910 and no other SNP associated with
lactase persistence was present in the lactase gene
regulatory sequence, which confirmed 100% of
participants had LD. Compared to the genetic test, 20
g and 40 g LHBT provided an accurate diagnosis of
LM with 87% and 93% sensitivity, respectively. Even
this may be an underestimate because 4 patients
(6.7%) reported typical LI symptoms without an

Detection rate of LM and LI

In IBS-D patients, with increasing dose of lactose
intake (10 g, 20 g, 40 g), LM detection rates increased
gradually from 41.6%, 86.6%, to 93.3%, respectively;
LI detection rates increased from 18.3%, 46.7%, to
85%, respectively.
In the control group, with increasing dose of lactose
intake (10 g, 20 g, 40 g), LM detection rates increased
gradually from 35%, 80%, to 91.6%, respectively;
and LI detection rates increased from 3.3% to 21.7%
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Table 2 H2 peak and time to H2 peak in three-dose lactose hydrogen breath test
P value

Lactose dose
IBS-D

H2 peak
(ppm)
Tp
(min)
H2 peak
(ppm)
Tp
(min)

HVs

10 g

20 g

40 g

10 g vs 20 g

20 g vs 40 g

38.5
(27.3-47.3)
153.5 ± 32.9

57
(32.0-85.0)
151.5 ± 35.9

92
(58.0-127.0)
151.3 ± 29.6

0.010

0.000

0.702

0.613

38
(29.5-46)
152.1 ± 25.2

66
(36.5-90.5)
148.1 ± 30.7

99
(56.5-135.5)
139.3 ± 30.0

0.004

0.001

0.602

0.127

IBS-D: Irritable bowel syndrome patients with diarrhea; HVs: Healthy volunteers; Tp: Time to H2 peak.
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Figure 1 Lactose malabsorption and lactose intolerance detection rates over time in irritable bowel syndrome patients with diarrhea group (A) and healthy
volunteer group (B). The detection rates of LM and LI increased over time and reached a peak at 150-180 min interval. LM: Lactose malabsorption; LI: Lactose
intolerance; IBS-D: Irritable bowel syndrome patients with diarrhea.

increase in breath hydrogen, likely to be false negative
findings because colonic fermentation did not produce
[1,26]
hydrogen in these individuals
. This finding confirms
that LHBT provides an accurate assessment of LM.
The results of this study also showed that the H2
peak increased with the dose in a dose-dependent
manner from 10 g to 20 g and 40 g. High H2 peak
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values above 100 ppm may be of clinical interest
because these are associated with increased bloating
and, especially, borborygmi, as found in recent clinical
[18,19]
studies performed in the same population
.
Conventional LHBT is time-consuming (usually takes
3-6 h) and requires multiple hydrogen breath tests
(once every 15 min). This tedious process may have a
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Table 3 Agreement of lactose malabsorption and lactose intolerance diagnosis between 4-sample lactose hydrogen breath testing
and standard lactose hydrogen breath testing methods
Standard LHBT
4SLHBT
IBS-D
10 g
20 g
40 g
HVs
10 g
20 g
40 g

LM

LI

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

(+)
23
2
50
2
55
1

(-)
0
35
0
8
0
4

Kappa
0.931

P value
< 0.001

0.870

< 0.001

0.880

< 0.001

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

19
2
46
2
53
2

0
39
0
12
0
5

0.925

< 0.001

0.902

< 0.001

0.815

< 0.001

(+)
10
1
26
2
47
3

(-)
0
49
0
32
0
10

Kappa
0.942

P value
< 0.001

0.933

< 0.001

0.839

< 0.001

2
0
12
1
38
3

0
58
0
47
0
19

1.000

< 0.001

0.949

< 0.001

0.889

< 0.001

LHBT: Lactose hydrogen breath test; LM: Lactose malabsorption; LI: Lactose intolerance; 4SLHBT: 4-Sample Lactose Hydrogen Breath Testing; IBS-D:
Irritable bowel syndrome patients with diarrhea; HVs: Healthy volunteers.

Table 4 Sensitivity, specificity, positive predictive value, negative predictive value of 4-sample lactose hydrogen breath testing
method using standard lactose hydrogen breath test method as the reference
LHBT
IBS-D

10 g
20 g
40 g

HVs

10 g
20 g
40 g

Sensitivity

Specificity

PPV

NPV

92%
91%
96%
93%
98%
94%
90%
100%
96%
92%
96%
93%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

94.6%
98%
80%
94.1%
80%
76.9%
95.1%
100%
85.7%
97.9%
71.4%
86.4%

LM
LI
LM
LI
LM
LI
LM
LI
LM
LI
LM
LI

LHBT: Lactose hydrogen breath test; LM: Lactose malabsorption; LI: Lactose intolerance; 4SLHBT: 4-Sample Lactose Hydrogen Breath Testing; IBS-D:
Irritable bowel syndrome patients with diarrhea; HVs: Healthy volunteers; PPV: Positive predictive value; NPV: Negative predictive value.

negative impact on its clinical application and patient’s
compliance. Several studies have investigated whether
reducing the number of hydrogen breath samples in
[13-15]
LHBT impacts on the sensitivity of LM diagnosis
.
Compared to standard LHBT with samples taken
every 15 min over 3 h, our Swiss study showed that
three-sample tests had sensitivity and specificity of
83.4 and 99.7% (0-60-90 min), 95.0 and 99.2%
(0-60-120 min), and 95.0 and 98.9% (0-90-120 min),
[15]
respectively . Similar results were reported by Di
[14]
Camillo et al ; measurements at baseline, 120 min
and 180 min had low false-negative results for LM
(5.9%) compared to measurements taken every 30 min
for 4 h. However, both these studies used high-dose
lactose (50 g, equivalent of 1 liter of milk) and were
conducted primarily to establish the presence of LM in
a population with low prevalence of LD. In China, LD is
universal and, therefore, the focus of study is to identify
patients who experience abdominal symptoms at low
doses of lactose found in the normal diet. The results
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of this study showed that with 3 lactose loading doses,
10g, 20 g, and 40 g, 4SLHBT achieved high sensitivity
(LM > 92%, LI > 91%) and specificity (100%) for both
LM and LI diagnosis compared to the standard method
at all three doses. The primary analysis showed a high
level of concordance between standard and 4SLHBT
methods (97%-100%) with excellent agreement
confirmed by the Kappa statistic (0.815-0.942).
[13-15]
As previous studies have shown
, three samples
(0, 120, 180) were also almost as equally helpful in
diagnosing LM compared with 4 samples (0, 90, 120,
180) for LHBT in our study. Considering small intestinal
bacterial overgrowths (SIBO) could bring about false
positive results on LHBT, the H2 value of 90 min
could help us estimate whether the participant had
SIBO. When this point value is very high, even higher
than that of 120 min or 180 min, SIBO should be
considered since oro-caecal transit time in this study
[27,28]
population is 60-90 min
. However, in a population
with high prevalence of LD, SIBO would not alter the
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number of patients diagnosed with LM.
This study has some important strengths: (1) A
total of 120 subjects was recruited, a large number
compared to most other validation studies; (2) not
only healthy subjects, but also IBS-D patients were
recruited, a group that often present with self-reported
food intolerance and are often referred for LHBT; (3)
genetic testing was used as a gold-standard to confirm
the presence of LD; and (4) diagnostic agreement was
checked at multiple lactose doses confirming that the
4SLHBT can be applied at high doses for diagnosis
of LM and also at low doses for diagnosis of LI at the
levels found in the normal diet.
Limitations of the study include: (1) performance
of studies in a Chinese population with primary LD
could limit generalizability; however, previous studies
have shown that a similar proportion of patients with
LD in Western populations have lactose malabsorption
and intolerance. Further, in the same cohort, reduced
[14,15]
breath test sampling is adequate at high doses
;
and (2) the duration of the standard LHBT was
limited to 3 h which is shorter than that used by
some other authors (up to 6 h). This decision was
based on published experience with a combined LHBT
scintigraphy test that showed oro-caecal transit time
[27,28]
in the study population of 60-90 min
. Moreover,
in the present study, breath hydrogen increased after
a median 90 min and peaked at a median 150 min
with the vast majority (93%) of participants reporting
symptoms 90-180 min after the ingestion of lactose;
only five individuals reported symptoms after the
study at 24 h follow-up. Two IBS-D patients developed
moderate diarrhea at 215 min, 245 min after lactose
intake. One HV developed severe diarrhea at 230 min,
two HVs developed severe bloating and borborygmi in
255, 300 min after lactose intake. The primary aim of
this study was to validate 4SLHBT and not to improve
the specificity of LM and LI diagnosis by LHBT.
In conclusion, these findings demonstrate a high
level of agreement between standard 13-breathsample and 4-sample LHBT for the clinical diagnosis
of LM and LI. The 4SLHBT provided accurate results at
high doses for formal diagnosis of LM and also at low
doses for diagnosis of clinically relevant LI. Reducing
the number of breath samples will free up personnel
and allow more patients to take LHBT simultaneously,
thus making best use of limited medical resources.
The 4SLHBT is a valid replacement for standard LHBT
in clinical practice.
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for gastric cancer: Systematic review
Paolo Aurello, Dario Sirimarco, Paolo Magistri, Niccolò Petrucciani, Giammauro Berardi, Silvia Amato,
Marcello Gasparrini, Francesco D’Angelo, Giuseppe Nigri, Giovanni Ramacciato
stump fistula (DSF) after gastrectomy for gastric cancer.

Paolo Aurello, Dario Sirimarco, Paolo Magistri, Niccolò
Petrucciani, Giammauro Berardi, Silvia Amato, Marcello
Gasparrini, Francesco D’Angelo, Giuseppe Nigri, Giovanni
Ramacciato, Department of General Surgery, Sant’Andrea
Hospital, Sapienza University of Rome, 00185 Rome, Italy

METHODS: A systematic review of the literature was
performed. PubMed, EMBASE, Cochrane Library, CILEA
Archive, BMJ Clinical Evidence and UpToDate databases
were analyzed. Three hundred eighty-eight manuscripts
were retrieved and analyzed and thirteen studies
published between 1988 and 2014 were finally selected
according to the inclusion criteria, for a total of 145
cases of DSF, which represented our group of study. Only
patients with DSF after gastrectomy for malignancy were
selected. Data about patients’ characteristics, type of
treatment, short and long-term outcomes were extracted
and analyzed.
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RESULTS: In the 13 studies different types of treatment
were proposed: conservative approach, surgical
approach, percutaneous approach and endoscopic
approach (3 cases). The overall mortality rate was 11.7%
for the entire cohort. The more frequent complications
were sepsis, abscesses, peritonitis, bleeding, pneumonia
and multi-organ failure. Conservative approach was
performed in 6 studies for a total of 79 patients, in
patients with stable general condition, often associated
with percutaneous approach. A complete resolution
of the leakage was achieved in 92.3% of these
patients, with a healing time ranging from 17 to 71 d.
Surgical approach included duodenostomy, duodenojejunostomy, pancreatoduodenectomy and the use of
rectus muscle flap. In-hospital stay of patients who
underwent relaparotomy ranged from 1 to 1035 d. The
percutaneous approach included drainage of abscesses
or duodenostomy (32 cases) and percutaneous biliary
diversion (13 cases). The median healing time in this
group was 43 d.
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CONCLUSION: Conservative approach is the treatment
of choice, eventually associated with percutaneus
drainage. Surgical approach should be reserved for
severe cases or when conservative approaches fail.

Abstract
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AIM: To identify the most effective treatment of duodenal
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in order to identify the attitude of surgeons in treating
duodenal stump leakage after gastrectomy for gastric
cancer, and to assess the most effective treatment.

Core tip: To our knowledge, this is the first review
available in the literature focusing on the duodenal
stump fistula following resection for gastric cancer.
Previous review have been published concerning this
topic but not limited to oncologic patients. Furthermore,
in this review, a more recent time period is analyzed,
increasing reliability of the conclusions of the manuscript
considering advancement in technologies and treatment
strategies.

MATERIALS AND METHODS
The research was systematically performed on PubMed,
EMBASE and Cochrane Library databases CILEA
Archive, BMJ Clinical Evidence and UpToDate databases
by entering the strings “duodenal stump fistula
AND treatment ” or “duodenal stump leakage AND
treatment” or “duodenal stump leak AND treatment”
or “duodenal stump fistula AND management ” or
“duodenal stump leakage AND management” or
“duodenal stump leak AND management” or “duodenal
fistula AND gastrectomy AND treatment” or “duodenal
fistula AND gastrectomy AND management”. The
research was limited to articles written in English and
published between January 1988 and December 2014.
A total of 388 manuscripts were retrieved. Title, abstract
section, and keywords were screened in order to
select studies for further assessment. Articles including
randomized clinical trials (RCTs), controlled clinical trials,
cohort studies, case-control studies, case series and
case reports regarding total and subtotal gastrectomies
for gastric cancer and post-operative duodenal stump
leakage management, as well as endoscopic and
percutaneous procedures case series and case reports,
were considered eligible to be included in the study.
Studies reporting pediatric patients and non-surgery
related fistulae were not included, as well as studies not
reporting enough information on the outcomes (Figure
1). Only patients with gastric cancer where included in
our review, even when the case series included both
[7,11-13]
benign and malignant disease
.
[7,8]
The two works by Cozzaglio et al
included in our
review refer to different institutions, different cohorts
of patients and different study intervals, therefore we
decided to include them both.

Aurello P, Sirimarco D, Magistri P, Petrucciani N, Berardi G,
Amato S, Gasparrini M, D’Angelo F, Nigri G, Ramacciato G.
Management of duodenal stump fistula after gastrectomy for
gastric cancer: Systematic review. World J Gastroenterol 2015;
21(24): 7571-7576 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7571.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7571

INTRODUCTION
Gastric cancer is still one of the most frequent malig
nancies in Europe. In United States the estimated new
cases in 2010 were 21000 (12730 male and 8270
female) with 10570 estimated deaths (6350 male
[1,2]
and 4220 female) . A total or subtotal gastrectomy
with R0 margins remains the standard of care for
[3,4]
gastric cancer . Despite this, in low-volume centers
gastrectomy still remains a challenging procedure with
a notable morbidity rate (33%-43%) and mortality rate
[5,6]
(7%-12%) . Duodenal stump fistula (DSF) represents
an infrequent but severe complication after total or
subtotal gastrectomy for gastric cancer, with incidence
[7]
of 3% and mortality rate ranging from 7% to 67% .
Several factors were identified as possible cause of DSF,
such as local hematoma, inflammation, intra-operative
inadequate closure of the duodenal stump, incorrect
drain position, devascularization, post-operative
[7,8]
distension of the duodenum and R1-R2 resections .
Abscess, complete anastomotic dehiscence, peritonitis,
wound infections and sepsis often affect patients
with DSF. Cholecystitis, pancreatitis, pneumonia,
malnutrition, fluid and electrolyte disorders may also
[7,9]
occur . However, despite the importance of this kind
of complication, there are no reports indicating the
correct management of this life-threatening condition
in patients with gastric cancer. In fact, in 2013 Babu et
[10]
al reported the current status of the management of
duodenal fistula, but they did not distinguish between
neoplastic and non-neoplastic disease. They considered
all the cases of duodenal fistula and a longer time frame
[10]
(from 1948 to 2011) , while we included in our work
only cases of fistula after gastrectomy for gastric cancer
from 1988 to December 2014. Therefore, we decided
to review the literature from the last twenty-six years,

WJG|www.wjgnet.com

RESULTS
Characteristics of the included studies

Only studies published between 1988 and 2014 that
reported the results of the management of duodenal
stump leakage after gastrectomy for malignancy were
considered. We excluded the studies reporting data
about gastrojejunal anastomosis leakage and other form
of duodenal fistula. According to the aforementioned
criteria, thirteen studies were considered eligible, for a
total of 145 patients (Table 1).

Management of duodenal fistula and results

The overall mortality rate was 11.7%. Complications
included sepsis, abscesses, peritonitis, bleeding,
pneumonia and MOF, as showed in Table 1.
Different treatments were grouped into four main
categories: conservative approach (79 cases), surgical
approach (59 cases), endoscopic approach (3 cases)

7572

June 28, 2015|Volume 21|Issue 24|

Aurello P et al . Systematic review of DSF management

DISCUSSION

388 Citations
Identified searching on
PubMed/Cochrane/EMBASE

In this manuscript we systematically reviewed the
literature from the last twenty-six years to identify the
most appropriate treatment for DSF after gastrectomy
for gastric cancer.
As a matter of fact, in their work Cozzaglio and
colleagues reported that patients have been assigned
to percutaneous drainage if they had a high daily DSF
output (median 500 mL, range 300-1000 mL) or if
a previous conservative treatment was unsuccessful
(parenteral and enteral nutrition, antibiotics, antifungals,
octreotide and percutaneous drainage of abdominal
abscesses); also patients with severe general conditions
[8]
who couldn’t undergo a re-laparotomy were treated
by percutaneous approach. Percutaneous drainage
is a useful treatment not only for the fistula itself but
also for the prevention of infections; it is important to
consider continuous local irrigation and suction from the
tube in order to improve drainage efficacy and avoid
drain’s closure.
[8]
Furthermore, Cozzaglio et al suggests performing
a biliary diversion to reduce the output of DSF in
patients with severe clinical conditions, unfit for a
conservative treatment or invasive approaches, such
as relaparotomy, and when other approaches failed
(output reduced from a median of 500 mL/d to 100
[8]
[15]
mL/d, P = 0.02) . Garden et al
reported 12 cases
of spontaneous closure of DSF with conservative
approach, associated in 9 cases with a percutaneous
drainage of the abscesses. Only 1 case needed
[15]
relaparotomy and surgical stump closure . Bloch et
[19]
al treated one patient with a percutaneous approach
(elective intubation of fistula) and obtained a complete
[12]
resolution in 5 wk. Kyzer et al reported a case of DSF
approached conservatively with complete resolution,
and a case of a patient who underwent relaparotomy
who eventually died due to sepsis. Unfortunately they
did not clarify why this patient needed a relaparotomy.
[11]
Wong et al
report a novel endoscopic approach. In
that case they inspected the fistula tract under direct
vision and they closed the tract with gelatin sponge
and fibrin glue after irrigation and drainage of abscess,
reporting rapid and complete resolution of the DSF. In
[14]
their work Oh et al reported 5 cases of DSF: patients
were septic so they were treated with relaparotomy
and primary closure, apparently without complications.
However, there aren’t any further data available on the
postoperative outcomes of those patients.
Endoscopic approach was presented by Lee et
[20]
al
for a small perforation of duodenal stump after
gastrectomy with Billroth Ⅱ reconstruction. They
treated DSF using endoscopic clipping; after 17 d
complete healing was confirmed by a gastrografin
study. In this article they suggest that the success of
this approach depended on rapid clip deployment and
[20,21]
early detection of fistula
.
[7]
Cozzaglio et al in 2010 showed in a large study
that conservative approach should be the treatment of
choice, while surgical approach should be considered

374 article were
excluded by title,
abstract and keywords
14 relevant papers identified
and selected for further analysis

1 not retrieved

13 articles included
for a total of
145 patients

Figure 1 Search strategy flow-chart.

and percutaneous approach (45 cases).
The surgical approach included duodenostomy,
duodeno-jejunostomy, pancreatoduodenectomy and
[7]
the use of rectus muscle flap and was used generally
in patients with more severe conditions. We identified
8 studies that reported this approach and presented
a total of 59 cases. In-hospital stay of patients who
underwent relaparotomy for DSF range from 1 to 1035
[7,14]
days (median 19)
.
The conservative approach was used in 6 studies
including 79 patients and was considered as the first
approach to treat DSF, in patients with stable general
condition (without sepsis, bleeding or abscesses); it
was often associated with percutaneous treatment.
This approach consisted in administration of drugs,
such as somatostatin or octreotide, together with the
[7,11,12,15]
positioning of a nasogastric tube
. According
to the reported data, a complete resolution of the
leakage was achieved in 92.3% of patients treated
conservatively, with an healing time interval ranging
[15]
from 17 to 71 d (mean 35) .
The percutaneous approach should be further
divided in drainage of abscesses or duodenostomy
(32 cases) and percutaneous biliary diversion (13
cases). Percutaneous approach was often associated
with conservative treatment and consisted in abscess
drainage, biliary drainage, biliary diversion or fistula
[7,16]
closure with cyanoacrylate
. The median healing
[8]
time in this group was 43 d (range: 20-604 d) . Our
review identified only 3 studies that reported data
about endoscopic treatment, for a total of 3 patients.
Mean healing time after endoscopic treatment ranged
[11,13]
from 2 d to 2 mo
. No data about nutritional status
were reported regarding these 3 patients. The first
paper, by Curcio and colleagues, reported a case of
DSF with wide orefice (2 cm) surrounded by hyperemic
mucosa treated using tulip bundle technique and
[13,17,18]
injection of 4 mL of fibrin glue in submucosa
.
Lee described a small fistula, treated with clipping,
[13]
healed in 17 d . Wong reported a case of DSF treated
with debridement and fibrin glue closure solved in 2 d
without complication.
WJG|www.wjgnet.com
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Blouhos et al[22] 2013

Orsenigo et al[23] 2014

Kim et al[24] 2014

Vasiliadis et al[25] 2014

1993-1997

China
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1979-2014
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1

13

32

1

1

6

68

1

5

1

2

1

13

n
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RS

RS

Case

Case
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MT/RS

Case

RS

Case

RS

Case

RS

Study

1-1035

17

14-134 (57.3 surgical), 8-18
(11.7 mean conservative)

31.2 ± 19.7 (mean
conservative, PTBD and
drainage), 45.2 ± 57.4
(mean surgical)

45

20-604
(median 43)
60

1-1035
(median 19)

10-28
(18)
17

2

nr

17-71
(35)
5 wk

Healing time in days
(mean)

79 (54.5)

0

3

11

0

0

0

51

0

0

1

1

0

12

Conservative
treatment

59 (40.7)

1

10

13

1

0

0

27

0

5

0

1

0

1

13 (9.0)

0

0

3

0

0

6

4

0

0

0

0

0

0

Percutaneous
transhepatic biliary
diversion

[13]

32 (22.1)

0

0

5

0

0

0

17

0

0

0

0

1

9

Percutaneus treatment
(drainage of abscesses or
duodenostomy)

Conservative:
11/11 solved
PTBD 3/3 solved
Drainage 5/5 solved
Surgical:
10/13 solved
3/13 death
Conservative: 3/3
solved
Surgical 8/10 solved
2/10 death
1 surgical solved in 17
days

Solved

Closure in 2 months

Non surgical Solved
in25 day (7-65);
surgical 58d. (1-1035)
3 Solved

Solved

Solved

The pt. Surgically
treated dead for sepsis
Closure in 2 day

12 spontaneous
closure 1 need surgical
Solved

Results

2 pts. dead

1 pt. Bleeding
2 pts. Septic
shock

51 (75%),
11 (16.2%) pts.
Dead
3pts. dead
(50%)

0

1pt. dead

0

nr

Complications

only when other approaches fail or when DSF is associated with severe complications, i.e., bleeding or sepsis. Curcio et al
report a case of endoscopic closure of a
[22]
wide DSF. The endoscopic approach was adopted after conservative treatment and percutaneous drainage failed: DSF resolved in 2 mo. Blouhos et al reports the case
of a patient with evidence of DSF (bile-stained fluid in drainage) in which was performed a relaparotomy on POD 1°, due to bleeding complications. A duodenostomy,
biliary diversion and closure of duodenal leak was performed with complete resolution of bleeding and DSF. However, the reported results demonstrate that conservative

3 (2.1)

0

0

0

0

1

0

NR

1

0

1

0

0

0

Surgical Endoscopic
treatment treatment

RS: Retrospective study; PR: Prospective study; MT: Multicenter trial; PTBD: Percutaneous transhepatic biliary diversion.

Tot. (1988-2014), n (%)

2014

20022012
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1991-2006
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1987-2004
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Cozzaglio et al[7] 2010

Lee et al[20] 2009

Period

United 1979-1985
Kingdom
France
1989
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South
Korea
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Korea
Italy

Oh et al[14] 2009

Kyzer et al[12]
1997
Wong et al[11] 2000

Bloch et al[19] 1989

Garden et al[15] 1988
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Table 1 Review of the literature
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approach provides the highest rate of success, which
[7,15]
is higher than 92%
. Endoscopic approach seems
promising, but needs further studies since only 3 cases
are reported in literature. As described above, surgical
approach demonstrates a high morbidity rate, therefore
all the authors agree that relaparotomy should be
performed only for patients with severe complications
(sepsis, active bleeding or fistula with involvement
[7]
of surrounding organs ) or when other approaches
[14]
fail . Orsenigo in 2014 presented a retrospective
study of 32 patients affected by DSF from 1987 through
2012, 19 patients were treated with non-surgical
approaches, such as conservative treatment (11 pts.),
biliary diversion (3 pts.), and percutaneous drainage
(5 pts.). All those patients received also treatment
with octreotide or somatostatine, and nutritional
support, either parenteral, enteral or by mouth. The
mean healing time for patients in non-surgical group
was 31.2 d. Surgical treatment can be divided in:
direct stump closure (4 patients), stump resection and
closure (6 patients), external duodenal drainage (2
patients) and surgical abdominal drainage (1 patient),
all associated with treatment with drugs (octreotide or
somatostatine), TPN or EN. In this group, after stump
resection and closure, 2 patients died for septic shock
and 1 patient died for bleeding. However, DSF resolved
[23]
in 45.2 d (on average) in 10 patients . In 2014 Kim et
[24]
al published a retrospective study on the risks factors
associated with DSF. They reviewed the data of 2970
patients who underwent gastric surgery for cancer.
Patients who underwent Billroth-I procedure, palliative
procedures, gastric wedge resection and patients
who experienced complications other than DSF were
excluded from the analysis. Finally, 1195 patients were
included in their study. DFS occurred in 13 patients, and
was treated with surgical approach in 10 cases and with
conservative approach in 3 cases. Two patients died
after relaparotomy, one for sepsis and one for MOF. On
the other hand, DSF healing was observed in all the 3
patients treated with conservative approach in a mean
of 11.7 d.
[25]
Vasiliadis et al
reported in 2014 a case of a
duodenal stump fistula treated with re-stapling of
the duodenum and retrograde decompressing tube
duodenostomy. The treatment was successful and the
DFS healed in 17 d.
There are some biases to elucidate. Table 1 clearly
shows that the number of reported procedures is higher
than the number of patients, which is due to the frequent
association between conservative and endoscopic or
percutaneous treatment, therefore some patients were
considered and reported in two or more groups.
Moreover, when those approaches failed or in case
of sepsis or bleeding, a further surgical correction was
required. Some patients treated with surgical approach
were in poor general conditions or septic or had an
active bleeding. Therefore, there is a patient-selection
bias among the surgical treatment group affecting
mortality and in-hospital rate, that appear higher in this
group.
Patient nutritional status is an important factor
WJG|www.wjgnet.com

for the healing of DSF. Enteral or parenteral nutrition
may influence the closure of DSF, improving patient
nutritional status. Parenteral nutrition is the most
commonly used artificial nutrition, whereas enteral
nutrition was used only by a few authors, and often
associated with parenteral nutrition. Only a few data
about DSF are present in the literature and role of
[7,26-28]
artificial nutrition should be further clarified
.
An interesting experience is presented in the
literature concerning growth hormone treatment for
DSF; despite this, the article was not included in the
review because of the chinese language limitation
(exclusion criteria of our systematic review). We do
believe that future research could be developed in order
to understand the role of this alternative treatment for
[29]
the disease .
[10]
Babu et al
recently reviewed the literature to
identify the most appropriate treatment for DSF.
They suggest that it would be advisable to adopt a
conservative policy of “wait and watch” for 4-6 wk.
These results are consistent with our findings, although
they included in their work both neoplastic and nonneoplastic diseases. Moreover, even if they considered
studies from a wider range of years, they noticed
the same patient-selection biases that we previously
underlined.
Conservative approach is the treatment of choice
and should be attempted for at least 4-6 wk, unless
the clinical conditions require reoperation. Maintaining
or positioning a nasogastric tube and maintaining
a percutaneous drainage can be associated with
conservative treatment. The positioning of percutaneous
drainage should be considered in case of abdominal
abscesses. Percutaneous biliary diversion can be used
to reduce leakage and daily output in patients with
severe generals condition (that are unfit for surgery),
persistent DSF or high daily DSF output. Surgical
approach should be considered for severe cases like
bleeding, sepsis or leak in adjacent organs, or when
conservative and percutaneous approaches fail (in cases
in which the general conditions permit). Endoscopic
approach showed good results but in our analysis only 3
patients underwent this procedure, so more studies are
needed to clarify the efficacy of this approach.
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placement in preventing post-endoscopic retrograde
cholangiopancreatography pancreatitis
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post-endoscopic retrograde cholangiopancreatography
(ERCP) pancreatitis (PEP).
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METHODS: We performed a search of MEDLINE,
EMBASE, and Cochrane Library to identify randomized
controlled clinical trials of prophylactic PD stent
placement after ERCP. RevMan 5 software provided by
Cochrane was used for the heterogeneity and efficacy
analyses, and a meta-analysis was performed for
the data that showed homogeneity. Categorical data
are presented as relative risks and 95% confidence
intervals (CIs), and measurement data are presented
as weighted mean differences and 95%CIs.
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RESULTS: The incidence rates of severe pancreatitis,
operation failure, complications and patient pain severity
were analyzed. Data on pancreatitis incidence were
reported in 14 of 15 trials. There was no significant
2
heterogeneity between the trials (I = 0%, P = 0.93). In
the stent group, 49 of the 1233 patients suffered from
PEP, compared to 133 of the 1277 patients in the no-stent
group. The results of this meta-analysis indicate that it
may be possible to prevent PEP by placing a PD stent.
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Abstract

Core tip: Pancreatitis is one of the most common and
severe complications after endoscopic retrograde

AIM: To investigate the efficacy and safety profile of
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cholangiopancreatography (ERCP). the reported
incidence of post-ERCP pancreatitis (PEP) varies
between 2% and 7% in prospective trials and may be
as high as 30%-50% in high-risk patients. Although a
previous meta-analysis has indicated that pancreatic
duct stent placement can prevent PEP, particularly
in high-risk patients, there is a lack of high-quality
evidence-based studies based on appropriate numbers
of well-validated publications. Therefore, an updated
meta-analysis was conducted to investigate stents in
preventing PEP.

761 potentially relevant
631 not relevant
130 retrieved for a more
detailed evaluation
99 excluded as not relevant
after reviewing the full-text
31 potentially appropriate
16 excluded because they did
not match the inclusion criteria
or the exclusion criteria

Fan JH, Qian JB, Wang YM, Shi RH, Zhao CJ. Updated metaanalysis of pancreatic stent placement in preventing postendoscopic retrograde cholangiopancreatography pancreatitis.
World J Gastroenterol 2015; 21(24): 7577-7583 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i24/7577.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i24.7577

15 with usable information

Figure 1 Publication retrieval flow chart. A flow chart depicting the step-bystep search process with respect to the eligibility criteria and the retrieval of
published literature of the randomized controlled trials.

the pancreas duct. PD stenting might increase postECRP complications if there are any manipulation
accidents during placement. Therefore, safety remains
an important concern during prophylactic PD stent
placement. Here, we analyzed the efficacy and safety
of PD stent placement to prevent PEP by performing a
meta-analysis of randomized controlled studies.

INTRODUCTION
Pancreatitis is one of the most common and severe
complications after endoscopic retrograde cholan
giopancreatography (ERCP). The reported incidence of
post-ERCP pancreatitis (PEP) varies between 2% and 7%
[1-4]
in prospective trials of non-selective studies
but may
be as high as 30%-50% in high-risk patients. Andriullin
[5]
et al studied 16855 patients who underwent ERCP
between 1977 and 2006 and found that the incidence
of PEP was 3.47% (585 patients). Although most
patients experienced mild PEP, 10% of patients
developed severe PEP, which led to prolonged hospital
stays, increased medical costs, and life threatening
[6]
symptoms .
The precise mechanisms of PEP remain unclear. It
[7]
was demonstrated by Chahal et al that a substitute
drainage pathway could prevent PEP, confirming the
hypothesis that pancreatic drainage blockage as a
result of Oddi sphincter spasms or papillary edema
might be a major reason for PEP. Therefore, it is
reasonable that pancreatic stent placement could
improve pancreatic drainage and reduce the enzymatic
reactions of tryptic enzymes.
[8]
Although a previous meta-analysis has indicated
that PD stent placement can prevent PEP, particularly
in high-risk patients, there is a lack of high-quality
evidence-based studies based on appropriate numbers
of well-validated publications. For instance, low-quality
retrospective studies were retrieved for a meta-analysis
[9]
conducted by Singh et al , which might have led to a
less confident conclusion. Another example is a study
[10]
by Pan et al ; although it included six retrospective
clinical trials, only abstracts were available for three of
these studies. In addition, because of the limitations
of the literature, the incidence rates of PEP and
severe PEP from PD stent placement require a specific
technique due to the unique anatomical structure of

WJG|www.wjgnet.com

MATERIALS AND METHODS
Inclusion and exclusion criteria

We retrieved randomized controlled clinical trials of
PD stent placement that were published in English or
Chinese and contained full texts or abstracts. Patients
who underwent prophylactic PD stent placement were
included in a PD stent group, and patients who did not
undergo stent placement were included in a control
group. The medication strategies were not included in
the analysis.
The clinical trials with pre-operative PD stents
were excluded, as were publications with incomplete
datasets or repeated data.

Publication retrieval

Published clinical trials on prophylactic PD stents to
prevent PEP were retrieved from MEDLINE (between
1980 and May 2013), EMBASE (between 1980 and
May 2013), and Cochrane clinical trial databases. Using
PubMed as an example, the retrieval strategy included
the keyword, subject heading, or the combination,
such as “pancreatic* AND stent* AND (ERCP OR
Endoscopic retrograde cholangiopancreatography)
AND (PEP OR pancreatitis).”

Publication quality evaluation

The full-text publications were read, and relevant
information was independently extracted by two
researchers. The assessments included the risk of bias,
information integrity, selectiveness, and other potential
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A

Stent
No stent
Study or subgroup
Events
Total
Events
Total
1.1.1 Mild
Cha 2012
2
46
5
58
Fazel 2003
2
40
7
36
Harewood 2005
1
11
3
8
Ito 2010
1
35
8
35
Karaguchi 2012
1
60
8
60
Lee 2012
6
50
14
51
Patel 1999
2
18
5
18
Sherman 1996
1
46
6
58
Smithline 1993
6
48
7
50
Sofuni 2007
3
98
14
103
Sofuni 2011
20
213
30
213
Thanasky 1998
3
43
10
39
Tsuchiya 2007
1
32
3
32
Subtotal (95%CI)
740
761
Total events
49
120
2
Heterogeneity: χ = 10.62, df = 12 (P = 0.56); I ² = 0%
Test for overall effect: Z = 5.59 (P < 0.00001)
1.1.2 Severe
Cha 2012
0
46
Fazel 2003
0
40
Lee 2012
0
50
Patel 1999
0
18
Sherman 1996
0
46
Smithline 1993
0
48
Sofuni 2011
0
213
Tsuchiya 2007
0
32
Subtotal (95%CI)
493
Total events
0
2
Heterogeneity: χ = 0.37, df = 7 (P = 1.00); I ² =
Test for overall effect: Z = 2.55 (P = 0.01)

2
3
1
1
2
2
1
1

58
36
51
18
58
50
213
32
516

Stent
No stent
Study or subgroup
Events
Total
Events
2.1.1 Mild
Cha 2012
2
46
5
Fazel 2003
2
40
7
Harewood 2005
1
11
3
Ito 2010
1
35
8
Karaguchi 2012
1
60
8
Lee 2012
6
50
14
Smithline 1993
6
48
7
Sofuni 2007
3
98
14
Sofuni 2011
20
213
30
Thanasky 1998
3
43
10
Tsuchiya 2007
1
32
3
Subtotal (95%CI)
676
Total events
46
109
2
Heterogeneity: χ = 10.13, df = 10 (P = 0.43); I ² = 1%
Test for overall effect: Z = 5.24 (P < 0.00001)
2.1.2 Severe
Cha 2012
0
46
Fazel 2003
0
40
Lee 2012
0
50
Smithline 1993
0
48
Sofuni 2011
0
213
Tsuchiya 2007
0
32
Subtotal (95%CI)
429
Total events
0
2
Heterogeneity: χ = 0.34, df = 5 (P = 1.00); I ² =
Test for overall effect: Z = 2.28 (P = 0.02)

Odds ratio
M-H, fixed, 95%CI

3.30%
5.50%
2.50%
6.10%
6.20%
9.60%
3.50%
4.10%
4.70%
10.40%
21.40%
7.70%
2.30%
87.20%

0.48 [0.09, 2.61]
0.22 [0.04, 1.13]
0.17 [0.01, 2.04]
0.10 [0.01, 0.84]
0.11 [0.01, 0.91]
0.36 [0.13, 1.03]
0.33 [0.05, 1.96]
0.19 [0.02, 1.66]
0.88 [0.27, 2.83]
0.20 [0.06, 0.72]
0.63 [0.35, 1.15]
0.22 [0.05, 0.86]
0.31 [0.03, 3.17]
0.37 [0.26, 0.52]

1.70%
2.90%
1.20%
1.10%
1.70%
1.90%
1.20%
1.20%
12.80%

0.24
0.12
0.33
0.32
0.24
0.20
0.33
0.32
0.24

[0.01,
[0.01,
[0.01,
[0.01,
[0.01,
[0.01,
[0.01,
[0.01,
[0.08,

Odds ratio
M-H, fixed, 95%CI

5.19]
2.37]
8.38]
8.27]
5.19]
4.28]
8.19]
8.23]
0.72]

13
0%

Total (95%CI)
1233
1277
Total events
49
133
2
Heterogeneity: χ = 11.61, df = 20 (P = 0.93); I ² = 0%
Test for overall effect: Z = 6.15 (P < 0.00001)
2
Test for subgroup differences: χ = 0.53, df = 1 (P = 0.47); I ² = 0%

B

Weight

2
3
1
2
1
1

Total

100.00%

0.35 [0.25, 0.49]

0.01

Weight

Odds ratio
M-H, fixed, 95%CI

58
36
8
35
60
51
50
103
213
39
32
685

3.70%
6.10%
2.80%
6.80%
6.90%
10.70%
5.30%
11.60%
23.80%
8.60%
2.50%
88.90%

0.48 [0.09, 2.61]
0.22 [0.04, 1.13]
0.17 [0.01, 2.04]
0.10 [0.01, 0.84]
0.11 [0.01, 0.91]
0.36 [0.13, 1.03]
0.88 [0.27, 2.83]
0.20 [0.06, 0.72]
0.63 [0.35, 1.15]
0.22 [0.05, 0.86]
0.31 [0.03, 3.17]
0.38 [0.26, 0.54]

58
36
51
50
213
32
440

1.90%
3.20%
1.30%
2.10%
1.30%
1.30%
11.10%

0.24
0.12
0.33
0.20
0.33
0.32
0.23

[0.01,
[0.01,
[0.01,
[0.01,
[0.01,
[0.01,
[0.06,

0.1
Favours stent

1

10
100
Favours no stent

Odds ratio
M-H, fixed, 95%CI

5.19]
2.37]
8.38]
4.28]
8.19]
8.23]
0.81]

10
0%

Total (95%CI)
1105
1125
Total events
46
119
2
Heterogeneity: χ = 11.10, df = 16 (P = 0.80); I ² = 0%
Test for overall effect: Z = 5.72 (P < 0.00001)
2
Test for subgroup differences: χ = 0.55, df = 1 (P = 0.46); I ² = 0%

100.00%

0.36 [0.25, 0.51]

0.01

0.1
Favours stent

1

10
100
Favours no stent

Figure 2 Forest plots. A: A forest plot depicting the incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis (PEP) in the analyzed studies;
data from both articles and abstracts were included; B: A forest plot depicting the incidence of PEP in the analyzed studies; data from the abstracts were excluded.
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0

12 were published articles and 3 were abstracts (Table
1). All the studies included various high-risk groups,
such as patients with sphincter of Oddi dysfunctions
(SODs), difficult cannulation, pre-cut sphincterotomy,
pancreatic sphincterotomy, biliary balloon dilation
of intact papilla for stone extraction, endoscopic
ampullectomy, and pancreatic brush cytology.

Mild
Severe

SE (log [OR])

0.5

1.0

Quality assessment of the included studies

1.5

The conditions of randomization, double-blinding,
and the risk of missing data from each study were
evaluated. Nine studies reported randomization
concealment, but none of the studies were doubleblinded. Half of the studies used statistics from the
intent-to-treat group, and the other half assessed the
loss of data. The results are shown in Table 2.

2.0
0.01

0.1

1
OR

10

100

Figure 3 Publication bias funnel plot. A funnel plot depicting the assessment
of publication bias of the eligible studies included in this meta-analysis.

Pancreatitis incidence analysis

biases. When a discrepancy occurred between the two
researchers with regard to the extracted information
or the publication quality, the original publications
were re-reviewed until an agreement was achieved.
Because of the difficulties of PD stent placement, most
of the studies did not include a sham group. Therefore,
a sensitivity analysis of the surgery outcome was
conducted instead of an evaluation on blindness
grouping.

Data on pancreatitis incidence were reported in 14
(12 in articles and 2 in abstracts) of 15 trials. There
was no significant heterogeneity between the trials
2
(I = 0%, P = 0.93); therefore, a fixed effects model
was used to pool the results. In the stent group, 49
of the 1233 patients suffered from PEP, compared to
133 of 1277 patients in the no-stent group. The metaanalysis (Figure 2) showed that the stent group had
a significantly (P < 0.00001) lower incidence of PEP
(OR = 0.35; 95%CI: 0.25-0.49). Subgroup analyses
were performed to examine the incidence of different
degrees of PEP. These results are shown in Figure
2A. Because the data from the abstracts were not
comprehensive, which may lead to bias and affect the
reliability of the results, we also conducted an analysis
in which data from abstracts were excluded (Figure
2B). The results (OR = 0.36; 95%CI: 0.25-0.51, P <
0.00001) showed no significant difference from the
pooled results that included all the data.

Statistical analysis

RevMan 5 software provided by Cochrane was used
for the heterogeneity and efficacy analyses, and
a meta-analysis was performed for the data that
showed homogeneity. Categorical data are presented
as relative risks (RRs) and 95% confidence interval
(CIs), and measurement data are presented as
weighted mean differences (WMDs) and 95%CIs.
The differences among the published studies were
2
analyzed using the χ test (P < 0.1 as a test level),
2
and I was used to determine the significance of the
2
difference (I > 50% indicated significant or substantial
2
differences; I > 75% indicated no need for a merged
analysis). The fixed-coefficient model was used if there
were no significant differences; otherwise, the random
coefficient model was used. Descriptive analyses were
performed for data that could not be used for the
merged analysis. If there was statistical significance
between the PD stent and control groups in terms of
PEP prevention by meta-analysis, a funnel plot was
used for bias analysis.

Publication bias assessment

Possible publication bias was assessed using Begg’s
funnel plot and Egger’s test. No evidence of publication
bias was detected (Figure 3).

Sensitivity analysis

Each study was excluded from the analysis one by one
to assess how its exclusion would affect the pooled
estimate. Our results for PEP incidence in the entire
study and each subgroup were robust.

DISCUSSION

RESULTS

Papillary balloon dilation, incision, and pre-incision
are usually required during diagnostic and therapeutic
ERCP operations. Surgical manipulation in combination
with concurrent superoxide dismutase disease can
result in pancreatic duct drainage blockage and
[11]
intracellular proteolytic enzyme activation . Bacterial
contamination during endoscopic surgery can result

Publication retrieval

The flow chart in Figure 1 depicts the publication
retrieval process.

Study characteristics

Of the 15 studies published between 1990 and 2013,
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Table 1 Characteristics of the included studies
Ref.
Smithline et al[16], 1993
Sherman et al[17], 1996
Tarnasky et al[12], 1998
Tarnasky et al[12], 1998
Patel et al[18], 1999
Fazel et al[19], 2003
Harewood et al[20], 2005
Sofuni et al[21], 2007
Tsuchiya et al[22], 2007
Ito et al[23], 2010
Pan et al[24], 2011
Sofuni et al[25], 2011
Kawaguchi et al[26], 2012
Cha et al[27], 2012
Lee et al[28], 2012

Type

Study type

Intervention

Stent

Patients

Article
Abstract
Article
Abstract
Abstract
Article
Article
Article
Article
Article
Article
Article
Article
Article
Article

RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT

Biliary ES
Precut biliary ES
Biliary ES
Biliary ES
Pancreatic ES
ERCP
Endoscopic ampullectomy
ERCP, etc.
ERCP, etc.
ES, IDUS
ERCP
ERCP, etc.
ERCP, ES, IDUS
ES
ES, IDUS, etc.

5-7F, 2-2.5 cm
5-7F, 2-2.5 cm
5-7F, 2-2.5 cm
5F, 2 cm
5-7F, 2-2.5 cm
5F, 2 cm
5F, 3-5 cm
5F, 3 cm
5F, 3-4 cm
5F, 4 cm
5F
5F, 3 cm
5F, 3 cm
5-7F, 2-2.5 cm
3, 4, 6, 8F

SOD

n (stent) n (control)

SOD
SOD
Difficult cannulation
Ampullary adenoma
Various
Various
With high-risk factors
With high-risk factors
With high-risk factors
With high-risk factors
Difficult cannulation
Difficult cannulation

43
46
41
36
18
38
11
98
32
35
20
213
60
46
50

50
58
39
38
18
36
8
103
32
35
20
213
60
58
51

RCT: Randomized controlled trial; ES: Endoscopic sphincterotomy; IDUS: Intraductal ultrasonography.

Table 2 Quality of included studies
Ref.
Smithline et al[16], 1993
Sherman et al[17], 1996
Tarnasky et al[12], 1998
Patel et al[18], 1999
Fazel et al[19], 2003
Harewood et al[20], 2005
Sofuni et al[21], 2007
Tsuchiya et al[22], 2007
Ito et al[23], 2010
Pan et al[24], 2011
Sofuni et al[25], 2011
Kawaguchi et al[26], 2012
Cha et al[27], 2012
Lee et al[28], 2012

Concealment of randomization

Double-blinding

Risk of losing data

+
+
+
+
+
+
+
+
+

-

NK
NK
NK
+
+
+
-

+: Reported or used with relatively lower risk; -: Not reported or not used with potential risk; UK: Unknown.

in chemical or allergic injuries to the pancreas and
subsequent local inflammatory cascading, which can
eventually lead to pancreatitis. PEP is one of the most
common and severe complications after ERCP, and
effective prophylactic intervention is of great clinical
[12]
significance. Tarnasky et al
found that patients with
accessory papilla usually had a lower PEP incidence
when the pancreatic papilla was blocked, indicating
that improved pancreatic drainage might effectively
decrease the incidence of PEP. In addition, Bourke
[13]
et al
reported that although the incidence of
pancreatitis after sphincterotomy was higher than
that after diagnostic ERCP, the rate of severe PEP was
significantly reduced, implying that sphincterotomy
might be able to reduce PEP severity. Because PD
stent placement can prevent pancreatic duct drainage
impairment as a result of papillary edema or sphincter
spasms, it might be an effective option to prevent PEP.
All the 15 published studies used in the current
analysis were RCTs and included 1606 patients,
making this analysis larger than a previous similar
study. We also analyzed the association between PD

WJG|www.wjgnet.com

stent length and PEP occurrence. Therefore, our study
had more validated methods and comprehensive
data compared to the previous publication. PEP risk
factors include difficulty with intubation, sphincter preincision, pancreatic duct opacification, and a previous
history of PEP. When there is difficulty in pancreatic
duct intubation, pancreatic duct stent-assisted bile
duct intubation, pancreatic duct guidewire-assisted
bile duct intubation, or pre-incision technology is
usually conducted to improve the success rate of bile
duct intubation. The cases included in the current
study were all cases with intubation difficulty; PD
stent placement-assisted intubation was employed
in the PD stent group, and if that failed, biliary duct
deep intubation by fenestration was performed.
Pancreatic duct guidewire-assisted bile duct intubation
was conducted in the control group, but biliary duct
deep intubation by fenestration was performed
if the guidewire-assisted procedure failed. Our
analysis showed that the proportions of bile duct
deep intubation, pancreatic duct opacification, and
pancreatic duct guidewire-assisted bile duct intubation
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were similar between the PD stent placement and
[14]
control groups. It was reported by Fogel et al
that
the pre-incision of the biliary sphincter combined with
PD stent placement could improve the success rate of
selective bile duct intubation and reduce the frequency
of repeated intubation. Similarly, the success rate of
selective bile duct intubation was 97.4% in a study
[15]
by Goldberg et al , who used PD stent-assisted
intubation and reported mild pancreatitis in just two
patients, indicating a satisfactory safety profile of the
technique. In the current study, there were 49 patients
with mild PEP and no patients with severe PEP in the
PD stent placement group compared to 120 and 13
patients in the control group, respectively. There was a
significant difference between the two groups in terms
of the incidence of complications.
Although pancreatic stenting decreases the incidence
of PEP, potential problems remain that may cause PEP
in the stent group. Stent placement following biliary
interventions can be difficult. Failure usually occurs
because the pancreatic orifice cannot be identified or
a guidewire cannot be advanced deeply into the duct.
Likewise, an additional endoscopy is often needed for
stent removal.
In conclusion, the results of this meta-analysis
indicate that it may be possible to prevent PEP
by placing a PD stent. This procedure can reduce
postoperative hyperamylasemia and might be an
effective and safe option to prevent PEP if the operation
indications are well controlled.
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Abstract
This article describes cases of anti-tumor necrosis factor
(TNF)-α-induced autoimmune hepatitis and evaluates
the outcome of these patients in relation to their
immunosuppressive strategy. A retrospective analysis of
medical records was performed in our center, in order to
detect cases of autoimmune hepatitis (AIH) associated
with anti-TNF biologic agents. We describe and analyze
eight cases of AIH following anti-TNF therapy, 7 with
infliximab and 1 with adalimumab. A distinction should
be made between induction of autoimmunity and
clinically evident autoimmune disease. Liver biopsy is
useful in detecting the role of the TNF-α antagonist
in the development of AIH. The lack of relapse after
discontinuing immunosuppressive therapy favors, as in
this case series, an immune-mediated drug reaction as
most patients with AIH have a relapse after treatment
is suspended. Although AIH related to anti-TNF therapy
is rare, a baseline immunological panel along with liver
function tests should be performed in all patients with
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autoimmune disease before starting biologics.

(psoriasis) undergoing treatment with infliximab (IFX),
adalimumab (ADA) or etanercept. We were able to
evaluate eight cases of AIH relating to anti-TNF biologic
agents.

Key words: Anti-tumor necrosis factor antagonist;
Autoimmune hepatitis; Adalimumab; Drug-induced liver
injury; Inflammatory bowel disease; Infliximab

CASE REPORT

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

We report seven patients who developed AIH during
anti-TNF therapy and one patient with previously
undiagnosed AIH who experienced a DILI after antiTNF treatment that led to the diagnosis of cirrhosis
(Table 1). IFX was the anti-TNF agent involved in 7
cases and ADA in one. The number of infusions of IFX
before the diagnosis of AIH varied between 4 and 13.
In six cases, patients were asymptomatic and AIH was
diagnosed due to liver function tests (LFTs). All patients
had a complete work-up to exclude other etiologies
including viral (anti-HCV, anti-HBs and HBc antibodies
and HBs antigen), toxic, metabolic (α-1 antitrypsin,
iron saturation, ferritin, ceruloplasmin), and other
autoimmune liver diseases (anti-mitochondrial and
ANCA antibodies), in particular those associated with
IBD, such as primary sclerosing cholangitis (liver MRI).
Liver histology was obtained in all cases and each
case showed signs of AIH (chronic lymphoplasmocytic
infiltrate and interface hepatitis). The International
[2]
Diagnostic Criteria for AIH scores were all above
or equal to 19 after treatment allowing the diagnosis
of AIH. In the cases with concomitant medication
(immunosuppressants or mesalamine), the patients
were treated for over 1 year before starting antiTNF therapy. Only two patients were on combination
treatment with an immunosuppressant (azathioprine
and methotrexate) at the time of anti-TNF induction
and all patients were on scheduled maintenance antiTNF therapy when liver disease was detected. All
patients responded favorably to steroids and had
normal LFTs two months after suspension of the antiTNF drug, and only two required long-term treatment.
In one case (6), IFX treatment was cautiously restarted
three months after stopping the drug, without
recurrence of liver injury. The majority of patients were
asymptomatic (6/8), underlining the importance of a
routine LFT assessment in patients before undergoing
anti-TNF therapy.

Core tip: A total of 8 patients with anti-tumor necrosis
factor (TNF)-α-induced autoimmune hepatitis were
detected in a single center with over 600 patients. The
authors raise the question as to whether most cases
represent autoimmune-like drug-induced liver injury
(DILI) or defined autoimmune hepatitis (AIH) as the
majority of patients responded favorably to steroids
and did not require maintenance therapy corresponding
to the former. Although anti-TNF therapy-related AIH
is rare, a baseline immunological panel along with
liver function tests should be performed in all patients
with autoimmune disease before starting biologics, in
order to detect undiagnosed AIH or help differentiate
between DILI and established AIH.
Rodrigues S, Lopes S, Magro F, Cardoso H, Horta e Vale AM,
Marques M, Mariz E, Bernardes M, Lopes J, Carneiro F, Macedo
G. Autoimmune hepatitis and anti-tumor necrosis factor alpha
therapy: A single center report of 8 cases. World J Gastroenterol
2015; 21(24): 7584-7588 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i24/7584.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7584

INTRODUCTION
The growing use of anti-tumor necrosis factor (TNF)
agents in the treatment of autoimmune diseases
has increased exponentially in the last decade. As a
consequence of the boost in anti-TNF drugs and longer
follow-up periods, autoimmune diseases associated
with anti-TNF agents have also been increasingly
diagnosed. Although psoriasis and lupus-like syndromes
are among the most frequently reported, cases of
autoimmune hepatitis (AIH) are scarce. A recent review
of TNF-α antagonist-associated drug-induced liver
injury (DILI) in the United States, identified 6 subjects
[1]
and analyzed 28 published cases . One of the major
findings was the importance of the distinction between
AIH and drug-induced autoimmunity due to the longterm repercussions that the disease may hold for these
patients.
In our center, we analyzed the medical records
of patients undergoing anti-TNF-α therapy (over 600
patients), in order to detect cases of AIH associated
with anti-TNF biologic agents. This population included
patients with inflammatory bowel disease (IBD) and
autoimmune rheumatological (rheumatoid arthritis,
ankylosing spondylitis) and dermatological diseases

WJG|www.wjgnet.com

DISCUSSION
The growing number of cases of autoimmune pheno
mena related to anti-TNF agents has been brought into
focus in recent years. A distinction should be made
between the induction of autoimmunity and clinically
evident autoimmune disease. The former does not
necessarily imply the latter. The explanation for this
difference may lie in host factors such as genetic
susceptibility. Those patients who develop overt
autoimmune disease may possess genetic features
favoring its development. These drugs might reveal
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yr
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Ileal CD/2 yr

7 - 37M
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IFX

IFX

IFX

IFX

IFX

ADA

IFX

Anti-TNF
drug

5 mg/kg/4

5 mg/kg/12

5 mg/kg/13

5 mg/kg/5

5 mg/kg/8

5 mg/kg/8

40 mg EOW/11

5 mg/kg/5

Dose mg/kg/number
infusions/injections

Mesalamine
(suspended
INH 2 mo
prior to IFX)
Mesalamine

Mesalamine,
AZA

-

Mesalamine

Mesalamine

MTX NSAIDs

Mesalamine

Concomitant
drugs

No

No

No

No

No

Yes

No

Yes

Symptoms

10/5

4/2

2/5

25/15

13/7

4.5/3

4.5/3

14/9

ANA

ANA, High IgG

ANA

High IgG

ANA, High IgG

ANA, High IgG

Anti-dsDNA,
ANA, High IgG
ANA, High IgG

Transaminase levels Autoantibodies/
(ALT/AST - x ULN) Immunoglobulins

Interface hepatitis

Chronic
lymphoplasmocytic
infiltrate
Interface hepatitis

Interface hepatitis/
cirrhosis

Interface hepatitis/
marginal proliferation
of bile ducts

Interface hepatitis

Severe interface
hepatitis

Interface hepatitis

Histology

19

20

19

20

20

20

19

20

AIH score
Post-therapy

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Steroid
response

Mesalamine 3
g/d PO

Mesalamine 3
g/d PO
AZA 50 mg, ETC,
Prednisolone 7.5
mg
Mesalamine 3
g/d PO
Mesalamine 3
g/d PO
AZA 2.5 mg/kg
per day
AZA 50 mg,
Prednisolone 10
mg
IFX 5 mg/kg
AZA 2.5 mg/kg
per day
Mesalamine 3
g/d PO

Maintenance
therapy

Reversibility

Reversibility

Reversibility

Controlled on
therapy

Controlled on
therapy

Reversibility

Reversibility

Reversibility

Outcome

subclinical disease or, in fact, induce it in a patient with genetic liability. Some of the mechanisms proposed include: a break in self-tolerance following the exposure of
hidden antigens, induction of an immune system imbalance due to cytokine blockade, a selective effect on T helper cell subsets and immune complex formation, and
exposing an underlying disease in a patient with genetic susceptibility.
[3-12]
In recent years, the number of case reports of liver toxicity has increased, although cases of AIH induced by anti-TNF agents remain rare
(Table 2). Cases of direct
[13-18]
drug liver toxicity
not associated with positive autoantibodies, elevated immunoglobulin levels, and liver histology with interface hepatitis, as found in AIH, have been
reported (Table 2). These previously published cases were mainly among patients with rheumatological diseases, most were confounded by concomitant medication, and
some did not have histological confirmation of the etiology. In cases with anti-TNF-induced AIH, previously described liver injury was reversible and there was no relapse
of AIH, even in the majority of patients who did not remain immunosuppressed. Interestingly, in three cases the patients switched treatment to adalimumab without
[19-21]
having a relapse of AIH
. Paradoxically, these patients did not show signs of liver injury after switching to a drug in the same class. Moreover, a recently published
[22]
paper showed that infliximab was successfully used as rescue therapy in difficult-to-treat AIH .
[23]
A recent publication
established definitions to differentiate between immune-mediated DILI and AIH. This is particularly challenging because there are
no pathognomonic features of AIH and the diagnosis is made according to a clinical, biochemical, serological, and histological pattern and the response to
immunosuppressants. Some patients may have known/long-standing AIH, according to the International Diagnostic Criteria for AIH, and anti-TNF therapy might

AS: Ankylosing spondylitis; PsA: Psoriatic arthritis; ULN: Upper limit of normal; UC: Ulcerative colitis; RA: Rheumatoid arthritis; CD: Crohn’s disease; PPP: Palmoplantar pustular psoriasis; PsO: Psoriasis; IFX: Infliximab; ADA:
Adalimumab; ETC: Etanercept; AZA: Azathioprine; MTX: Methotrexate; INH: Isoniazid; EOW: Every other week; dsDNA: Double strand DNA; ASMA: Anti-smooth muscle antibodies; AMA: Anti-mitochondrial antibodies.

Ileal CD/32 yr

Ileal CD/11 yr

6 - 66F

8 - 69F

AS/30 yr

5 - 43M

4 - 35M

2 - 45F

Distal UC/
7 yr
RA/10 yr

Disease/Disease
duration

1 - 36F

Age/Gender

Table 1 Clinical characteristics of the patients in the series
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37/M
51/M

36/F
36/F
46/F
30/F

20109
20109

200111
20106
201212
20085

RA
PsA, PsO, CD
CD
UC

PsO
PsO

AS
PsA
RA
CD
PPP
PsO, PsA

Disease

IFX
ADA
IFX
IFX

IFX
IFX

IFX
IFX
IFX
IFX
IFX
IFX

PDN 10 mg
None
None
AZA

None
None

None
MTX
MTX
None
None
NSAIDS

3/3
40 mg EOW 6th injection
5/3
10/> 15

5/3
5/3

5/6
3/8
3/12
5/4
5/3
5/5

Anti-TNF drug Immunosuppressant Dose mg/kg/n-infusions

Yes
Yes
No
No

Yes
Yes

Yes
No
No
No
No
Yes

Symptoms

Histology

Piecemeal necrosis
Severe interface hepatitis
Chronic inflammation
Interface hepatitis
Interface hepatitis
Chronic hepatitis with
portal+periportal fibrosis
Anti-dsDNA, ANA, ASMA
Interface hepatitis
Anti-dsDNA, ANA, AMA, anti- Interface hepatitis + PBC Overlap
syndrome
cardiolipin
Anti-dsDNA, ANA
Interface hepatitis
Anti-dsDNA, ANA
Interface hepatitis
ANA, ASMA
Interface hepatitis
ANA,Anti-dsDNA
Interface hepatitis

Autoantibodies
Anti-dsDNA, ANA, ASMA
Anti-dsDNA, ANA, ASMA
ANA
Anti-dsDNA, ANA, ASMA
None
Anti-dsDNA, ANA

Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Steroid response

Outcome

Reversibility
Reversibility
Reversibility
Reversibility

Reversibility
Reversibility

Reversibility
Reversibility
Reversibility
Reversibility
Reversibility
Reversibility

cause a DILI. A further distinction is made between drug-induced AIH and immune-mediated DILI. Weiler-Normann defined drug-induced AIH as unrecognized AIH or
predisposition to AIH, where AIH is unmasked or induced by DILI with a good response to steroids and relapse after withdrawal of immunosuppression with the need
for continued immunosuppressive treatment. Immune-mediated DILI was defined as clinical, biochemical, and histological signs similar to AIH, in which eosinophilia and
rash may be present. Usually there are no signs of advanced fibrosis with a good response to steroids and sustained remission is maintained after successful withdrawal
of steroids.
Some of the distinctive factors of this case series include the predominance of patients with inflammatory bowel disease (6/8), the fact that all the patients had liver
biopsies confirming the diagnosis of AIH and responded rapidly to steroids. Our series included patients with long-standing AIH and probable DILI such as, patient 5
(Table 1), who was never diagnosed with AIH, but the fact that cirrhosis was revealed at liver biopsy, leads one to hypothesize that infliximab triggered a DILI in a patient
with chronic AIH. Patient 4 (Table 1) is an example of drug-induced AIH, because the course was subclinical, in a genetically predisposed patient (UC) and following this
trigger, the presentation of hepatic autoantigens led to a sustained immune reaction. Following steroid withdrawal, there was a relapse and the patient was maintained
on low-dose steroids and azathioprine. In these patients AIH was unmasked by DILI and they will permanently need immunosuppression. In immune-mediated DILI,
patients usually have no advanced fibrosis, remain in biochemical remission once the immunosuppression is stopped and no maintenance therapy is required, as seen in
the majority of our patients, and in previously published cases. We underline that this is the largest series of patients with liver autoimmunity induced by anti-TNF therapy
and includes the second report of AIH due to ADA in the literature. This case series, which reports the largest single center experience on this topic, includes a large
number of IBD patients and exemplifies the whole spectrum of AIH and immune-mediated DILI associated with anti-TNF therapy.
Autoimmune diseases and reactions induced by anti-TNF drugs are an increasing concern. Although AIH related to anti-TNF therapy is rare, a baseline immunological
panel along with LFTs should be performed in all patients with autoimmune disease before starting biologics. Considering that most cases are asymptomatic, periodic
monitoring of LFTs is necessary for early diagnosis. Steroids should be withdrawn after 3-6 mo, once biochemical remission is achieved, and this may be an important
strategy to distinguish AIH from an immune-mediated DILI. The differential diagnosis between AIH and immune-mediated DILI is essential considering that they
diverge significantly in terms of therapeutic approach and long-term prognosis.

AS: Ankylosing spondylitis; PsA: Psoriatic arthritis; RA: Rheumatoid arthritis; CD: Crohn’s disease; PPP: Palmoplantar pustular psoriasis; PsO: Psoriasis; IFX: Infliximab; ADA: Adalimumab; MTX: Methotrexate; AZA:
Azathioprine; EOW: Every other week; dsDNA: Double stranded DNA; ASMA: Anti-smooth muscle antibodies; AMA: Anti-mitochondrial antibodies; PDN: Prednisolone; NSAIDs: Non-steroidal anti-inflammatory drugs; PBC:
Primary biliary cirrhosis.

56/F
53/F
54/F
60/M
22/F
40/F

Age/Gender

20073
20054
200712
20107
20098
201010

Case - Year

Table 2 Clinical characteristics of patients in published cases
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COMMENTS
COMMENTS
Case characteristics

8

Eight patients with distinct autoimmune diseases undergoing anti-tumor
necrosis factor (TNF)-α antagonist therapy presented with abnormal liver
function tests and liver histology suggesting autoimmune hepatitis.

Clinical diagnosis

9

Most patients were asymptomatic and disease was detected due to abnormal
liver tests, positive auto-antibodies and liver histology.

Differential diagnosis

Viral, metabolic, alcoholic liver disease, non-alcoholic steato-hepatitis, other druginduced liver injury and other causes of autoimmune liver disease were excluded.

10

In most cases, elevated transaminases and positive autoimmune auto-antibodies
were observed.

11

Laboratory diagnosis
Imaging diagnosis

Abdominal ultrasound and MRI excluded other causes.

Pathological diagnosis

12

All patients showed typical findings of autoimmune liver disease such as:
chronic lymphoplasmocytic infiltrate and interface hepatitis.

Treatment

All patients responded to a standard prednisolone dose for autoimmune
hepatitis, and the majority did not require maintenance therapy.

13

In most cases, anti-TNF-α-induced autoimmune hepatitis does not behave like
classic autoimmune hepatitis (AIH) and seems to be more of an autoimmunelike drug-induced liver injury (DILI).

14

Related reports

Experiences and lessons

This article underlines the need for baseline liver function tests and an
autoimmune panel to detect these cases and shows that most cases behave
like autoimmune-like DILI and not classic AIH.

15

Peer-review

Baseline liver function tests and autoimmune panel to detect theses cases are
necessary and a distinction between established AIH and autoimmune DILI
must be made in these cases because they have disparate disease progression
and require different treatment.

16

17
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Abstract
We present three cases of self-expandable metallic
stent (SEMS) placement using a balloon enteroscope
(BE) and its overtube (OT) for malignant obstruction
of surgically reconstructed intestine. A BE is effective
for the insertion of an endoscope into the deep bowel.
However, SEMS placement is impossible through the
working channel, because the working channel of BE is
too small and too long for the stent device. Therefore,
we used a technique in which the BE is inserted as far
as the stenotic area; thereafter, the BE is removed,
leaving only the OT, and then the stent is placed by
inserting the stent device through the OT. In the
present three cases, a modification of this technique
resulted in the successful placement of the SEMS
for obstruction of surgically reconstructed intestine,
and the procedures were performed without serious
complications. We consider that the present procedure
is extremely effective as a palliative treatment for distal
bowel stenosis, such as in the surgically reconstructed
intestine.
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Core tip: Self-expandable metallic stent (SEMS)
placement in surgically reconstructed intestine is
more challenging because of the long length and the
bifurcated configuration of the intestine. We present
three cases of SEMS placement using a balloon
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enteroscope and its overtube for malignant obstruction
of surgically reconstructed intestine. We consider
that the present technique is extremely effective as a
palliative treatment for distal bowel stenosis, such as in
the surgically reconstructed intestine.

A

Nakahara K, Okuse C, Matsumoto N, Suetani K, Morita R,
Michikawa Y, Ozawa S, Hosoya K, Kobayashi S, Otsubo T, Itoh F.
Enteral metallic stenting by balloon enteroscopy for obstruction
of surgically reconstructed intestine. World J Gastroenterol 2015;
21(24): 7589-7593 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7589.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7589
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INTRODUCTION
Self-expandable metallic stents (SEMSs) are now
widely used for the palliative treatment of malignant
gastrointestinal obstructions of the esophagus, stomach,
duodenum, and colon. However, there are only a
few reports on the use of metallic stents in the small
[1-4]
intestine , particularly in surgically reconstructed small
[4,5]
intestine . SEMS placement in surgically reconstructed
intestine is more challenging because of the long length
and the bifurcated of the reconstructed intestine. We
present three cases of SEMS placement using a singleballoon enteroscope (SBE) and its overtube (OT)
for malignant obstruction of surgically reconstructed
intestine.

Figure 1 A contrast medium was injected and the stricture of the afferent
loop was observed (arrow) (A), a guidewire was passed through the
stenosis and placed under the single balloon enteroscope, placement of the
enteral metallic stent along the guidewire in the overtube (B).

the stenosis (Figure 1B).
We subsequently placed a biliary SEMS via the PTBD
route at the site of the biliary-jejunal anastomostic
stenosis. Seven days after placement of the enteral
stent, the patient was able to consume a diet consisting
exclusively of rice porridge and was discharged from the
hospital shortly thereafter. He died of primary cancer
progression 4 mo after stent placement, but there were
no stent problems.

CASE REPORT
Case 1

A 48-year-old man who had undergone pyloruspreserving pancreatoduodenectomy (PPPD) 7 mo
before for pancreatic head cancer was referred to our
institution because of obstruction of the afferent loop
as a result of pancreatic cancer recurrence. Because
the tumor had invaded the biliary-jejunal anastomosis
causing obstructive jaundice, we first performed
percutaneous transhepatic biliary drainage (PTBD) and
then placed the enteral SEMS.
With the patient under general anesthesia, the
stenosis was accessed using an SBE (SIF-Q260;
Olympus Medical Systems, Tokyo, Japan) with its OT
(ST-SB1; Olympus Medical Systems). Contrast medium
injection revealed that the stricture was approximately
5-cm long. A 0.035-inch × 550-cm guidewire
(RevoWave; Piolax Medical Devices, Kanagawa, Japan)
was passed through the stenosis and placed under the
SBE (Figure 1A). The SBE was then removed, leaving
the OT with an inflated balloon and the guidewire in
place. Under fluoroscopic guidance, an enteral stent (22
mm × 12 cm, Niti-S Pyloric/Duodenal stent; TaeWoong
Medical, Seoul, South Korea) was advanced over the
guidewire and through the OT until it passed through
the stenosis. Then, the enteral stent was released in

WJG|www.wjgnet.com

Case 2

A 76-year-old man who had undergone PPPD 4 years
before for middle cholangiocarcinoma was admitted
to our institution because of afferent loop obstruction
as a result of recurrence of peritoneal dissemination.
Blood tests did not indicate elevated total bilirubin
levels. Computed tomography (CT) showed a stricture
in the afferent loop as well as intestinal dilatation on
the distal side, although the intrahepatic bile duct was
not dilated.
An SBE (SIF-Q260; Olympus Medical Systems)
with its OT (ST-SB1; Olympus Medical Systems) was
advanced into the stenotic region and an enteral stent
(22 mm × 12 cm, Niti-S Pyloric/Duodenal stent;
TaeWoong Medical) was placed as described for the
abovementioned case (Figure 2).
After stent placement, the patient developed
retrograde cholangitis; however, conservative treatment
with antibiotics led to an improvement. The patient
tolerated a liquid diet a day after stent placement. The
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DISCUSSION
In recent years, malignant gastrointestinal obstruction
of the esophagus, stomach, duodenum, and colon has
been widely treated with endoscopic SEMS placement
as an effective palliative treatment. However, because
there are few studies on obstruction of surgically
[4,5]
reconstructed intestine , its efficacy and safety have
not been elucidated.
In cases of surgically reconstructed intestinal
obstruction, insertion of the endoscope into the
stenotic area is difficult because of the long length
and complicated bifurcation of surgically reconstructed
intestine. Recent studies have reported that a balloon
endoscope (BE) is effective for the insertion of an
[6,7]
endoscope into the distal parts of the bowel
.
However, SEMS placement is impossible through the
working channel because it is too small and too long
for the stent device. Therefore, we used a technique
in which the BE is inserted as far as the stenotic area.
After this, the BE is removed, leaving only the OT,
and then the stent is placed by inserting the stent
device through the OT. In the three cases presented
above, a modification of this technique resulted in the
successful placement of the SEMS for obstruction of
surgically reconstructed intestine, and the procedures
were performed without serious complications. The
technical advantage afforded by the BE and its OT may
allow for enteral stent placement in patients with the
distal intestinal obstruction that is beyond the reach of
conventional endoscopes. Its usefulness is particularly
notable in RY cases with long and tortuous intestinal
tract reconstruction.
On the other hand, the disadvantage of this
technique about which we are concerned is that the
kinking of the OT may make the stent delivery system
insertion impossible in patients with acutely curved
intestine. Moreover, when the obstruction is beyond
the reach of BE, or the obstructions are in two or
more part of an intestine, this technique may not be
suitable.
Our search of PubMed yielded reports of six cases
in which SEMSs were placed in intestinal stenoses
using a BE and OT in a similar technique as in our
[1-5]
procedure . Of these, there were only two cases
[4,5]
of surgically reconstructed intestinal obstruction
(Table 1). In all cases, stent placement was successful,
good clinical results were obtained, and no serious
complications were observed. We believe that the
present procedure is extremely effective as a palliative
treatment for distal bowel stenosis, such as in the
small intestine or surgically reconstructed intestine.
In addition, because the stent is difficult to remove
once the SEMS is placed, we consider that as in Case
3 in this report, SEMS placement using our method,
in which an endoscopic nasal drainage tube is placed
in the dilated intestine and then an SEMS is placed
after confirming drainage test results, is effective. This

Figure 2 An enteral metallic stent was placed through the stenosis of the
afferent loop.

diet was advanced and the patient was subsequently
discharged. Eventually, there were no stent problems,
but the patient died of primary cancer progression 14
mo later.

Case 3

A 51-year-old woman had undergone left hepatic
lobectomy and Roux-en-Y (RY) reconstruction 4
years before for hilar cholangiocarcinoma. Eighteen
months before, she had undergone distal gastrectomy
and RY reconstruction for gastric cancer. She was
admitted to our hospital with the chief complaint of
abdominal distension and vomiting. Abdominal CT
revealed an intestinal stricture as a result of peritoneal
dissemination and marked dilation of the small
intestine (Figure 3A).
The stenosis was accessed using an SBE (SIF-Q260;
Olympus Medical Systems) with its OT (ST-SB1,
Olympus Medical Systems). Contrast medium injection
revealed the stricture and dilated intestine. Because
two surgical procedures indicated complex branching
of the intestine and extensive peritoneal dissemination
over a wide area, we first placed a 6Fr endoscopic
nasal drainage tube into the dilated intestine through
the working channel to confirm the drainage effect
(Figure 3B).
Because good drainage was subsequently achieved
and CT confirmed the amelioration of intestinal dilation,
we performed enteral SEMS placement. An SBE
(SIF-Q260; Olympus Medical Systems) with its OT (STSB1, Olympus Medical Systems) was advanced into
the stenotic region and an enteral stent (22 mm × 10
cm, Niti-S Pyloric/Duodenal stent; TaeWoong Medical)
was placed as described for the abovementioned cases
(Figure 3C).
After this procedure, the patient was unable to
consume food because of poor general condition
related to the malignancy; however, the abdominal
distension and vomiting improved. Although there
were no stent problems, the patient eventually died of
primary cancer progression 1 mo later.
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A

B

C

Figure 3 Computed tomography shows dilatation of intestine due to peritoneum dissemination (A); an endoscopic nasal drainage tube was placed into
the dilated intestine through the endoscopic working channel (B) and an enteral metallic stent was placed through the stenosis along the guidewire in the
overtube (C).

Table 1 Summary of published cases of enteral metallic stent placement by balloon enteroscopy and its overtube
Ref.

Age (yr)

Sex

Disease

Past surgery

Endoscope

Stent

Ross et al[1], 2006

59

M

No

DBE (EN450T5)

Ultraflex

Yes

No

NA

Hayashi et al[2], 2006

Popa et al[5], 2014

65
73
68
81
80
48
76

F
M
M
M
F
M
M

No
No
PPPD
No
Whipple
PPPD
PPPD

DBE (EN450P5)
SBE (SIFQ180)
DBE (EN450T5)
DBE (EC450BI5)
DBE
SBE (SIFQ260)
SBE (SIFQ260)

Ultraflex
Wallflex
Niti-S
Wallflex
NA
Niti-S
Niti-S

Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
Cholangitis

NA
NA
NA
NA
3 mo
4 mo
14 mo

Our cases

51

F

Lymphadenopathyof lung
cancer
Jejunal cancer
Pancreatic cancer
Pancreatic cancer
Pancreatic cancer
Pancreatic cancer
Pancreatic cancer
Middle
cholangiocarcinoma
Hilar cholangiocarcinoma,
Gastric cancer

LL + RY,
DG + RY

SBE (SIFQ260)

Niti-S

Yes

No

1 mo

Espinel et al[3], 2011
Kida et al[4], 2013

Improve Complication

Survival

Survival is after stent placement, Ultraflex and Wallflex - Boston Scientific, Niti-S - Taewoong Medical. PPPD: Pylorus-preserving pancreatoduodenectomy;
LL: Left lobectomy; RY: Roux-en-Y anastomosis; DG: Distal gastrectomy; DBE: Double-balloon enteroscopy; SBE: Single-balloon enteroscopy; NA: Not
availiable.

Related reports

method is particularly true in cases in which peritoneal
dissemination over a wide area and multiple stenoses
cannot be ruled out and in cases of reconstructed
intestine with complicated intestinal bifurcation.

Only two cases in which self-expandable metallic stent were placed in
reconstructed intestinal obstruction using a balloon enteroscope have been
reported in the literature.

Term explanation

Although a balloon endoscope is effective tool for insertion into the deep parts
of the bowel, the working channel of balloon endoscope is too small and too
long for the stent device.

COMMENTS
COMMENTS
Case characteristics

Experiences and lessons

Three cases with a history of intestinal reconstructive surgery presented with
symptom due to intestinal obstruction.

The authors consider that the present technique of enteral metallic stent
placement using balloon enteroscope and its overtube is extremely effective as
a palliative treatment for deep bowel obstruction, such as in the small intestine
or surgically reconstructed intestine.

Clinical diagnosis

The common physical sign of the three cases was abdominal distension, and
one case developed jaundice.

Peer-review

This work has touched upon an important concept of palliation in patients with
advanced malignancy of the gastrointestinal tract. This article is useful as a
case report for the development of future treatment.

Differential diagnosis

Adherent ileus, Anorexia associated with malignancy.

Laboratory diagnosis

The first patient had elevated serum levels of hepatic and biliary tract enzymes,
while the others had no remarkable findings for the laboratory test.
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CASE REPORT

Successful biliary drainage using a metal stent through the
gastric stoma
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Naoki Yamamoto, Yasuhiro Noma, Shigeru Horiguchi, Hiroyuki Okada, Kazuhide Yamamoto

Abstract

Kazuyuki Matsumoto, Hironari Kato, Koichiro Tsutsumi,
Yutaka Akimoto, Daisuke Uchida, Takeshi Tomoda, Naoki
Yamamoto, Hiroyuki Noma, Shigeru Horiguchi, Hiroyuki
Okada, Kazuhide Yamamoto, Department of Gastroenterology
and Hepatology, Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences, Okayama
700-8558, Japan

We report a case of biliary drainage for malignant
stricture using a metal stent with an ultrathin endoscope
through the gastric stoma. A 78-year-old female was
referred to our hospital for jaundice and fever. She had
undergone percutaneous endoscopic gastrostomy (PEG)
for esophageal obstruction after radiation therapy for
cancer of the pharynx. Abdominal contrast-enhanced
computed tomography showed a 3-cm enhanced mass
in the middle bile duct and dilatation of the intrahepatic bile duct. We initially performed endoscopic
retrograde cholangiopancreatography (ERCP) with a
trans-oral approach. However, neither the side-viewing
endoscope nor the ultrathin endoscope passed through
the esophageal orifice. Thus, we eventually performed
ERCP via the PEG stoma using an ultrathin endoscope.
We performed biliary drainage with a 6F introducer selfexpanding metal stent. The cytology findings obtained
by brush cytology showed malignancy. Her laboratory
results were restored to normal levels after drainage
and no complication occurred.
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Core tip: The method of transgastrostomic endoscopy
using an ultrathin endoscope has been reported in
terms of its safety and various advantages. A 6F
delivery system uncovered-type self-expanding metal
stent (SEMS) has been developed, and this SEMS is
able to pass through an endoscopic working channel
at least 2.0 mm in diameter. To our knowledge, this
is the first reported evaluation of the performance
of biliary drainage for malignant stricture using a 6F
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introducer SEMS with an ultrathin endoscope through
the percutaneous endoscopic gastrostomy stoma.
Matsumoto K, Kato H, Tsutsumi K, Akimoto Y, Uchida D,
Tomoda T, Yamamoto N, Noma Y, Horiguchi S, Okada H,
Yamamoto K. Successful biliary drainage using a metal
stent through the gastric stoma. World J Gastroenterol 2015;
21(24): 7594-7597 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i24/7594.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7594

INTRODUCTION
A trans-oral or trans-nasal approach is essential for
the performance of endoscopic retrograde cholangio
pancreatography (ERCP), although difficulties are
often encountered in complicated cases when both
approaches are problematic; for instance, in patients
who have suffered a cerebrovascular accident or a
head-and-neck cancer. In such patients percutaneous
endoscopic gastrostomy (PEG) is frequently carried out.
PEG is a procedure that Ponsky and Gauderer developed
in order to provide direct access to the lumen of the
[1]
stomach . PEG has become the preferred method of
providing long-term enteral nutrition and some patients
[2]
have prolonged survival after PEG placement .
Endoscopy with an ultrathin endoscope was
developed for various gastrointestinal conditions,
and its benefits have been demonstrated in various
[3,4]
situations . Recently, several procedures for trans
gastrostomic endoscopy (TGE) using an ultrathin
endoscope have been reported, demonstrating its
[5-7]
tolerability and benefits . Moreover, diagnostic and
therapeutic ERCP through the gastrostomy tract using
an ultrathin endoscope for patients with benign biliary
[7]
disease has been reported .
Here, we present the first reported case of biliary
drainage for malignant stricture using a metal stent
with an ultrathin endoscope through the gastric stoma.

Figure 1 Contrast-enhanced computed tomography showed a 3-cm
enhanced mass in the middle bile duct (white arrow) and dilatation of the
intra-hepatic bile duct.

endoscope (EG-530NW 5.9 mm in diameter, Fujifilm,
Tokyo, Japan) with the same approach; however, the
scope could not pass. Thus, we eventually performed
ERCP via the PEG stoma using an ultrathin endoscope.
Cholangiography showed a 3-cm-long irregular
stricture in the middle bile duct, and we suspected bile
duct cancer (Figures 2 and 3A). We performed brush
cytology (BC-24Q, Olympus, Tokyo, Japan) at the
stricture and biliary drainage with a 6F introducer selfexpanding metal stent (SEMS) (Zilver 635; 10 × 80
[8]
mm, Cook Medical Systems, Winston-Salem, NC) ,
which can pass through the 2.0-mm working channel
of the ultrathin endoscope. We were able to place
it successfully into the middle bile duct (Figure 3B).
The cytology findings showed malignancy; however,
she was ineligible for invasive surgery because of her
advanced age. Her laboratory results were restored
to normal levels after drainage and no complication
occurred.

DISCUSSION
In a recent study, Choi et al reported the result of
ERCP through a gastric stoma using a duodenal scope
[8]
in patients with prior Roux-en-Y gastric bypass . In
their report of 44 patients undergoing 76 procedures,
the technical therapeutic success rate was 97% (74/76)
and ERCP-related complication rate was 1.3% (1/76).
However, the gastrostomy-related complication rate
was 13.2% (10/76). They concluded the procedure
was hindered by the gastrostomy maturation delay
and a higher morbidity.
Recently, the method of TGE using an ultrathin
endoscope has been reported in terms of its safety and
[5,6]
[7]
various advantages . Mori et al reported two cases
of ERCP through a gastric stoma using an ultrathin
endoscope (EG530N5; Fujifilm, Tokyo, Japan). In their
report, one case was diagnostic ERCP, in which only
cholangiography was performed, and the other case
was therapeutic ERCP, in which biliary drainage with

CASE REPORT
A 78-year-old female was referred to our hospital for
jaundice and fever, and liver enzymes revealed an
obstructive pattern with a serum level of total bilirubin
11.5 mg/dL (normal range: 0.33-1.28 mg/dL). She
had been suffering from cancer of the pharynx for the
past 6 years. She had undergone PEG for esophageal
obstruction after radiation therapy for pharyngeal
cancer. Abdominal contrast-enhanced computed
tomography showed a 3-cm enhanced mass in the
middle bile duct and dilatation of the intra-hepatic bile
duct (Figure 1). We initially performed ERCP with a
trans-oral approach using a side-viewing endoscope
(JF-260V, 12.6 mm in diameter; Olympus, Tokyo,
Japan). However, the scope could not pass through
the esophageal orifice. Next, we used an ultrathin
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A

Figure 2 Endoscopic view of the papilla of Vater obtained by looking up
from the anal side of the duodenal second portion.

B

placement of a plastic stent in the common bile duct
was performed. In both cases there was no difficulty
identifying the papilla of Vater or in cannulation
of the bile duct using the conventional ERCP tube
through the biopsy channel (Figure 2). No significant
complications were encountered. In our case, we could
cannulate the bile duct using the conventional tube
at the inversed scope position, and perform biliary
drainage for malignant obstruction with SEMS using
the ultrathin endoscope. In addition, no complications
were encountered including cardiopulmonary damage
or post-procedural hyperamylasemia.
The mortality of patients undergoing PEG appears
to be high. Excluding patients with malignant disease,
the survival rate has been about 53% at 6 months
and 38% at 1 year, with pneumonia being the most
[2]
common cause of death . However, patients who
have undergone PEG due to upper gastrointestinal
obstruction caused by benign or curable cancer are
[9]
able to have a long survival . Although our patient
had been suffering from cancer of the pharynx for the
previous 6 years, it had become under remission due
to radiation therapy. Our patient will survive for longer
and has good performance status. Thus, we chose
internal biliary drainage rather than external drainage.
A 6F delivery system uncovered-type SEMS has
been developed for intended side-by-side bilateral
[10]
deployment in hilar malignant obstruction . This SEMS
is able to pass through an endoscopic working channel
at least 2.0 mm in diameter. To our knowledge, this
is the first reported evaluation of the performance
of biliary drainage for malignant stricture using a 6F
introducer SEMS with an ultrathin endoscope through
the PEG stoma. The patency of SEMS is longer than
[11]
that with a plastic stent . Thus, this case was suitable
for drainage with SEMS. Currently, to the best of our
knowledge, there is no covered metallic stent with
6F delivery system. We consider uncovered metallic
stents such as Zilver635 are more suitable than
covered metallic stents for an endoscope with a small

WJG|www.wjgnet.com

Figure 3 Cholangiogram showing a 3-cm stricture in the middle bile duct
(white arrow); the scope was inserted through the gastric stoma (white
arrowhead) (A), and successful placement of the 6F introducer metallic
stent into the middle bile duct (B).

working channel because of the thinner delivery of
uncovered metallic stents. We conclude that this
drainage method using a 6F introducer SEMS with an
ultrathin endoscope is useful and safe for patients with
a gastric stoma.

COMMENTS
COMMENTS
Case characteristics

A 78-year-old female who had jaundice and fever, with a history of cancer of the
pharynx.

Clinical diagnosis

The physical signs of this case were jaundice and fever. She had undergone
percutaneous endoscopic gastrostomy (PEG) at the upper middle of abdomen
for esophageal obstruction after radiation therapy for pharyngeal cancer.

Differential diagnosis

Common bile duct stone, gallbladder stone (Mirizzi syndrome), acute hepatitis.

Laboratory diagnosis

Liver enzymes revealed an obstructive pattern with a serum level of total
bilirubin 11.5 mg/dL.

Imaging diagnosis

Abdominal contrast-enhanced computed tomography showed a 3-cm enhanced
mass in the middle bile duct and dilatation of the intra-hepatic bile duct.

Pathological diagnosis

The cytology findings obtained by endoscopic retrograde cholangiopancreatography
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(ERCP) showed malignancy.

Treatment

4

The patient underwent biliary drainage with a 6F introducer self-expanding
metal stent (SEMS) using an ultrathin endoscope.

Related reports

Several procedures for transgastrostomic endoscopy using an ultrathin
endoscope have been reported. Moreover, diagnostic and therapeutic ERCP
through the gastrostomy tract using an ultrathin endoscope for patients with
benign biliary disease has been reported.

5

A 6F delivery system uncovered-type SEMS (Zilver 635; 10×80mm, Cook
Medical Systems, Winston-Salem, NC, United States) has been developed for
intended side-by-side bilateral deployment in hilar malignant obstruction. This
SEMS is able to pass through an endoscopic working channel at least 2.0 mm
in diameter.

6

Term explanation

Experiences and lessons

7

This case report presents the performance of biliary drainage for malignant
stricture using a 6F introducer SEMS with an ultrathin endoscope through the
PEG stoma.

Peer-review

8

This is a report that a drainage method using a 6F introducer SEMS with an
ultrathin endoscope is useful and safe for patients with a gastric stoma.
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Abstract

Yuya Sasaki, Koichi Oshima, Department of Pathology, Kurume
University, Fukuoka 830-0011, Japan

Plasmablastic lymphoma (PBL) is a rare form of nonHodgkin’s lymphoma that is associated with human
immunodeficiency virus (HIV) infection. Although
PBL is most commonly observed in the oral cavity
of HIV-positive patients, it can also be observed at
extra-oral sites in HIV-negative patients. This report
represents an unusual case of HIV-negative PBL
that occurred in the sigmoid colon. This patient had
a history of systemic lupus erythematosus and an
underlying immunosuppressive state from long term
steroid therapy. The lymphoma cells were positive for
CD138, kappa light chain restriction and Epstein-Barr
virus and negative for CD20/L26, CD3, CD79a, UCHL1
(CD45RO) and cytokeratin (AE1/AE3). The patient died
approximately 2 mo after the operation. In the present
paper, we review cases of PBL of the colon in HIVnegative patients.
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Core tip: Plasmablastic lymphoma (PBL) is a rare form of
non-Hodgkin’s lymphoma that is associated with human
immunodeficiency virus (HIV) infection. Although PBL is
most commonly observed in the oral cavity of HIV-positive
patients, it can also be observed at extra-oral sites in HIVnegative patients with an underlying immunosuppressive
state. The gastrointestinal tract and skin are the most
commonly involved extra-oral organ systems and cases
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of PBL in the colon are unusual. We report a case of HIVnegative PBL that occurred in the sigmoid colon.
Haramura T, Haraguchi M, Irie J, Ito S, Tokai H, Noda K,
Kitajima M, Minami S, Inoue K, Sasaki Y, Oshima K, Eguchi
S. Case of plasmablastic lymphoma of the sigmoid colon and
literature review. World J Gastroenterol 2015; 21(24): 7598-7603
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i24/7598.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i24.7598

INTRODUCTION
Considered as a diffuse large B-cell non-Hodgkin’s
lymphoma variant, plasmablastic lymphoma (PBL) is
an aggressive and rapidly growing lymphoma charac
terized by weak/absent expression of conventional
B-cell markers and by strong expression of plasma cell
markers. PBL was described as a new disease entity in
th
[1]
the 4 WHO classification . PBL was first reported in the
oral cavity in the setting of human immunodeficiency
[2]
virus (HIV) in 1997 by Delecluse et al , originally
described in 16 cases of a variant of diffuse large B-cell
lymphoma (DLBCL). Although PBL is strongly associated
with HIV infection, an increasing number of cases have
recently been recognized in a non-HIV population, as
[3]
in our case . These cases often occur in patients with
an underlying immunosuppressive state, such as from
solid organ and bone marrow transplantation, and
from lymphoproliferative or autoimmune disorders. A
characteristic feature of PBL is its rapidly progressive
clinical course. However, the overall survival is better
in HIV-positive patients treated with highly active
antiretroviral therapy (HAART) and appropriate chemo
[4]
therapy than in HIV-negative patients .
Several reports have described the occurrence of
PBL in extra-oral sites, including the skin, stomach,
small intestine, anal mucosa or perianal area, lung,
[5-10]
liver, retroperitoneum and other regions
.
We describe a case of PBL of the sigmoid colon in
a HIV-negative but Epstein-Barr virus (EBV)-positive
patient who presented with gastrointestinal bleeding.
According to our research, before our case, there
have only been four cases of PBL of the colon in an
HIV-negative patient. Herein, we review the literature
of rare cases of PBL of the colon.

Figure 1 Computed tomography of abdomen. Computed tomography scan
showed a mass measuring 5 cm in diameter, multiple diverticula in the sigmoid
colon and enlarged lymph nodes in the sigmoid mesentery.

A

B

Figure 2 Gross appearance of the primary tumor lesion. A: A tumor (5 cm
in diameter) is present in the sigmoid colon. Coagulation is on the surface; B:
The tumor showed hemorrhage on the surface and a white mass within and
was soft in consistency.

for human T-cell lymphotropic virus 1. The patient
was known to have systemic lupus erythematosus
(SLE) and type 2 diabetes mellitus. The patient was
receiving steroidal treatment for SLE. A computed
tomography scan of her abdomen revealed a mass
measuring 5 cm, multiple diverticula in the sigmoid
colon and enlarged lymph nodes in the sigmoid
mesentery (Figure 1). Free air was not detected in
the abdominal cavity. Colonoscopy was performed
and a tumor with bleeding in the sigmoid colon was
revealed. Because bleeding due to sigmoid colon
cancer was suspected, sigmoidectomy with Hartmann’s
procedure was urgently performed. The excised
material revealed the tumor to be tender, 5 cm × 4.5
cm in size, and displaying the diverticulosis (Figure 2A).
On the cut surface, the tumor was soft, consistent with
hemorrhage (Figure 2B). Microscopically, the tumor
cells had large hyperchromatic nuclei with prominent

CASE REPORT
An 86-year-old female was admitted to our hospital’s
emergency department because of bloody stool. On
physical examination, she had no abdominal pain
and no tenderness with guarding or rebound. At
presentation, laboratory data revealed the following
2
results: white blood count at 13100 cells/mm ,
hemoglobin at 13.2 mg/dl, C-reactive protein at 2.1
mg/dl, and negative status for hepatitis B and C and
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B

C

D

E

F

G

Figure 3 Plasmablastic lymphoma of the sigmoid colon. A: Tumor cells have large hyperchromatic nuclei with prominent nucleoli. Some tumor cells showed
plasmacytic differentiation [hematoxylin and eosin (HE) staining, original magnification × 400]; B: The atypical cells are negative for the B-cell marker CD20 (original
magnification × 400); C: The atypical cells are diffusely positive for the plasma cell marker CD138 (original magnification × 400); D: The nuclei of the atypical cells are
positive for EBER, which is Epstein-Barr encoded RNA (original magnification × 400); E: The atypical cells are negative for the leukocyte common antigen CD45RO
(UCHL1) (original magnification × 400); F: The atypical cells are negative for the T-cell marker CD3 (original magnification × 400); G: The atypical cells are negative
for the pan-B-cell marker CD79a (original magnification × 400).

nucleoli. Some tumor cells showed plasmacytic
differentiation (Figure 3A). There was no epithelial
component. Therefore, malignant lymphoma or diffuse
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lymphoma was suspected.
Immunohistochemical examination revealed that
the tumor cells were negative for CD20/L26 (Figure
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Table 1 Patient clinical, tumor, immunohistochemical and Epstein-Barr virus status characteristics
Patient
1
21
3
4
52

Age

Gender

Primary site

CD3

CD20

CD45

CD79a

CD138

EBV

Cyclin D1

CD56

56
29
75
77
86

M
M
M
F
F

Sigmoid
Colon
Cecum
Cecum
Sigmoid

-

-

+/ND
-

+/-

+
+
+
+
+

+
ND
+

ND
ND
ND

ND
ND
ND
ND

1

Patient with history of ulcerative colitis; 2Present patient. M: Male; F: Female; ND: Not determined; CD3: T-cell marker; CD20: B-cell marker; CD45:
Leukocyte common antigen; CD79a: Pan-B-cell marker; CD138: Plasma cell marker; EBV: Epstein-Barr virus; Cyclin D1: Mantle cell lymphoma marker;
CD56: NK-cell marker.
[17]

3B), CD3, CD79a, UCHL1 (CD45RO) and cytokeratin
(AE1/AE3), but positive for CD138 (Figure 3C), kappa
light chain restriction and EBV (Figure 3D). The patient’s
HIV negative status was proven after the surgery.
Based on these results, our final diagnosis was PBL. The
patient continued to deteriorate clinically and developed
multiorgan failure. The patient died approximately 2
mo after surgery after refusing chemotherapy and
radiotherapy. Autopsy was not performed.

EBV infection was detected in 72% of PBL cases .
However, EBV infection has been detected in only 17%
of HIV-negative PBL cases, which suggests that PBL
[5]
pathogenesis is not specific to EBV infection .
The histological appearance of PBL is usually
monomorphic with a diffuse lymphoid infiltrate and
[18]
cohesive growth pattern . The main differential
diagnosis of PBL includes other forms of DLBCL,
plasmacytoma/myeloma, Burkitt’s lymphomas, poorly
differentiated carcinoma and malignant melanoma; for
such a differential diagnosis, the help of morphological
[16]
characteristics and behavior are often effective .
Unlike PBL, DLBCL always expresses CD20, CD45-RA
and CD79a. Plasmacytoma typically consists of mature
plasma cells without a high rate of mitotic activity.
Burkitt’s lymphomas express a membrane-bound IgM
heavy chain isotype. PBL expresses immunoreactivity
for plasma cell markers (CD38, CD138) and is weakly
positive or negative for CD45 and CD20. CD79a is
[16]
positive in approximately 50%-85% of all PBL cases .
CD138 is a highly specific and sensitive marker of
plasmacytic differentiation within the spectrum of
hematological malignancy. CD138 reactivity has been
reported with variable frequency in immunoblastic
diffuse large B-cell lymphoma. CD56 and cyclin D1
are usually negative. However, a differential diagnosis
between PBL and plasmacytoma is difficult without
histological examination.
The most notable feature of PBL is its predilection
for the oral cavity. Most patients with PBL present with
a primary oral lesion, often complaining of a toothache
[19]
or tooth abscess . PBL can be observed at extra-oral
sites in HIV-negative patients. As for extra-oral organ
systems, the gastrointestinal tract and skin are the
[19]
most commonly involved
but only four PBL cases of
the colon in HIV-negative patients have been reported
[4,20,21]
before our case
(Table 1).
The general prognosis of PBL is very poor, with
[19]
a rapidly progressive clinical course . However,
clinicopathological characteristics of PBL patients
differ between HIV-positive and HIV-negative status,
where HIV-positive patients have better response
[5]
to chemotherapy and longer survival . For HIVpositive PBL patients, recent reports have noted
improved survival when treating with both HAART and
appropriate chemotherapy, such as cyclophosphamide,

DISCUSSION
PBL has been recognized as a distinct entity, a
subtype of diffuse large B-cell lymphoma, by the
[11]
WHO classification of lymphoproliferative disorders .
PBL accounts for 1.5% of all nodal non-Hodgkin’
s lymphomas and has a strong predilection for
immunodeficiency, particularly HIV. In patients with
PBL in HIV infection, the median age was 38 years
with a male predominance of 7:1. The prognosis
[12]
remains poorer than that of other DLBCL . The risk
of developing non-Hodgkin’s lymphoma is 200 times
higher in HIV-positive patients than in otherwise
healthy persons. However, an increasing number of
PBL cases have recently been recognized in patients
without HIV infection. In HIV-negative individuals,
PBL cases have been reported after solid organ
transplantation, in association with steroid therapy
for autoimmune disease, and some other types of
[13,14]
immunosuppression
. About one-third of PBLdiagnosed HIV negative patients have presented
[15]
with an underlying immunosuppressive state . The
present patient had a diagnosis of SLE and a history
of steroidal treatment for 35 years before developing
lymphoma. This steroidal therapy probably led to the
iatrogenic immunocompromised state. There was
no family history of any hematological malignancies.
Except for the steroidal therapy, our patient had never
received any other treatment which could lead to an
iatrogenic immunocompromised state.
The present case is HIV-negative but EBV-positive.
EBV plays an important role in the tumorigenesis
[16]
of HIV-associated PBL . HIV infection creates a
favorable environment for chronic EBV infection, with a
subsequent latency that predisposes EBV-transformed
B-cells to become malignant. It has been reported that
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doxorubicin, vincristine and prednisone, with similar
outcomes for HIV-infected patients to other non[19]
Hodgkin’s lymphomas . Several patients have been
documented to have survived for more than 3 years
from the time of initial diagnosis of PBL, usually with a
[19]
combination of HAART plus chemotherapy .
Extra-oral PBL can often occur in HIV-negative
patients and is highly aggressive, with a poor prognosis.
Although identifying extra-oral PBL requires familiarity
with lymphoma variants and related differential
diagnosis procedures, PBL should be suspected if
the patient is immunosuppressed. A high index of
suspicion by the clinician and pathologist might lead to
initiating appropriate treatments and account for better
outcomes.

2

3

4

5

6

COMMENTS
COMMENTS
Case characteristics

An 86-year-old female was admitted to our hospital’s emergency department
because of bloody stool.

7

Clinical diagnosis

The physical sign of our case was bloody stool; on physical examination, she
had no abdominal pain and no tenderness with guarding or rebound.

Differential diagnosis

8

Diffuse large B-cell lymphoma, plasmacytoma/myeloma, Burkitt’s lymphomas,
poorly differentiated carcinoma and malignant melanoma.

Laboratory diagnosis

9

Laboratory data revealed the following results: white blood count at 13,100
cells/mm2, hemoglobin at 13.2 mg/dl, C-reactive protein at 2.1 mg/dl, and
negative status for hepatitis B and C and for human T-cell lymphotropic virus 1.

10

Imaging diagnosis

A computed tomography scan of our patient’s abdomen revealed a mass
measuring 5 cm, multiple diverticula in the sigmoid colon and enlarged lymph
nodes in the sigmoid mesentery.

11

Pathological diagnosis

Microscopically, the tumor cells had large hyperchromatic nuclei with prominent
nucleoli and some tumor cells showed plasmacytic differentiation, while
immunohistochemical examination revealed that the tumor cells were negative
for CD20/L26, CD3, CD79a, UCHL1 (CD45RO) and cytokeratin (AE1/AE3), but
positive for CD138, kappa light chain restriction and Epstein-Barr virus (EBV).

12

Sigmoidectomy with Hartmann’s procedure was performed.

13

Treatment

Term explanation

Considered as a diffuse large B-cell non-Hodgkin’s lymphoma variant,
plasmablastic lymphoma (PBL) was described as a new disease entity in the 4th
WHO classification.

14

Experiences and lessons

Extra-oral PBL can often occur in human immunodeficiency virus (HIV)-negative
patients and is highly aggressive with a poor prognosis. However, a high index
of suspicion by the clinician and pathologist might lead to initiating appropriate
treatments and account for better outcomes.

15

Peer-review

This is a case report of PBL which is a rare form of non-Hodgkin’s lymphoma
that is associated with HIV infection. The author of this manuscript should give
more information about this kind of lymphoma, including the epidemiology and
distribution of the disease.
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CASE REPORT

Resection of the main trunk of the superior mesenteric vein
without reconstruction during surgery for giant pancreatic
mucinous cystadenoma: A case report
Ying-Tai Chen, Qing-Long Jiang, Zheng Zhu, Shuang Wang, Xin-Min Zhao, Zhong-Min Lan, Xu Che, Jian-Wei Zhang,
Liang Cui, Xiao-Long Tang, Cheng-Feng Wang

Abstract

Ying-Tai Chen, Qing-Long Jiang, Zheng Zhu, Shuang Wang,
Xin-Min Zhao, Zhong-Min Lan, Xu Che, Jian-Wei Zhang,
Liang Cui, Xiao-Long Tang, Cheng-Feng Wang, Cancer
Hospital, Chinese Academy of Medical Science, Peking Union
Medical College, Beijing 100021, China

Pancreatic tumors, with peri-pancreatic main vascular
invasion, especially the superior mesenteric vein
(SMV) or the portal vein, are very common. In some
cases, vascular resection and reconstruction are
required for complete resection of pancreatic tumors.
However, the optimum surgical method for venous
management is controversial. Resection of the SMV
without reconstruction during surgery for pancreatic
tumors is rarely reported. Here we present the case of
a 58-year-old woman with a giant pancreatic mucinous
cystadenoma adhering to the SMV, who underwent
an en bloc tumor resection, including the main trunk
of the SMV and the spleen. No venous reconstruction
was performed during surgery. No ischemic changes
occurred in the bowel. The presence of several welldeveloped collateral vessels was shown by 3-dimensional
computed tomography examination. The patient had an
uneventful postoperative period and was discharged.
This case indicated that the main trunk of the SMV can
be resected without venous reconstruction if adequate
collateralization has formed.
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Core tip: Pancreatic tumors, with peri-pancreatic main
vascular invasion, especially the superior mesenteric
vein (SMV) or the portal vein, are very common. In
some cases, vascular resection and reconstruction are
required for complete resection of pancreatic tumors.
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Resection of the SMV without reconstruction during
surgery for pancreatic tumors is rarely reported. This
report presents the case of a 58-year-old woman with
a giant pancreatic mucinous cystadenoma adhering to
the SMV, who underwent an en bloc tumor resection,
including the main trunk of the SMV and the spleen.
No vascular reconstruction was performed after
resection of the main trunk of the SMV.

the SMV (Figure 1B). A preoperative 3-dimensional
computed tomography (CT) scan showed the presence
of several well-developed collateral vessels (Figure
1C).
At celiotomy, a giant cystic tumor was detected in
the pancreatic body-tail. As the tumor was adhered
to the main trunk of the SMV, the proximal and distal
portions of the involved vein were clamped and en bloc
tumor resection with the involved vein and spleen was
performed. Unexpectedly, 50 min after SMV resection, no
ischemic, edematous or necrosis changes were observed
in the bowel. Thus, venous reconstruction was not
performed after resection of the main trunk of the SMV.
On postoperative day (POD) 5, the patient was
allowed to drink water. On POD 7, the patient started
a regular diet and consumed meals as guided. The
patient had no abdominal complaints after surgery. In
addition, there were no post-operative complications
such as intra-abdominal bleeding or pancreatic fistula.
On POD 14, no abnormal signs were observed on CT
scanning, except in relation to the collateral vessels
(Figure 2A-C). The patient was discharged on POD 20.
The final histopathological analysis revealed that
the specimen consisted of a distal portion of the
pancreas and the mass with the main trunk of the
SMV, measuring 10.5 cm × 8.3 cm × 6.1 cm. Histology
of the cyst wall showed mucinous cystadenoma of the
pancreas. A negative margin was obtained. The patient
was evaluated by CT scan within 4 wk after surgery
and every 6 mo thereafter. The patient is currently
being followed, with > 18 mo since surgery.

Chen YT, Jiang QL, Zhu Z, Wang S, Zhao XM, Lan ZM, Che
X, Zhang JW, Cui L, Tang XL, Wang CF. Resection of the main
trunk of the superior mesenteric vein without reconstruction
during surgery for giant pancreatic mucinous cystadenoma: A
case report. World J Gastroenterol 2015; 21(24): 7604-7607
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i24/7604.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i24.7604

INTRODUCTION
Tumor clearance during pancreatectomy can be
facilitated by resection of the vessels involved,
especially the superior mesenteric vein (SMV) or the
portal vein (PV). To date, there is still controversy
regarding management of the SMV segments either
[1]
by ligation or repair during surgery . Multiple reports
have compared the outcome of simple ligation of the
SMV to venous reconstruction. If the SMV is simply
ligated, the collateral vessels will maintain sufficient
blood flow through the portosystemic collaterals and
inferior mesenteric vein. Until recently, all the reports
on SMV ligation have referred to the distal end of
this vessel. To the best of our knowledge, there is
no report on the clinical course and consequences
following resection of the main trunk of the SMV
without reconstruction. Here we report a case of giant
pancreatic mucinous cystadenoma with resection of
the main trunk of the SMV without reconstruction and
the postoperative course, as well as the radiographic
findings following SMV resection.

DISCUSSION
Cystic tumors of the pancreas are rare and comprise
[2]
10%-15% of pancreatic cystic masses . In selected
cases, giant cystic tumors may constrict the main
vasculature around the pancreas, especially the SMV
or PV. For the intact resection of tumors, resection
of venous involvement and reconstruction are
required. In 1951, Moore first reported the resection
and reanastomosis of the SMV during radical
[3]
pancreatoduodenectomy . A subsequent study by
Kim showed that most of the vein segments during
pancreatic surgery can be reconstructed with end-toend anastomosis or wedge resection with venoplasty.
A great saphenous vein graft can be considered if
the tension-free anastomosis or venoplasty without
[4]
stenosis is doubtful . Recent data from the trauma
literature suggest that SMV ligation can occasionally
be performed without catastrophic results due to
[1]
abundant mesenteric venous collaterals , for some
cases with thrombosis of the venous collaterals; SMV
ligation was not well tolerated. A big challenge after
SMV ligation is bowel complications, including ischemic
and edema. If the vessel is ligated, a significant
amount of bowel edema and venous engorgement
may result. Significant impairment of venous return
through the portal venous system may result in the

CASE REPORT
A 58-year-old woman was seen as an outpatient at
our Gastropancreatic Unit in July 2012. She had not
experienced abdominal pain and was admitted to our
unit due to ultrasonographic detection of a cyst 8.3 cm
in diameter located in the body-tail of the pancreas two
weeks previously. On admission, physical examination
revealed no major abnormalities and laboratory
investigations were unremarkable. Tumor markers
(CA 19-9, CEA, CA 125) were normal. Abdominal
contrast-enhanced computed tomography was carried
out and indicated a cystic tumor in the body-tail of
the pancreas 9.5 cm in diameter (Figure 1A). Coronal
multiplanar reformation (MPR) showed that the lesion
was adhered to and constricted the main trunk of
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A

B

C

Figure 1 Preoperative computed tomography scan. A: Abdominal contrast-enhanced computed tomography (CT) showed a cystic tumor in the body-tail of the
pancreas; B: Coronal multiplanar reformation showed that the lesion was adhered to and constricted the main trunk of the superior mesenteric vein; C: 3-dimensional
CT scan showed the presence of several well-developed collateral vessels.

A

B

C

Figure 2 Computed tomography scan on postoperative day 10. A: Abdominal contrast-enhanced computed tomography (CT) image after en bloc tumor resection
with involved vein and spleen; B: Coronal multiplanar reformation showed that the main trunk of the superior mesenteric vein was resected; C: 3-dimensional CT scan
showed the presence of several well-developed collateral vessels.

WJG|www.wjgnet.com

7606

June 28, 2015|Volume 21|Issue 24|

Chen YT et al . Ligation of the superior mesenteric vein
tumor.

development of systemic hypotension/splanchnic
hypertension syndrome, which may lead to venous
[5]
thrombosis, bowel ischemia, and necrosis . Thus,
Hans suggested that an SMV bypass would be a safe
choice to reduce bowel edema. Do you need to include
a reference for the work by Hans?
In the present case, no post-operative complications
occurred after surgery. To the best of our knowledge, this
is the first report of resection of the main trunk of the
SMV without venous reconstruction, in which the clinical
course and sequential changes in radiographic findings
were documented. Katz and colleagues suggested
that the ileal or jejunal branches of the SMV should be
ligated at the time of elective surgery for pancreatic
tumor; and bowel ischemia may be prevented by venous
collateralization as long as the pancreatic head is left in
[6]
situ and not resected . Similarly, such collateralization
may already be present if a degree of chronic venous
obstruction is evident on preoperative imaging, and
is further enhanced when the inferior mesenteric vein
(IMV) enters the splenic vein or the SMV proximal
[7]
(cephalad) to the site of SMV obstruction . In our
patient, it was suggested that the main trunk of the
SMV may be resected without venous reconstruction if
adequate collateralization was already present. Thus,
careful preoperative radiographic examinations of
collateralization and intraoperative observation of bowel
ischemia are required in these cases.
In conclusion, we report the first case of SMV main
trunk resection without reconstruction during surgery for
a giant pancreatic mucinous cystadenoma in which the
clinical course and sequential changes were documented.
In the presence of adequate collateralization, the main
trunk of the SMV can be resected without venous
reconstruction in selected cases. A large scale analysis of
this technique is required.

Laboratory diagnosis

Serum tumor markers such as carcinoma antigen (CA) 19-9, CA-125 and CEA
were normal.

Imaging diagnosis

Contrast-enhanced computed tomography indicated a cystic tumor in the bodytail of the pancreas 9.5 cm in diameter.

Pathological diagnosis

Histology of the cyst wall showed mucinous cystadenoma of the pancreas.

Treatment

The patient underwent an en bloc tumor resection of the giant mucinous
cystadenoma with the involved vein and spleen.

Related reports

The optimum surgical method for venous management in patients with
pancreatic mucinous cystadenoma is controversial.

Experience and lessons

For selected cases, in the presence of adequate collateralization, the main
trunk of the SMV can be resected without venous reconstruction.

Peer-review

Up to date, there is still a controversy on how to manage the SMV segments
during the operation, to ligate or to repair? This report showed the first case of
SMV main trunk resection without reconstruction during the surgery in which
the clinical course and sequential changes were documented.
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vein (SMV) without reconstruction.

Clinical diagnosis
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constricting the main trunk of the SMV.
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Differential diagnosis

Pancreatic adenocarcinoma, chronic pancreatitis, pancreatic neuroendocrine
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Abstract
Duodenal adenocarcinoma, especially duodenal bulb
with neuroendocrine features (NEF), is extremely
rare. Here, we report one such case of duodenal
bulb adenocarcinoma with neuroendocrine features.
A 63-year-old Han Chinese woman was admitted to
our department with the diagnosis of a duodenal bulb
polyp and underwent an endoscopic mucosal resection.
The pathological findings confirmed it as duodenal bulb
adenocarcinoma with NEF. The patient remains curative
after one and half a years of follow-up. Duodenal
adenocarcinoma with NEF might be a low malignant
neuroendocrine tumor rather than a conventional
adenocarcinoma. Endoscopic treatment, including
endoscopic mucosal resection, might be an ideal option
for the adenocarcinomas with NEF.
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highly differentiated adenocarcinoma with a clean
margin, but the immunohistochemical staining for
synaptophysin (Syn), CgA and CD56 was positive
(Figure 2). The tumor did not meet the diagnostic
criteria for neuroendocrine tumors or carcinoids.
Thus, we diagnosed duodenal adenocarcinoma with
NEF. The patient refused further surgical treatment
and was followed-up without any further treatment.
There were no signs of recurrence or metastasis on
esophagogastroduodenoscopy and color Doppler
nd
th
ultrasound of the epigastrium at the 2 and 18 mo
after EMR.

Core tip: We report one extremely rare case of duo
denal bulb adenocarcinoma with neuroendocrine
features (NEF). Duodenal adenocarcinoma with NEF
might be a low malignant neuroendocrine tumor rather
than a conventional adenocarcinoma. Endoscopic
treatment, including endoscopic mucosal resection,
is plausibly an ideal option for adenocarcinomas with
NEF.
Wen MY, Wang Y, Meng XY, Xie HP. Endoscopic mucosal
resection of duodenal bulb adenocarcinoma with neuroendocrine
features: An extremely rare case report. World J Gastroenterol
2015; 21(24): 7608-7612 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i24/7608.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i24.7608

DISCUSSION
[4]

Previously, Kato et al reported one case of duodenal
adenocarcinoma with NEF at the descending part in a
67-year-old woman. However, it was accompanied by
acromegaly and other types of tumors, namely GHproducing pituitary adenoma and thyroid papillary
adenocarcinoma with familial clustering. As per the
published literature, our report is the second instance of
duodenal adenocarcinoma with NEF, especially without
any concomitant endocrine diseases or other tumors.
Moreover, it was located at the duodenal bulb, which
is supposed to be physiologically, immunologically
or otherwise uniquely privileged to virtually escape
oncogenic transformation based on the extreme rarity
[3]
of duodenal bulb adenocarcinoma . Only five cases of
adenocarcinoma have been clearly defined arising from
the mucosa of the duodenal bulb on a diligent review of
[3]
724 reported cases in the published literature .
Generally, the prognosis of duodenal adenocarcinoma
is poor; lymph node metastasis is the only independent
predictor of decreased survival. Early surgery is
required, although risk of surgical complications and
[5-8]
death due to surgery are not ruled out . Surgical
resection can be variable and depends mainly on
the location of the tumor. Tumors arising in the first,
second or third portion of the duodenum typically
require pancreaticoduodenectomy, whereas tumors
occurring in the fourth portion may be more amenable
[8]
to segmental duodenal resection . However, the
neuroendocrine component may have a considerable
[9]
impact on duodenal adenocarcinoma . One case
of duodenal adenocarcinoma with NEF combined
with liver metastasis survived for more than 24 mo
without progression of the primary and metastatic
lesions. It is plausible that duodenal adenocarcinoma
with NEF is predominantly a neuroendocrine tumor
of low malignancy potential, rather than a common
[4]
adenocarcinoma . Malignant NET, such as type 3
gastric NETs which are considered to be aggressive and
often with metastasis, can also be treated successfully
[10]
by endoscopic treatment, including EMR . Endoscopic
resection appears to be a safe and effective treatment
for duodenal carcinoid tumors measuring ≤ 10 mm
[11]
in diameter and confined to the submucosal layer .

INTRODUCTION
Primary malignant tumors of the duodenum represent
0.3% of all gastrointestinal tract tumors.
Duodenal adenocarcinoma accounts for half of
[1-3]
all small bowel adenocarcinomas
. Histologically,
40% of small bowel cancer are adenocarcinoma and
another 40% are neuroendocrine tumors. Recently,
a rare case of duodenal adenocarcinoma with
neuroendocrine features (NEF) was reported that was
neither a conventional neuroendocrine tumor nor a
[4]
typical duodenal adenocarcinoma . It remains unclear
whether duodenal adenocarcinoma with NEF should be
treated as adenocarcinoma or neuroendocrine tumors
or both. Here we report one extremely rare case of
duodenal bulb adenocarcinoma with NEF which was
successfully removed by endoscopic mucosal resection
(EMR) and enjoyed a good survival without recurrence
or metastasis during one and half a years of follow-up.

CASE REPORT
A 63-year-old Han Chinese woman was admitted to
our department with anorexia and epigastric fullness
for over two years. She complained of aggravation
after eating and remission after belching. There were
no significant prior diseases in the medical history.
Esophagogastroduodenoscopy from the local hospital
revealed a protrusion in the duodenum the size of
0.6 cm × 0.6 cm and she was admitted with an
intention of “polypectomy”. There were no remarkable
findings from the physician examinations. Biochemical
examinations were all in normal range, except that
the serum chromogranin (CgA) level was 151 ng/mL
(reference: 27-94 ng/mL). The multi-row computed
tomography (CT) of the small intestine detected
a protrusion of duodenum without lymph node
involvement. The protrusion was removed by EMR
(endoscopic mucosal resection) successfully (Figure
1). The pathological report revealed a diagnosis of
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Figure 1 Computed tomography, endoscopic image and endoscopic mucosal resection of duodenal tumor with neuroendocrine features. A: Computed
tomography (CT) image of a duodenal tumor (arrow); B: Three dimensional CT image reconstruction of the duodenal tumor (arrow); C: Endoscopic image of the
duodenal tumor; D: Positive lifting sign after injection of physiological saline with 1:10000 norepinephrine; E: Endoscopic mucosal resection after snare; F: Clean
border of the wound after endoscopic mucosal resection (EMR); G: Scar formation on EMR position at gastroscopic review after two months.
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F

Figure 2 Histopathology of duodenal adenocarcinoma with neuroendocrine features. A: Hematoxylin and eosin (HE) staining (original magnification × 40); B:
HE staining (original magnification × 100); C: HE staining (original magnification × 200); D: Immunohistochemical staining for synaptophysin (original magnification ×
100); E: Immunohistochemical staining for chromogranin (original magnification × 100); F: Immunohistochemical staining for CD56 (original magnification × 100).

Here, we removed the tumor with the lift and cut EMR
method, in compliance with neuroendocrine tumors.
This might be an optimal method for the treatment
of duodenal adenocarcinomas with neuroendocrine
differentiation (NED). The curative therapy in our case

WJG|www.wjgnet.com

indicates that the treatment for the NEF component in
duodenal adenocarcinoma is adequate.
Incidentally, the presence of NED remains a poor
prognostic factor in other adenocarcinomas. In gastric
adenocarcinomas, even a minor proportion of 10% of
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Term explanation

[12]

NED is associated with significantly poorer survival .
In a meta-analysis of 1587 cases of colorectal ade
nocarcinoma, patients with NED had a poor 5 year
[13]
survival rate compared to those without NED . In
prostate cancer, NED is also a poorer prognostic factor.
The levels of serum CgA are increased in patients with
prostate cancer compared with benign conditions. The
early detection of high serum levels of CgA could be an
[14]
indicator for a change to a more aggressive therapy .
Although the exact function of the NEF component is
still unknown, it is evident that the NEF component in
duodenal and other adenocarcinomas apparently has
different functions.
Here, we present a rare case of duodenal bulb
adenocarcinoma with NED, which was successfully
removed by EMR and has remained curative during
the follow-up time. Duodenal adenocarcinoma with
NEF might be treated as a neuroendocrine tumor and
the role of NED in duodenal adenocarcinoma still needs
further study.

EMR is an endoscopic technique used to remove cancerous or other abnormal
lesions found in the gastrointestinal tract.

Experiences and lessons

Lesions at the duodenal bulb should not be underestimated due to the risk of
malignant diseases.

Peer-review

Duodenal adenocarcinoma with NEF might be a low malignant neuroendocrine
tumor rather than a conventional adenocarcinoma. Endoscopic treatment,
including EMR, might be an ideal option for adenocarcinomas with NEF.
However, only one case cannot provide strong support for the idea.
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